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international journal that publishes on biodiversity and conservation.“Biological Diversity and Conservation” publishes
experimental studies on on all aspects of biological diversity, original manuscript, reviews on current topics, case reports,
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Abstract

The article presents the horsefly fauna (Diptera: Tabanidae) of the Kirikkale province, Turkey. During the
active periods in 2019 and 2020 a total of 2908 horseflies representing 40 species and classified in 3 subfamily. 36
species of these 40 samples are firstly recorded from Kirikkale. The most common subfamily is Tabaninae represented
with 34 species, followed by the subfamily Pangoninae-1 and Chrysopsinae-5 species, respectively. Species collected in
pastures, highlands, forestlands, rural and urban areas around Kirikkale province with Malaise and Nzi traps which were
baited with 1-octen-3-ol. Worldwide distribution of the collected species is also given. Species except the Tabanus
bromius Linnaeus, 1758, Haematopota kemali SZILADY, 1923, Tabanus spectabilis LOEW, 1858 and Tabanus
regularis JAENNICKE, 1866 are firstly recorded from Kirikkale.

Keywords: Diptera, Tabanidae, fauna, Kirikkale, Turkey

Kirikkale ili tabanidae (Insecta: Diptera) faunasi

Ozet

Yapilan bu calismada, 2019-2020 yillar1 arasmda Kirikkale Ili ve cevresinde bulunan Tabanidae iiyeleri
belirlenmistir. Ergin birey yogunlugunun yiiksek oldugu bahar ve yaz aylarinda, farkh yiiksekliklerde bulunan mera ve
otlaklara, daglik ve ormanlik bolgelere, kirsal ve kentsel yerlesim bolgelerinin ¢evrelerine konuglandirilan tuzaklar ile
toplamda 2908 at sinegi toplanmistir. En yaygin alt familya olan Tabaninae alt familyasindan 34, Pangoninae alt
familyasindan 1, Chrysopsinae alt familyasindan 5 olmak tizere Tabanidae familyasina ait toplam 40 tiir tespit
edilmistir. Tespit edilen bu 40 tiiriin 36’s1 Kirikkale’den ilk kez bu caligmayla bildirilmistir. Bu tiirlerin toplandiklari
noktalarla birlikte diinya tlizerindeki dagiliglar1 da verilmistir. Tespit edilen tiirlerden Tabanus bromius LINNAEUS,
1758, Haematopota kemali SZILADY, 1923, Tabanus spectabilis LOEW, 1858 and Tabanus regularis JAENNICKE,
1866 disindaki tiirler Kirikkale ilinden ilk kez bildirilmistir.

Anahtar kelimeler: Diptera, Tabanidae, Fauna, Kirikkale, Tiirkiye
1. Introduction

Tabanidae family consist of dangerous species which impact on public health and sustainability of livestock
due to transmitting viruses, bacteria, protozoans and helminths, which cause diseases in wild and domestic animals and
humans [8, 10, 12, 22, 31]. Systematic researches on vector organisms provide understanding, predicting and
controlling insect-borne diseases [6]. Although they are known as vector organisms worldwide, horseflies are also
important regulators of ecosystems that have an essential role in pollination [29, 13].

Approximately 4300 species belonging to 137 genera of horse flies have been described worldwide [11].
Tabanidae represented 176 species and 15 subspecies in Turkey. The faunistic researches of Tabanidae in Turkey
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© Copyright 2021 by Biological Diversity and Conservation Gelis tarihi: 04.11.2020; Yayin tarihi: 15.04.2021 BioDiCon. 927-1120


http://www.biodicon.com/

2 Biological Diversity and Conservation — 14 / 1 (2021)

studied intensively for the last years which provide distribution and habitat demands of horseflies [1-5, 7, 17, 19- 21,
32].

The purpose of this study is to determine the distribution of Tabanidae family in the Kirikkale province
which is located in the Central Anatolia and has extensive rural areas. Tabanidae fauna of Kirikkale was investigated for
the first time with present study and 40 species belonging to Tabanidae family was reported.

2.  Materials and methods

The study was conducted in the Kirikkale province of Turkey placed in Central Anatolia during active
periods of horseflies from 2019- 2020. Adult specimens collected with Malaise, Nzi and water traps at 32 different
localities in pastures, highlands, forestlands, rural and urban areas around the Kirikkale (Fig.1). Malaise and Nzi traps
are baited with 1-octen-3-ol. Collected specimens identified according to the keys [10, 27, 30]. Worldwide and Turkey
distribution of each species is summarized according to [9, 10] and recent updates of Fauna Europaea, Global Species
and the Catalogue of Life. Systema Dipterorum. ldentified specimens are preserved in the Zoological Museum of
Eskisehir Technical University.

X ’

Figure 1: Collection area of horseflies

3. Results

Total 2908 horsefly species collected during the study at 32 different localities in Kirikkale. All collected
specimens classified into 40 species belonged to 3 subfamily. The most abundant species is Tabanus bromius with
%34,97 and followed by Tabanus miki %14,03; Tabanus bifarius %6,74 (Table 1). The list of the determined horsefly
species, including localities, dates, numbers, worldwide and Turkey distribution are presented below.
Alt Familya: PANGONINAE
Tribus: Pangoniini

1.Pangonius (s. str.) pyritosus (Loew, 1859)

Material examined: Keskin, 1397 m, 29.07.2019, 3 99, 1433 m, 31.07.2019, 1 99; Delice, 1224 m, 09.07.2020, 1
eQ.
Distribution worldwide: Bulgaria, Greek Mainland, Hungary, Macedonia, Romania, South European Russia, Ukraing,
West Russia
Distribution in Turkey: Amasya, Bayburt, Bursa, Canakkale, Edirne, Erzincan, Erzurum, Eskisehir, Hakkari, Istanbul,
Kirklareli, Samsun.
Alt Familya: CHRYSOPSINAE
Tribus: Chrysopsini

Tabanidae (Insecta: Diptera) fauna of Kirikkale province
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2. Chrysops (s. str.) caecutiens (Linnaeus, 1761)
Material examined: Keskin, 1556 m, 29.07.2019, 5 99; 1410 m, 30.07.2019, 4 29; Delice, 1251 m, 03.08.2019, 1
QQ; 1251 m, 04.09.2019, 2 9 9; Sulakyurt, 1153 m, 13.07.2020, 1 2%; 1292 m 14.07.2020, 3 2Q; Bahsili, 1407 m,
17.07.2019, 5 9 Q; Celebi, 1246 m, 27.08.2019, 1 9 9; 1427 m, 22.07.20204 9 <.
Distribution worldwide: Albania, Austria, Balearic Is., Belarus, Belgium, Bosnia and Herzegovina, Britain I.,
Bulgaria, Central European Russia, Croatia, Czech Republic, Danish mainland, Dodekanisos (Dodecanese Is.), East
Palaearctic, Estonia, European Turkey, Finland, French mainland, Germany, Greek mainland, Hungary, Ireland, Italian
mainland, Kiklades (Cyclades Is.), Kriti (Crete), Latvia, Liechtenstein, Lithuania, Luxembourg, Macedonia, Near East,
North European Russia, Northwest European Russia, Norwegian mainland, Poland, Portuguese mainland, Romania,
Sardinia, Sicily, Slovakia, Slovenia, South European Russia, Spanish mainland, Sweden, Switzerland, The Netherlands,
Ukraine, Voreion Aiyaion (North Aegean Is.), Former Yugoslavia.
Distribution in Turkey: Adiyaman, Afyon, Amasya, Ankara, Antalya, Artvin, Balikesir, Bartin, Bayburt, Bingol,
Bolu, Burdur, Bursa, Canakkale, Edirne, Erzurum, Eskisehir, Giresun, Giimiishane, Hakkari, Icel, Istanbul, Karabiik,
Kars, Kastamonu, Kirklareli, Konya, Kiitahya, Mugla, Mus, Nevsehir, Ordu, Rize, Samsun, Sinop, Sivas, Tekirdag,
Tokat, Trabzon, Usak, Yalova, Zonguldak.

3.Chrysops (s. str.) flavipes MEIGEN, 1804

Material examined: Yahgihan, 1202 m, 14.08.2019, 3 9Q; Keskin, 1431 m, 18.09.2019, 5 9Q; 1563 m, 5 99;
Sulakyurt, 14.07.2020, 1322 m, 3 9 2.

Distribution worldwide: Albania, Austria, Bulgaria, Croatia, Cyprus, Czech Republic, East Palaearctic, European
Turkey, French mainland, Greek mainland, Hungary, Italian mainland, Macedonia, Near East, North Africa, Oriental
region, Portuguese mainland, Romania, Sicily, Slovakia, South European Russia, Spanish mainland, Former Yugoslavia
Distribution in Turkey: Adana, Adapazari, Adiyaman, Agri, Afyon, Ankara, Antalya, Artvin, Balikesir, Bayburt,
Bilecik, Bolu, Bursa, Canakkale, Corum, Diyarbakir, Edirne, Elazig, Erzincan, Erzurum, Eskisehir, Hakkari, Hatay,
Igdur, Icel, Istanbul, Izmir, Kastamonu, Karabiik, Kars, Kirklareli, Konya, Kiitahya, Manisa, Malatya, Mugla, Nevsehir,
Nigde, Sinop, Sivas, Tekirdag, Tokat, Trabzon, Usak, Yozgat, Zonguldak.

4.Chrysops (s. str.) italicus MEIGEN, 1804
Material examined: Bahsili, 1271 m, 19.08.2019, 2 99; Delice, 1131 m, 04.09.2019, 1 29; 1209 m, 2 29Q; Celebi,
21.07.2020, 1276 m, 4 9 9; 22.07.2020, 1443 m, 5 9 9.
Distribution worldwide: Albania, Bosnia and Herzegovina, Bulgaria, Corsica, Croatia, Cyprus, European Turkey,
French mainland, Greek mainland, Hungary, Italian mainland, Macedonia, Near East, North Africa, Romania, Sardinia,
Sicily, Slovenia, South European Russia, Spanish mainland, Ukraine, Former Yugoslavia.
Distribution in Turkey: Ankara, Antalya, Canakkale, [zmir.

5. Chrysops (Petersenychrysops) buxtoni AUSTEN, 1922
Material examined: Keskin, 1254 m, 31.07.2019, 2 99; 1624 m, 01.08.2019, 4 29; 1556 m, 08.07.2020, 4
Karakegili, 931 m, 23.08.2019, 1 ?9Q; Delice, 1052 m, 04.09.2019, 1 ?9; Sulakyurt, 14.07.2020, 1165 m, 2 ¢
Baliseyh, 15.07.2020, 1298 m, 4 9 Q; Keskin, 958 m, 25.08.2020, 1 29; 1625 m, 3 <.
Distribution worldwide: Israel, Irag, Turkey
Distribution in Turkey: Ankara, Elazig, Eskisehir, i¢el, Kirsehir, Konya.

e
9.

>

6. Chrysops (Petersenychrysops) hamatus LOEW, 1858
Material examined: Sulakyurt, 1050 m, 06.08.2019, 2 99; 1136 m, 21.09.2019, 3 9 Q; Karakegili, 910 m, 26.08.2019,
3 99; 31.08.2020, 925 m, 2 Y9; Yahsihan, 1050 m, 16.08.2019, 2 92; 980 m,16.07.2020, 4 9 9; Bahsili, 1254 m,
21.08.2019,3 29; 1260 m, 19.07.2020, 5 ¥ %.
Distribution worldwide: Bulgaria, Dodekanisos (Dodecanese Is.), Near East, Turkey
Distribution in Turkey: Afyon, Ankara, Antalya, Cankiri, Denizli, Elaz1g, Eskisehir, izmir, Mugla, Hatay.

Alt Familya: TABANINAE
Tribus: Tabanini

7. Atylotus flavoguttatus (SZILADY, 1915)

Material examined: Keskin, 1130 m, 31.08.2019, 3 99; 1460 m, 299; 1342 m, 09.07.2020, 5 29; 1338 m,
25.08.2020, 2 29; Delice, 1100 m, 04.08.2019, 4 92; 1278 m, 05.08.2019, 2 29; 980 m, 04.09.2019, 2 2%; 900 m,
20.09.2019, 1 9Q; 1180 m, 11.07.2020, 5 9Q; 1046 m, 26.08.2020, 1 9Q; Baliseyh, 975 m, 12.08.2019, 2 9Q; 1315
m, 13.08.2019, 1 99; 1285 m, 15.07.2020, 4 29; 1295 m, 28.08.2020, 1 2 9; Celebi, 1426 m, 21.07.2020, 3 9 P; 1449
m, 22.07.2020, 2 9%.

Distribution worldwide: Austria, Croatia, European Turkey, French mainland, Hungary, Moldova, Near East, North
Africa, Portuguese mainland, Romania, South European Russia, Spanish mainland, Ukraine

Tabanidae (Insecta: Diptera) fauna of Kirikkale province
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Distribution in Turkey: Afyon, Ankara, Balikesir, Canakkale, Edirne, Eskisehir, istanbul, Kirklareli, Kirsehir, Konya,
Nevsehir, Tekirdag, Yozgat.

8. Atylotus hendrixi LECLERCQ, 1967
Material examined: Keskin, 1682 m, 30.07.2019, 8 $%; 1710 m, 01.08.2019, 6 99; 1486 m, 18.09.2019, 3 9 Q; 1547
m, 08.07.2020, 11 9%; 1710 m, 09.07.2020, 7 9 9; Baliseyh, 1325 m, 12.08.2019, 5 9%; 1449 m, 15.07.2020, 8 9 9;
1690 m, 28.08.2020, 3 9 9; Sulakyurt, 1207 m, 07.08.2019, 6 99; 1318 m, 09.08.2019, 3 9 %; 1320 m, 14.07.2020, 8
?%.
Distribution worldwide: Turkey, Iran.
Distribution in Turkey: Adana, Afyon, Ankara, Artvin, Burdur, Erzurum, Eskisehir, Hakkari, Kayseri, Konya,
Trabzon, Van, Yozgat.

9. Atylotus rusticus (LINNAEUS, 1761)
Material examined: Delice, 1290 m, 04.08.2019, 2 9 9; Keskin, 1687 m, 09.07.2020, 3 29; 1701 m, 25.08.2020, 1
22
Distribution worldwide: Austria, Belgium, Bosnia and Herzegovina, Britain 1., Bulgaria, Central European Russia,
Croatia, Czech Republic, Danish mainland, East Palaearctic, Estonia, European Turkey, Finland, French mainland,
Germany, Greek mainland, Hungary, Italian mainland, Lithuania, Luxembourg, North Africa, Northwest European
Russia, Norwegian mainland, Poland, Romania, Sicily, Slovakia, Slovenia, South European Russia, Spanish mainland,
Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.
Distribution in Turkey: Ankara, Eskisehir, Trakya Bolgesi.

10. Therioplectes tricolor ZELLER, 1842
Material examined: Bahsili, 1529 m, 20.08.2019, 1 ?29; Keskin, 1695 m, 18.09.2019, 2 99; Baliseyh, 1458 m,
15.07.2020,4 99; 1650 m, 28.07.2020, 3 9 3.
Distribution worldwide: Bulgaria, European Turkey, Greek mainland, Italian mainland, Near East, Romania, Sicily,
South European Russia, Voreion Aiyaion (North Aegean Is.)
Distribution in Turkey: Aksaray, Amasya, Ankara, Artvin, Bayburt, Bilecik, Bursa, Erzurum, Eskisehir, Glimiigshane.
[zmir, Kayseri, Kiitahya, Mugla, Mugla, Nevsehir, Nigde, Tekirdag, Usak, Yozgat.

11. Hybomitra caucasi (SZILADY, 1923)
Material examined: Yahsihan, 1116 m, 14.08.2019, 2 9 Q; Karakegili, 911 m, 20.07.2020, 3 29.
Distribution worldwide: European Turkey, Near East, Romania, Russia
Distribution in Turkey: Ankara, Canakkale, Erzurum, Hakkari, Istanbul, Kirklareli, Kuzey Anadolu Daglar1, Tekirdag.

12. Tabanus autumnalis LINNEAUS, 1761
Material examined: Delice, 1148 m, 04.08.2019, 4 9Q; 1346 m, 05.09.2019, 3 99; 1266 m, 11.07.2020, 6 2%;
Baliseyh, 1535 m, 15.07.2010, 1 29; Sulakyurt, 1264 m, 08.08.2019, 3 99; 1324 m, 02.09.2019, 5 29; 1333 m,
13.07.2020, 9 29; 1225 m, 14.07.2020, 5 99; 1243 m, 27.08.2020, 2 99; Keskin, 1085 m, 31.07.2019, 7 29; 1312
m, 01.08.2019, 2 99; 1655 m, 08.07.2020, 8 2; Celebi, 1348 m, 29.08.2019, 2 ?9; 1450 m, 22.07.2020, 4 9 ?; 1236
m, 01.09.2020, 1 9.
Distribution worldwide: Albania, Austria, Balearic Is., Belgium, Bosnia and Herzegovina, Britain I., Bulgaria, Central
European Russia, Corsica, Croatia, Cyprus, Czech Republic, Danish mainland, East European Russia, East Palaearctic,
Estonia, European Turkey, French mainland, Germany, Greek mainland, Hungary, Italian mainland, Lithuania,
Luxembourg, Macedonia, Malta, Near East, North Africa, Northwest European Russia, Norwegian mainland, Poland,
Portuguese mainland, Romania, Sardinia, Sicily, Slovakia, Slovenia, South European Russia, Spanish mainland,
Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adana, Afyon, Aksaray, Amasya, Ankara, Artvin, Balikesir, Bayburt, Bilecik, Bolu, Burdur,
Bursa, Canakkale, Cankiri, Corum, Denizli, Diyarbakir, Edirne, Elazig, Erzincan, Erzurum, Eskisehir, Giresun, Hatay,
Igdir, Istanbul, Izmir, Kars, Kastamonu, Kirklareli, Konya, Kiitahya, Malatya, Mugla, Nevsehir, Nigde, Ordu, Sinop,
Tekirdag, Trabzon, Tunceli, Usak, Van, Yozgat, Zonguldak.

13. Tabanus bifarius LOEW, 1858
Material examined: Keskin, 1512 m, 29.07.2019, 14 22, 3 &J; 1682 m, 31.07.2019, 20 2Q; 1713 m, 19.09.2019, 1
QQ; 1426 m, 08.07.2020, 11 29, 3 44, 1566 m, 25.08.2020, 4 Q2; Delice, 1035 m, 04.08.2019, 1 99; 1311 m,
12.07.2020, 4 99, Sulakyurt, 1064 m, 07.08.2019, 2 9Q; 1249 m, 08.08.2019, 6 @ ?; 1257 m, 13.07.2020, 4 9Q; 1322
m, 14.07.2020, 4 99; 1305 m, 27.08.2020 2 9 9; Baliseyh, 1215 m, 10.08.2019, 1 Q9Q; 1385 m, 11.08.2019, 7 929, 3
435 1428 m, 15.07.2020, 11 99; 1719 m, 28.08.2020, 7 9%, Yahsihan, 1107 m, 15.08.2019, 9 99; 1250 m,
18.08.2019, 16 99Q; 1246 m, 24.09.2019, 1 29; 1199 m, 16.07.2020, 6 ¥ 9; 1253 m, 29.07.2020, 4 99, Celebi, 1229
m, 28.08.2019, 9 99; 1442 m, 30.08.2019, 4 29; 1356 m, 28.09.2019, 1 9%; Bahsili, 1255 m, 20.08.2019, 8 29;
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1539 m, 26.08.2019, 2 9 9; 1322 m, 17.07.2020, 5 29, 1 &J; 1487 m, 19.07.2020, 6 Y?; 1520 m, 30.08.2020, 13
Distribution worldwide: Albania, Austria, Bulgaria, Croatia, European Turkey, French mainland, Germany, Greek
mainland, Hungary, Italian mainland, Macedonia, Moldova, Near East, North Africa, Romania, Slovakia, Slovenia,
South European Russia, Spanish mainland, Ukraine, Former Yugoslavia.

Distribution in Turkey: Adana, Afyon, Balikesir, Bartin, Bayburt, Bilecik, Bolu, Bursa, Canakkale, Corum, Edirne,
Erzurum, Eskisehir, Giimiishane, icel, Istanbul, Izmir, izmit, Kahramanmaras, Kars, Kastamonu, Kayseri, Kirklareli,
Kirsehir, Konya, Mardin, Mugla, Nevsehir, Nigde, Samsun, Sinop, Sivas, Tekirdag, Yalova, Yozgat.

14. Tabanus briani LECLERCQ, 1962
Material examined: Celebi, 1339 m, 28.08.2019, 1 Q9; Karakegili, 918 m, 20.07.2020, 2 ?9; Bahsili, 1122 m,
21.08.2019,1 22, 1518 m, 19.07.2020, 4 9.
Distribution worldwide: Bosnia and Herzegovina, Bulgaria, Croatia, European Turkey, French mainland, Italian
mainland, Sicily, Slovakia, Slovenia, Spanish mainland
Distribution in Turkey: Ankara, Balikesir, Bartin, Bolu, Bursa, Canakkale, Diizce, , Karabiik, Kastamonu, Kirklareli,
Kiitahya, Sinop, Tekirdag, Zonguldak.

15. Tabanus bromius LINNAEUS, 1758
Material examined: Keskin, 1212 m, 29.07.2019, 26 22, 3 &&; 1343 m, 30.07.2019, 8 22Q; 1609 m, 31.07.2019, 38
QQ; 1716 m, 01.08.2019, 18 22, 1 J; 1626 m, 19.08.2019, 13 22; 08.07.2020, 1348 m, 16 22,1 &J; 1710 m, 26
22,3 dd; 1695 m, 25.08.2020, 27 22, 3 8&; Delice, 1235 m, 03.08.2019, 14 22Q; 1344 m, 05.08.2019, 25 22, 4
435 1304 m, 05.09.2019, 17 229, 2 83 1240 m, 20.09.2019, 8 29, 1264 m, 11.07.2020, 36 22, 3 &3; 1343 m,
26.08.2020, 21 99; Sulakyurt, 1064 m, 06.08.2019, 20 29; 1294 m, 09.08.2019, 17 9%; 1143 m, 01.09.2019, 9 29;
1257 m, 13.07.2020, 46 29 ,4 33; 1304 m, 14.07.2019, 23 29, 2 3J; 1324 m, 27.08.2020, 14 9Q; Baliseyh, 1215
m, 11.08.2019, 11 29, 1 4J; 1340 m, 23.09.2019, 7 9Q; 1476 m, 15.07.2020, 43 99, 6 3J; Yahsihan, 1226 m,
14.08.2019, 31 29; 1253 m, 16.08.2019, 22 22; 1200 m, 16.07.2020, 29 22, 3 &J; Bahsili, 1442 m, 19.08.2019, 23
QQ; 1539 m, 21.08.2019, 26 29, 2 4&; 1520 m, 17.07.2020, 36 2%, 2 44; 1504 m, 30.08.2020, 31 22, 2 34,
Karakegili, 890 m, 23.08.2019, 33 29, 3 8J; 930 m, 26.08.2019, 19 929; 846 m, 27.09.2019, 8 29; 900 m,
20.07.2020, 29 29, 1 443 796 m, 31.08.2020, 16 29; Celebi, 1205 m, 27.08.2019, 34 29, 2 443, 1347 m,
29.08.2019, 28 9 Q; 1449 m, 31.08.2019, 17 22, 3 &&; 1050 m, 28.09.2019, 4 9, 1148 m, 21.07.2020, 37 99, 4
335 1429 m, 22.07.2020, 41 22, 3 43; 1417 m, 01.09.2020, 12 9 Q.
Distribution worldwide: Albania, Austria, Belgium, Bosnia and Herzegovina, Britain 1., Bulgaria, Central European
Russia, Croatia, Czech Republic, Danish mainland, East European, Russia, East Palaearctic, Estonia, European Turkey,
Finland, French mainland, Germany, Greek mainland, Hungary, Ireland, Italian mainland, Latvia, Liechtenstein,
Lithuania, Luxembourg, Macedonia, Moldova, Near East, North Africa, North European Russia, Northwest European
Russia, Norwegian mainland, Poland, Portuguese mainland, Romania, Sardinia, Sicily, Slovakia, Slovenia, South
European Russia, Spanish mainland, Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adana, Adiyaman, Afyon, Agri, Aksaray, Amasya, Ankara, Antalya, Artvin, Aydm, Balikesir,
Bartm, Bayburt, Bilecik, Bitlis, Bolu, Bursa, Cankiri, Corum, Denizli, Diyarbakir, Edirne, Elazig, Erzurum, Eskisehir,
Giresun, Giimiishane, Hakkari, Hatay, Isparta, Icel, Izmir, Kahramanmaras, Kars, Kayseri, Kirikkale, Kirklareli,
Kirsehir, Konya, Kiitahya, Malatya, Mugla, Mus, Nevsehir, Nigde, Ordu, Rize, Sakarya, Sakarya, Samsun, Siirt, Sinop,
Sivas, Tekirdag, Tokat, Trabzon, Tunceli, Usak, Van, Yalova.

16. Tabanus cordiger MEIGEN, 1820
Material examined: Keskin, 1650 m, 29.07.2019, 2 29; 1478 m, 18.08.2019, 4 29; 1390 m, 25.08.2020, 5 29;
Celebi, 1312 m, 28.08.2019, 2 Q9Q; 1287 m, 21.07.2020, 1 29; 1400 m, 01.09.2020, 1 99; Bahsili, 1150 m,
20.08.2019,4 92; 1532 m, 22.08.2019, 2 99; 1148 m, 18.07.2020, 1 9 Q; Baligeyh, 1714 m, 28.08.2020, 3 9.
Distribution worldwide: Albania, Austria, Belgium, Boshia and Herzegovina, Britain I., Bulgaria, Canary Is., Central
European Russia, Croatia, Czech Republic, East European Russia, European Turkey, Finland, French mainland,
Germany, Greek mainland, Hungary, Italian mainland, Lithuania, Macedonia, Near East, North Africa, Northwest
European Russia, Poland, Portuguese mainland, Romania, Slovakia, Slovenia, South European Russia, Spanish
mainland, Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adana, Afyon, Ankara, Balikesir, Bilecik, Bolu, Bursa, Elazig, Erzurum, Eskisehir, Icel,
Kirklareli, Kiitahya, Yozgat.

17. Tabanus eggeri SCHINERI, 1868
Material examined: Sulakyurt, 1235 m, 13.07.2020, 3 9 ?; Yahsihan, 1252 m, 16.08.2019, 2 9; 1080 m, 16.07.2020,
4 QQ; 1236 m, 29.08.2020, 1 @ 9; Karakegili, 930 m, 20.07.2020,2 9 9.
Distribution worldwide: Albania, Bulgaria, Croatia, European Turkey, French mainland, Italian mainland, Near East,
North Africa, Portuguese mainland, Spanish mainland, Former Yugoslavia.
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Distribution in Turkey: Adana, Adapazari, Afyon, Ankara, Antalya, Balikesir, Bartin, Bilecik, Bolu, Bursa,
Canakkale, Edirne, Eskisehir, Hakkari, igel, Istanbul, izmit, Kirklareli, Konya. Kiitahya, Nevsehir, Nigde, Sinop,
Tekirdag, Yalova, Yozgat.

18. Tabanus exlusus PANDELLE, 1883
Material examined: Keskin, 1249 m, 01.08.2019, 4 29; 1387 m, 18.09.2019, 1 29; 1310 m, 08.07.2020, 5 29;
Delice, 1105 m, 04.09.2019, 1 29Q; 1250 m, 26.08.2020, 4 9Q; Baliseyh, 1264 m, 15.07.2020, 3 99; 1685 m,
28.08.2020, 1 99.
Distribution worldwide: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, European Turkey, French mainland,
Greek mainland, Hungary, Italian mainland, Macedonia, Moldova, Near East, Portuguese mainland, Romania, Slovakia,
Spanish mainland, Former Yugoslavia.
Distribution in Turkey: Ankara, Antalya, Aydin, Balikesir, Bilecik, Bolu. Bursa, Canakkale, Denizli, Edirne,
Erzurum, Eskisehir, Hakkari, Igel, Izmir, Kayseri, Kirklareli, Konya, Konya, Kiitahya, Mugla, Nevsehir, Samsun,
Sinop, Tekirdag, Usak, Yalova.

19. Tabanus fraseri AUSTEN, 1925
Material examined: Sulakyurt, 1253 m, 02.09.2019, 1 99; 1319 m, 21.09.2019, 1 ¥ 9; Karakegili, 896 m, 23.08.2019,
2 9Q; Celebi, 1269 m, 30.08.2019, 2 99; 1204 m, 01.09.2020, 1 9 .
Distribution worldwide: Albania, Bulgaria, Croatia, European Turkey, Greek mainland, Near East
Distribution in Turkey: Ankara, Aydin, Balikesir, Bilecik, Bursa, Diizce, Edirne, Eskisehir, Istanbul, Izmir, Karabiik,
Kastamonu, Kirklareli, Kiitahya, Mugla, Tekirdag Usak.

20. Tabanus glaucopis MEIGEN, 1820
Material examined: Keskin, 1689 m, 31.08.2019, 2 99; 928 m, 18.09.2019, 1 29; 1700 m, 09.07.2020, 8 ¥2;
Delice, 1110 m, 04.09.2019, 1 99; 1315 m, 26.08.2020, 4 9Q; Yahsihan, 1096 m, 15.08.2019, 4 Q; 1248 m,
16.08.2019, 5 9 Q; Karakegili, 860 m, 31.08.2020,2 Q9.
Distribution worldwide: Albania, Austria, Belgium, Bosnia and Herzegovina, Britain 1., Bulgaria, Central European
Russia, Croatia, Czech Republic, East Palaearctic, European Turkey, French mainland, Germany, Greek mainland,
Hungary, ltalian mainland, Lithuania, Macedonia, Near East, Northwest European Russia, Norwegian mainland,
Poland, Portuguese mainland, Romania, Sardinia, Sicily, Slovakia, Slovenia, South European Russia, Spanish mainland,
Sweden, Switzerland, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adapazari, Afyon, Ankara, Artvin, Aydin, Balikesir, Bilecik, Bolu, Bursa, Canakkale, Corum,
Denizli, Diizce, Edirne, Erzurum, Eskisehir, Hakkari, Icel, Istanbul, izmir, Karabiik, Kastamonu, Kirklareli, Konya.
Kiitahya, Mus, Nigde, Rize, Samsun, Sinop, Tekirdag, Tokat, Trabzon, Usak, Van.

21. Tabanus latetinctus AUSTEN, 1920
Material examined: Delice, 1348 m, 03.08.2019, 2 99; 1028 m, 11.07.2020, 4 99; Baliseyh, 1448 m, 11.08.2019, 1
QQ; 1710 m, 15.07.2020, 5 ¥ Y; Bahsili, 1322 m, 18.07.2020, 3 9.
Distribution worldwide: Turkey, Iran, Afghanistan, Central Asia, Caucasia
Distribution in Turkey: Adana, Ankara, Artvin, Bayburt, Bilecik, Canakkale, Cankiri, Corum, Elazig, Erzurum,
Eskisehir, Gaziantep, Glimiishane, Hakkari, [zmir, Kayseri, Konya, Kiitahya, Nevsehir, Nigde, Siirt, Sivas, Tekirdag,
Yozgat.

22. Tabanus lunatus FABRICIUS, 1794
Material examined: Keskin, 1560 m, 29.07.2019, 14 229; 1710 m, 30.07.2019, 8 22, 2 33 1145 m, 18.09.2019, 1
QQ; 1632 m, 09.07.2020, 12 22, 2 4J; 1452 m, 25.08.2020, 19 29; Delice, 1386 m, 04.08.2019, 10 22Q; 1214 m,
04.09.2019, 2 22; 1300 m, 11.07.2020, 22 29, 1 &&; Baliseyh, 1175 m, 23.09.2019, 1 22; 1326 m, 15.07.2020, 15
Q2,3 dJ; Yahsihan, 980 m, 14.08.2019, 8 Q; 1190 m, 16.07.2020, 21 22, 3 4J; Karakegili, 795 m, 31.08.2020, 5
QQ; Celebi, 1046 m, 27.08.2019, 7 29; 1345 m, 21.07.2020, 14 22,1 8&; 1322 m, 01.09.2020, 8 R Q.
Distribution worldwide: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, East Palaearctic, European Turkey,
French mainland, Greek mainland, Italian mainland, Near East, North Africa, Portuguese mainland, Romania, Slovenia,
Spanish mainland, Former Yugoslavia.
Distribution in Turkey: Afyon, Amasya, Ankara, Antalya, Aydin, Balikesir, Bilecik, Bolu, Bursa, Canakkale, Edirne,
Erzurum, Eskisehir, Giimiishane, Hakkari, Hatay, Icel, Istanbul, izmir, izmit, Karabiik, Kars, Kastamonu, Kayseri,
Kirklareli, Konya, Kiitahya, Manisa, Mardin, Mugla, Samsun, Sinop, Tekirdag, Tokat, Usak, Yalova.

23. Tabanus martinii KROBER, 1928
Material examined: Delice, 1178 m, 04.09.2019, 4 9Q; 1315 m, 26.08.2020, 3 @ Q; Yahsihan, 1235 m, 16.08.2019, 2
©Q; 1049 m, 24.09.2019, 3 $Q; 1251 m, 29.08.2020, 1 9Q; Bahsili, 1352 m, 19.08.2019, 2 99; 1145 m, 26.09.2019,
3 QQ; Celebi, 1426 m, 31.08.2019, 2 QQ; 1445 m, 22.07.2020, 1 9.
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Distribution worldwide: European Turkey, Near East, Romania, Spanish mainland
Distribution in Turkey: Afyon, Ankara, Aydm, Edirne, Eskigehir, Hakkari, Kirklareli Konya, Kiitahya, Tekirdag.

24. Tabanus miki BRAUER, 1880
Material examined: Keskin, 1314 m, 30.07.2019, 7 99; 1694 m, 01.08.2019, 11 ?9Q; 1544 m, 08.07.2020, 19 9 9;
1478 m, 25.08.2020, 17 92; Delice, 1158 m, 03.08.2019, 6 9 9; 1338 m, 05.08.2019, 5 99; 1087 m, 04.09.2019, 3
QQ; 1344 m, 10.07.2020, 17 9%; 1088 m, 11.07.2020, 29 ¥2; 1255 m, 26.08.2020, 3 Q9; Sulakyurt, 974 m,
06.08.2019, 4 99; 1312 m, 09.08.2019, 16 L 9; 1233 m, 03.09.2019, 1 9Q; 1024 m, 13.07.2020, 23 QQ; 1237 m,
27.08.2020, 7 9 9; Baligeyh, 1075 m, 11.08.2019, 11 99; 1319 m, 13.08.2019, 18 99; 1581 m, 15.07.2020, 27 99;
1711 m, 28.07.2020, 3 9 9; Yahsihan, 1215 m, 15.08.2019, 14 99; 1252 m, 18.08.2019, 22 29; 900 m, 24.09.2019, 1
QQ; 1246 m, 16.07.2020, 24 QQ; Bahsili, 1322 m, 20.08.2019, 9 @9; 1539 m, 22.08.2019, 17 9; 1447 m,
18.07.2020, 29 29; 1429 m, 30.08.2020, 3 ?9Q; Karakegili, 790 m, 23.08.2019, 2 29; 931 m, 20.07.2020, 9 9%;
Celebi, 1096 m, 28.08.2019, 6 29; 1416 m, 31.08.2019, 9 29; 1210 m, 21.07.2020, 15 99; 1422 m, 22.07.2020, 21
?2.
Distribution worldwide: Albania, Austria, Belgium, Britain I., Bulgaria, Central European Russia, Croatia, Czech
Republic, Danish mainland, East European Russia, East Palaearctic, European Turkey, French mainland, Germany,
Greek mainland, Hungary, Italian mainland, Lithuania, Macedonia, Near East, North European Russia, Northwest
European Russia, Poland, Portuguese mainland, Romania, Slovakia, Slovenia, South European Russia, Spanish
mainland, Sweden, Ukraine
Distribution in Turkey: Ankara, Artvin, Balikesir, Bartin, Bayburt, Bilecik, Bolu, Bursa, Canakkale, Denizli, Diizce,
Elazi, Erzurum, Eskisehir, Giresun, Hakkari, Icel, Istanbul, Istanbul, izmir, Kars, Kastamonu, Kayseri, Kirklareli,
Konya, Kiitahya, Manisa, Mugla, Mugla, Nevsehir, Ordu, Samsun, Tokat, Trabzon, Usak, Yozgat, Zonguldak.

25. Tabanus oppugnator AUSTEN, 1925
Material examined: Keskin, 1710 m, 29.07.2019, 1 99; 1680 m, 08.07.2020, 3 ¥ ; Baliseyh, 1710 m, 15.07.2020, 2
QQ; Bahsili, 1325 m, 20.08.2019, 1 99; 1539 m, 18.07.2020, 2 <.
Distribution worldwide: Turkey, Iran
Distribution in Turkey: Balikesir, Bolu, Canakkale, Cankir1, Elaz1g, Kastamonu, Kiitahya, Sinop.

26. Tabanus quatuornatatus MEIGEN, 1820
Material examined: Keskin, 1335 m, 29.07.2019, 2 29; 1513 m, 08.07.2020, 6 9%; 1700 m, 25.08.2020, 1 99;
Delice, 1000 m, 03.08.2019, 2 99; 1317 m, 05.08.2019, 1 ?9; 1340 m, 11.07.2020, 5 99; Celebi, 1196 m,
27.08.2019,1 99; 1426 m, 30.08.2019,2 ¥ %; 1397 m, 21.07.2020,4 99; 1215 m, 22.07.2020, 4 9.
Distribution worldwide: Albania, Austria, Belgium, Bosnia and Herzegovina, Britain I., Bulgaria, Croatia, Czech
Republic, Danish Mainland, East Palaearctic, European Turkey, French mainland, Germany, Greek mainland, Hungary,
Italian mainland, Macedonia, Moldova, Near East, North Africa, Poland, Portuguese mainland, Romania, Slovakia,
Slovenia, South European Russia, Spanish mainland, Switzerland, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adana, Amasya, Ankara, Artvin, Aydm, Balikesir, Bayburt, Bilecik, Bolu, Bursa, Canakkale,
Corum, Denizli, Erzurum, Eskisehir, Giresun, Giimiishane, Hakkari, Hatay, i¢el, Izmir, Kastamonu, Kirklareli, Konya,
Kiitahya, Mugla, Nigde, Sinop, Tekirdag, Trabzon, Usak, Yozgat.

27. Tabanus regularis JAENNICKE, 1866
Material examined: Keskin, 1710 m, 29.07.2019, 2 29; 1680 m, 08.07.2020, 1 9%; 1713 m, 25.08.2020, 2 ?29;
Baliseyh, 1581 m, 12.08.2019, 3 2Q; 1315 m, 13.08.2019, 2 99; 1710 m, 15.07.2020, 1 2%.
Distribution worldwide: Bosnia and Herzegovina, Bulgaria, Corsica, Croatia, Cyprus, European Turkey, French
mainland, Greek mainland, Hungary, Italian mainland, Macedonia, Malta, Near East, North Africa, Portuguese
mainland, Romania, Sicily, Slovakia, South European Russia, Spanish mainland
Distribution in Turkey: Afyon, Ankara, Antalya, Aydin, Balikesir, Bilecik, Bursa, Canakkale, Denizli, Edirne, Elazig,
Erzurum, Eskisehir, Hakkari, Icel, Istanbul, izmir, Kirklareli, Konya, Kiitahya, Mugla, Tekirdag, Yozgat.

28. Tabanus spectabilis LOEW, 1858
Material examined: Sulakyurt, 1090 m, 06.08.2019, 1 9 Q; Karakegili, 931 m, 20.07.2020, 1 %.
Distribution worldwide: Albania, Bulgaria, Croatia, European Turkey, French mainland, Greek mainland, Hungary,
Italian mainland, Macedonia, Moldova, Near East, North Africa, Romania, Sicily, Slovenia, South European Russia,
Spanish mainland, Former Yugoslavia.
Distribution in Turkey: Ankara, Bilecik, Bolu, Canakkale, Cankiri, Corum, Edirne, Elazig, Erzincan, Erzurum,
Eskisehir, Giresun, I¢el, Kayseri, Kirklareli, Konya, Nigde, Tekirdag, Yozgat.
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29. Tabanus spodopterus MEIGEN, 1820
Material examined: Keskin, 1235 m, 30.07.2019, 4 9; 1437 m, 01.08.2019, 1 99; 1355 m, 08.07.2020, 7 29;
Delice, 1278 m, 04.08.2019, 2 29Q; 1349 m, 11.07.2020, 5 29; Sulakyurt, 1214 m, 07.08.2019, 3 29Q; 1324 m,
14.07.2020, 4 99; 1255 m, 27.08.2020, 1 99; Yahgihan, 1015 m, 14.08.2019, 1 @9; 1252 m, 16.07.2020, 4 ?9;
Karakegili, 931 m, 20.07.2020, 2 9.
Distribution worldwide: Austria, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, European Turkey,
French mainland, Germany, Greek mainland, Hungary, Italian mainland, Macedonia, Moldova, Near East, Poland,
Portuguese mainland, Romania, Slovakia, South European Russia, Spanish mainland, Switzerland
Distribution in Turkey: Adapazari, Afyon, Amasya, Ankara, Antalya, Artvin, Balikesir, Bolu, Bursa, Canakkale,
Corum, Denizli, Edirne, Erzurum, Eskisehir, Icel, Istanbul, Karabiik, Kars, Kastamonu, Kirklareli, Konya, Kiitahya,
Mugla, Tekirdag, Trabzon, Usak, Yalova, Zonguldak.

30. Tabanus tergestinus EGGER, 1859
Material examined: Keskin, 1266 m, 30.07.2019, 11 99; 1655 m, 01.08.2019, 13 ¥9; 1530 m, 09.07.2020, 14 9%;
Delice, 1349 m, 03.08.2019, 9 29; 1066 m, 04.09.2019, 1 29; 1340 m, 12.07.2020, 7 R9; 1278 m, 26.08.2020, 6 R9;
Sulakyurt, 1050 m, 06.08.2019, 8 2 Q; 1244 m, 07.08.2019, 10 9 Q; 1024 m, 02.09.2019, 2 99; 1388 m, 13.07.2020,
14 QQ; Yahsihan, 1215 m, 15.08.2019, 11 99; 1252 m, 18.08.2019, 7 2 Q; 1250 m, 16.07.2020, 19 @ ?; Bahsili, 1326
m, 20.08.2019, 9 99; 1539 m, 22.08.2019, 5 2 9; 1400 m, 17.07.2020, 4 Y ; 1258 m, 30.08.2020, 3 9 Y; Celebi, 1396
m, 27.08.2019, 3 99; 1449 m, 22.07.2020, 11 29; 1226 m, 01.09.2020, 1 92.
Distribution worldwide: Albania, Austria, Bosnia and Herzegovina, Bulgaria, Central European Russia, Croatia,
Czech Republic, European Turkey, French mainland, Germany, Greek mainland, Hungary, ltalian mainland, Iran,
Macedonia, Moldova, Near East, Poland, Romania, Slovakia, Slovenia, South European Russia, Spanish mainland,
Switzerland, Ukraine, Former Yugoslavia.
Distribution in Turkey: Adapazari, Afyon, Ankara, Antalya, Artvin, Artvin, Aydin, Balikesir, Bartin, Bolu, Bursa,
Edirne, Elaz1g, Erzurum, Giimiishane, Hatay, Icel, Istanbul, Kastamonu, Kirklareli, Mugla, Ordu, Samsun, Sinop,
Tekirdag, Yalova, Zonguldak.

31. Tabanus unifasciatus LOEW, 1858
Material examined: Keskin, 1680 m, 29.07.2019, 5 29; 1700 m, 08.07.2020, 9 9%; 1550 m, 09.07.2020, 4 ?29;
Bahsili, 1522 m, 19.08.2019, 1 99; 1510 m, 17.07.2020, 9 ?9; 1490 m, 18.07.2020, 7 ?9; Celebi, 1449 m,
21.07.2020, 3 99; 1350 m, 22.07.2020,2 9 Q.
Distribution worldwide: Albania, Austria, Bosnia and Herzegovina, Bulgaria, Croatia, European Turkey, French
mainland, Greek mainland, Hungary, Italian mainland, Macedonia, Moldova, Near East, North Africa, Portuguese
mainland, Romania, Slovakia, Slovenia, South European Russia, Spanish mainland, Switzerland, Ukraine
Distribution in Turkey: Afyon, Agri,, Amasya, Ankara, Antalya, Artvin, Aydin, Balikesir, Bayburt, Bilecik, Bolu,
Bursa, Canakkale, Corum, Edirne, Erzurum, Eskisehir, Giimiishane, Hakkari, Hatay, I¢el, Kahramanmaras, Karabiik,
Kastamonu, Kirklareli, Kirsehir, Kiitahya, Mugla, Nevsehir, Nigde, Ordu, Rize, Samsun, Sinop, Sivas, Tekirdag, Tokat,
Usak, Van.

32. Haematopota bigoti GOBERT, 1880
Material examined: Keskin, 1150 m, 30.07.2019, 1 29; 1364 m, 08.07.2020, 2 99; 1700 m, 09.07.2020, 1 9%;
Yahgihan, 1230 m, 16.07.2020, 1 9 Q; Karakegili, 931 m, 20.07.2020, 1 9.
Distribution worldwide: Austria, Britain I., Croatia, Danish mainland, European Turkey, French mainland, Germany,
Hungary, Italian mainland, Near East, North Africa, Poland, Portuguese mainland, Romania, Slovakia, Spanish
mainland, Sweden, The Netherlands, Former Yugoslavia.
Distribution in Turkey: Afyon, Ankara, Balikesir, Canakkale, Edirne, Elazig, Kars, Kirklareli, Konya, Kiitahya,
Tekirdag, Yozgat.

33. Haematopota hennauxi LECLERCQ, 1967
Material examined: Keskin, 1150 m, 31.07.2019, 1 29; 1450 m, 08.07.2020, 2 9 ?; Sulakyurt, 1217 m, 06.08.2019, 1
QQ; 1300 m, 13.07.2020, 2 9 9; Baliseyh, 1275 m, 10.08.2019, 1 29; 1385 m, 15.07.2020, 3 9%; Yahgihan, 1252 m,
16.07.2020, 1 9 Q; Karakegili, 931 m, 20.07.2020, 3 9 9.
Distribution worldwide: Turkey.
Distribution in Turkey: Afyon, Ankara, Bolu, Corum, Elazig, Eskisehir, Konya, Yozgat.

34. Haematopota italica MEIGEN, 1804
Material examined: Keskin, 1240 m, 29.07.2019, 1 99; 08.07.2020, 3 9%; 1688 m, 09.07.2020, 1 2Q; Delice, 1060
m, 03.08.2019, 1 9Q; 1278 m, 11.07.2020, 2 99; 1349 m, 12.07.2020, 1 99; Sulakyurt, 1324 m, 13.07.2020, 2 9 Q;
Baliseyh, 1581 m, 15.07.2020, 1 99; Bahsili, 1122 m, 19.08.2019, 1 29; 1530 m, 18.07.2020, 2 9 ?; Karakegili, 931
m, 20.07.2020, 1 99; Celebi, 1426 m, 21.07.2020, 2 2.
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Distribution worldwide: Albania, Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Central European Russia,
Croatia, Czech Republic, Danish mainland, East European Russia, Estonia, European Turkey, French mainland,
Germany, Greek mainland, Hungary, Italian mainland, Liechtenstein, Lithuania, Luxembourg, Macedonia, Near East,
Northwest European Russia, Poland, Portuguese mainland, Romania, Slovakia, South European Russia, Spanish
mainland, Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.

Distribution in Turkey: Adapazari, Ankara, Balikesir, Bartin, Bilecik, Bolu, Bursa, Canakkale, Cankiri, Corum,
Diyarbakir, Diizce, Edirne, Elazig, Erzincan, Erzurum, Eskisehir, Giimiishane, Icel, Karabiik, Kastamonu, Kirklareli,
Kiitahya, Malatya, Mugla, Samsun, Sinop, Tokat, Trabzon, Zonguldak.

35. Haematopota kemali SZILADY, 1923
Material examined: Keskin, 1040 m, 29.07.2019, 1 9%; 1280 m, 08.07.2020, 3 9 9; Delice, 1278 m, 11.07.2020, 2
QQ; 1147 m, 26.08.2020, 1 9 %; Sulakyurt, 970 m, 06.08.2019, 2 29; 1224 m, 08.08.2019, 1 ¥%; 1100 m, 13.07.2020,
3 99, Yahsihan, 862 m, 15.08.2019, 3 $9; 1132 m, 18.08.2019, 1 29; 978 m, 16.07.2020, 4 9 ?; Karakegili, 791 m,
23.08.2019, 1 29; 931 m, 20.07.2020,4 Q9.
Distribution worldwide: Turkey, Near East
Distribution in Turkey: Afyon, Ankara, Cankiri, Denizli, Elaz1ig, Erzurum, Eskisehir, Istanbul, Konya, Nevsehir,
Nigde, Tekirdag, Yozgat.

36. Haematopota pallens LOEW, 1871
Material examined: Delice, 1349 m, 02.08.2019, 1 $%; 1250 m, 11.07.2020, 2 ?%; Baligeyh, 1275 m, 11.08.2019, 1
QQ; 1710 m, 15.07.2020, 3 99; 1315 m, 28.08.2020, 1 9 ; Bahsili, 1022 m, 20.08.2019, 1 29; 1522 m, 17.07.2020,
2 QQ; Celebi, 1426 m, 21.07.2020, 2 99; 1449 m, 22.07.2020, 1 9 9.
Distribution worldwide: Afghanistan, China, East Palaearctic, Moldova, Near East, Romania, South European Russia,
Ukraine, Turkey
Distribution in Turkey: Afyon, Ankara, Balikesir, Bilecik, Bursa, Diyarbakir, Elazig, Eskisehir, icel, izmir, Kayseri
Konya, Kiitahya, Malatya, Mugla.

37. Haematopota pluvialis (LINNEAUS, 1758)
Material examined: Keskin, 1455 m, 01.08.2019, 2 9%; 1620 m, 08.07.2020, 3 9 ?; Yahsihan, 1016 m, 15.08.2019, 2
QQ; 1215 m, 17.08.2019, 1 9Q; 1252 m, 16.07.2020, 3 9 Q; Bahsili, 1139 m, 20.08.2019, 1 9 Q; 1544 m, 17.07.2020,
2 99; Celebi, 1336 m, 21.07.2020, 1 9 Q; Karakegili, 931 m, 01.09.2020, 1 9.
Distribution worldwide: Albania, Austria, Belgium, Bosnia and Herzegovina, Britain 1., Bulgaria, Central European
Russia, Croatia, Czech Republic, Danish mainland, East European Russia, East Palaearctic, Estonia, European Turkey,
Finland, French mainland, Germany, Greek mainland, Hungary, Ireland, Italian mainland, Latvia, Liechtenstein,
Lithuania, Luxembourg, Macedonia, Moldova, Near East, North European Russia, Northwest European Russia,
Norwegian mainland, Poland, Portuguese mainland, Romania, Sardinia, Sicily, Slovakia, Slovenia, South European
Russia, Spanish mainland, Sweden, Switzerland, The Netherlands, Ukraine, Former Yugoslavia.
Distribution in Turkey: Afyon, Ankara, Bilecik, Canakkale, Edirne, ElazigEskisehir, Istanbul, Kayseri, Kirklareli,
Konya, Nigde, Sivas, Tekirdag, Yozgat.

38. Haematopota sewelli AUSTEN, 1920
Material examined: Keskin, 1046 m, 29.07.2019, 1 $%; 1157 m, 31.07.2019, 1 9%; 1240 m, 08.07.2020, 3 99; 1168
m, 25.08.2020, 2 99; Delice, 987 m, 02.08.2019, 4 9 2; 1201 m, 11.07.2020, 2 9 ?; Sulakyurt, 1241 m, 07.08.2019, 3
@Q; 966 m, 13.07.2020, 5 99; 1324 m, 27.08.2020, 1 9Q; Yahsihan, 900 m, 17.08.2019, 2 9Q; 1215 m, 16.07.2020,
3 99; 1066 m, 29.08.2020, 1 Y ?; Karakegili, 690 m, 23.08.2019, 1 29; 931 m, 20.07.2020, 5 9 Q; Celebi, 996 m,
21.07.2020,2 99; 1126 m, 01.09.2020, 1 ¥ 2.
Distribution worldwide: Israel, Iran, Turkey
Distribution in Turkey: Ankara, Cankiri, Elazig, izmir, Konya, Nigde, Trabzon Yozgat.

39. Dasyramphis umbrinus (MEIGEN, 1820)
Material examined: Keskin, 1150 m, 31.07.2019, 8 29; 1546 m, 01.08.2019, 2 29; 1367 m, 08.07.2020, 18 ¥%;
1580 m, 09.07.2020, 14 9 9; Delice, 986 m, 05.08.2019, 1 ¥%; 1150 m, 10.07.2020, 13 9%; 1349 m, 12.07.2020, 10
QQ; Sulakyurt, 1324 m, 13.07.2020, 8 99; Yahsihan, 1217 m, 15.08.2019, 1 9%; 1350 m, 16.07.2020, 9 ?9;
Karakegili, 931 m, 20.07.2020, 4 99; Celebi, 996 m, 21.07.2020, 4 99; 1434 m, 22.07.2020, 11 9%.
Distribution worldwide: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, European Turkey, Greek mainland,
Italian mainland, Macedonia, Near East, Romania, Slovenia, Former Yugoslavia,
Distribution in Turkey: Adana, Ankara, Antalya, Artvin, Balikesir, Bolu, Bursa, Bursa, Canakkale, Cankiri, Corum,
Denizli, Edirne, Erzincan, Erzurum, Eskisehir, Giimiishane, Hakkari, Icel, Istanbul, izmir, Kars, Kayseri, Kirklareli,
Kirsehir, Konya, Kiitahya, Manisa, Mugla, Mus, Nevsehir, Nigde, Osmaniye, Samsun, Sinop, Sivas, Usak, Yalova,
Yozgat.
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40. Philipomyia aprica (MEIGEN, 1820)

Material examined: Keskin, 1264 m, 29.07.2019, 6 ?9; 1574 m, 01.08.2019, 4 99; 1610 m, 08.07.2020, 16 ??;
1255 m, 25.08.2020, 1 Q9; Delice, 1036 m, 03.08.2019, 2 %; 1278 m, 11.07.2020, 12 2Q; 1349 m, 12.07.2020, 15
Q Q; Sulakyurt, 1130 m, 06.08.2019, 1 $%; 1063 m, 13.07.2020, 6 $2; 1324 m, 14.07.2020, 19 9 2; Baliseyh, 1581 m,
15.07.2020, 17 29; Yahgihan, 950 m, 14.08.2019, 4 29; 1250 m, 16.07.2020, 13 9 9; Bahsili, 1488 m, 17.07.2020, 9
QQ; 1510 m, 19.07.2020, 16 Y 9; Celebi, 1426 m, 21.07.2020, 5 9 2.

Distribution worldwide: Albania, Austria, Belgium, Boshia and Herzegovina, Bulgaria, Central European Russia,
Croatia, Czech Republic, European Turkey, French mainland, Germany, Greek mainland, Hungary, Italian mainland,
Liechtenstein, Macedonia, Near East, Poland, Portuguese mainland, Romania, Slovakia, Slovenia, Spanish mainland,

Switzerland, Former Yugoslavia.

Distribution in Turkey: Afyon, Ankara, Antalya, Artvin, Balikesir, Bayburt, Bing6l, Bolu, Bursa, Canakkale,
Erzurum, Eskisehir, Hakkari, igel, Istanbul, Kars, Kastamonu, Kirklareli, Konya, Kiitahya, Mus, Tekirdag, Yalova.

Table 1. Species and numbers of horse flies collected in Kirikkale during 2019 and 2020

No Species name Number %
1 Pangonius pyritosus 5 0,17
2 Chrysops caecutiens 26 0,89
3 Chrysops flavipes 16 0,55
4 Chrysops italicus 14 0,48
5 Chrysops buxtoni 22 0,75
6 Chrysops hamatus 24 0,82
7 Atylotus flavoguttatus 40 1,37
8 Atylotus hendrixi 68 2,33
9 Atylotus rusticus 6 0,20
10 Therioplectes tricolor 10 0,34
11 Hybomitra caucasi 5 0,17
12 Tabanus autumnalis 62 2,13
13 Tabanus bifarius 196 6,74
14 Tabanus briani 8 0,27
15 Tabanus bromius 1017 34,97
16 Tabanus cordiger 25 0,85
17 Tabanus eggeri 12 0,41
18 Tabanus exlusus 19 0,65
19 Tabanus fraseri 7 0,24
20 Tabanus glaucopis 27 0,92
21 Tabanus latetinctus 15 0,51
22 Tabanus lunatus 179 6,15
23 Tabanus martinii 21 0,72
24 Tabanus miki 408 14,03
25 Tabanus oppugnator 9 0,30
26 Tabanus quatuornatatus 28 0,96
27 Tabanus regularis 11 0,37
28 Tabanus spectabilis 2 0,06
29 Tabanus spodopterus 34 1,16
30 Tabanus tergestinus 168 5,77
31 Tabanus unifasciatus 40 1,37
32 Haematopota bigoti 6 0,20
33 Haematopota hennauxi 14 0,48
34 Haematopota italica 18 0,61
35 Haematopota kemali 26 0,89
36 Haematopota pallens 14 0,48
37 Haematopota pluvialis 16 0,55
38 Haematopota sewelli 37 1,27
39 Dasyramphis umbrinus 103 3,54
40 Philipomyia aprica 146 5,02
Total 2908 100
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4. Conclusions and discussion

During the study total 40 horsefly species sampled and 36 species except Tabanus bromius Linneaus 1758;
Tabanus regularis JAENNICKE, 1866; Tabanus spectabilis LOEW, 1858; Haematopota kemali SZILADY, 1923 first
record for Kirikkale. Pangonius (s. str.) pyritosus (Loew, 1859); Chrysops (s. str.) caecutiens (Linnaeus, 1758);
Chrysops (s. str.) flavipes MEIGEN, 1804; Chrysops (s. str.) italicus MEIGEN, 1804; Chrysops (Petersenychrysops)
buxtoni AUSTEN, 1922; Chrysops (Petersenychrysops) hamatus LOEW, 1858; Atylotus flavoguttatus (SZILADY,
1975); Atylotus hendrixi LECLERCQ, 1967; Atylotus rusticus (LINNAEUS, 1767); Therioplectes tricolor ZELLER,
1842; Hybomitra caucasi (SZILADY, 1923); Tabanus autumnalis LINNEAUS, 1761; Tabanus bifarius LOEW, 1858;
Tabanus briani LECLERCQ, 1962; Tabanus cordiger MEIGEN, 1820; Tabanus eggeri SCHINERI, 1868; Tabanus
exlusus PANDELLE, 1883; Tabanus fraseri AUSTEN, 1925; Tabanus glaucopis MEIGEN, 1936; Tabanus latetinctus
AUSTEN, 1920; Tabanus lunatus FABRICIUS, 1794; Tabanus martinii KROBER, 1928; Tabanus miki BRAUER,
1880; Tabanus oppugnator AUSTEN, 1925; Tabanus quatuornatatus MEIGEN, 1820; Tabanus spodopterus MEIGEN,
1820; Tabanus tergestinus EGGER, 1859; Tabanus unifasciatus LOEW, 1858; Haematopota bigoti GOBERT, 1881,
Haematopota hennauxi LECLERCQ, 1967; Haematopota italica MEIGEN, 1804; Haematopota pallens LOEW, 1870;
Haematopota pluvialis (LINNEAUS, 1761); Haematopota sewelli AUSTEN, 1920; Dasyramphis umbrinus (MEIGEN,
1820) and Philipomyia aprica (MEIGEN, 1820) are reported for the first time from study area.

934,97 adult specimens belong to Tabanus bromius is the most abundant and the most common species like
similar studies [4, 18]. Geographical conditions, temperature and seasonal factors provide dense distribution of the T.
bromius in Kirikkale. Tabanus miki %14,03; Tabanus bifarius %6,74; Tabanus lunatus %6,15 and Tabanus tergestinus
%b5,77 followed the Tabanus bromius with species richness (Table 1).

Total collected specimen distribution as percentage; %56,39 in July, %38,78 in August and %4,84 in
September. This is similar to the present studies about seasonal activities of horseflies. In Turkey horsefly activities
begin in the middle of May and continue to the middle of September [15, 19, 23- 26, 28]. Unfortunately in May and
June field studies could not be carried out because of the Covid-19 pandemic which caused the travel limitation.
However specimens collected at the maximum activity periods of horseflies.

The collection localities are especially selected at the rural areas where livestock and animal husbandry are
dense. Due to female tabanids are known as mechanical vectors of viruses, bacteria, protozoans and helminths that
cause various diseases in wild and domestic animals [8, 12, 31], present study is also important for avoiding the spread
of these diseases via Tabanids. The results of this study involve the whole tabanids distribution in the Kirikkale. These
faunistic results contribute information of the Tabanidae in Turkey and also provide prediction of probability of losses
in livestock production.
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Abstract

In this study, fish species living in the Elek¢i River, which poured from the borders of Fatsa District of Ordu
Province to the Black Sea, were revised as taxonomic. Samplings were taken from Elek¢i River using an electroshock
device from six pre-determined stations in 2018. According to the results, three of the nine fish species were identified
as two native and one non-native new record species for Elek¢i River for the first time. These native species are
Alburnoides fasciatus and Neogobius fluviatilis, belonged to two families (Leuciscidae and Gobiidae), respectively.
However, other sampled species were found also to be Capoeta banarescui, Barbus tauricus (Cyprinidae), Rhodeus
amarus (Acheilognothidae), Alburnus derjugini, Squalius cephalus (Leuciscidae) and Ponticola turani (Gobiidae) from
four families. Oncorhynchus mykiss (Salmonidae) was the only unnatural species found in Elekgi River in this study.

Keywords: freshwater fishes, fish fauna, taxonomy, diversity

*

Elek¢i Irmagy (Tiirkiye)’min bahk faunasi icin yeni kayit dogal ve dogal olmayan tiirler

Ozet

Bu ¢alismada Ordu {li’nin Fatsa ilgesi’nin sinirlarindan Karadeniz Dékiilen Elekgi Irmaginda yasayan balik
tiirleri taksonomik olarak yeniden tanimlanmistir. Elek¢i Irmagi’ndan 2018 yilinda dnceden belirlenen alti istasyondan
elektrosoker kullanilarak 6rneklemeler gergeklestirilmistir. Elde edilen sonuglara gore, Elek¢i Irmagi’nda belirlenen
dokuz tiirden iki tiir ve dogal olmayan bir tiir yeni kayit olarak tespit edilmistir. Bu dogal tiirler sirasiyla, iki familyadan
(Leuciscidae and Gobiidae,) Alburnoides fasciatus ve Neogobius fluviatilis’tir. Bununla birlikte, diger tiirler ise dort
familyadan Capoeta banarescui, Barbus tauricus (Cyprinidae), Rhodeus amarus (Acheilognothidae), Alburnus
derjugini, Squalius cephalus (Leuciscidae) ve Ponticola turani (Gobiidae) olarak belirlenmistir. Bu ¢aligmada Elekgi
Irmagi’nda rastlanan dogal olmayan tek tir Oncorhynchus mykiss’di (Salmonidae).

Anahtar kelimeler: tatlisu baliklari, balik faunasi, taksonomi, ¢esitlilik
Introduction

Knowledge of biological diversity is often a reference to wildlife conservation studies. However, since the
world is under the threat of global warming, the determination of the biological heritage to be left to future generations
has been the most important issue of natural scientists today. It has been reported that fishes consisted of approximately
50% of vertebrates including mammals, birds, and other tetrapods (72.327 species) [1], reach 35.704 [2]. Ichthyofauna
studies in Turkey has started with sending to the UK to identify twenty-sea fish species took from Trabzon by a British
explorer in the first half of the nineteenth century [3]. Today, it was reported that exists 384 species in Turkey's inland
waters [4], but in another reference notified that the valid freshwater species number of Turkey has reached 401 [5].
Nowadays, this number up to 391 with some studies performed by Kaya et al. [6, 7] and Cigek [8].
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Elekgi River is one of the longest inland waters of the Ordu Province. Elekgi River continues in the southwest-
northeast direction by rising from the plateaus such as Kabadiiz Plateau were located 45 km south of Fatsa District
Center and flows into the Black Sea by passing through the western side of Fatsa. The River forms the main riverbed
when reached islamdag (Daggiivezi Catagi) locality after passing through the middle of Kumru City located 35 km
southwest of the coast and uniting with Akkancik, Boyacili, Catili, Karacalar, Kirkkizlar, Pmaralan, and Sogukpinar
streams [9]. Looking at ichthyofaunistic studies in and around Ordu, another research was not found the other inland
waters of the Ordu except for Melet River, Gaga Lake, Ilica and Yalikdy Streams, Turnasuyu Stream, Curi Stream,
Elek¢i River, Gokgebayir (Tifi) Brook and Ilica Stream [10-17]. Although there is a decrease in the amount of water
due to many hydroelectric power plants, it can cause floods as it is in an important rainfall basin. In this part of the
Black Sea, there is an excess of nutrients and soil transport during flood times. This has important ecological
advantages and disadvantages for both the river and the Black Sea. The main branch of the river passes through many
settlements and this increases the pollution load of the river. These situations may also have important effects on the
fish fauna of the river. From this point of view, even if not much time has elapsed as to the previous study performed in
Elekgi River, it had caused to the identification of some natural species with this study.

2. Materials and methods

In the study, the fish specimens were sampled from a total of six stations, determined in the coordinates on the
map (Figure 1 and Table 1) of Elekgi River in 2018. All fish specimens were obtained with SAMUS™ 725MP
electroshock device. Later, fish individuals were maintained in Fatsa Faculty of Marine Science (FFMS) of Ordu
University (ODU) for the purpose of species identification and anesthetized with clove oil until their breathing stopped
before storing in 4% formaldehyde solution. This study was conducted in accordance with ethics committee procedures
of animal experiments.

Afterward, dorsal (D), pectoral (P), pelvic (V) and anal fin (A) rays (hard and soft rays) of the fish specimens
were counted and lateral line (LL) scale counts were made from the arteriormost scale to the posteriormost one (at the
end of the hypural plate). In taxonomic examination and evaluation of fish specimens, they were benefited lots of
studies [16, 18-25]. Morphometric characters were measured by a digital caliper (Dasqua®) with 0.01 mm precision and
recorded in Microsoft® Excel® according to methods informed in some studies [22, 26-31].
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Figure 1. Fish sampling stations in the Elek¢i River
3. Results

In the field study conducted on Elek¢i River, it was determined that the river had a very rugged bed on the side
branches except for the main tributary. While no fish was found in the main tributaries of the river, especially near the
settlements, many samples were procured in small streams one of the side tributaries of the river such as the third
sampling point (Hatipli). As a result of this study, 136 fish samples of 9 species were obtained from Elek¢i River
(Figure 2). There were presented numerical data about obtained fish species and some specifications of the stations in
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Table 1: Longitudes and latitudes of stations, altitudes of stations, and specimen numbers of species by stations.
Table 1. Distribution of species obtained by stations in Elek¢i River, st: station no, V: altitudes (m), n: sample number

Species sample
st coordinates v n Cyprinoids n Gobioids n Salmonid  (ODUFFMS)
1 40°59'52.0"N 55 5 A. derjugini 6 N. - 52410-18020

37°26'53.0" E 2 B. tauricus fluviatilis 52410-18030
16 S. cephalus 52410-18090
9 R. amarus 52410-18070

52410-18050

2  40°56'58.0"N 118 1 A. fasciatus 1 N. - 52410-18010
37°24'22.0"E fluviatilis 52410-18021

2 A. derjugini 52410-18031

6 B. tauricus 52410-18091

2 S. cephalus
52410-18051

3 40°56'49.0"N 143 5 C. 6 P. turani - 52410-18040
37°19'37.0" E banarescui 52410-18092
5 S. cephalus 52410-18071

3 R. amarus
52410-18060
4 40°56'14.0"N 151 19 C. - 3 0. 52410-18041
37°23'52.0"E banarescui mykiss 52410-18032
3 B. tauricus 52410-18093

3 S. cephalus
52410-18100

5 40°55'14.1"N 281 9 A. fasciatus 3 P. turani - 52410-18011
37°23'38.8"E 1 A. derjugini 52410-18022
15 S. cephalus 52410-18094

52410-18061

6 40°55'13.0"N 210 4 B. tauricus - - 52410-18033
37°22'13.0"E 7 C. 52410-18042
banarescui

Like previous faunistic studies in south inland waters of the Black Sea, it was found that cyprinoid species
were predominant (Figure 2). However, it was observed that the number of species of cyprinoids decreased in sampling
stations in the inner parts of the river. For example, only the Capoeta and Barbus species were found at station six.

Albwrnus derjugini | R
Alburnoides fasciatus | R NREECE
Barbus tauricus
Capoeta banarescui
Neogobius fluviatilis
Oncorlyvichus mykiss
Ponticola turani | INIEN
Rhodeus amarus

Squalius cephalus 4
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Acheilognathidae ‘

Cyprinidae
Gobiidae

Salmonidae
0 10 20 30 40 50 60 70
Salmonidae Leuciscidae Gobiidae Cyprinidae Acheilognathidae
u Species 1 3 2 2 1
mn % 2.2 434 11.8 33.8 8.8
®n (Specimens) 3 59 16 46 12

W Species Hn % Mn (Specimens)

Figure 2. Percent distribution of fish species achieved from Elek¢i River by species number, total sample number (n) of
fish families

Family: Cyprinidae

Barbus tauricus Kessler, 1877

(Figure 3)

Type locality: Crimea Peninsula, Ukraine

Examined material. ODUFFMS 52410-18030, 2, 89.11-104.53 mm SL; Turkey: Saraytepe, Fatsa/Ordu:
Elekgi River; S. Saygun, 09 Jan 2018. — ODUFFMS 52410-18031, 6, 67.41-111.06 mm SL; Oluklu, Fatsa/Ordu: Elek¢i
River; S. Saygun, 10 Apr 2018. — ODUFFMS 52420-18032, 3, 69.66-90.47 mm SL; Salihli, Fatsa/Ordu: Elekgi River;
S. Saygun, 30 Apr 2018. — ODUFFMS 52430-18033, 4, 52.53-65.69 mm SL; Golkdy, Fatsa/Ordu: Elekg¢i River; S.
Saygun, 16 Apr 2018.

Meristic characters: D: 1/8-9, P: 1/12-13, V: 1/7-8, A: I/5, LL: 53-54.
Distribution: Crimea barbel restricted to seven streams of Crimea (Black and Azov Sea basins) [32].

Figure 3. Barbus tauricus, 111.06 mm SL, ODUFFMS 52410-18031, Oluklu, Fatsa/Ordu, Elekgi River

Capoeta banarescui Turan, Kottelat, Ekmek¢i and imamoglu, 2006

(Figure 4)

Type locality: Coruh River

Examined material. ODUFFMS 52410-18040, 5, 44.82-73.21 mm SL; Turkey: Hatipli, Fatsa/Ordu: Elekgi
River; S. Saygun, 10 Apr 2018. — ODUFFMS 52410-18041, 19, 73.16-127.82 mm SL; Salihli, Fatsa/Ordu: Elek¢i
River; S. Saygun, 30 Apr 2018 — ODUFFMS 52420-18042, 7, 135.00-200.00 mm SL; Golkoy, Fatsa/Ordu: Elekgi
River; S. Saygun, 16 Apr 2018.

Meristic characters: D: 1/8, P: 1/12-14, V: 1/7-8, A: 1/5, LL: 68-72.

Distribution: Banarescu barb’s distributions are only accepted from northeast Turkey from the Coruh River
system, which drains through Georgia and the Black Sea [23].
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Figure 4. Capoeta banarescui, 113.04 mm SL, ODUFFMS 52410-18041, Salihli, Fatsa/Ordu: Elek¢i River

Family: Acheilognothidae

Rhodeus amarus (Bloch, 1872)

(Figure 5)

Examined material. ODUFFMS 52410-18070, 9, 43.31-61.70 mm SL; Turkey: Saraytepe, Fatsa/Ordu: Elek¢i
River; S. Saygun, 09 Jan 2018. — ODUFFMS 52410-18071, 3, 38.62-57.27 mm SL; Hatipli, Fatsa/Ordu: Elek¢i River;
S. Saygun, 10 Apr 2018.

Meristic characters: D: 1/8-9, P: 1/7-8, V: 1/5-6, A: 1/8-9, LL: 37-39.

Distribution: The European bitterling distributes Basins of North, southern Baltic, Black, western and
southern Caspian and Aegean Seas (from Maritza to Struma drainages); Mediterranean basin, only in northern Rhone
(France) and Drin drainages (Albania, Montenegro, Macedonia). Invasive in France in southern Rhéne and west of
Seine, in southern Russia in Don and Kuban drainages. Introduced to Crimea, Great Britain and northern Italy. Absent
in River Ural, Denmark, Scandinavia, Iberian and Apennine Peninsulas, most of Adriatic basin and Black Sea basin,
south of Kuban drainage [32].

Figure 5. Rhodeus amarus (Bloch, 1872), 49.07 mm SL, ODUFFMS 52410-18070, Saraytepe, Fatsa/Ordu: Elek¢i River

Family: Leuciscidae

Alburnoides fasciatus (Nordmann, 1840)

(Figure 6)

Type locality: Rivers of West Transcaucasia

Examined material. ODUFFMS 52410-18010, 1, 66.23 mm SL; Turkey: Saraytepe, Fatsa/Ordu: Elek¢i River;
S. Saygun, 09 Jan 2018. — ODUFFMS 52410-18011, 9, 66.16-83.14 mm SL; Islamdag, Fatsa/Ordu: Elekgi River; S.
Saygun, 16 Apr 2018.

Meristic characters: D: 1/7-8, P: 1/11-12, V: I/7, A: 1/12-13, LL: 42-44.

Distribution: The Transcaucasian Sprilin distribute from western South Caucasus to Yesilirmak [33].
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Figure 6. Alburnoides fasciatus (Nordmann, 1840), 83.17 mm SL, ODUFFMS 52410-18011, islamdag, Fatsa/Ordu:
Elek¢i River

Alburnus derjugini Berg, 1923

(Figure 7)

Type locality: Coruh River

Examined material. ODUFFMS 52410-18020, 5, 95.91-135-49 mm SL; Turkey: Saraytepe, Fatsa/Ordu:
Elek¢i River; S. Saygun, 09 Jan 2018. — ODUFFMS 52410-18021, 2, 66.00-121.00 mm SL; Oluklu, Fatsa/Ordu: Elekgi
River; S. Saygun, 10 Apr 2018 — ODUFFMS 52420-18022, 1, 92.49 mm SL; islamdag, Fatsa/Ordu: Elekgi River; S.
Saygun, 16 Apr 2018.

Meristic characters: D: 1/8-9, P: 1/11-12, V: 1/8, A: 1/14-15, LL: 56-58.

Distribution: The Georgian shemaya distributes in eastern Black Sea tributaries, from south of the Caucasus
in Russia and Georgia, to the south the Coruh River in eastern Anatolia and to the west the Sakarya River [34].

Figure 7. Alburnus derjugini, 101.52 mm SL, ODUFFMS 52410-18020, Saraytepe, Fatsa/Ordu: Elekgi River

Squalius cephalus (Linnaeus, 1758)

(Figure 8)

Examined material. ODUFFMS 52410-18090, 16, 74.26-157.89 mm SL; Turkey: Saraytepe, Fatsa/Ordu:
Elek¢i River; S. Saygun, 01 Jan 2018. — ODUFFMS 52410-18091, 2, 115.51-125.22 mm SL; Oluklu, Fatsa/Ordu:
Elek¢i River; S. Saygun, 10 Apr 2018 — ODUFFMS 52420-18092, 5, 50.89-67.38 mm SL; Hatipli, Fatsa/Ordu: Elekgi
River; S. Saygun, 10 Apr 2018 — ODUFFMS 52420-18093, 3, 74.21-124.04 mm SL; Salihli, Fatsa/Ordu: Elekgi River;
S. Saygun, 30 Apr 2018 — ODUFFMS 52420-18094, 15, 85.90-180.00 mm SL; islamdag, Fatsa/Ordu: Elekgi River; S.
Saygun, 16 Apr 2018.

Meristic characters: D: 1/8-9, P: 1/12-14, V: 1/8, A: 1/7-8, LL: 43-44.

Distribution: The chub ranges Sea of Azov basin (Russia, Ukraine). Landlocked population in Tsimlyansk
(Reservoir Don drainage) [32].
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Figure 8. Squalius cephalus, 120.35 mm , ODUFFMS 52410-18090, Saraytepe, Fatsa/Ordu: Elek¢i River

Family: Gobiidae

Neogobius fluviatilis (Pallas, 1814)

(Figure 9)

Examined material. ODUFFMS 52410-18050, 6, 62.93-84.78 mm SL; Turkey: Saraytepe, Fatsa/Ordu: Elek¢i
River; S. Saygun, 09 Jan 2018. — ODUFFMS 52410-18051, 1, 101.03 mm SL; Oluklu, Fatsa/Ordu: Elekgi River; S.
Saygun, 10 Apr 2018.

Meristic characters: D: 1 VI, 2 1/15-17, P: 16-18, A: 1/14-15, LL: 66-69.

Distribution: Pontian monkey goby generally distributes Azov and Black Sea basins. Usually close to
estuaries. Invasive in river of northern Black Sea basin. Recorded in 1997 from middle Vistula (Poland), which it
reached from Dniepr via navigation canal. In Danube upriver to Hungary in Dnieper up to Belarus [32].

Figure 9. Neogobius fluviatilis, 70.41 mm SL, ODUFFMS 52410-18050, Saraytepe, Fatsa/Ordu: Elek¢i River

Ponticola turani Kovaci¢ and Engin, 2008

(Figure 10)

Type locality: Aksu River

Examined material. ODUFFMS 52410-18060, 6, 50.74-98.53 mm SL; Turkey: Hatipli, Fatsa/Ordu: Elek¢i
River; S. Saygun, 10 Apr 2018 — ODUFFMS 52410-18061, 3, 78.52-95.92 mm SL; islamdag, Fatsa/Ordu: Elekgi
River; S. Saygun, 16 Apr 2018.

Meristic characters: D: 1 V-VI, 2 1/16-17, P: 16-18, A: 1/11-13, LL: 60-65.

Distribution: Aksu goby, is one of the endemic species of Turkey, distributes South East Black Sea inland
waters.

Figure 10. Ponticola turani, 98.53 mm SL, ODUFFMS 52410-18060, Hatipli, Fatsa/Ordu: Elek¢i River
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Family: Salmonidae

Oncorhynchus mykiss (Walbaum, 1792)

(Figure 11)

Type locality: River McCloud. Sacrameoto drainage, California, USA [32].

Examined material. ODUFFMS 52410-18100, 3, 172.00-215.00 mm SL; Turkey: Hatipli, Fatsa/Ordu: Elek¢i
River; S. Saygun, 10 Apr 2018.

Meristic characters: D: 1/10, P: 1/13, V: 1/10, A: 1/10, LL: 86-96.

Distribution: The native rainbow trout distributes from Kamchatka and south to lower Amur drainage, and
Pacific basin of North America, south to northern Mexico. Established in few Alpine rivers in Austria, Slovenia,
Switzerland and in Serechio drainage (ltaly) [32].

Figure 11. Oncorhynchus mykiss, 198.00 mm SL, ODUFFMS 52410-18100, Hatipli, Fatsa/Ordu: Elek¢i River

Alburnoides fasciatus (Leuciscidae), Neogobius fluviatilis Gobiidae) and Oncorhynchus mykiss (Salmonidae)
were first identified, except Rhodeus amarus, Squalius cephalus, Capoeta banarecui, Barbus tauricus, Alburnus
derjugini, Ponticola turani (procured from this study (Figures 3 and 4).

In the study, S. cephalus was found from each station except sixth in terms of sample number. N. fluviatilis and
P. turani species were achieved from second and third stations only (Table 1). These gobioid species detected in Elekgi
River have been the most common species after cyprinoid species. It was S. cephalus (30%) found to be the most
abundant according to the distribution of fish species in Elek¢i River. At the same time, in terms of the species humber,
it was determined that the most species number within six stations were the second and third stations with eight species.

4. Conclusions and discussion

There was only one taxonomic study of Elekgi River. In this research conducted by Yilmaz [15] in 2012-2013,
there were 7 cyprinoids and 1 gobioid in Elek¢i River and only the morphometric and meristic characteristics of these
species were indicated. There were respectively Rhodeus sericeus, Squalius cephalus, Capoeta tinca, Capoeta sieboldii,
Vimba vimba, Alburnus chalcoides, Barbus tauricus. Some of the taxa determined in this study were not included in the
results of Yilmaz [15] or their systematic status changed due to taxonomic revisions made later. However, only two
species identified in this study, B. tauricus and S. cephalus, were defined to be morphologically similar to the results of
the previous study. It was determined that three of the 9 species identified in this study, which were conducted at
different times (2018) and did not use the same sampling stations as the previous research. Natural species are A.
fasciatus and P. turani and unnatural was found O. mykiss species.

Eggs of Oncorhynchus mykiss were first imported in 1882 to Germany. Offspring of these first fishes were
distributed throughout Europe but eggs from different origins were imported several more times from North America.
Stocks with different spawning seasons were mixed, crossed and selected in order to produce trout of the same market
size at all seasons. The rainbow trout cultivated in Europe is a true domesticated species, with little in common with its
wild ancestors. In North America, rainbow trout may be anadromous and migrate to sea to forage (steelhead trout). In
northern Europe, rainbow trout is commonly cultivated in marine and brackish waters. Steelhead trout spawning was
recently observed in Norway and it is expected that the species will spread across northern Europe. In most areas. stocks
of O. mykiss are maintained only by regular stocking of hatchery-reared fishes, but many self-sustaining populations
have become established in Alpine streams of Austria, Slovenia and probably elsewhere too. This is or may become the
case in other hill streams of* central, northern and southern Europe (natural production is apparently not observable in
many areas because it is masked by stocking) [32]. Although O. mykiss is not a natural species, it was found that it was
adapted to the stream although it was mixed from the farms, but no offspring or mature individuals were encountered.
Rainbow trout, released into many streams pond, natural and artificial lakes by producing in aquaculture facilities of
public and private sector in Turkey, reportedly is located inside the world top 100 invasive species [35]. Trout is
cultured although not widespread in the inland waters of Ordu and there are several rainbow trout farming facilities in
the spring waters that feed Elek¢i River. Therefore, three samples of rainbow trout were obtained at the fourth sampling
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point close to these farms. Rainbow trout is not a natural species for Elek¢i River, but they may adapt to the river rather
than spring water for a short time if they’re not hybrid generation releasing into the river.

Yilmaz [15] suggested that this species was C. tinca by due to so much resemblance to the other. In this study,
determined to be Capoeta banarescui differentiating from C. tinca with some morphological features clarified by Turan
et al. [23] and Baygelebi et al. [33]. Any samples of C. sieaboldi, one of two Capoeta species presented in the former
study was not obtained in this study. However, Vimba vimba reported by Yilmaz [15] could not be found any samples
from 6 stations in this research. While Rhodeus sericeus indicated in the previous study was not reported in the waters
of our country [4, 36], this finding was confirmed by this study and it was determined that there was only R. amarus in
Elek¢i River. Species of Alburnus chalcoides reported in the previous study were clarified morphologically to be
Alburnus derjugini in this study according to some criterias indicating by Bogutskaya et al. [37].

Squalius cephalus and S. orientalis are two species that are similar to each other and have been difficulty
distinguished. Berg (1949) had identified S. cephalus from S. orientalis (as subspecies of S. cephalus) by the number of
branched anal-fin rays (usually 82 in S. cephalus vs. usually 9*2 in S. orientalis) and body shape (body more elongate
in S. orientalis) [24, 32]. 86% of the 41 specimens (ODUFFMS 52410-1809) obtained in this study had the specified
shape which are quite elongate and have all 8*2 branched anal-fin rays.

Neogobius fluviatilis and Ponticola turani, which commonly found according to other studies [10-17, 38] in
inland waters of the Ordu Region, were also found the less extensively in Elek¢i River. The species identified as
Neogobius fluviatilis according to Y1lmaz [15] was corrected as Ponticola turani in this study in terms of morphological
features mentioned about in the first study reported by Kovaci¢ and Engin [29] and it has been recorded taxonomically a
valid species name for this river. On the other hand, N. fluviatilis was detected surely in this study for the first time.

As a result, in this study, it was determined that there were two new record natural species A. fasciatus, and N.
fluviatilis and a non-natural species O. mykiss, including R. amarus, P. turani, A. derjugini and C. banarescui, three
renamed species in eight natural of nine species, belonging to five different families (Cyprinidae, Leuciscidae,
Acheilognathidae, Gobiidae and Salmonidae) in Elek¢i River. In other words, together with the results of the other
study, it can be said that the number of species increased to minimum eleven with the addition of new record species in
Elek¢i River in this study. Besides, it should be considered that aim of the work when starting this study was not to
refute the hypothesis of the previous study, but to evaluate the fish of this river taxonomically. Although the stations are
different as to previous, in the study, had been come across different fish species, because had made a large number of
sampling at different times and periods.

During the sampling period, it was observed that the river water was less than the river bed. Even in the first
15-20 km of the river, even at the sampling points (5 and 6™ stations) at higher elevations of the river than in other
stations, there is a visible degree of contamination and environmental conditions threaten the habitats of the fish. This is
understood by the fact that fish samples are procured from the more clear and clean side brooks that feed the river.
Changes that threaten the future of flora and fauna need to be monitored and further physico-chemical studies should be
conducted for all year . In addition, there may be a risk that species will be lost due to floods and overflowings in this
region, which receives heavy rainfall. It’s thought that the lack of adequate sewerage control system and rehabilitation
works carried out by official institutions along the river will endanger the fish fauna of Elek¢i River. Nevertheless, O.
mykiss considered as an invasive species must be followed and taken under control if it breeds. Finally, with a large-
scale faunistic study including all streams and springs in the river basin, all natural/non-natural fish species should be
determined precisely.
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Abstract

The seed exomorphic characteristics of four taxa (Cardamine graeca, C. impatiens subsp. impatiens, C.
raphanifolia and C. uliginosa) belonging to Cardamine were investigated with scanning electron microscopy (SEM).
This study presents exomorphic characteristics, including seed colour, shape, winged, measures, seed coat pattern. Four
coat patterns were observed; regularly reticulate, irregularly-reticulate, blister and tuberculate-reticulate, and two shapes
were distinguished; broadly oblong and oblong. The results showed that the morphological characteristics of seed could
contribute as criteria to distinguish taxa. This is the first study in which the seed surface of any Cardamine taxa growing
in Turkey is studied with SEM.

Key words: classification, Cruciferae, micromorphology, seed surface ornamentation, SEM, taxonomy
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Bazi1 Cardamine (Brassicaceae) taksonlarinin tohum yiizey mikro sekilleri ve taksonomik 6nemi

Ozet

Cardamine cinsine ait olan dort taksonun (Cardamine graeca, C. impatiens subsp. impatiens, C. raphanifolia
and C. uliginosa) tohum dig morfolojileri, taramali electron mikroskobu (SEM) ile incelendi. Bu ¢alisma tohum rengi,
sekli, kanati, Sl¢iisii ve tohum yiizey modelini iceren dig morfolojik karakterleri sunmaktadir. Dort tohum yilizeyi
modeli; diizenli-retikulat, diizensiz-retikulat, kabarcikl ve tiiberkiillii-retikulat gézlendi ve iki tane de tohum sekli; genis
oblong ve oblong tespit edildi. Sonuglar tohumlarin morfolojik karakterlerinin taksonlarin ayrimina katki
saglayabilecegini gostermistir. Bu ¢alisma Tiirkiye’de yetisen herhangi bir Cardamine taksonunun tohum yiizeyinin
SEM ile incelendigi ilk ¢alismadir.

Anahtar kelimeler: smiflandirma, Cruciferae, mikromorfoloji, SEM, taksonomi, tohum yiizeyi modellemesi
1. Introduction

Turkey is one of the richest countries in the world in terms of Brassicaceae with 571 species. At the first
volume of the Flora of Turkey, the number of Brassicaceae genus and species was indicated to be 86 and 464,
respectively [1]. These numbers have increased to 88 genus and 526 species in the 10th volume [2] and to 91 genus and
555 species in the 11th volume of Flora of Turkey [3]. In the 2nd supplement of Flora of Turkey, the total number of the
species increased to 538 with the addition of one genus, 28 species, 15 subspecies, and two varieties [4].

Cardamine L. is the third largest genera of Brassicaceae family with approximately 200 species spreading all
over the world except Antarctica [5, 6]. Taxonomic revision studies have been carried out on Cardamine species in
different parts of the world [7, 8, 9]. In Turkey Cardamine has represented with 14 taxa and none of them is not
endemic [10]. All studied taxa, except C. raphanifolia (Euro-Siberian element), are widely distributed [1].

Seed surfaces, color, and size are valuable characteristics for distinguishing taxa in Brassicaceae [11, 12, 13,
14]. The four taxa studied were closely positioned in the identification key of Flora of Turkey [1]. Therefore the main
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objective of this study is to evaluate the taxonomic significance of the seed coat pattern as seen by SEM in some taxa of
the Cardamine and to contribute to the distinction of species.

2. Materials and methods

The study material comprised samples of ripe seeds from four taxa belonging to Cardamine collected from
natural habitats in Turkey between 2015 and 2016. The samples were stored at Konya Sel¢uk University Faculty of
Science Herbarium (KNYA). The locations and collector registration numbers of the taxa studied are provided in Table
1; the seed micromorphology characteristics are provided in Table 2. Twenty seeds from each taxon were examined in
our study.

Samples examined in our analyses using scanning electron microscopy (SEM) were first passed through a
series of 70, 80, 96, and 100% alcohol for 20 min each. The surfaces were then observed and photographed with the
ZEISS EVO LS-10 scanning electron microscope at 30x, 1000x, and 2000x magnification in high vacuum mode.

The seed micromorphology terminology used was according to [13, 15, 16].

Table 1. Localities of the studied taxa

TAXA LOCALITY

Cardamine graeca L. C4 Karaman: Sartveliler, Cukurbag Koyii, kurumus dere kenari, 800 m, 30.06.2015,
E. Sirin 573 & M. Sirin (KNYA)

C. impatiens L. subsp. A3 Bolu: Yedigoller Milli Parki, Fagus orientalis ormani, 1500 m, 04.05.2016, E.

impatiens Sirin 615 & M. Sirin (KNYA)

C. raphanifolia Pourr. A8 Erzurum: Aziziye, Ahircik Yaylasi, dere kenari, 2400 m, 13.08.2015, E. Sirin
538 & M. Sirin (KNYA)

C. uliginosa M. Bieb. A9 Ardahan: Damal’dan Posof’a 20. km, ¢ayirlik alan, 2450 m, 10.06.2016, E. Sirin
639 & M. Sirin (KNYA)

3. Results

The micrographs from the seeds of the four taxa studied are shown in Fig. 1 and the macro- and
micromorphological properties of the seeds are provided in Table 2.

C. graeca: Seed dark brown to black, oblong, winged, glabrous, 4.61-4.82 x 1.91-2.42 mm and the seed coat
pattern is regularly reticulate (Table 2, Fig. 1).

C. impatiens: Seed brown, broadly oblong, wingless, glabrous, 1.11-1.02 x 0.71-0.83 mm and the seed coat
pattern is irregularly reticulate (Table 2, Fig. 1).

C. raphanifolia: Seed brown, oblong, wingless, glabrous, 0.82-1.12 x 0.42-0.71 mm and the seed coat pattern
is blister (Table 2, Fig. 1).

C. uliginosa: Seed dark brown to black, broadly oblong, winged, glabrous, 4.52-4.92 x 2.06-3.28 mm and the
seed coat pattern is tuberculate reticulate (Table 2, Fig. 1).

4. Conclusions and discussion

Seed surface patterns provide valuable characters for the identification of taxa in selected groups of
Brassicaceae [11, 12, 13, 17]. In the previous study, seed surface patterns of the C. graeca and C. impatiens were
evaluated as smooth [11, Table 3]. However, it would be more appropriate to evauate C.graeca as regularly reticulate
and C. impatiens as irregularly reticulate since the evaluation was not made using a SEM. Other seed surface patterns
have been defined on Cardamine flexuosa (undulate) and C. hirsuta (microreticulate) [16]. Blister, which is the surface
model of C. raphanifolia, was also observed in Brassica nigra and B. oleracea, which are not related to Cardamine
[17].

In this study, a broadly oblong shape was observed in most of the seeds. A similar result was found in
Matthiola tricuspidata, which is not related to Cardamine [19]. Although [11] interpreted the seed shapes of C. graeca
as orbicular to oval and of C. impatiens as oval, according to Stearn's [15] system, it is more appropriate to interpret the
seed shapes of C. graeca as oblong and C. impatiens as broadly oblong.

C. impatiens and C. raphanifolia differed from the others with wingless seed. Because all of the studied taxa
had wingless seed, this character cannot be considered distinctive. Bunias erucago, Euclidium syriacum, Hymenophysa
pubescens and Neslia paniculata are some other species in the same family with wingless seed structures [11]. C.
raphanifolia had relatively smaller seeds compared to the others.

Because all of the studied taxa had dark brown to black seed color, this cannot be considered as a distinctive
character. [20] observed a similar seed color in Lepidium taxa, which are not related with the Cardamine.
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All of the taxa had a glabrous seed surface. [21] reported a similar situation in Brassica juncea, B. tournefortii, Eruca
sativa, Raphanus sativus, Cakile arabica, and Sisymbrium irio, which are not related to Cardamine.

Figure 1. SEM mlgographs of seeds of studledm{axa C. graeca (a—c), C. |mpat|;ns (d-f), C. raphanifolia (g—i) and C.

uliginosa (j—I)

The studied characteristics were not distinctive for Cardamine in genus level but especially seed coat
ornamentation can be used as distinctive characteristics among the studied taxa. In future seed morphology studies
about the rest of the Cardamine species will contribute to the interpretation of relationships of the taxa.

Table 2. Micro- and macromorphological seed features of studied taxa

Taxa Colour Shape Length Width Ornamentation
(Mm) (Mm)

Cardamine Dark brown Oblong 4.61-4.82 1.91-2.42 Regularly reticulate

graeca to black

C. impatiens Brown Broadly 1.11-1.02 0.71-0.83 Irregularly reticulate

oblong

C. raphanifolia  Brown Oblong 0.82-1.12 0.42-0.71  Blister

C. uliginosa Dark brown Broadly 452-492 2.06-3.28  Tuberculate reticulate
to black oblong

Table 3. Comparison with previous studies

Studied Taxa Results Results Of Previous Studies
Cardamine graeca Regularly reticulate Smooth [11]

C. impatiens Irregularly reticulate Smooth [11]

C. graeca Oblong Orbicular to oval [11]

C. impatiens Broadly oblong Oval [11]
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Abstract

The aim of this research was to determine the effect of different drying times on the yield and essential oil
content of hyssop (Hyssopus officinalis L.). The harvested fresh plant samples were dried at 35°C in the drying oven at
different times (fresh herb, 24, 48 and 72 hours). Then, the essential oil content of the plant samples were determined by
water distillation using the Clevenger type apparatus. In the experiment carried out, the mean values of herb yield (kg
dal), leaf + flowers yield (kg da), essential oil ratio (%), essential oil yield were determined as 1209.81 kg da, 487.06
kg dal, 0.50% and 2.17 L da*, respectively. Results showed that different drying times were effective on yield and
essential oil content of hyssop.

Keywords: hyssop (Hyssopus officinalis ), different drying times, yield and essential oil content

%

Farkh kurutma siirelerinin Zufa/Cordiik Otu (Hyssopus officinalis) bitkisinin verim ve ugucu yag oram iizerine
etkisinin belirlenmesi

Ozet

Bu aragtirmanm amaci farkli kurutma siirelerinin zufa/¢6rdiik otu (Hyssopus officinalis L.) bitkisinin verim ve
ucucu yag orani lizerine etkisinin belirlenmesidir. Hasat edilen taze bitki 6rnekleri farkl: siirelerle (taze herba, 24, 48 ve
72 saat) kurutma firminda 35°C kurutulmustur. Daha sonra, bitki drneklerinin ugucu yag oranlar1 Clevenger tipi cihaz
kullanilarak su distilasyonu ydntemiyle belirlenmistir. Yiiriitiilen calismada, ortalama herba verimi (kg da!), yaprak +
cigek verimi (kg da), ugucu yag orani (%) ve ugucu yag verimi (L da) degerleri sirastyla 1209.81 kg da’*, 487.06 kg
da?, % 0.50 ve 2.17 L da™ olarak tespit edilmistir. Sonuglar; zufa bitkisinde farkli kurutma siirelerinin verim ve ugucu
yag orani iizerinde etkili oldugunu gostermistir.

Anahtar kelimeler: zufa otu (Hyssopus officinalis), farkli kurutma siireleri, verim ve ugucu yag orani
1. Giris

Lamiaceae familyasina ait olan Hyssopus L. cinsinin diinyada 12 tiirii teshis edilmis olup, bu tiirlere ait bitkiler;
yar1 odunsu, ¢ok yillik aromatik bitkilerdir [1, 2, 3]. Bu tiirler, Bat1 ve Orta Avrupa’da, Akdeniz havzasinda, Hazar

denizinden Karadenize kadar olan bdlgede ve Asya kitasinda dogal yayils gostermektedir [3, 4, 5, 6]. Bitkinin yogun
sekilde kiiltiirii ise; Rusya, Fransa, Italya ve Ispanya’da yapilmaktadir [7]. Tirkiye’de “zufa otu, zulfa otu, ¢ordiik ve
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ciirdiik otu” olarak bilinen bitkinin tilkemizde tek tiirii (Hyssopus officinalis L.) bulunmakta olup, Tiirkiye’nin giiney
bolgelerinde ve kuzey-dogu bolgelerinde yayilis gostermektedir [3, 8].

Dikotil olan ¢6rdiik otu bitkisi; kuvvetli bir kazik koke sahiptir [9, 10]. Dip kismi yar1 odunsu ve ¢ok¢a
dallanan bikinin boyu 100 cm’e kadar ulasabilmektedir [3, 9, 10, 11]. Fakat kiiltiirii yapilan ¢ordiik otu bitkilerinde bitki
boyu 30-60 cm arasinda degigsmektedir [9, 12]. Cordik otu bitkisinin ortalama habitus ¢ap1 ise 37.1 cm’dir [13].
Saplarin odunsu kismui iizerinde yapraklari1 dokiilmiis mat kahverengi kabuk bulunmaktadir. Bitkinin sap1 iizerinde
genellikle sapsiz sekilde (bazen sapli) karsilikli olarak oturmus olan esas yapraklar lanzet (mizragimsi) seklindedir.
Lanzet yapraklarin uzunlugu 2.0-3.5 cm ve genisligi ise 0.5-1.0 cm arasinda degismektedir. Yapraklarin kenarlar1 diiz
olup, ucu yuvarlak veya hafif¢e sivridir. Lanzet yapraklar ince ve uzun oldugu igin biikiilmiis durumdadir. Cordiik otu
kserofit bir bitki olup, yesil renkli yapraklarin her iki yiiziinde de kserofitligin geregi olarak tiiyler bulunmaktadir [1,
14]. Cigekler; bitki saplarmnm 20-30 cm’lik u¢ kisminda seyrek basak seklinde bulunmaktadir. Bitki hermafrodit ¢igek
yapisina sahip olup, 5 adet ucu sivri, boru seklinde ¢anak yaprak ve yine boru seklinde 5 pargali ta¢ yapraklara sahiptir.
Tag yapraklar genellikle parlak viole-mavi renkli olmakla birlikte nadiren de olsa pembe veya beyaz renkli de
olabilmektedir. Boru seklindeki ta¢ yapraklarin i¢inde ise 4 adet erkek ve disi organ bulunmaktadir [9, 14]. Bolgelere
gore degismekle birlikte bitkide ciceklenme Temmuz-Eyliil aylar1 arasinda gerceklesmektedir. Bitkide yabanci
dollenme hakim olup, tozlanma arilar araciligiyla ger¢eklesmektedir. Cordiik otu bitkisi Agustos-Ekim aylar1 arasinda
ise tohumlarini1 olgunlagmaktadir. Bitki déllenmeden sonra 2.5 mm kadar uzunlukta ve 1.2 mm kadar genislikte olan
cevizcik seklindeki meyveleri olusturmaktadir. Bitkinin 1000 tohum agirligi 1.0-1.5 g arasinda degismektedir [ 14].

Cordiik otunun kuru ¢icekli dallari/yapraklar: halk hekimliginde ve herbal ¢ay harmanlarinda soguk algmligi,
sindirim rahatsizliklarinda, bogaz iltihabinin tedavisinde, balgam soktiiriici, yara iyilestirici, nezle tedavisinde, iltihap
kurutucu, kan trombositlerini aktive edici, kulung giderici ve Oksiiriik kesici olarak kullanilmaktadir. Cigekli
dal/yapraklarindan elde edilen ugucu yaglar ise gida, igecek (alkollii/alkolsuz), eczacilik, deterjan ve kozmetik
endiistrisinde farkli sekillerde kullanilmaktadir [2, 5, 15]. Bitki diger taraftan yiiksek kan sekerinin diisliriilmesinde,
bagirsaklarda karbonhidrat emiliminin azaltilmasinda ve sinirsel hastaliklarin tedavisinde de etkin olarak
kullanilmaktadir [2, 4, 6].

Bitkinin yaprak ve ¢i¢eklerinden farkli yontemlerle elde edilen ekstraktlar antifungal [4], antibakteriyel [6]
antimikrobiyal [16], antioksidan [6, 17], antiseptik [10] ve antispazmolitik [10] etkilere sahip olmanin yani sira
antiviriitik etkiye de sahip olup, HIV hastalarinm immun sisteminin gii¢lendirilmesinde de kullanilmaktadir [1]. Bunun
yant sira ¢ordiik otu viral hastaliklardan iisiitme, bogaz agrisi, oksiiriik, astim, bronsit gibi hastaliklarm tedavisinde ila¢
olarak kullanilmaktadir [6, 10]. Usiitmeden kaynaklanan {ist solunum yollar1 enfeksiyonlarinin tedavisinde de
faydalanilan 6nemli bir bitkidir [14].

Bitkinin kurutulmus veya taze yapraklar: mutfaklarda corba, salata ve 6zellikle et yemeklerine lezzet ve aroma
katmak i¢in kullanilmaktadir [18]. Bitki ayn1 zamanda onemli bir ar1 otu 6zelligine sahip olup, bal mera ve ormanlari
icin bilyiik bir 6neme sahiptir. Nektar verimi yiiksek olup, 1 ha’lik ¢6rdiik otu plantasyonundan 70-80 kg bal
iretilebilmektedir [1]. Cordiikk otu, veteriner hekimlikte hayvanlarin sindirim sistemi bozukluklarmin tedavisinde
faydalanilan 6nemli bir tibbi aromatik bitkidir [4].

Bitkinin yapraklari, gigekleri ve saplart; ugucu yag, flavonoidler, tanenler ve marrubin igermektedir. Onemli
biyoaktif maddelerden olan ugucu yag ¢ordiik otunun yaprak ve yaprak+¢icekte daha yiiksek oranda bulunurken,
saplarda ise ugucu yag igerigi diisiiktiir [18]. Ucucu yag orani ise iiretim materyali olan bitkinin genotipi, liretimin
yapildigi bolgenin iklim ve toprak kosullart ve yetistiricilik uygulamalarina bagl olarak % 0.75-1.50 arasinda
degismektedir [13, 14, 19, 20, 21]. Zufa otu bitkisinin ugucu yagini olusturan komponentleri belirlemek tizere bir¢ok
calisma yiiriitiilmiis ve cis-pinocamphone (% 25.67-57.27), trans-pinocamphone (% 15.31-33.08), B-pinene (% 7.23-
39.6), pinocarvone (% 5.34-27.10), n-decane (% 8.63-11.76), germacrene D (% 3.23-4.65) ve elemol (% 1.81-8.99)’un
ana bilesenler oldugu bildirilmistir [3, 4, 7, 11].

Tibbi aromatik bitkilerde sekonder metabolitlerin biyosentezi, genetik olarak kontrol edilmesine ragmen,
cevresel faktorlerden de giiclii bir sekilde etkilenmektedir [20, 21]. Bu bitkilerdeki sekonder metabolitlerin orani ve
kompozisyonu iizerine kurutma ve ekstraksiyon yonteminin, sicakligmin ve siiresinin ve depolama kosullarmm etkisi
iizerine bir¢cok ¢alisma yiriitilmistiir [22, 23, 24, 25]. Bu calismalar kurutma esnasinda ugucu yag oraninda meydana
gelen degisimlerin kurutma sicakligna, siiresine ve kurutma havasmin nispi nemine bagli olarak degistigini
gostermistir. Tibbi aromatik bitkilerin taze herba ve yapraklarinda su oran1 % 70-80 diizeyindedir. Bu materyallerin
uygun sekilde korunmasi ve depolanabilmesi igin su oranin % 10’nun altna indirilmesi biiyiik dneme sahiptir [26]. Bu
nedenle taze herba ve yapraklarin hasadindan sonra uygun bir metod, sicaklik ve siireyle kurutulmasi dnemlidir.
Degisen kurutma yontemi ve siirelerinin ugucu yagin orani ve bilesenlerinin hangilerinde ve ne miktarda degisimlere
neden olacagi bitkiye ve ugucu yagin kompozisyonuna bagli olarak degisiklik gostermektedir [26]. Bu nedenle
bitkilerde ayr1 ayr1 yiiriitillecek caligmalarla bu degisimin belirlenmesine ihtiya¢ bulunmaktadir. Zufa otu bitkisinde
farkli kurutma yontemlerinin ugucu yag orami ve bilesenleri iizerine etkisi iizerindeki etkisi yapilan ¢aligmalarla
belirlenmistir [8]. Zufa otu bitkisinde kurutma siirelerinin ugucu yagm verim ve kalitesi lizerindeki etkisine dair
yapilmis herhangi bir caligmaya literatiilerde rastlanamamistir.

Bu g¢alismanm amaci, farkli kurutma siirelerinin Eskisehir ekolojik kosullarinda yetistirilen zufa otu bitkisinin kuru
herba, ugucu yag orani ve ugucu yag verimi lizerine olan etkisini belirlemektir.
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2. Materyal ve yontem

Arastirmada kullanilan ¢6rdik/zufa otu (Hyssopus officinalis L.) bitkisinin tohumlar1 Zeytinburnu Tibbi
Bitkiler Bahgesi’nden temin edilmistir. Buradan temin edilen populasyon 6zelligi tasiyan tohumlardan fide {iretimleri
2016 yilinda serada yapilmistir. Bu amagla seradaki fideliklere Mart ayinm 3. haftasinda tohum ekimi yapilmistir.
Serada Nisan aymin son haftasinda dikim olgunluguna ulasan fideler daha dnceden hazirlanmig olan Eskisehir Orman
Fidanligindaki parsellere 50 x 40 cm siklikta dikimleri yapilmistir [9, 13].

Denemenin vyiiriitiildiigii Eskisehir Ilinin 2018 yilina ait iklim verileri Tablo 1’de verilmistir. Calismanm
yiiriitiildiigli yil olan 2018 yilinda alinan toplam yillik yagis miktar1 411.80 mm olarak 6lgiilmiistiir. Uzun yillarin
ortalama degerine kiyasla (338.8 mm) daha yiiksektir. Toplam yagisin aylara dagilimi bélgenin beklenen dagilimindan
farklilik gdstermis olup, haziran, temmuz ve agustos aylarinda bolgeden 60.6, 42.0 ve 19.3 mm yagis alinmistir. 2018
yil1 ortalama yillik sicaklik degeri 12.5 °C uzun yillar ortalama sicaklik degerine (10.7°C) gore biraz daha yiiksek
oldugu tespit edilmistir. Beklendigi gibi yiln en yiiksek ortalama sicakligmna sahip aylar1 Temmuz (21.9 °C) ve Agustos
(22.7 °C) aylaridur.

Tablo 1. Deneme yerine ait iklim verileri* (2018)

iklim Faktbrleri
Toplam Yagis (mm)* Ortalama Sicaklik (°C)
Yillar Yillar
Aylar 2018 1970-2011 (Uzun Yillar) 2018 1970-2011 (Uzun Yillar)
Ocak 30.00 30.60 1.40 -0.20
Subat 28.80 26.10 5.60 0.90
Mart 49.80 27.60 8.90 4.90
Nisan 16.80 43.10 13.60 9.60
Mayis 72.00 40.00 16.40 14.90
Haziran 60.60 23.70 19.30 19.10
Temmuz 42.00 13.10 21.90 22.10
Agustos 19.30 9.20 22.70 21.80
Eyliil 3.80 18.10 18.30 16.70
Ekim 30.10 32.80 13.00 11.70
Kasim 18.60 34.00 7.40 5.60
Arahk 40.00 40.50 1.70 1.70
Toplam/Ortalama  411.80 338.80 12.50 10.70

* Veriler Eskisehir Meteoroloji 3. Bolge Miidiirliigii’nden alinmustir.

Deneme tarlasindan alman (60 cm derinlikten) toprak orneklerinin analizi Toprak ve Ekoloji Arastirma
Enstitiisit Miidiirligii laboratuvarinda yapilmistir. Deneme alanina ait topragm kimyasal ve fiziksel 6zellikleri Tablo
2’de verilmistir. Toprak, killi-tinli yapida olup, hafif alkali 6zellik gostermektedir. Organik madde igerigi (%1.73)
bakimindan ise fakir durumdadir.

Tablo 2. Denemenin yiiriitiildiigi alandan alinan toprak analiz verileri* (2018)
Fiziksel Analiz

Derinlik (cm) Toprak Tekstiirii Kum (%) Tuz (%) Kil (%)
0-60 Killi Tinlt 41.83 22.25 35.91
Kimyasal Analiz
pH Kirec¢ (%) Organik Madde (%) Toplam Azot (%) P20s (ppm)
7.60 8.46 1.73 0.13 36.00

* Analiz Orman, Toprak ve Ekoloji Arastirma Enstitiisti Miidiirliigii laboratuvarinda yapilmistir.

Tarla denemesi tesadiif bloklar1 deneme desenine gore 4 tekerriirlii olarak kurulmustur [27, 28]. Deneme alani
her blokta 4 parsel olacak sekilde tasarlanmig ve 16 parselden olusmustur. Her parselde ise 4 sira bitki bulunmaktadir.
Siralar ise 4 m uzunlukta olup her sirada 10 bitki bulunmaktadir. Deneme parsellerine damlama sulama tesisi kurulmus
ve ihtiya¢ durumu dikkate alinarak sulama islemleri gergeklestirilmistir. Deneme parsellerinde goriilen yabanci otlarla
gerekli miicadele mekanik yontemlerle yapilmustir [9, 13]. 2016 yili plantasyonun kurulus yili olup bitkiler sonbahara
kadar gerekli bakimlar yapilarak gelismeye birakilmis ve Kasim aymin ilk yarisinda bitkiler 10-15 cm yiikseklikten
bicilerek kisa terk edilmistir [4, 9, 12]. Caligmanin konusu olan (taze bitki drnekleri, 24 saat, 48 saat ve 72 saat siireyle
kurutulmus yaprak + ¢igek 6rnekleri) bitki 6rnekleri bu plantasyonun 3. yili olan 2018 yilinda yapilan hasattan elde
edilmistir. Hasat, tam ¢iceklenme doneminde kenar tesiri olarak parsel kenarlarindan birer sira ve sira uclarindan da
birer bitki birakildiktan sonra kalan bitkiler 10 cm yiikseklikten bigilerek yapilmistir [4, 14]. Her parselden bigilen taze
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herbalar tartilarak taze herba verimleri ve saplar1 ayrildiktan sonra da taze yaprak+cicek verimleri hesaplanirken, elde
edilen taze herba ve taze yaprak+gigek ornekleri 35 ‘C’lik etiivde farkli siirelerle (24 saat siireyle kurutma, 48 saat
stireyle kurutma ve 72 saat siireyle kurutma) kurutularak kuru herba ve kuru yaprak+g¢icek verimleri hesaplanmistir.

Caligmadan elde edilen taze herba, taze yaprak+c¢icek ornekleri ile farkl: siirelerle etiivde kurutulmus olan kuru
yaprak+t¢igek orneklerinin ugucu yag oranlari su distilasyonu yontemiyle 3 saat siire ile Clevenger cihazi yardimiyla
ekstrakte edilmis ve yiizde (mL 100 g?) olarak belirlenmistir. Belirlenmis olan ugucu yag oranlar iizerinden de taze
herbada, taze yaprak + ¢igekte ve farkls siirelerle kurutulmus yaprak + ¢iceklere ait ugucu yag verimleri hesaplanmustir.

Calismadan elde edilen veriler TARIST paket programi kullanilarak, tesadiif bloklar1 deneme desenine gore

varyans analizine tabi tutulmus ve incelenen 6zelliklerin 6nemlilik diizeyleri belirlenmistir. Onemli ¢ikan uygulamalar
arasindaki farkliliklar hesaplanan LSD degerine gore gruplandirilmistir [27].

3. Bulgular

Tibbi aromatik bitkilerin verim ve kalitelerinin belirlenmesinde basta iiretimde kullanilan bitki materyalinin
genotipik 6zellikleri olmak iizere birgok ekolojik faktorler ve yetistiricilik uygulamalarin etkisi bulunmaktadir [26].
Ayrica hasat sonrasi uygulamalar (kurutma yontemleri, kurutma siiresi, distilasyon/ekstraksiyon yontemleri ve siiresi,
depolama kosullar1 vb) da iiriiniin verim ve kalitesinin belirlenmesinde etkili olmaktadir. Aromatik bitkilerden elde
edilen iiriiniin verim ve kalitesinin belirlenmesinde etkili olan hasat sonras1 uygulamalardan biri de hasat edilmis olan
taze herba veya yapraklarin kurutulma siireleridir [26, 29].

Yapilan ¢aligmada farkli kurutma siirelerinin zufa otunun dekara herba verimi {izerindeki etkisi incelendiginde,
verim degerlerinin 589.75-2306.00 kg da? arasmda degistigi tespit edilmistir (Tablo 3). En yiiksek deger bigimden
hemen sonra herhangi bir kurutmaya tabi tutulmadan yapilan herba tartimdan elde edilmisken, en diigiik verim ise 72
saat siireyle yapilan kurutmadan elde edilmistir. Dekara taze herba veriminin 24 saat kurutulmasiyla % 47.15 agirhik
kaybina ugrarken, 48 saatlik kurutmada % 69.56 ve 72 saatlik kurutmada ise % 76.45’lik agirlik kaybina ugramistir. Bu
durum kurutma siiresinin uzamastyla herbadaki su kaybmin devam ettigini ve sonugta birim alandaki herba veriminde
diisiis yasandigini gostermektedir. Calismadan elde edilen taze herba degeri [13] nin bildirmis oldugu taze herba verimi
olan 1500 kg da? degerinden daha yiiksek bulunmustur. Diger taraftan kuru herba verimi degerlerimiz de ayn1 sekilde
[13]’nin bildirmis oldugu kuru herba verimi olan 300-400 kg da?® degerinden daha yiiksek bulunmustur. Bu durum
caligmalarda kullanilan zufa otu bitkisinin genotipik farkliligiyla ve ¢aligmalarin yiiriitiildiigii bolgelerin ekolojik
farkliligiyla agiklanabilir. Kurutma siirelerine bagl olarak herba veriminde ortaya ¢ikan degisim ise taze herbada % 70-
80 oraninda bulunan suyun kurutma esnasinda evaporasyonla kaybedilmis olmasiyla ag¢iklanabilir [26].

Degisen kurutma siireleri yaprak+¢igek veriminde de 6nemli diizeyde (p<0.01) degisime neden olmustur.
Yiiriitiilen calismada yaprak+gigek veriminin 132.50-1222.25 kg da™ arasinda degistigi tespit edilmistir. Yaprak+cicek
veriminde de en yiiksek verim taze yaprak+cigekten elde edilirken en diisiik verim ise 72 saat siireyle kurutulmus olan
yaprak-+cicekten elde edilmistir (Tablo 3). Taze yaprak+g¢icek verimine kiyasla farkli kurutma siirelerinde sirasiyla %
67.39, % 84.05 ve %89.16 oraninda bir agirlik kaybmin yasandig1 goriilmiistiir. Zufa otu bitkisinin taze yaprak+g¢icek
oranlarinda su orani taze herbaya kiyasla daha yiliksek olup, kurutmayla birlikte agirlik kaybi da yaprak+gicekte daha
yiiksek olmustur. Herba veriminde oldugu gibi yaprak+c¢icek veriminde de 48 saatlik kurutma siiresinden elde edilen
verim degeri ile 72 saatlik kurutma siiresinden elde edilen deger istatistiki olarak ayni grupta yer almistir. Artan
kurutma siiresine bagli olarak azalan verimler ise kurutma siiresindeki artis ile meydana gelen bitki materyalindeki su
kaybiyla agiklanabilir.

Caligmada zufa otu bitkisinin taze herba ve taze yaprak+cigeklerindeki ugucu yag oranlari ile farkl siirelerde
kurutulan yaprak+cigek materyallerinin ugucu yag oranlari tespit edilmistir. En diigiik ugucu yag orani taze herbalarda
% 0.17 ile elde edilirken, taze yaprak+gigek materyallerinde ise % 0.20 olarak belirlenmistir. Taze herba ve taze
yaprak+ciceklerde ucucu yag orani bakimindan 6nemli bir fark bulunamamis olup, ayni grupta yer almiglardir. Bu
durum bitkinin yaprak+g¢igeklerinde tiim herbaya kiyasla bir miktar daha yiiksek ugucu yag icermesine ragmen ayni
zamanda da daha yiiksek oranda su icermesiyle aciklanabilir. Ciinkii taze herbanin icerisindeki bitki saplarmin su oranin
taze yaprak+g¢icek oOrneklerine kiyasla daha diisiik olmasi nispi olarak taze herbada ugucu yag oranmi az da
arttrmaktadir. En yiiksek ugucu yag orani ise 72 saatlik kurutma siiresinde % 0.96 olarak yapraktgicekte tespit
edilmistir. 24 ve 48 saatlik kurutma siirelerinde ise ugucu yag orani yaprak+gicekte sirasiyla % 0.45 ve % 0.73 olarak
belirlenmistir (Tablo 3). Caligmadan elde edilen ugucu yag oranina ait rakamlar bize en diisiik ugucu yag oranini
beklendigi gibi taze herba ve taze yaprak-+ciceklerin verdigini ve yaprak+c¢igek Orneklerinde ise artan kurutma
stirelerine bagli olarak da ugucu yag oranlarinda bir artigin oldugunu gostermistir. Bu durum da artan kurutma siirelerine
bagli olarak materyallerde meydana gelen su kaybmin materyallerdeki ugucu yag icerigini nispi olarak arttirmasiyla
aciklanabilir. Caligmada elde edilen ugucu yag oranina ait degerlerimiz [14] ve [30]’un bildirmis olduklar1 (% 0.75-1.5)
degerleri ile uyum gostermistir. [4]’in ve [13]’0n bildirmis oldugu sirasiyla (%06-1.7), (%1.5-1.6) degerlerinin bu
caligmadan elde edilen ugucu yag oranindan yiiksek oldugu tespit edilmistir.
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Tablo 3. Farkli kurutma siirelerinin zufa otu bitkisinin verim ve kalite 6zellikleri tizerine etkisi.

Herba Verimi (kg da)

Yaprak + Cicek Verimi (kg da?)

Taze Uriin 2306.00 A 1222.25 A
Kurutma 24 saat 1218.50 B 398.50 B
Siireleri 48 saat 725.00 C 195.00 C

urefent 72 saat 589.75 C 132.50 C

Ortalama 1209.81 487.06

C.V.(%): 58.42 92.72
Fpegerteri: Uygulama: 226.01 ** Uygulama: 607.28**
L.S. D.(%): Uygulama: 238.169 Uygulama: 93.82
Ucucu Yag Oram (%) Ucucu Yag Verimi (L da?)
Taze Herba 0.17D 3.90 A
Taze Yaprak + Cicek 0.20D 245B
. 24 saat 0.45C 1.79BC
YapraktGicekte g oot 0.73B 143C
Kurutma Siiresi 7, 5ot 0.96 A 128C
Ortalama 0.50 2.17
C.V.(%): 62.98 47.35
Fpegerieri: Uygulama: 201.95 ** Uygulama: 35.31 **
L.S. D.(%0): Uygulama: 0.104 Uygulama: 0.78

(*) %5 diizeyinde donemli, (**) %1 diizeyinde 6nemli, (6d) 6nemli degil

Farkli kurutma siireleri ugucu yag verimi iizerinde énemli diizeyde (p<0.01) etkili olmustur. En yiiksek ugucu
yag verimi (3.9 L da™) herhangi bir kurutma islemine tabi tutulmadan hasat edilen taze herbalarin dogrudan distilasyona
almmasiyla elde edilmistir. Bunu ise yine herhangi bir kurutma igslemine tabi tutulmamis taze yaprak+gigekler (2.45 L
da?) takip etmistir. Artan kurutma sicakliklari ise yaprak+ciceklerde ugucu yag veriminde azalmaya neden olmustur.
24, 48 ve 72 saatlik kurutma siirelerine bagli olarak ugucu yag verimleri sirastyla 1.79 L da, 1.43 L da™ ve 1.28 L da’
olmustur (Tablo 3). Taze herbalarin ugucu yag distilasyonunda kullanilmasiyla elde edilen ugucu yag veriminin taze
yaprak-+cicege kiyasla daha yiiksek olmasi zufa otu bitkisinin saplarinin da ugucu yag igerdigini gdstermistir. Diger
taraftan taze yaprak+cicek materyalinin ugucu yag veriminin farkli siirelerde kurutulmus olan yaprak+gigek
materyallerinin verimine kiyasla daha yiiksek olmasi kurutma esnasinda artan siireye de bagh olarak ugucu yag
kayiplarmnin yasandigini gostermistir. Ayrica incelenen parametrelerde varyasyon katsayismin yiiksek olmasi
caligmadaki uygulamalarin bu parametrelerde olusturdugu varyasyonun yiiksekligi ile aciklanabilir..

4. Sonugclar ve tartisma

Eskisehir ekolojik kosullarinda yapilacak olan zufa otu yetistiriciliginde en yiiksek ugucu yag verimi taze
herbalara herhangi bir kurutma islemi uygulanmadan distilasyona alinmasi ile elde edilmistir. Fakat hasat edilen taze
herbanm tiimiiniin distilasyona alimmasinin getirecegi maliyet dikkate alindiginda 35°C’de 24 saat siireyle kurutulan
yaprak + cigek materyalinin distilasyonu onerilebilir. Ciinkii, taze yaprak + ¢igek materyalinin ugucu yag verimi ile 24
saat slireyle kurutulmus yaprak + ¢igek materyalinin ugucu yag verimleri arasinda istatiksel bakimdan herhangi bir fark
bulunmamistir. Fakat 24 saat siireyle yapilacak olan kurutma hem distilasyona alinacak toplam materyali azaltarak
distilasyon masrafin1 diisiirmekte ve hem de yaprak + ¢iceklerin saplardan kolaylikla ayrilmasina imkan saglamaktadir.
Daha uzun siireli kurutmalar ise ugucu yag kayibina neden oldugu igin 6nerilmemektedir.
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Abstract

In this study, it was aimed to detect the differences of genotypes through the measurement of genetic distance
in bread wheat (Triticum aestivum L.) genotypes. The genetic diversity of 12 bread wheat genotypes (Bozkrr,
Harmankaya 99, Altay 2000, Yildirim, Bezostaja 1, Ahmetaga, Miifitbey, Aldane, Es 26, Alperbey, Atay 85 ad
Eraybey) was examined through ISSR and IRAP techniques. As fast molecular techniques, ISSR and IRAP methods
can be effectively included in breeding programs both for genetic exploration and evaluation and for the protection of
elite breeding and production materials. 12 genotypes were classified into two main clusters in the dendrogram
produced by using the ISSR and IRAP markers. While Cluster | included Bozkir, Harmankaya 99, Altay 2000 and
Yildirim, cluster II included Bezostaja 1, Ahmetaga, Miifitbey, Aldane, Es 26, Alperbey, Atay 85 and Eraybey.
Furthermore, the results obtained in this study indicated that ISSR and IRAP methods were effective for the definition
of bread wheat genotypes.

Keywords: bread wheat genotypes, genetic difference, IRAP, ISSR

Baz1 ekmeklik bugday ¢esitlerinin IRAP ve ISSR analizleri ile genetik farkhiiginin belirlenmesi

Ozet

Bu ¢aligmada ekmeklik bugday (Triticum aestivum L.) genotiplerinde genetik uzaklik 6lgiimi yapilarak
genotip farkliliklarinin tespiti amaglanmistir. 12 ekmeklik bugday genotipinin (Bozkir, Harmankaya 99, Altay 2000,
Yildirim, Bezostaja 1, Ahmetaga, Miifitbey, Aldane, Es 26, Alperbey, Atay 85 ad Eraybey) genetik ¢esitliligi ISSR ve
IRAP teknikleri ile incelenmistir. ISSR ve IRAP yontemleri, hem genetik inceleme ve degerlendirme hem de elit
yetistirme ve tiretim materyallerinin korunmasi igin 1slah programlarma etkin bir sekilde dahil edilebilir. ISSR ve IRAP
belirtecleri kullanilarak iiretilen dendrogramda 12 genotip iki ana kiime halinde smiflanmistir. Ilk kiime Bozkir,
Harmankaya 99, Altay 2000 ve Yildirim’1 igerirken, ikinci kiime Bezostaja 1, Ahmetaga, Miifitbey, Aldane, Es 26,
Alperbey, Atay 85 ve Eraybey'i igermektedir. Ayrica bu ¢alisgmadan elde edilen sonuglar ISSR ve IRAP yontemlerinin
ekmeklik bugday genotiplerinin tanimlanmasinda etkin oldugunu gostermistir.

Anahtar kelimeler: ekmeklik bugday genotipleri, genetik farklilik, IRAP, ISSR
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1. Introduction

The request for grain exports is also growing because of increased prosperity and the increase in world
population. Nevertheless, the requirement for feed grains and the request for future energy production are in tendency to
enhance domestic demand. To get more products from the existing regions is the best way to acquire the desired
increase in production[1].

In the world, wheat is the main source of nutrient. It is predicted that there would be 773 million ton of
production in 2020/21 (FAO 2020/21). For nutritional requirements, it is necessary that increased population should
increase in wheat production. the adverse effect of drought and high temperatureon a crop can be minimized by
avoiding stress at the most sen-sitive stages of crop development such as reproductive andgrain-filling periods [2, 3].
Genotype x environment interactions (G x E), which alter the rankings of genotypes from site to site and from season to
season, have restricted the rate of genetic advance for the areas in such environments [4,5,1,6]. New wheat cultivars are
improved by breeders with the aim of increasing total production. Besides, the yield performances of these new
cultivars are tested in different places. The success of a new wheat variety is based on its yield and adaptation potential
in those places [7].

Genetic diversity has an essential role in the success of crop breeding programs and new cultivar improvement.
Knowledge of genetic diversity has been successfully employed for efficient germplasm management and utilization,
genetic fingerprinting and genotype selection, novel biotechnological methods have been efficiently employed in
genotypic differences of genotypes [8, 9, 10]. In this study, it was aimed to detect the differences of genotypes through
the measurement of genetic distance in bread wheat genotypes and to show the usability of chromosome mapping for
different aims such as breeding programs, elite seed productions [11, 12].

2. Materials and methods

This study was conducted at Osmangazi University Agriculture College Eskisehir experimental station during
the 2015-2016 crop growing season(36° 56° North, 30° 32° East, 788 m altitude). 12 bread wheat genotypes (Bozkir,
Harmankaya 99, Altay 2000, Yildirim, Bezostaja 1, Ahmetaga, Miifitbey, Aldane, Es 26, Alperbey, Atay 85 ad
Eraybey) were used in this study. The precipitation in 2015-2016 and long term years (1965-2016) was 342.1 mm and
322.6 mm, respectively. Moreover, minimum, maximum and average temperatures were found to be -3.8° C, 32.4 °C ,
8.4 °C; -9.4°C, 28.4°C, 7.9 °C for prolonged years in years 2015-2016. The soil properties in the experimental area
were 301.7 mmol/kg in P20s, 357.4 mmol/kg in K>O, 1.05 % in CaCOgs, and 2.02% in organic matter, 6.04 in pH, and
1.89 dS/m in electrical conductivity. We conducted experiments with three replications in random block design. Bread
wheat genotypes were planted on the 15" of September with 475 seed/ m? rate. The plot had dimensions of 6 m/ 1.2 m
(7.2 m?). Sixty kg N ha* (% at sowing period and % at tillering period) and 60 kg ha—1 P,Os (at sowing) were
administered. In this study, superphosphate (46% P,Os) and ammonium sulfate (21% N) were used as fertilizer.
Genotypes were collected on the 10" of July, and the seeds of the genotypes were kept for analysis.

1.1. Isolation of gDNA

The Qiagen DNA extraction kit (Qiagen, Hilden, Germany) was used to get the extract of genomic DNA
(gDNA) from the powdered leaf materials, by following the manufacturer's directives. gDNA samples loading into
agarose gel 1% (w/v) in 0.5XTBE (Tris-Borate- EDTA) buffer at 70 V was performed for 150 minutes. In order to
check the quality and quantity of the amplified DNA products, a spectrophotometer (Qiagen, Qiaxpert Instrument,
Germany) was used. Pure of sample DNA was used in ISSR and IRAP marker techniques.

1.2. IRAP amplification

As it is seen in Table 1, 10 primers had been used for the generation of IRAP profiles. A Bio-Rad thermocycler
(Bio-Rad Laboratories Inc., Hercules, CA, USA) was used to perform PCR amplifications. The reaction mixtures (20
ul) were fixed as described below: 45 ng of g DNA, 1x buffer (10 mM Tris—HCI, 50 mM KCI, pH=8.3), 1.5 mM of
magnesium chloride, 0.2 uM of each dNTP, 0.5 U of Taq polymerase (Cinagen Co., Iran) and 10 pmol of each primer
were added.

The PCR program for the IRAP was as the following: an initial denaturation 5 min at the temperature of 94°C,
35 cycles of 45s at the temperature of 95°C, 40s at the temperature of 55°C to 63°C (Table 1), 2 min at the temperature
of 72°C, followed by a final extension of 5 min at the temperature of 72°C.

1.3. ISSR amplification

26 oligonucleotide primers were tested for ISSR amplifications, among which 12 primers were selected and
used for future studies (Table 1). The PCR mixture (25ul) was prepared as the following: 40 ng of template DNA, 10x
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buffer, 200 Mm of each of the four dNTPs, 1 U of Tag DNA polymerase, 0.5 mM of primer and 1.5 mM MgCl,.
Amplification was performed in a thermal cycler programmed for an initial denaturation at a temperature of 94°C for
the period of 5 min followed with the following 35 cycles of 45 s at the temperature of 94°C, 1 min at the annealing
temperature and 1 min at the temperature of 72°C, ends with a final extension stage of 7 min at the temperature of
72°C.

1.4. Electrophoresis

The PCR products ( 27ml ) were blended with 6X gel loading buffer ( 3ml ) and exposed to agarose. The
electrophoresis was then applied to separate them via 1.5% agarose gel (1.5% wi/v) in 0.5XxTBE buffer (Tris-Borate-
EDTA) with was performed 70 V for the period of 150 min. Ethidium bromide solution (2 pl Etbr/100ml 1xTBE
buffer) was used to stain the gel for 40 min, and The Bio Doc Image Analysis System with Uvi-soft analysis package
(Cambridge, UK) was used to determine the amplified DNA products.

1.5. Analysis

The TotalLab TL120 computer software program was used to evaluate the ISSR and IRAP bands. The scoring
of PCR products was conducted as the presence (1) and absence (0) of band for all genotypes, and their analysis was
performed. After the Jaccard (1908) similarity index was calculated using the data, the construction of a dendrogram
was conducted based upon the relevant matrix with the UPGMA (unweighted pair group method using arithmetic
average) technique..

3. Results
1.1. IRAP and ISSR analysis

The results of our IRAP and ISSR analysis are presented in Table 1. Ten IRAP primers revealed specific and
stable results in wheat genome (Table 1).

A total of 92 bands, 86.9% of which were polymorphic, were produced by ten IRAP primers. The percentage
of polymorphic bands that were produced by each primer ranged from 66.6% to 100%. While the primer Copiar
provided the highest number of bands (14), the Sukkula primer provided the lowest number of bands (6). The band sizes
of the primers used were 15-25 bp.

Tablel. Details of banding pattern revealed through IRAP and ISSR primers. (R=A, G; Y=C, T)

Mar-kers Primer/primer Sequence (5°-3°) Length of No of No Polymorphism

Combination amplified bands polymorphic ratio (%)
bands bands

IRAP Nikita CGCATTTGTTCAAGCCTAAACC 500- 1900 12 10 83.3
LTR6150 CTGGTTCGGCCCATGTCTATGTATCCACACATGTA 250- 1700 9 8 88.8
3'LTR TGTTTCCCATGCGACGTTCCCCAACA 750- 2300 8 8 100
Sukkula GATAGGGTCGCATCTTGGGCGTGAC 500- 1700 6 4 66.6
Copiar TTG AACCCCTTT TGA TGT AT 300- 2000 14 12 85.7
Stowaway CTTATATTTAGGAACGGAGGGAGT 250- 1500 8 7 87.5
5'LTR1 TTGCCTCTAGGGCATATTTCCAACA 500- 2400 9 7 7.7
5'LTR2 ATCATTCCCTCTAGGGCATAATTC 250- 1900 8 8 100
WLTR2105 ACTCCATAGATGGATCTTGGTGA 600- 1800 7 6 85.7
LTR6149 CTCGCTCGCCCACTACATCAACCGCGTTTATT 400- 2200 11 10 90.9
Total 250- 2400 92 80 86.9

ISSR ISR1 (CA)G 500- 1900 10 8 80
ISR2 (AC)s AT 300- 2600 14 12 85.7
ISR3 (AC)sG 750- 2100 8 7 87.5
ISR4 (AG)sGC 300- 1800 6 4 66.6
ISR5 (AG)sYA 400- 2400 9 8 88.8
ISR6 (AG)sTA 500- 1900 8 6 75
ISR7 (GA)YT 300- 2750 12 10 83.3
ISR8 (AG)sYT 500- 1600 5 4 80
ISR9 (CTM8T 600- 2000 13 11 84.6
ISR10 (GT)8C 750- 1500 8 8 100
ISR11 (GA)8T 500- 1200 12 11 91.6
ISR12 (GA)8C 300- 1800 10 8 80
Total 300- 2750 115 97 84.3

Twelve ISSR primers combinations were utilized for the analysis of genetic diversity in 12 wheat genotypes.
As it can be seen in the table, a total of 115 scorable amplification products, 97 of which were polymorphic bands,
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ranged from 300 to 2750 bp. Ratio polymorphism was found to be 84.3%.While the highest number of bands was
acquired from primer ISR2 ( 14bands ), the lowest number of bands was acquired from ISR8 (5 bands). A combination
of data from the IRAP and ISSR markers were used for the construction of the UPGMA dendrogram (Figure 1). 12
wheat genotypes were classified into 2 main clusters. While Cluster I included Bozkir, Harmankaya 99, Altay 2000,
Yildirim, , cluster II included Bezostaja -1, Ahmetaga, Miifitbey, Aldane, ES-26, Alperbey, Atay 85, Eraybey. While
the greatest similarity was found between genotype Bozkir and Harmankaya 99 (0.113), the greatest dissimilarity was
found between Bozkir and Eraybey (0. 892).

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine
o 5 10 15 20
1 1 1 1

¥
[~

Bozlar
Harmankasya &9 J

Aldtass 2000

Wildirim
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Ahmetaga J

Diafitbesy

Alddane

Aldperbew

Atasy 85

Eravbey

Figure 1. UPGMA clustering for 12 wheat genotypes based on IRAP and ISSR markers.
4. Conclusions and discussion

The genotypes used in the study were improved as a result of long breeding studies, and each of them had
different genetic characteristics/genetic capacity. Furthermore, each of them had a different capability to respond to
biotic and abiotic stresses. These varieties are utilized as witness/control varieties in breeding studies and other
scientific studies. Furthermore, these genotypes are also used as witness/control genotypes in breeding programs and
other scientific studies. For instance, some genotypes have more resistance to yellow rust compared to others. Another
one is more resistant to drought. Working with genotypes having different genetic characteristics/capacities refers to
working with a wider genetic variation. Thus, to reveal their genetic similarity and the demonstration of this phenomena
will help genetic progress in future breeding programs.

Retrotransposon-based molecular markers containing IRAP and REMAP have been used to examine genetic
diversity in bread wheat (Triticum aestivum L.). Retrotransposon sequences, between plant families can be easily used
across species lines, among intimately related genera, and even sometimes between plant families [13, 14].

ISSR profiles were utilized to examine intra-specific genetic diversity analysis in many bread wheat genotypes
[15]. They were successfully utilized for the prediction of genetic diversity in main crops such as maize [16], wheat
[17], rice [18], barley [19] and cotton [20] It was reported by Carvalho et al. [21] that ISSR markers provided great
potential for differentiating closely related wheat cultivars and botanical varieties and allowed for the determination of
higher levels of polymorphism.

According to the similarity matrix (Fig. 1) Bozkir, Harmankaya 99; Bezostaja 1, Ahmetaga and Miifitbey;
Aldane, Es 26, Alperbey and Atay 85 were determined to be close related varieties; furthermore, distant related varieties
were Bozkir and Eraybey. Wide differences in genetic characteristics in bread wheat genotypes may enable to develop
novel promising genotypes in germplasms of crop programs. The results indicated that IRAP and ISSR analyses were
useful for the differentiation of the bread wheat genotypes tested in this study.

Wheat, which is the most consumed, cultured and most preferred plant of the world, will continue to be the
plant that mostly occupies the agenda on production and breeding programs in the future.

To meet the food needs, that will rapidly increase in the future, can be achieved with the development of plants
that are highly efficient, high quality, stable and resistant to stress. Such a goal is only achieved by effective and
successfully implemented breeding programs with vast genotypic variation.
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Abstract

This study was carried out in order to reveal the volatile components of the endangered Amanos mullein and
Belen mullein tail by using the ultrasonic bath and GS-MS analysis. According to the results of the GC-MS library,
compared to volatile components, a total of thirteen components were found in the Amanos mullein for the similarity
relationships of chemical volatile components. Fourteen components were detected in the Belen mullein. Bioactivities
of these components have been examined and summarized. The highest peak areas of Amanos mullein volatile
compounds are 11-Octadecenoic acid, methyl ester, (Z)-, 9-Octadecenoic acid (Z)-, methyl ester, 2-Pyrrolidinone, 1-
methyl-, 2-dodecanol and Cyclohexasiloxane, dodecamethyl respectively. The highest peak areas of Bellen mullein
volatile compounds are 8-Octadecenoic acid, methyl ester, 2-pyrrolidone, 1-methyl, 1-hexadecanol, cyclohexasiloxane,
Dodecamethyl, and cyclopropane, Octyl-respectively. Endemic Amanos mullein and Belen mullein plant were found to
be medicinal plants.

Keywords: amanus mullein, endemic, Verbascum amanum BOISS, Verbascum caesareum

Endemik Amanos Sigirkuyrugu (Verbascum amanum BOISS) ve Belen Sigirkuyrugunun (Verbascum caesareum)
tibbi ozellikleri

Ozet

Bu ¢aligma endemik Amanos Sigirkuyrugu ile Belen sigirkuyrugunun ugucu bilesenlerini ortaya ¢ikarmak igin
bitki eksratte edilmis ve ultrasonic banyo yapilarak GS-MS analizi yapilmistir. GC-MS kiitiiphanesinde sonucglarma
gore ucucu bilesenler kiyaslandiginda, Amanos Sigirkuyrugunda kimyasal ugucu bilesenlerinin benzerlik iliskileri igin
toplam on ii¢ bilesen bulunmustur. Belen Sigirkuyrugunda ise toplam on dort bilesen tespit edildi. Bu bilesenlerin
biyoaktiviteleri incelenmis ve 6zetlenmistir. Amanos Sigirkuyrugu ugucu bilesiklerin en yiiksek pik alanlar1 sirasiyla
11-Octadecenoic acid, methyl ester, (Z)-, 9-Octadecenoic acid (Z)-, methyl ester, 2-Pyrrolidinone, 1-methyl-, 2-
Dodecanol ve Cyclohexasiloxane, dodecamethyl’dir. Belen Sigiwkuyrugu ugucu bilesikleri en yiiksek pik alanlari
sirastyla  8-Octadecenoic acid, methyl ester, 2-Pyrrolidinone, 1-methyl, 1-Hexadecanol, Cyclohexasiloxane,
dodecamethyl ve Cyclopropane, octyl-‘dir. Endemik Amanos Sigirkuyrugu ve Belen Sigirkuyrugu bitkisi tibbi bitki
ozelliginde bitki olduklari ortaya ¢ikarilmistir.

Anahtar kelimeler: amanos sigirkuyrugu, endemik, Verbascum amanum BOISS, Verbascum caesareum
1. Giris

Sigirkuyrugu, geleneksel veya bitkisel tibbinda uzun yillardir bitkisel ilag olarak kullanilir. Astim, solunum,
hemoroit, sa¢ dokiilmelerine karsi tedavi edici bir sekilde kullanilmistir. Arastirmalar Sigwkuyrugu giiclii anti-
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inflamatuar aktiviteye sahip oldugunu ve ayrica c¢iceginin antiviral Ozelliklere sahip oldugunu gostermistir.
Sigirkuyrugu tiirleri geleneksel tipta mantar enfeksiyonlar1 ve cilt yaralarinda, romatizmal agrilarda, ishal, lenfosittik
16semiye, A2 ve B grip virlislerine karsi inhibit6r aktivitesi ve tedavi edici 6zelligi bulunmaktadir [1-2].

Sigirkuyrugu (Verbascum L.) (Scrophulariaceae) diinyada yaklasik 360 tiir igerir [3]. Tiirkiye’de, 130 melez
ilavesi ile 246 tipi bilinmektedir [4-6]. Tirkiye floras1 Sigirkuyrugu bakimindan diinyada onemli bir yere sahip olup
%385 edemizim ve tiir sayis1 bakimindan da ikinci sirada yer almaktadir [7].

Amanus Sigirkuyrugu (Verbascum amanum BOISS.) yalniz Hatay ilinde bulunan adin1 amanos daglarindan
alan endemik bir tiir olup 1879 yilinda Boissier tarafindan bilim diinyasina tanitilmistir [8-10]. Verbascum caesareum
ve Verbascum amanum, Hatay ilinde dogal alarak yetigen verbascum tiirleridir [2]. Belen Sigwrkuyrugu (Verbascum
caesareum) iilkemizde sadece Hatay ili Belen ilgesinde yayilis gosteren bir sigirkuyrugu tiiriidiir [10].

Giinlimiizde ultrasonik ekstraksiyon yontemi bircok tibbi bitki, gida ve endstiiriyel birgok alanda
kullanilmaktadir [11]. Ultrasonik ekstraksiyon yonteminde gidanin fiziksel ve kimyasal olarak degisime ugramadig igin
tercih edilmektedir [12]. Ayrica ekstraksiyon siiresinin kisaltan organik solvent tiiketimini azaltmaktadir ve ¢evresel
kirliligi neden olmadigi i¢in tercih edilmektedir [13].

Verbasum’un kimyasal bilesenleri Gaz Kromatografisi (GC) ve Gaz Kromatografisi-Kiitle Spektrometresi
(GC-MS)’te tanimlanmig ve organik ¢oziiciiler kullanilarak ultrasonik ¢oziicii ekstraksiyonu (USE) yontemi, oda
sicakliginda ugucu, biyoaktif ve aroma verici bilesiklerin izolasyonu saglanmistir. Ultrasonik ¢6ziicii ekstraksiyonu
(USE) metodu, numune matrisi ve solvent arasinda yiliksek verimli temas saglamaktadir. Ultrasonik ekstraksiyonun
kimyasal bilesenlerin ¢6ziilmesin ve verimliliginde dogrudan bir etkisi vardir [14-15].

Bu calismada, Tiirkiye’nin Hatay ilinde dogal yayilis gosteren Verbascum caesareum ve endemik Verbascum
amanum bitkilerinin ugucu bilesenlerinin USE metodu kullanilarak, GC-MS ile ayirma, bilesenlerin saptanmasi ve bu
bitkilerin tibbi 6zelliklerinin belirlenmesi i¢in gergeklestirilmistir.

2. Materyal ve yontem
2.1. Materyal

Sigirkuyrugu numuneleri Hatay’da Amanos dagindaki dogal yetisme ortamlarindan toplanmistir.
Verbascumlar oda sicakhiginda kurutulmus ve 1siksiz ortamda saklanmistir. Coziicii olarak Metanol ve Etil asetat
kullanilmugtir.

2.2. Ekstraksiyon prosediirii

Amanos sigwkuyrugu ve belen sigwkuyrugu bitkisinin ekstraksiyonu, ultrasonik banyo kullanilarak
ultrasonik destekli ¢oziicii ekstraksiyon yontemine (giris glici 180 W, 35 kHz serbest ve 25 ° C) gore
gergeklestirilmistir. Amanos Sigirkuyrugu Orneginin ekstraksiyonu su sekilde gergeklestirilmistir: 4 g Sigirkuyrugu
cicegi ve 4 g Sigikuyrugu yapragi karistirilmis ve ogiitiildiikten sonra igerisinden 1 g numune almmustir. Belen
Sigirkuyrugu Orneginin ekstraksiyonu ise: 4 g Sigirkuyrugu cicegi ve 4 g Sigwrkuyrugu yapragi karistirilmis ve
ogitiildiikten sonra igerisinden 1 g numune alinmistir [16-17]

Balon joje sise icerisine ekstraksiyon ¢oziiciisii olarak (18—42 mL) metanol: etil asetat (70:30) karisimu ile
doldurulmugtur. Sigirkuyrugu numuneside eklendikten sonra Ultrasonic banyoda 15 dk. 25 °C’de sonikasyona tabi
tutuldu. Filitre kagidinda siiziildiikten sonra elde edilen organik ekstrakt buzdolabinda 4 °C'de ve GC-MS analizinden
once 151k yoklugunda saklandi. GC-MS analizi i¢in 1 pL kullanilmistir [16-17]

2.3. Gaz kromatografisi-kiitle spektroskopisi (GC-MS) analizi

GC-MS analizi Hewlett-Packard 6890 serisi GC-MS analiz cihazi kullanilarak gerceklestirilmistir. Cihazin
kolonu HP-5MS fused silica column (5% phenyl methyl polysiloxane 30 m 0.25 mm i.d., film thickness 0.25 um) ve
dedektorii Hewlett-Packard mass selective detector 6890’dir. GC-MS analizi literatiirde belirtilen prosediire gore
gergeklestirilmistir. Firin 60 °C’ye sitilip bu sicaklikta 1 dakika beklenir. Daha sonra sicaklik dakikada 5 derece
arttirllarak 200 oC’ye yiikseltilip 1 dakika bekletilir. Son olarak sicaklik dakikada 20 derece artirilarak 280 oC’ye
yiikseltilir ve 21 dakika beklenir. Helyum (%99.9999) tasiyici gaz olarak ve 1 ml/dakika akis hizinda kullanilmistir.
Enjektor sicakligi 200 oC’de tutulmustur. Ayrilma orani 1:5°dir [18-19]

3. Bulgular

3.1. Amanos ve Belen Sigirkuyrugu bitkilerinin ugucu bilesenlerinin karakterizasyonu
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Amanos ve Belen sigir kuyruklarinin ugucu bilesenleri GC-MS ile USE yontemiyle belirlenmistir. Optimum
kosullarda USE-GC-MS ile elde edilen Amanos Sigirkuyrugunun iiretilen ve optimize edilmis sistem i¢in kimyasal
formiilleri ile birlikte elde edilen sonuglar Tablo 1'de gdsterilmistir. Belen Sigirkuyrugundan tretilen ve optimize
edilmis sistem igin kimyasal formulleri ile birlikte elde edilen sonuglar Tablo 2'de gosterilmistir.

Tablo 1. Verbascum amanum Boiss bitkisinin kimyasal kompanentleri

No Kimyasal Ad1 Kapal Rt % MF Kullanim Alam

1 2-Pyrrolidinone, 1-methyl- CsHgNO 9.65 4.87 91 Drog

2 Cyclopentasiloxane, decamethyl-  C1oH3005Sis 13.02 1.10 83 Farmakoloji -
Biyoaktivite

3 2-Dodecanol C12H260 14.24 4.52 50 Biyoaktivite

4 Cyclohexasiloxane, dodecamethyl-  C12H3s06Sis 18.80 4.27 91 Farmakoloji

5 5-Octadecene, (E)- CigHss 20.82 3.83 83 Nf

6 Cycloheptasiloxane, C14H4,07Si7 24.18 2.77 90 Nf

7 5-Octadecene, (E)- CisHs6 26.85 3.13 91 Nf

8 Heptasiloxane, C14H4406Si7 29.04 1.37 33 Nf

9 11-Octadecenoic acid, methyl Ci9H360: 4755 59.23 99 NF

10 9-Octadecenoic acid (2)-, methyl ~ CioHss0s 47.95 6.49 95 Biyoaktivite

11 Heptadecanoic acid, 16-methyl-, C19H3302 49.60 5.40 98 NF

12 13-Octadecenal, (2)- Ci1sH30 60.28 0.37 38 Nf

13 Tetradecanoic acid,12-methyl-, C16H3202 61.70 2.65 72 Nf

*MW molekil agirhgl, Rt alilkonma zamani, % kismi pik alaninin toplam pik alanina orani, MF kiitiiphanedeki
benzerlik faktorii ve NF bulunamadi olarak verilmistir.

GC/MS sonuglari incelendiginde, Amanos Sigirkuyrugunda kimyasal ugucu bilesenlerinin benzerlik iliskileri
icin toplam on ii¢ bilesen bulunmustur. Belen Sigwrkuyrugunda ise toplam on dort bilesen tespit edilmistir. Bu
bilesenlerin biyoaktiviteleri incelenmis ve 6zetlenmistir. Amanos sigir kurugu bilesenleri incelendiginde en yiiksek
bilesenin %59.23 ile 11-Octadecenoic acid, methyl ester, (Z)-bileseninin oldugu tespit edilmistir. Bunu sirasiyla %6.49
ile 9-Octadecenoic acid (Z)-, methyl ester ve %5.40 ile Heptadecanoic acid, 16-methyl-, methyl ester bileseni takip
etmektedir (Tablo 1).

Tablo 2. Verbascum caesareum bitkisinin kimyasal kompanentleri

No Kimyasal Ad Kapah Rt % MF Kullanim Alam
1 2-Pyrrolidinone, 1-methyl- CsHgNO 9.68 9.74 91 Drog
2 Cyclopentasiloxane, decamethyl- C10H3005Sis 13.06 1.68 74 E?;?:Il(t?\lljilt(;
3 Cyclopropane, octyl- CiiH2 14.27 3.79 72 Nf

4 Cyclohexasiloxane, dodecamethy!l- C12H3606Sis 18.90 5.24 58 Farmakolji
5 1-Hexadecanol C16H340 20.91 6.92 91 ~ DFOQ
6 Octasiloxane, 1,1,3,3,5,5,7,7,9,9, C14H500;Sis  24.23 2.69 33 Nf

7 5-Octadecene, (E)- CisHss 26.89 5.35 90 Nf

8 Benzeneethanamine, N-[(pentafluoro  Ca1H26Fs0,Si,  29.07 1.40 25 Nf

9 2-Dodecanol C12H260 32.34 2.47 59 Biyoaktivite
10  8-Octadecenoic acid, methyl ester Ci9H3602 46.68 53.45 99 NF

11  9-Octadecenoic acid (Z2)-, methyl e C19H3602 47.00 1.88 74 Biyoaktivite
12 10-Octadecenoic acid, methyl ester C19H3502 47.07 2.07 91 NF

13 13-Octadecanoic acid, methyl ester C12H260 48.79 0.94 91 Biyoaktivite
14  Tetradecanoic acid, 12-methyl-, me CigH340 61.03 2.38 53 Nf

*MW molekiil agirligi, Rt alikonma zamani, % kismi pik alanmin toplam pik alanina orani, MF kiitiiphanedeki
benzerlik faktorii ve NF bulunamadi olarak verilmistir.
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GC/MS sonuglari incelendiginde, Belen Sigirkuyrugu bilesenleri biyoaktiviteleri incelenmis ve 6zetlenmistir.
Belen sigir kurugu bilesenleri incelendiginde en yiiksek bilesenin %353.45 ile 8-Octadecenoic acid, methyl ester
bileseninin oldugu tespit edilmistir. Bunu sirasiyla % 9.74 ile 2-Pyrrolidinone, 1-methyl- ve % 6.92 ile 1-Hexadecanol
bileseni takip etmektedir (Tablo 2).

Tablo 3. Verbascum amanum Boiss ile Verbascum caesareum bitkisinin kimyasal kompanentleri karsilastirilmasi

No Kimyasal Adi Verbascum amanum Verbascum caesareum
% %
1 2-Pyrrolidinone, 1-methyl 4.87 9.74
2 Cyclopentasiloxane, decamethyl- 1.10 1.68
3 2-Dodecanol 4.52 2.47
4 Cyclohexasiloxane, dodecamethyl- 4.27 5.24
5 5-Octadecene, (E)- 6.96 5.35
6 Cycloheptasiloxane, tetradecamethyl 2.77 nf
7 Heptasiloxane, 1.37 nf
8 Cyclopropane, octyl- nf 3.79
9 1-Hexadecanol nf 6.92
10 Octasiloxane, 1,1,3,3,5,5,7,7,9,9, nf 2.69
11 Benzeneethanamine, N-[(pentafluoro nf 1.40
12 8-Octadecenoic acid, methyl ester nf 53.45
13 9-Octadecenoic acid (Z)-, methyl e 6.49 1.88
14 10-Octadecenoic acid, methyl ester nf 2.07
15 11-Octadecenoic acid, methyl ester, (Z)- 59.23 nf
16 13-Octadecenal, (2)- 0.37 0.94
17 Heptadecanoic acid, 16-methyl-, methyl 5.40 nf
18 Tetradecanoic acid,12-methyl-, methyl 2.65 2.38

Amanos Sigirkuyrugu ve Belen Sigirkuyrugunu ile ilgili karsilastirma yaptigimizda Amanos Sigirkuyrugunda
olan dort bilesen belen Sigirkuyrugun bulunmamaktadir. Belen Sigirkuyrugunda olan alti bilesende Amanos
Sigirkuyrugunda bulunmamaktadir. Ayni ekstraksiyon yontemine ragmen, ayni ekstraksiyon solventi ve ayni
miktardaki numuneler kullanilmig, Amanos ve Belen sigir kuyruklar i¢in farkli ugucu bilesenler ve bilesenlerin farkli
miktarlar1 tespit edilmistir. Amanos Sigirkuyrugunda 11-Octadecenoic acid, methyl ester, (Z)- %59 oraninda
bulunurken Belen Sigirkuyrugunda bulunmamaktadir. Belen Sigirkuyrugunda ise 8-Octadecenoic acid, methyl ester %
53.45 oraninda bulunurken Amanos Sigwkuyrugunda bulunmamaktadir. Her iki Sigirkuyrugunda benzer bulunan
bilesenler incelendiginde birbiri arasinda farkliliklar gbzlenmektedir. Ayni ilde bulunan iki Sigirkuyrugunun farkli
sonuglar vermesi tiir farkinda kaynaklanmaktadir.

Amanos ve Belen sigir kuruklaribitkisinin biyoaktivitesinin ilag, farmakoloji ve biyoaktivite dzelliklerine
sahip oldugu ve tibbi bitki 6zelliklerine sahip oldugu bulunmustur.

4. Sonuglar ve tartisma

Bu c¢alismada Hatay florasinda dogal olarak yetisen endemik Amanos Sigikuyrugu ile Belen
Sigirkuyrugunun kimyasal bilesenleri karsilastirilmistir. Her iki bitki tiiriin metanol / etil asetat karigimmdan elde edilen
ekstrelerde bir¢ok biyoaktif bilesen bulundugunu tespit edilmistir. Amanos Sigirkuyrugunda kimyasal ugucu
bilesenlerinin benzerlik iligkileri i¢in toplam on ii¢ bilesen bulunmustur. Belen Sigirkuyrugunda ise toplam on dort
bilesen tespit edilmistir. Ancak sekiz bilesen her iki bitki tiiriinde de oldugu tespit edilmistir. Amanus Sigirkuyrugunda
bulunan Cycloheptasiloxane, tetradecamethyl, Heptasiloxane, 11-Octadecenoic acid, methyl ester, (2)-,
Heptadecanoic acid, 16-methyl-, methyl ester bilesenler Belen Sigirkuyrugunda tespit edilememistir. Ayni gekilde
Belen Sigirkuyrugunda bulunan Cyclopropane, octyl-,1-Hexadecanol, Octasiloxane, 1,1,3,3,5,5,7,7,9,9,
Benzeneethanamine, N-[(pentafluoro, 8-Octadecenoic acid, methyl ester ve 10-Octadecenoic acid, methyl ester
bulunan kimyasal bilesenler amanus Sigirkuyrugunda tespit edilememistir.

Verbascum thapsus bitkisinin ugucu yag kompenentleri ilizerine yapilan bir ¢aligmada 92 element
bulunmustur. Bu ¢alismadaki Dodecanol, Tetradecane ve Hexadecanol gibi ugucu kompanentler Verbascum
thapsus bitkisindede yer almaktadir [20].

Verbascum pseudoholotrichum ile ilgili yapilan bir ¢alismada bulunan Tetradecanoic acid bilesenleri
Amanos Sigirkuyrugu ve Belen Sigirkuyrugunda da bulunmugtur [21].
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Sonug olarak; Bircok hastaligin tedavisi i¢in arastirmalar devam etmekte ve bu konuda tibbi bitkiler
arastirilarak yeni ilaclar i¢in timit var goriinmektedir. Tibbi bitkilerin biyolojik aktivitelerini 6grenmek anlaminda her
gecen giin artan bir ilgi var. Bu biyoaktif maddeler, bircok farmakolojik aktiviteden sorumludur. Diger bulgulara
dayanarak, caligmalarimiz farkli tibb1 ve aromatik bitkilerin kimyasal bilesimlerine odaklanacaktir. Bu calismanin
gelecekteki ¢aligmalar i¢in bir rehber olacagini umuyoruz. Amanos Sigirkuyrugu ve Belen Sigirkuyrugunun bitkisi ile
ilgili gelecekteki caligmalar, bu etken maddelerin izole edilmesinde ve ilag endiistrisine katkida bulunacagini
diigiiniilmektedir.
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Abstract

The study aimed to determine the seasonal changes in meat yield, chemical composition and fatty acid of
Capoeta antalyensis. The specimens were caught using the gill nets (16x16, 20x20, 25x25, 30x30, 35x35 and 40x40
mm mesh size) in the Sorgun Dam (Aksu, Isparta, Tiirkiye). A total of 45 fish were used for this purpose. The lengths
of the fish were 18.8 -36.7 cm and their weights were 71.85-452.00 g. Meat yields were determined between 50.20%-
56.42% for the skinned fillets, and between 40.65%-48.45% for the skinless fillets. The highest protein value was
determined (as 15.73+0.18%) in the autumn. The significant variations were not determined for fat and ash value
seasonally (p>0.05). The moisture content was lower in autumn than in other seasons. In the analysis of C. antalyensis,
27 different fatty acids were determined.

Key words: protein, fat, ash, moisture, EPA, DHA

%

Endemik Antalya saribahginin (Capoeta antalyensis) et veriminde, kimyasal bilesimlerinde ve yag asitlerinde
mevsimsel degisiklikler

Ozet

Caligma, Capoeta antalyensis'in et verimi, kimyasal bilesimi ve yag asidindeki mevsimsel degisiklikleri
belirlemeyi amaclamustir. Ornekler, Sorgun Baraji'nda (Aksu, Isparta, Tiirkiye) solungag aglar1 (16x16, 20x20, 25x25,
30x30, 35x35 ve 40x40 mm gozenek biiylikligii) kullanilarak yakalandi. Bu amagla toplam 45 balik kullanilmistir.
Baliklarin uzunluklari 18.8-36.7 cm ve agirliklar: 71.85-452.00 g idi. Et verimleri derili filetolar i¢in% 50.20 -% 56.42
arasinda ve derisiz filetolar i¢in% 40.65 -% 48.45 arasinda belirlenmistir. En yiliksek protein degeri sonbaharda
belirlendi (% 15.73 % 0.18). Mevsimsel olarak yag ve kiil degeri i¢in anlaml farkliliklar saptanmadi (p> 0.05). Nem
igerigi sonbaharda diger mevsimlere gore daha diisiiktii. C. antalyensis analizinde 27 farkli yag asidi belirlenmistir.

Anahtar kelimeler: protein, yag, kiil, nem, EPA, DHA
1. Introduction

The fish is eliminated by natural mortality, hunting mortality, or effects of predators, from the populations
which they are found in. When considered within this perspective, our determined fish species, which spread in our
inland waters, and the number of which is increasing day by day, complete their life without being used in any way and
disappear by natural mortality. Catching these species from lakes, ponds, and rivers with suitable fishing gears and
methods and using them with different processing techniques will contribute to the economy and human feeding.
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The most economical using way a resource is closely linked with recognizing every attribute of the resource.
As a result of the fauna determinate studies that have been completed and continued in recent years, it has been shown
that the inland water fish potential of our country is quite rich qualitatively [1, 2, 3] (There are 409 fish species in inland
water and including 194 of which are endemic). By determining the nutritive characteristics of these species, the extant
fisheries pressure on certain species in inland waters will thus be reduced.

The species belonging to the Capoeta genus, which spread on four continents, most of them are found in
Turkey. Recent studies from Turkey shown 23 species were identified [1, 4, 5]. Those species in Turkey are consumed
in various regions as human food. It is especially preferred with its hard structure, and flavor of the meat. However, the
species is not a commercial fisheries subject. This is due to that it is not commercially made into a product by any
processing method. The lack of knowledge of the nutritional properties of the species is another handicap. In this study,
it was aimed to reveal the meat yield, chemical composition, and fatty acids of Capoeta antalyensis (Antalya barb).
Thus, different perspectives related to this species (aquaculture or fisheries studies) will be developed.

2. Materials and methods

The fish used in the study were caught in a one-time fish sampling were carried out at Sorgun Dam in every
season (Figure 1). The gill nets (16x16, 20x20, 25x25, 30x30, 35x35, 40x40 mm mesh) were used for sample fishing. A
total of 45 fish were used for this purpose. All of them 14 of these were caught in spring, 10 in summer, 10 in autumn,
and 11 in winter. In this study, no experimental study was done on animals (fish).

Figure 1. Study area

2.1 Physical measurements and assays

For meat yields and chemical compositions analysis, the fish caught in seasonal fishing were cooled with ice
batteries in the transport cabinet and brought to the laboratory with a vehicle type refrigerator. Their lengths were
measured (total length, with a 1mm precision measuring board), and their weights were weighed (with a 0.01 g
precision digital balance). The sexual identification of fish was conducted macroscopically. The ages of the fish were
determined from the scales. Visceral organs, heads, backbones, and fins were separated for the determination of meat
yields. The skinned and skinless fillets weights, internal organs, spine and fins and head weights were weighed [6].
Then, fillets were homogenized with a blender, and total protein, total fat, moisture, and ash analyses were performed.
Sufficient fish samples were kept for fatty acid analysis and stored at -80°C until analysis.

2.2 Chemical composition analysis

The moisture (%) was determined gravimetrically by automatic moisture determination device (Kern DBS,
Germany). The total amount of fat (%) and the amount of ash (%) were determined according to Lovell [7]. Total
protein (%) was determined by the Kjeldahl method (Nx6.25) according to AOAC [8] (Method no. 940: 25,
(modified)). Carbohydrate (%) was determined mathematically by using a formula, (100- (Moisture + Fat + Protein +
Ash)) [9].

2.3 Fatty acids analysis
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The 5 g of previously homogenized fish meat was weighed and extracted by chloroform/methanol method. The
chloroform was evaporated to procure the fish oil. 0.01 g of oil was weighed and 2 ml of hexane and 4 ml of 2M KOH
were added. The mixture was shaken for 2 minutes by the vortex. After centrifugation for 10 minutes at 4000 rpm in the
centrifuge, the upper clear hexane phase was taken into vials and read in the device [10].

GC conditions: The device Shimadzu TQ 8040 GC analyzer and MS detector were used. Column TRCN 100
(2100 m x 0.25mm x 0.20um). Column temperature 140°C, Injection temperature 240°C, Column temperature program
140°C 6 min, 4°C/min increase to 240°C and 10 min waiting time, Split rate 1/100, carrier gas He, flow rate 1.18
ml/min. Pressure 274.6 kPa, Injection Volume: 1uL, FAME, and NIST libraries were used.

MS conditions: lon source temperature: 200°C, Interface temperature: 240°C, Solvent cutting time: 7.35 min,
Scanning speed 1428, Mass range 41-450 m/z ¢ = 70V.

2.4. Statistics

One-way ANOVA was used to determine the variance differences of the data obtained. The DUNCAN
multiple comparison tests were used to compare the groups at the 0.05 significance level [11].

3. Results
3.1 Mean values for meat yield of C. antalyensis

The lowest and highest values of weight for skinned and skinless fillets were obtained in spring. The lowest
value of the skinned fillet was 37.01 g and for the skinless fillet 32.32 g. The highest weight was 255.00 g for the
skinned fillet, and 219.00 g for the skinless fillet. The lowest and highest meat yields for skinned fillets were
calculated as 50.2% and 56.42%. These values in skinless fillets were 40.65% and 48.45%, respectively. As a result of
statistical comparison, visceral organs and heads weights showed significant differences in all seasons. Skinned and
skinless meat yields in the summer were showed significant differences compared to other seasons (Table 1 and Table
2).

Table 1. The lowest and highest seasonal data of fish used to determine meat yields

Total Weight Visceral Head Backbone S]lfillmgd Sl;;n:iss SI:r']ngd smﬁss
Season length Organ weight and fins - - . .

(cm) (9) W (q) @ weight (g) weight weight yield yield

@) (@) (%) (%)
Spring Min. 18.8 71.85 12.19 10.43 10.31 37.01 32.32 51.51 44.98
(n=14) Max. 36.5 398.80 51.17 73.16 66.20 200.21 173.02 50.20 43.39
Summer Min. 19.9 75.00 5.00 13.00 12.00 42.00 36.00 56.00 48.00
(n=10) Max. 36.7 452.00 38.00 67.00 74.00 255.00 219.00 56.42 48.45
Autumn Min. 24.9 149.80 16.91 21.10 24.12 81.18 71.57 54.19 46.87
(n=10) Max. 28.8 223.28 25.35 33.04 40.98 122.52 104.65 54.87 47.78
Winter Min. 22.0 106.03 6.29 15.97 21.85 58.83 51.02 50.89 40.65
(n=11) Max. 26.1 152.37 13.29 28.20 27.00 77.54 61.94 55.48 48.12
Table 2. The seasonal mean data of fish used to determine meat yields
Criteria \ Season Spring Summer Autumn Winter

Total length (cm) 23.51+0.452 26.62+1.622 26.45 +0.422 26.42 +0.422
Weight (g) 1323146222 08.28+39.542 195.20+43.042 173.16£9.012
Visceral organ weight (g) 10.07+0.88P 35.68+9.122 20.10+4.25% 19.57+1.70%
Head weight (g) 17.59+1.42b 35.56+6.612 31.50+6.548 25.7341.58%
Backbone and fins weight (g) 25.87+1.362 29.88+5.852 30.00+7.142 28.41+1.772
Skinned Fillet Weight (g) 71.28+2.892 101.29+18.082 104.50+23.752 94.48+5.022
Skinless Fillet weight (g) 61.90+2.562 87.48+15.762 90.60+20.362 81.79+4.272
Skinned meat yield (%) 54.06+0.662 49.87+0.98P 53.29+1.162 54.56+0.622
Skinless meat yield (%) 46.98+0.842 43.19+1.01° 46.46+1.112 46.26+0.722

* The difference among the values indicated by the same letter was insignificant (p> 0.05).
3.2 Seasonal variations of chemical compositions values

Ash values of C. antalyensis varied between 1.00 £ 0.03% (winter) and 1.42 £ 0.21% (autumn) (Table 3). The
highest moisture content was obtained in the spring (81.73 + 0.18%) and the lowest autumn (79.83 + 0.12%). The
highest protein value was determined in autumn (15.73 + 0.18%) and the lowest summer (14.06 + 0.38%). Total fat
contents varied between 2.38 = 0.11 (spring) and 2.87 =+ 0.37 (summer). The lowest carbohydrate (CH) content was
calculated in the spring and the highest in the autumn.

Seasonal changes in meat yields, chemical compositions and fatty acids of endemic Antalya barb (Capoeta antalyensis)
Soner CETINKAYA, Rahmi UYSAL, Vedat YEGEN



48 Biological Diversity and Conservation — 14 / 1 (2021)

Table 3. Seasonal variations of the chemical composition of C. antalyensis

Season Ash (%) Moisture (%) Protein (%) Lipid % CH*
Spring 1.31+0.122 81.73+0.182 14.440.028 2.38+0.112 0.142
Summer 1.30+0.04% 81.2540.152 14.06+0.382 2.87+0.372 0.522
Autumn 1.42+0.218 79.83+0.12° 15.73+0.18° 2.4340.122 0.592
Winter 1.00+0.032 81.26+0.542 14.8420.12° 2.59+0.032 0.31°

The difference among the values shown with the same letter was insignificant (p> 0.05).

*These data were obtained by calculation

3.3 Fatty acids analysis results

27 different fatty acids were identified in the seasonal analyses (Table 4). The number of fatty acids without
double bonds (SFA) is 8, the number of fatty acids with one double bond (MUFA) is 7, and the number of fatty acids
with two and more double bonds (PUFA) is 12. The five of these fatty acids were in the n-3 group, the six in the n-6
group, the two in the n-9 group, the one in the n-11 group, and the one in the n-12 group. C18:1n-11 and C19:0 in the
autumn samples, and C22:2 fatty acids in the winter samples could not be detected (Table 4). n-6 / n-3 ratio was
calculated in the lowest winter season (0.26) and highest in spring (0.37). The DHA / EPA ratio was determined in the

lowest winter samples (1.48), and the highest autumn samples (1.97).

Table 4. Seasonal fatty acid values of C. antalyensis (%)

Spring Summer Autumn Winter
C4:0 0.80+0.302 0.49+0.242 0.92+0.22 0.19+0.128
C14:0 1.65+0.002 1.92+0.802 0.89+0.32 1.34+0.082
C15:0 0.6140.082 1.8140.15¢ 1.8140.2¢ 1.11£0.1280
C16:0 10.58+4.12 10.78+3.280  8.3140.91%  14.55+]1.35%
C16:1 4.294+0.532 7.57£1.29%  6.37+£0.872®  6.17+£1.37°
C17:0 4.40+3.492 4.7342.44%  8.40+1.47°  2.71+1.76®
C17:1 0.28+0.082 0.87+0.302 0.31£0.04%2  0.73+0.262
C18:0 3.834+0.812 3.304+0.392 3.15+£0.58%  3.75+0.912
c18:1 3.8340.81° 0.98+0.862 1.79+0.34%  2.7940.912
C18:1n-9(c) 10.45+0.02 12.19+£2.22 10.51£0.08  9.55+2.382
C18:2n-6(t) 0.79+1.362 0.82+0.382 2.32+0.28%  0.63+0.552
C18:2n-6(c) 0.89+0.002 2.98+1.178 2.43+0.192 2.78+0.18%
C18:3n-6 1.50+0.742 0.54+0.292 0.56+0.072  0.52+0.152
C18:1n-12 0.23£0.002 0.39+0.202 0.1+0.002 0.55+0.172
C18:1n-11 0.31£0.002 0.86+0.312 0.26+0.102
C19:0 0.22+0.002 0.36+0.002 0.23+0.102
C22:5n-3 2.9840.002 5.1240.94  4.69+0.28%  5.70+0.30°
C20:0 4.75+0.32b 0.15+0.042 0.18+0.062  0.25+0.082
C18:3n-3 0.30+0.002 6.1942.48%  6.36+1.543  7.31+2.082
C20:1n-9 2.95+0.70° 0.78+0.452 1.75+0.18%  0.64+0.272
C20:2n-6 0.65+0.06° 0.25+0.082 0.24+0.05%8  0.31+0.132
C20:3n-6 0.66+0.262 0.50+0.032 0.66+0.112  0.59+0.032
C20:3n-3 0.84+0.002 0.46+0.122 0.36+0.2228  0.24+0.112
C20:4n-6 6.05+0.802 3.78+0.742 47740278 3.98+0.912
C22:2 0.46+0.082 0.23+0.002 0.29+0.062
C20:5n-3 9.4940.69° 6.95+0.48%  7.14+0.338  8.08+1.52P
C22:6n-3 14.73+1.2b 11.1742.28  14.0840.7%  11.99+3.16%
> SFA 26.84 23.54 23.66 24.13
> MUFA 22.34 23.64 20.83 20.69
> PUFAN-3  28.80 30.12 32.92 33.32
> PUFAN-6 1054 8.87 10.98 8.81
n-6/n-3 0.37 0.29 0.33 0.26
DHA/EPA 1.55 1.61 1.97 1.48

*Difference between the values shown with the same letter was insignificant (p> 0.05)

4. Conclusions and discussion

According to the data obtained by seasonally, the lowest average total length for all individuals was measured
as 23.51+0.45 cm in the spring. The highest mean total length was 26.62+1.62 cm in the summer. There was no
statistically significant difference in the total length values obtained in the seasons (p> 0.05). It is seen that a similar
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change occurs in weights values in parallel with the obtained length values. The mean minimum and maximum weight
values were weighed 132.31 + 6.22 g and 208.28 + 39.54 in the spring and in the summer. There were no seasonally
differences between mean weight values (p> 0.05). The mean visceral organ weights were found to be lowest 10.07 =
0.88 g in the spring and 35.56 £ 6.61 g in the highest summer season. The difference between the values obtained in the
spring and summer seasons was significant (p <0.05). This may be due to the fact that the breeding period of the species
is between these two seasons. The data obtained in the autumn and winter seasons did not differ from statistically (p>
0.05). Head weights data were statistically similar to visceral organ weights data. There was no seasonal difference
between the backbones and fins weights according to the results of the statistical evaluation (p> 0.05). No statistically
significant difference was found between skinned and skinless fillets weights obtained according to the seasons (p>
0.05). Skinned and skinless meat yields obtained in the summer were significantly lower than those obtained in the
other seasons (p <0.05). This can be explained by the high internal organs weights of the individuals obtained during
summer. Because it is known that the nutritional requirement of the fish increases in this period, which coincides with
the reproduction period.

Flavor and meat yield, which are effective in price formation, are mentioned as the most important quality
criteria of fish and are reported to be effective on consumer preference [12]. As a commercial enterprise can
demonstrate its profitability or want to calculate the efficiency of its economic inputs, also a conscious consumer will
also want to know the gained benefits by his money [13]. In particular, lack of sufficient information on both meat
yields and biochemical compositions of inland water fishes limit to use beneficial from those species. In this context,
the studies to determine meat yield and nutrient contents for those species will be guiding in terms of raw material
selection and processing technologies of seafood processing plants.

It is reported that the fish have an average meat yield of 30-60% [14]. Fish size, age, sex, and anatomical shape
of the body, head size, internal organ weight, and full or empty of the digestive system affected the yields of the fillets
and meats [15]. As the gonads of the female fish have a significant effect on the meat yield compared to the male fish,
so it is not recommended to catch in the reproduction period [15]. If fish that are known to be in the breeding period are
not caught, they will help prevent economic losses for enterprises and ensure the fish to retain their natural balance in
their waters.

It was aimed to use at least 10 fish to determine the meat yield in each season. The total length values of the
fish used for this purpose were measured from 18.8 to 36.7 cm. The weight values were weighed between 71.85 g and
452.00 g. In order to determine the meat yields, the edible parts of the fish were also weighed separately. Visceral
organs were between 5.00 g - 51.17 g, heads weights 10.43 g - 73.16 g, and backbones and fins weights ranged from
10.31 g to 74.00 g. Fillet weights, which form the basis of meat yield, were weighed between 37.01 g and 255.00 g
skinned, and 32.32 g to 219.00 g skinless. The meat yield obtained by calculation was determined between 50.20% -
56.42% in skinned fillets and 40.65% - 48.45% in skinless fillets. Skinned fillet meat yields did not fall below 50% in
any season. Since the scale and skin of this species do not exhibit an undesirable/unfavorable feature during
consumption, it may be advisable to consume the fillet skinned.

The meat yield values obtained from different localities and species of Capoeta genus: for Capoeta capoeta
umbla 61.44% in Karasu river [16]; for Varichorinus (Capoeta) pestai (skinned) 62.74% in Konya area [19]; 62.51%
for Capoeta trutta (average) in Keban Dam [17]; for Capoeta capoeta umbla age groups 1, 1V and V in Keban Dam
(average) for; 39.1 + 0.9%, 46.7 £ 1.9%, 43.7 £ 5.3% respectively, and Hazar Lake; 40.3 + 7.4%, 40.9 £ 2.5%, 41 =
3.5%, respectively [18]; for Capoeta trutta species 54.66% in the Atatiick Dam [19]; 45.03 + 0.02 [20]; for Capoeta
trutta (average) 57.57%, and for Capoeta umbla 61.92% in Uzungayir Dam [21] were observed to be obtained. The
fillets meat yield values for Capoeta capoeta umbla species obtained by Kopriicii and Ozdemir [18] is lower than the
findings obtained in our study, but the values obtained in other studies are higher. When the species examined in the
studies are considered to differ from, it is necessary to evaluate the obtained results of comparing meat yields as normal.

There was no seasonal difference for ash values in statistical analysis (p> 0.05). On the other hand, autumn
moisture value was lower than other seasons and this difference was significant (p <0.05). Protein values obtained in
spring showed similarity with summer and winter values but showed significant (p <0.05) difference from values
obtained in autumn. The highest protein value was 15.73 = 0.18% in autumn. Lipid values did not differ significantly
(p> 0.05). Carbohydrate (CH) values were obtained by calculation.

The chemical components of fish vary depending on various factors [6]. One of these factors is the season.
Despite the low moisture content in autumn, high protein and ash content and low-fat content can be considered as an
indicator that the species is well-fed before the winter season, and its somatic development increases during this season.
The values of the protein content were varied between 14.06+0.38%-15.73+ 0.18% which indicates that the species can
be considered as a good protein source.

As a reliable study was couldn't find in the literature subjected chemical composition of C. antalyensis the
comparison was made with the other species belonging to the genus Capoeta. Dry matter, crude protein, fat, and ash
values of surimi made from Capoeta capoeta umbla were 17.62%, 18.16%, 1.45%, 0.62% respectively [22]. The crude
protein, crude oil, crude ash and dry matter ratios of surimi obtained from Capoeta capoeta capoeta were between
18.18-18.61%, 1.06-1.41%, 0.49-0.74%, and 17.28-18.88%, respectively [23]. For the Capoeta trutta male individuals
in the Ataturk Dam for protein 17.60 + 0.29%, fat 1.30 £ 0.20%, dry matter 20.71% =+ 0.54, ash 1.38 £ 0.06% values

Seasonal changes in meat yields, chemical compositions and fatty acids of endemic Antalya barb (Capoeta antalyensis)
Soner CETINKAYA, Rahmi UYSAL, Vedat YEGEN



50 Biological Diversity and Conservation — 14 / 1 (2021)

were obtained [26]. Capoeta trutta living in Atatiirk Dam has a crude protein content 18.22 + 3.13%, crude ash content
1.37 £ 0.50%, and 82.46 + 0.30% the moisture is reported [24].

Seafood with a high digestible protein content has a low content of fat compared to other high protein foods.
On the other hand, especially when the n-3 group fatty acids are examined in terms of, the seafood oil shows very high
values. It has been reported that seafood oils are the natural resource for Eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), which are among the n-3 group fatty acids, that have been shown to benefit on human
health [25]. These fatty acids, which cause important biochemical and physiological changes in the human body, are
recommended for their beneficial effects in the prevention and treatment of cardiovascular diseases, cancer, diabetes,
and high blood pressure [26, 27, 28]. It is very important that the unsaturated fat content of the foods consumed is high.
Fatty acids are collected in the eye, brain, testis, and placenta in the human body. It helps the eyes to function properly
and perform brain functions properly. Regulates the concentration of fat in the blood [26].

Humans are not capable of synthesizing fatty acids have containing above 9 carbons atom double bonds when
counted from the end of the carboxyl molecule. For example, linoleic acid (C18: 2n-6) that among the essential fatty
acids non-synthesized in the human body, should be taken by the way foods [29]. The rate of fat in fish and their fatty
acid composition contained in these oils may vary according to various factors such as species, individuals, body
regions, nutrition, fishing season, and gender [26, 30]. The amount of fat in fish can be between 1% and 20% and in
shellfish, it is less than 1% [26]. The fish oils contained 20% saturated and 80% unsaturated fatty acids, also 16, 18, 20,
22 carbons, and 1, 2, 3, 4, 5, 6 double bonds are reported. In addition to this, while free fatty acids are found in fish oil,
the tocopherols with antioxidant properties very little contained, so oxidation in fish oils, color darkening, and rancidity
are seen. Fat-free fish have phospholipids instead of triglycerides [31].

The fatty acids composition of fish oil increases the importance of fish in terms of nutrition. On the other hand,
it is one of the factors that have a decisive effect on the aroma, flavor, and shelf life of the products during processing
and storage of seafood products rich in fatty acids containing more than one double bond [30]. EPA and DHA, which
are n-3 group fatty acids only found in fish, are found to be less in freshwater fish compared to marine fish [31]. Fatty
acids of marine fish species are characterized generally by low levels of linoleic acid (18: 2n-6) and linolenic acid (18:
3n-3), and high amounts of long-chain n3 group polyunsaturated fatty acids [10]. The fatty acids composition of fish
oils, particularly fatty acids (PUFAS) which contain more than one double bond, is varied according to the fatty acids of
fats in foods consumed by fish. Fatty acids diversity varies according to the responses of the fish body adaptation
mechanism against the changes in water temperature, salinity and depth [32]

In the seasonal analyses of C. antalyensis revealed 27 different fatty acids. C18: 1n-11 and C19: O were not
detected in autumn samples, and C22: 2 fatty acids were not detected in winter samples. Among the without double-
bonded fatty acids (SFA) C16: 0 had the highest value. Minimum and maximum values ranged between 6.95 £ 0.48%
in summer and 9.49 + 0.69% in spring for Eicosapentaenoic acid (EPA) whereas those for docosahexaenoic acid (DHA)
between 11.17 = 2.21% in summer and 14.73 £ 1.28% in spring. Low amounts of C19: 0 fatty acid was detected in the
samples. The total values of without double-bonded fatty acids (SFA) were the lowest in summer 23.54% and the
highest in winter 26.84%. The lowest total MUFA value was obtained in winter with 20.69%, and highest in summer
with 23.64%. In the spring, the total value of n-3 group fatty acids was lower than the other seasons. The total values of
n-6 group fatty acids were higher in spring and autumn compared to summer and winter seasons.

In another study in which the highest total MUFA value was obtained in summer, it was reported that this was
due to increased enzyme activity during these months, and that fish could convert MUFA to n-3 and n-6 group fatty
acids [33]. It is considered that the amount of palmitic acid (C16: 0), expressed as the key to metabolism, does not
change depending on the presence of nutrients, but the fluctuating changes seen in some species may be related to water
temperature [34].

It is reported that Capoeta capoeta umbla living in Keban Dam has higher fatty acids and nutritiousness are
higher than Capoeta trutta [34]. It is reported that the first reaction to the change in environmental conditions is seen in
total fat and fatty acids. So, in addition to the differences in habitat, the differences of the environmental conditions
were effective on the fatty acids ratio and diversity in Capoeta capoeta umbla samples obtained Tuzla Creek and
Tercan Dam [33]. The total SFA value in Tuzla Creek samples was higher (42.05% in summer) and the total MUFA
value was generally higher in Tercan Dam samples, but, the highest value (28%) was obtained in Tuzla Creek in
summer samples. While increasing the total amount of more than one double-bounded fatty acids (PUFA) and n-3
group PUFA of Capoeta damascina, which grown in freshwater and different salt ratio (6, 12, and 24 g/l) brackish
water, although the ratio increasing of salt, the total amount of one double-bonded fatty acids significantly decrease
[32]. Fallah et al., [32] reported that 100 g of the edible portion of Capoeta damascina grown in waters with a salt
content of 6 and 12 g / | as well as freshwater is a good source of n-3 PUFA and especially EPA and DHA. A similar
assessment is made for Capoeta sieboldii and Capoeta baliki according to the total lipid and fatty acid diversity in the
liver and muscles and it is reported to have a high nutritional value for polyunsaturated fatty acids for human nutrition
[35]
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Abstract

The study area is located about 17 km northwest of Polatli province, west of Ankara.590 plant specimens were
collected from the area between March 2011-February 2013. Identification of the total specimens revealed the presence
of 290taxa belonging to 180 genera in 42 families. The number of endemic taxa is 38 (13.10%). The distrubition ratios
of the taxa into the phytogeographical regions are as follows: Irano-Turanian 79 (27.24%); Mediterranean 14 (4.82%);
Euro-Siberian 5 (1.72%) and widely distributedare 192 (66.20%).

Keywords: flora, Yassihoyiik, Gordion, Polatli, Ankara

*

Yassihoyiik (Gordion) florasi (Polath/Ankara)

Ozet

Aragtirma alani, Ankara ilinin batisindaki Polath ilgesinin yaklasik 17 km kuzeybatisinda yer almaktadir.
2011- 2013 yillar1 arasinda ¢aligma alanindan toplanan bitki drneklerinin degerlendirilmesi sonucu 42 familya ve 180
cinse ait, 290 tiir ve tiiralt1 takson tespit edilmistir. 38 takson endemik olup endemizm orani %13.10’dur. Taksonlarin
fitocografik bolgelere gore dagilimi ise sdyledir: 79’u iran-Turan Elementi (%27.24); 14’ii Akdeniz Elementi (%4.82);
5’1 Avrupa-Sibirya Elementi (%1.72); genis yayilishlar ile fitocografik bolgesine karar verilemeyenler ise 192
(%66.20)’ dir.

Anahtar kelimeler: flora, Yassihoylik, Gordion, Polatli, Ankara
1. Giris
1.1. Calismanin Amact

Bu c¢alisma ile Ankara ili, Polath ilgesinde bulunan Yassthoyiik bdlgesinin florasmi belirlemek, yakin
bolgelerde yapilmis olan galigmalarla benzerliklerini ve farkliliklarini tespit etmek, Ankara ilinde yapilacak olan bundan
sonraki floristik ve korolojik ¢aligmalara veri saglamak ve en 6nemlisi Tiirkiye Biyogesitliligine katk: saglamaktir.
1.2. Calisma Alanmin Cografi Konumu ve Ozellikleri

Arastirma yapilan alan; Ankara ilinin Polath ilgesi sinirlar igerisinde olan cografi konumu 31° 58'18" ve 32°
00' 27" dogu meridyenleri; 39° 41' 24" ve 39° 38' 48" kuzey paralelleri arasindadir. Alan, Tiirkiye Florasi’ndaki grid
sisteminde B4 karesi igindedir [1]. Arazi ¢alismasi yapilan yerler; Midas Tumiiliisii ve Hoylik ¢evresi (Kral Midas’in

mezarmin bulundugu miize) 706-745 m, Ikizhdyiik 762 m, Yassihoyiik 680 m, Kazialam 682-686 m, Kizlarkayas1 755-
800 m ve Kiranharmani (Kdseler yolu) 750 m olmak {izere farkli yiiksekliklerde noktalar bulunmaktadir. Aragtirma

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905067005926; Fax.: +905067005926; E-mail: celik.inci87@gmail.com
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alanma ulasim Ankara - Eskigehir yolu ile yapilmaktadir. Calisma alanimiz yerlesim yeri olarak Cekirdeksiz ve Koseler
koytine yakindir (Sekil 1).

1.3. Jeolojik Yapt ve Toprak Ozellikleri

Orta Anadolu Neojen Havzalarindan; Polath-Sivrihisar havzasmin Yukari Sakarya kesiminde, Miyosen
sedimantasyonuna ait ge¢ safha Urlinleri ile yaygin Pliyosen istifleri ¢aligma alaninda bulunmaktadir. Miyosen
¢okellerinin biiyiik bir boliimii; Pliyosen golsel ¢okelleri ile ortiilii olan son derece sinirli alandaki Yassthdyiik kdyiinde
mostra vermektedir. Calisma kapsaminda incelenmis olan alanda; Kuvaterner yash aliivyal ¢okeller, cogunlugu kil-silt
tiirii ince malzemeden olusan kum ve serbest ¢akil icermektedir. Gozlemlenen bdlgede ana drenaj sisteminin geligimi ve
Sakarya nehrinin dogus zamani olarak Pleyistosenin basi ifade edilmektedir. Sakarya nehrinin kenarlari batakliktir.
Giliniimiizde tagkin ovalarinda gelisen bataklik alanlar1 biiyiikk 6l¢iide kurutulmustur. Buradaki ¢okellere baktigimizda
ise bol organik maddeli, siyah renkli, siltli - killi bataklik camurlar1 seklinde goriilmektedir [2] (Sekil 2). Caligma alan
olan Yassihoyiik ve ¢evresindeki toprak grubu, kahverengi toprak ve Sakarya kenarmna yakin bolgelerde ise aliivyal
topraklardir [3] (Sekil 3).

1-4. Iklim

Polath, Sivrihisar ve Ankara istasyonlar1 olarak “yari kurak, alt, ¢ok soguk, Akdeniz” biyoiklim katina
girmektedirler. Rasat sonuglarma bakildiginda ise alanin ¢evresindeki toplam en yiiksek yillik yagis 409.1 mm ile
Sivrihisar’da daha sonra sirasiyla Ankara’da 389.1 mm ve Polatli’da 356.4 mm goriilmektedir [4]. Her ii¢ iStasyonun
yagis rejimi (IKSY) ve Dogu Akdeniz yagis rejimi 2. tipindedir. Ortalama sicakliklar sirasiyla Ankara’da 11.7 °C,
Polatli’da 11.4 °C ve Sivrihisar’da 11.2 °C olup, Temmuz ayinda dl¢lilmiistiir. Ortalama diisiik sicakliklar sirasiyla
Polatli’da -3.7 °C, Ankara’da -3.5 °C, Sivrihisar’da -3.4 °C olup Ocak ayinda goriilmiistiir. Ortalama yiiksek sicakliklar
ise sirastyla Ankara ve Polatli’da 30 °C, Sivrihisar’da 28.6 °C olup Temmuz ayimda dl¢iilmiistiir [5]. Sicaklik ve yagis
verileri 15181nda ¢izilen iklim diyagramlar1 Sekil 4 de verilmistir.
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Sekil 1. Arastirma alaninm genel haritas
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a b c d e

a b c d e
Sivrihisar 1070 m (40-40) 11,2 409,1

Polath 885 m (39-39) 14 356,4

a b c d e

Ankara 891 m (73-73) 1,7 389,1

m=-3,5“0’c 12
n=-249° 10 -

NON & Oo
N

Sekil 4. (a) Polatli, (b) Sivrihisar ve (c) Ankara istasyonlarina ait iklim diyagramlari

a. Meteoroloji istasyonu h. Kurak mevsim

b. Meteoroloji istasyonunun yiiksekligi (m) i. Nemli mevsim

c. Sicaklik ve yagis rasat yili m. En soguk ayin en diigiik sicaklik ortalamasi (°C)
d. Ortalama y1llik sicaklik (°C) n. Mutlak minumum sicaklik (°C)

e. Ortalama yillik yagis (mm) p. Mutlak donlu aylar

f. Sicaklik egrisi r. Muhtemel donlu aylar

2. Materyal ve yontem

Caligma alanma 29.03.2011 ve 09.02.2013 yillar1 arasinda farkli zamanlarda, toplam 14 arazi galigmasi
yapilarak 590 adet bitki 6rnegi inceleme yapmak amach toplanmistir. Toplanan 6rnekler herbaryum tekniklerine uygun
olmak sartiyla hazirlanarak GAZI herbaryumuna yerlestirilmistir. Orneklerin adlandirilmasinda “Flora of Turkey and
the East Aegean Islands, Vols. 1-9” [1], “Flora of Turkey and the East Aegean Islands (ek. 1) Cilt 10” [6], “Flora of
Turkey and the East Aegean Islands (ek. 2) Cilt 117 [7], “Flora Europaeae Cilt 1-5” [8], “Flora of Iraq Cilt 4” [9],
“Flora Iranica; Scrophulariaceae I” [10] flora kaynaklarindan faydalanilmistir. Morfolojik terimlerin 6grenilmesinde
acisindan degerlendirilen eserler ise “Ingilizce-Tiirk¢e Botanik Kilavuzu” [11] ve “Botanical Latin” [12] kullanilmustir.
Bitkilerin sinonimlerinin kontrol edilmesinde “Med-Checklist” [13] ve “Tiirkiye Bitkileri Listesi (Damarl Bitkiler)”
[14] kitaplar1 incelenmistir. Otor isimlerine bakildiginda, dogru olmak sartiyla standart yazilabilmesi i¢in Brummitt ve
Powel’in yazdig1 “Author of Plant Names” eseri incelenmistir [15].

Aragtirma alaninin genel haritas1 “Google Earth” programi kullanilarak yapilmistir. Calisma alanin jeolojik
bilgileri i¢in Porsuk formasyonunu igeren yiiksek lisans tezinden yararlanilmistir [2]. Iinceleme yapilan alaninm toprak
yapistyla ilgili bulgular1 Miilga KHGM ‘nin Ankara ili Il Envanter Raporu’ndan faydalamlmistir [3]. Polatli, Sivrihisar
ve Ankara’nin meteorolojik verileri hakkinda Devlet Meteoroloji isleri Genel Miidiirliigii’nden yardim alinmistir [4].
Iklim verilerinin yorumlanmasimda ise “Iklim ve Biyoiklim” kaynak olarak kullanilmistir [5].
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Endemik bitkilerin, tehlike kategorilerinin yazilmasinda ise <’Turkiye Bitkileri Kirmizi Kitab1”” incelenmistir
[16]. Taksonlarin tehlike kategorilerine bakildiginda IUCN 2001 Kriterlerine gore yeniden diizenleme yapilmustir [17].
Floristik liste siras1 Flora of Turkey gore hazirlanmistir. Taksonlarm familya ve cins i¢erisindeki diizenine bakildiginda
APG 1II ve Tirkiye Bitkileri Listesindeki siralama takip edilmistir. Bitki numune toplama istasyonlar1 belirtilirken
asagidaki lokalite numaralar1 kullanilmistir. Sonrasinda taksonlarin, endemik olma durumlarma ve fitocografik

bolgelerine bakilarak not alinmstur.

Caligma alaninin tamami B4: Ankara ili Polatli ilgesinin sinirlari igerisinde oldugundan, tekrardan kaginilmak
icin bitki toplama istasyonlar1 kisminda yer verilmemistir. Lokalite bilgileri sirasiyla taksonun toplandigi istasyon,
habitat, yiikseklik, toplama tarihi, toplayici numarasi olarak verilmistir. Endemik olup olmadigina gore incelenerek
endemikse tehlike kategorisi ve daha sonra da belirli ise fitocografik bolge elementi verilmistir. Yeni olan taksonlarin
belirlenmesinde ise B4 karesi i¢in taranan kaynak J. Donner’in Distribution of Maps to P.H. Davis ‘Flora of Turkey 1-

10’ eseridir [18].

Kisaltmalar Acgiklamalar Kisaltmalar Acgiklamalar Simgeler Ac¢iklamalar
Akd. Akdeniz NT Tehlike altina girebilir (Near Threated) °‘C Santigrat derece
Avr.-Sib. Avrupa-Sibirya LC En az endise verici (Least Concern) cm Santimetre

D. Akd. Dogu Akdeniz VU Zarar gorebilir (Vulnarable) m Metre

Sin. Sinonim mm Milimetre

End. Endemik

subsp. Alttiir

Ir.-Tur. Iran-Turan

var. Varyete

Bitki Numunelerinin Toplandip istasyonlar

1. Yassihoyiik
2. Kizlarkayas1
3. Kiranharmant

3. Bulgular

ANGIOSPERMAE

RANUNCULACEAE

Nigella arvensis L. var. glauca Boiss., 1, step, 685 m,
02.07.2011, 1. Celik 1156.

N. segetalis Bieb., 1, yol kenari, step, 680m, 03.06.2012, 1.
Celik 1531a.

N. nigellastrum (L.) Willk., 6, step, 745m, 13.08.2011, I.
Celik 1203. 2, step,752 m, 15.10.2011,

L. Celik 1220. 4, step, 686 m, 03.06.2012, 1. Celik 1481.
Consolida thirkeana (Boiss.) Schrod., 1, step, 685 m,
02.07.2011, 1. Celik 1143; ibid., 15.10.2011, 1. Celik 1227. 6,
step, 745 m, 13.08.2011, 1. Celik1197.

C. orientalis (J.Gay) Schrédinger, 1, yol kenari, step, 680 m,
13.05.2012, 1. Celik 1316; ibid., 03.06.2012, 1. Celik 1537. 2,
step, 752 m, 03.06.2012, I. Celik 1462. 4, step, 686 m,
03.06.2012, 1. Celik 1495.

C. regalis S.F.Gray subsp. paniculata (Host) So6 var.
paniculata, 1, step, 685 m, 15.10.2011, 1. Celik 1223. 4, step,
686 m, 03.06.2012, 1. Celik 1494.

C. raveyi (Boiss.) Schréd., 1, step, 685 m, 02.07.2011, 1.
Celik 1148. 2, step, 752m, 03.06.2012, 1. Celik 1463. 2, step,
752 m, 03.06.2012, 1. Celik 1463. Endemik, Ir.-Tur.element,
Tehlike kategorisi: LC.

C. hellespontica (Boiss.) Chater., 1, step, 685 m, 02.07.2011,
I. Celik 1149.

Adonis aestivalis L. subsp. aestivalis, 1, step, 685 m,
28.04.2012, 1. Celik 1242. 2, step, 752 m, 28.04.2012, I.
Celik 1251; ibid., 13.05.2012, I. Celik 1331. 5, step, 762 m,
13.05.2012, 1. Celik 1309. 4, step, 686 m, 03.06.2012, 1.
Celik 1489.

A. flammea Jacq., 2, step, 752 m, 30.04.2011, 1. Celik 1033.
Ranunculus argyreus Boiss., 1, step, 685 m, 28.04.2012, 1.
Celik 1241.

R. isthmicus Boiss. subsp. stepporum P. H. Davis, 2, step,
752 m, 30.04.2011, 1. Celik 1028.

4. Kazialam
5. Ikizhdyiik
6. Midas Tiimiiliisii ve Hoyiik ¢cevresi

Ceratocephala falcatus (L.) Pers., 3, step, 685 m,
29.03.2011, I. Celik 1010; ibid., 755 m, I. Celik 1011.

PAPAVERACEAE

Glaucium corniculatum (L.) Rudolph subsp. refractum
(Nébelek) Mory, 2, step, 752 m, 03.06.2012, 1. Celik 1477.
Ir.-Tur. element.

G. grandiflorum Boiss & A. Huet var. grandiflorum, 1, yol
kenar, step, 680 m, 02.07.2011, I. Celik 1113.

Papaver rhoeas L., 1, step, 680 m, 23.05.2012, I. Celik 1546.
P. dubium L., 5, step, 762 m, 13.05.2012, 1. Celik 1277. 1,
yol kenari, step, 680 m, 26.05.2012, I. Celik 1415; ibid.,
03.06.2012, 1. Celik 1538. 4, step, 686 m, 03.06.2012, 1.
Celik 1512; ibid., I. Celik 1521.

Hypecoum procumbens L., 3, step, 685 m, 29.03.2011, 1.
Celik 1003. 2, step,752 m, 30.04.2011, 1. Celik 1044. 6, step,
745 m, 28.04.2012, 1. Celik 1268. 5, step, 762 m, 13.05.2012,
L. Celik 1307; ibid., I. Celik 1312 .4, step, 686 m, 03.06.2012,
I. Celik 1484. Akdeniz element.

Hypecoum imberbe Sibth.&Sm., 2, step,750 m,03.06.2012, 1.
Celik 1547.

Fumaria officinalis L., 4, step, 686 m, 03.06.2012, 1. Celik
1496.

BRASSICACEAE (CRUCIFERAE)

Brassica elongata Ehrh., 1, yol kenar, step, 680
m,03.06.2012, 1. Celik 1548.

Sinapis arvensis L., 2, step,752 m,26.05.2012, i.Celik 1378;
ibid., I .Celik 1424. 1, yol kenari, step, 680 m, 03.06.2012, 1.
Celik 1533.

Hirschfeldia incana (L.) Lag.-Foss., 1, yol kenari, step, 680
m, 03.06.2012, 1. Celik 1549.

Crambe tataria Sebeok var. tataria 1, yol kenari, step, 680
m, 03.06.2012, I. Celik 1550.

Lepidium perfoliatum L., 1, yol kenari, step, 680 m,
03.06.2012, i.Celik 1551.
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Cardaria draba (L.) Desv. subsp .draba 2, step,752 m,
30.04.2011, 1. Celik 1048. 1, step, 685 m, 22.05.2012, I.
Celik 1092; ibid., 28.04.2012, 1. Celik 1270. 5, step, 762 m,
13.05.2012, 1. Celik 1276. 1, yol kenari, step, 680 m,
26.05.2012, 1. Celik 1413. 4, step, 686 m, 03.06.2012, 1.
Celik 1500. 6, step, 745 m, 28.04.2012, 1. Celik 1265.

Isatis glauca subsp. glauca Aucher ex Boiss., 1, yol kenart,
step, 680 m, 03.06.2012, I. Celik 1552.Ir.-Tur.element.
Thlaspi perfoliatum L., 3, step, 755 m, 29.03.2011, 1. Celik
1019.

Capsella bursa-pastoris (L.) Medik., 6, step, 745 m,
28.04.2012, 1. Celik 1264. 1, yol kenari, step, 680 m,
26.05.2012, 1. Celik 1416.

Malcolmia africana L., 3, step, 755 m, 29.03.2011, 1. Celik
1001. 2, step, 752 m, 30.04.2011, 1. Celik 1047.

Alyssum linifolium Stephan ex Willd. var. linifolium 3 ,
step, 755 m, 29.03.2011, 1. Celik 1018. 2, step, 752 m,
30.04.2011, 1. Celik 1049; ibid., 03.04.2012, 1. Celik 1234;
ibid., 28.04.2012, 1. Celik 1262; ibid., 26.05.2012, 1. Celik
1440, 1. Celik 1448.

A. desertorum Stapf. var. desertorum 3, step, 750 m,
29.03.2011, 1. Celik 1006.

A. minus (L.) Rothm. var. micranthum (Meyer) Dudley, 2,
step, 750 m, 26.05.2012, 1. Celik 1553.

A. sibiricum Willd., 1, step, 680 m, 22.05.2011, 1. Celik
1090. 3, step, 750 m, 02.07.2011, 1. Celik 1105. 2, step, 755
m, 15.10.2011, I. Celik 1218; ibid., 26.05.2012, 1. Celik
1418. 4, step, 680 m, 03.06.2012, 1. Celik 1515.

A. condensatum Boiss. & Hausskn. subsp. condensatum 1,
step, 680 m, 22.05.2011, 1. Celik 1554.

A. murale Waldst. & Kit. var. murale 3, step, 755 m,
29.03.2011, 1. Celik 1017. 2, step, 752 m, 30.04.2011, 1.
Celik 1031. 1, step, 680 m, 28.04.2012, 1. Celik 1240; ibid.,
13.05.2012, L. Celik 1292.

Erophila verna (L.) Chevall. subsp. verna 3, step, 685-750
m, 29.03.2011, 1. Celik 1002; ibid., 1.Celik 1005, I. Celik
1015.

Matthiola longipetala (Vent.) DC. subsp. bicornis (Sibth. &
Sm.) P.W.Ball, 2, step, 677-682 m, 30.04.2011, 1. Celik
1029; ibid., 03.06.2012, 1. Celik 1476.

Erysimum lycaonicum (Hand.-Mazz.) Hub.-Mor., 2, step,
750 m, 28.04.2012, 1. Celik 1250. 5, step, 760 m, 26.05.2012,
I. Celik 1402, I. Celik 1444, 1. Celik 1449. Endemik, Ir.-
Tur.element, Tehlike kategorisi: LC.

E. smyrnaeum Boiss & Balansa, 2, step, 752 m, 13.05.2012,
L. Celik 1343.

Sisymbrium altissimum L., 5, step, 760 m, 13.05.2012, 1.
Celik 1304, I. Celik 1306. 4, step, 685 m, 03.06.2012, 1. Celik
1518.

S. orientale L., 2, step, 750 m, 13.05.2012, 1. Celik 1556.

S. loeselii L., 2, step, 752 m, 30.04.2011, 1. Celik 1063. 1,
step, 680 m, 13.05.2012, 1. Celik 1317. 5, step, 760 m,
26.05.2012, 1. Celik 1394. 4, step, 686 m, 03.06.2012, I.
Celik 1505.

Descurainia sophia (L.) Webb ex Prantl subsp. sophia 2,
step, 752 m, 30.04.2011, I. Celik 1062. 1, step, 680 m,
28.04.2012, I. Celik 1267; ibid., 13.05.2012, 1. Celik 1296. 5,
step, 760 m, 26.05.2012, i.Celik 1396. 4, step, 685 m,
03.06.2012, 1. Celik 1506.

Arabidopsis parvula (Schrenk) Schulz, 2, step, 682 m,
30.04.2011, I. Celik 1050.

Camelina rumelica Vel., 4, step, 685 m, 03.06.2012, 1. Celik
1513.

C. hispida Boiss. var. grandiflora (Boiss.) Hedge, 1, yol
kenari, step, 680 m, 28.04.2012, 1. Celik 1273. Endemik,
Tehlike kategorisi: LC.

CAPPARACEAE
Capparis spinosa L. var. spinosa 2, step, 752 m, 13.08.2011,
I. Celik 1190; ibid., 26.05.2012, 1. Celik 1445.

RESEDACEAE Reseda
lutea L. var. lutea 2, step, 752 m, 13.05.2012, 1. Celik 1348.
4, step, 685 m, 03.06.2012, 1. Celik 1478, 1. Celik 1488, 1.
Celik 1490.

R. luteola L., 4, step, 685 m, 03.06.2012, 1. Celik 1509.
CISTACEAE

Helianthemum ledifolium (L.) Miller subsp. lycaonicum
Coode & Cullen, 3, step, 750 m, 02.07.2011, I. Celik 1104.
H.salicifolium (L.) Miller, 3, step, 750 m, 13.05.2012, 1.
Celik 1557.

Fumana procumbens (Dun.) Gren. & Godr., 2, step, 752 m,
13.05.2012, 1. Celik 1347; ibid., 26.05.2012, 1. Celik 1431.

F. aciphylla Boiss., 2, step, 750 m, 13.05.2012, 1. Celik
1557. Ir.-Tur. element.

VIOLACEAE
Viola occulta Lehm. 3, step, 755 m, 29.03.2011, I. Celik
1014.

POLYGALACEAE
Polygala papilionacea Boiss., 1, yol kenari, step, 680 m,
02.07.2011, 1. Celik 1120.

CARYOPHYLLACEAE

Minuartia hirsuta (M.Bieb.) Hand.- Mazz. subsp. falcata
(Griseb.) Mattf., 1, step, 685 m, 13.05.2012, I. Celik 1288. 2,
step, 752 m, 26.05.2012, 1. Celik 1428.

M. hybrida (Vill.) Schischk. subsp. hybrida 2, step, 752 m,3
0.04.2011, I. Celik 1039.

Spergularia media (L.) C.Presl, 1, step, 685 m, 02.07.2011, L.
Celik 1136, I. Celik 1151; ibid., 15.10.2011, 1. Celik 1231.
Holosteum marginatum C.A.Meyer, 1, step, 685 m,
22.05.2011, 1. Celik 1072.

H. umbellatum L. var. umbellatum 3, step,755 m,
29.03.2011, I. Celik 1016.

Dianthus zonatus Fenzl. var. zonatus 3, step,750 m,
02.07.2011, I.Celik 1099.

D. zonatus Fenzl. var. aristatus (Boiss.) Reeve, 1, step, 685
m, 02.07.2011, I. Celik 1135, I. Celik 1137. 2, step, 750 m,
03.06.2012, 1. Celik 1469, I.Celik 1470. 4, step, 685 m,
03.06.2012, 1. Celik 1480.

Gypsophila perfoliata L. var. perfoliata 1, step, 685 m,
22.05.2012, 1. Celik 1088; ibid., 13.08.2011, 1. Celik 1188;
ibid., 15.10.2011, 1. Celik 1224; ibid., 13.05.2012, 1. Celik
1287.

G. eriocalyx Boiss., 1, step, 685 m, 02.07.2011, I. Celik
1132. 5, step, 760 m, 24.07.2011, 1. Celik 1160, I. Celik
1187. 4, step, 685 m, 03.06.2012, 1. Celik 1514.

Silene chlorifolia Sm., 1, step, 680 m, 03.06.2012, i. Celik
1558. Ir.-Tur.element.

S. cappadocica Boiss. & Heldr, 2, step, 750 m, 15.10.2011, L
Celik 1217. Ir.-Tur. element.

S. supina Bieb. subsp. pruinosa (Boiss.) Chowdh. 2,
step,750 m,03.06.2012, 1. Celik 1465.

S. subconica Friv., 1, yol kenari, step,685 m, 02.07.2011,
L.Celik 1188. 5, step, 755 m,13.05.2012, 1. Celik 1305.

ILLECEBRACEAE )
Herniaria incana Lam., 4, step, 686 m, 03.06.2012, 1. Celik
1520.

Paronychia kurdica Boiss. subsp. kurdica var. kurdica 1,
step, 680 m, 03.06.2012, 1. Celik 1559.
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P.amani Chaudhri var. amani 1, step, 685 m, 02.07.2011, 1.
Celik 1140. Endemik, Tehlike kategorisi: LC.

P. condensata Chaudhri, 5, step, 750 m, 24.07.2011, 1. Celik
1170; ibid. 26.05.2012, 1. Celik 1407.

CHENOPODIACEAE

Chenopodium botrys L., 2, step,750 m,03.06.2012, I. Celik
1560.

C. album L. subsp. album var. album 2, step, 750 m,
03.06.2012, I. Celik 1458.

Krascheninnikovia cerotoides (L.) Giildenst., 6, step, 745 m,
13.08.2011, 1. Celik 1199. 2, step, 750 m, 15.10.2011, 1.
Celik 1222.

Salsola kali subsp. ruthenica (Iljin) Soo, 2, step, 750 m,
03.06.2012, 1. Celik 1473. 4, step, 685 m, 03.06.2012, I.
Celik 1487.

S. laricina Pall., 6, step, 745 m, 13.08.2011, 1. Celik 1204. 2,
step, 750 m, 26.05.2012, I. Celik 1439.

Noaea mucronata (Forssk.) Aschers.&Schweinf. subsp.
mucronata 6, step, 745 m, 13.08.2011, I. Celik 1201. 1, step,
685 m, 15.10.2011, 1. Celik 1229.

AMARANTHACEAE

Amaranthus retroflexus L., 2, step, 750 m, 15.10.2011, 1.
Celik 1458b.

FRANKENIACEAE

Frankenia hirsuta L., 1, yol kenari, step, 685 m, 02.07.2011,
L. Qelik 1130, I. Celik 1150; ibid., 15.10.2011, 1. Celik 1232.
5, step, 750 m, 24.07.2011, i. Celik 1183. 4, step, 685 m,
03.06.2012, 1. Celik 1519.

MALVACEAE )
Malva neglecta Wallr., 4, step, 685 m, 03.06.2012, I. Celik
1498.

LINACEAE

Linum aretioides Boiss., 1, yol kenari, step, 685 m,
02.07.2011, . Celik 1114. Endemik, Tehlike kategorisi: VU.
L. tenuifolium L., 2, step, 750 m, 26.05.2012, 1. Celik 1377.
L. austriacum L. subsp. austriacum 2, step, 750 m,
22.05.2011, 1. Celik 1068.

L. austriacum L. subsp. glaucescens (Boiss.) Davis, 6, step,
745 m, 13.08.2011, I. Celik 1194. 2, step, 750 m, 26.05.2012,
L Celik 1438.

GERANIACEAE

Geranium tuberosum L. subsp. tuberosum 2, step, 750 m,
30.04.2011, 1. Celik 1030, I. Celik 1054. 1, yol kenari, step,
685 m, 28.04.2012, 1. Celik 1254.

Erodium ciconium (L.) L” Hérit., 5, step, 750 m, 13.05.2012,
I. Celik 1314. 2, step, 750 m, 26.05.2012, 1. Celik 1385.

E. cicutarium (L.) L” Hér. subsp. cicutarium 2, step, 685 m,
30.04.2011, 1. Celik 1034; ibid., 13.05.2012, 1. Celik 1355. 4,
step, 685 m, 03.06.2012, I. Celik 1525.

E. acaule (L.) Becherer & Thell., 3, step, 685 m, 29.03.2011,
I. Celik 1004. Akdeniz element.

ZYGOPHYLLACEAE

Zygophyllum fabago L., 5, step, 685 m, 13.05.2012, 1. Celik
1275. Ir.-Tur. element.

Tribulus terrestris L., 2, step, 750 m, 03.06.2012, 1. Celik
1456.

Peganum harmala L., 1, step, 685 m, 02.07.2011, 1. Celik
1152; ibid., 26.05.2012, 1. Celik 1369, 1. Celik 1392. 6, step,
745 m, 13.08.2011, 1. Celik 1208. 5, step, 685 m, 13.05.2012,
I. Celik 1280.
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RUTACEAE

Haplophyllum muyrtifolium Boiss., 5, step, 685 m,
24.07.2011, 1. Celik 1186. 1, step, 685 m, 02.07.2011, L
Celik 1290. 2, step, 750 m, 13.05.2012, 1. Celik 1360; ibid.,
26.05.2012, 1. Celik 142, 1. Celik 1435. Ir.-Tur.element,
Tehlike kategorisi: LC.

FABACEAE (LEGUMINOSAE)

Genista sessilifolia DC., 2, step, 750 m, 13.05.2012, 1. Celik
1337; ibid., 26.05.2012, I. Celik 1434. Ir.-Tur.element.
Astragalus asterias Stev. ex Ledeb., 2, step, 750 m,
30.04.2011, I. Celik 1035. Ir.-Tur.element.

A. oxyglottis Stev., 1, step, 685 m, 22.05.2011, 1. Celik 1081,
I. Celik 1085.

A. hamosus L., 4, step, 685 m, 03.06.2012, 1. Celik 1508.

A. wiedemannianus Fischer, 3, step, 750 m, 02.07.2011, 1.
Celik 1107. 1, step, 685 m, 02.07.2011, 1. Celik 1145. 5, step,
685 m, 24.07.2011, 1. Celik 1162. 2, step, 750 m, 26.05.2012,
L. Celik 1375; ibid., 03.06.2012, 1. Celik 1452. Endemik, Ir.-
Tur. element.

A. lydius Boiss., 1, step, 685 m, 22.05.2011, I. Celik 1075, L.
Celik 1091, 1. Celik 1080; ibid., 02.07.2011, I. Celik 1128;
13.05.2012, 1. Celik 1289. 3, step, 750 m, 02.07.2011, 1.
Celik 1110. 5, step, 685 m, 13.05.2012, 1. Celik 1281. 2, step,
750 m, 13.05.2012, 1. Celik 1322; ibid., 26.05.2012, 1 Celik
1374, 1. Celik 1442; ibid., 03.06.2012, 1. Celik 1455, 1. Celik
1462. Endemik, Ir.-Tur.element, Tehlike kategorisi: LC.

A. setulosus Boiss. & Bal., 2, step, 750 m, 03.06.2012, 1.
Celik 1459. Endemik, Ir.-Tur. element.

A. karamasicus Boiss. & Bal., 2, step, 685 m, 30.04.2011, I.
Celik 1027, I. Celik 1040. 5, step, 685 m, 26.05.2012, 1. Celik
1395, 1. Celik 1403. Endemik, Ir.-Tur.element, Tehlike
kategorisi: LC.

A.elongatus Willd. subsp. elongatus 1, step, 685 m,
22.05.2011, I. Celik 1079. 1, yol kenari, step, 685 m,
28.04.2012, 1. Celik 1246. 2, step, 750 m, 13.05.2012, 1.
Celik 1335.

A. spruneri Boiss., 2, step, 685 m, 30.04.2011, 1. Celik 1023.
1, step, 685 m, 13.05.2012, 1. Celik 1295.

Vicia cracca L. subsp. stenophylla Velen., 1, yol kenari, step,
685 m, 13.05.2012, 1. Celik 1319.

V. peregrina L., 1, step, 685 m, 22.05.2011, I. Celik 1071.
Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj., 4, step,
685 m, 03.06.2012, 1. Celik 1499.

Trifolium tomentosum L., 4, step, 685 m, 03.06.2012, 1.
Celik 1527.

T. globosum L., 2, step, 685 m, 30.04.2011, 1. Celik 1024.
Melilotus officinalis (L.) Desr., 4, step, 685 m, 03.06.2012, 1.
Celik 1497.

Trigonella fischeriana Ser., 2, step, 685 m, 30.04.2011, I.
Celik 1036. 5, step, 685 m, 13.05.2012, 1. Celik 1308; ibid.,
26.05.2012, 1. Celik 1390. 2, step, 750 m, 26.05.2012, 1.
Celik 1380. Ir.-Tur.element.

T. monantha C.A.Meyer subsp. monantha 5, step, 685 m,
13.05.2012, 1. Celik 1311. Ir.-Tur. element.

T. coerulescens (Bieb.) Hal 4, step, 685 m, 03.06.2012, 1.
Celik 1501. Ir.-Tur. element.

Medicago radiata L., 2, step, 750 m, 13.05.2012, 1. Celik
1561. Ir.-Tur. element.

M. x varia Martyn, 1, yol kenari, step, 685 m, 03.06.2012, 1.
Celik 1535.

M.minima (L.) Bart. var. minima 4, step, 685 m, 03.06.2012,
L. Celik 1562.

M. rigidula (L.) All. var. rigidula 4, step, 685 m, 03.06.2012,
L Celik 1502.
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Lotus corniculatus L. var. corniculatus 4, step, 685 m,
03.06.2012, 1. Celik 1524. 1, yol kenari, step, 685 m,
03.06.2012, 1. Celik 1529.

Coronilla varia L. subsp. varia 1, yol kenari, step, 685 m,
03.06.2012, I. Celik 1563.

Hedysarum varium Willd., 1, step, 685 m, 02.07.2011, 1.
Celik 1129. Ir.-Tur element.

H. cappadocium Boiss., 2, step, 685 m, 22.05.2011, 1. Celik
1064; ibid., 26.05.2012, 1. Celik 1430.

Onobrychis armena Boiss. & Huet, 1, step, 685 m,
22.05.2011, 1. Celik 1094; ibid., 02.07.2011, 1. Celik 1122;
ibid., 26.05.2012, 1. Celik 1366. 5, step, 685 m, 26.05.2012, 1.
Celik 1393. 2, step, 750 m, 03.06.2012, I. Celik 1460.
Endemik, Tehlike kategorisi: LC.

O. oxyodonta Boiss. & Huet. subsp. armena 5, step, 685 m,
24.07.2011, 1. Celik 1163; ibid., 26.05.2012, I. Celik 1406. 4,
step, 685 m, 03.06.2012, 1. Celik 1511.

O. argyrea Boiss. subsp. argyrea 1, step, 685 m, 22.05.2011,
I Celik 1073. 4, step, 685 m, 03.06.2012, 1. Celik 1510.
Endemik, Ir.-Tur. element, Tehlike kategorisi: LC.

Alhagi pseudalhagi (Bieb.) Desv., 4, step, 685 m,
03.06.2012, 1. Celik 1507. Ir.-Tur. element.

UMBELLIFERAE (APIACEAE)

Eryngium bithynicum Boiss., 1, step, 685 m, 02.07.2011, 1.
Celik 1154; ibid., 13.05.2012, 1. Celik 1297. 2, step, 750 m,
03.06.2012, 1. Celik 1479. Endemik, Ir.-Tur.element, Tehlike
kategorisi: LC.

E. campestre L. var. virens Link, 2, step, 750 m, 13.08.2011,
I. Celik 1211; ibid., 03.06.2012, I. Celik 1471.

Echinophora tournefortii Jaub. & Spach, 5, step, 685 m,
24.07.2011, 1. Celik 1174. 2, step, 750 m, 13.08.2011, 1.
Celik 1212. Ir.-Tur. element.

Scandix australis L. subsp. grandiflora (L.)Thell., 1, step,
685 m, 22.05.2011, 1. Celik 1086.

Bifora radians M. Bieb, 2, step, 750 m, 13.08.2011, 1. Celik
1323.

Conium maculatum L., 1, yol kenari, step, 685 m,
03.06.2012, I. Celik 1530.

Bupleurum boissieri Post, 1, step, 685 m, 02.07.2011, 1.
Celik 1134.

Peucedanum palimbioides Boiss.,, 5, step, 685 m,
24.07.2011, 1. Celik 1177. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

Malabaila secacul (Mill.) Boiss. subsp. secacul 1, step, 685
m, 22.05.2011, 1. Celik 1089.

Torilis leptophylla (L.) Reichb., 1, step, 685 m, 03.06.2012,
I. Celik 1564.

Astrodaucus orientalis (L.) Drude, 1, step, 685 m,
03.06.2012, 1. Celik 1565. Ir.-Tur. element.

Caucalis platycarpos L., 2, step, 750 m, 13.05.2012, 1. Celik
1329.

Turgenia latifolia (L.) Hoffm., 2, step, 750 m, 26.05.2012, I.
Celik 1384; ibid., 03.06.2012, 1. Celik 1463. 1, yol kenari,
step, 685 m, 03.06.2012, 1. Celik 1532.

Daucus carota L., 4, step, 685 m, 03.06.2012, 1. Celik 1504.
1, yol kenari, step, 685 m, 03.06.2012, 1. Celik 1534.

Artedia squamata L., 6, step, 745 m, 13.08.2011, 1. Celik
1192.

VALERIANACEAE

Valeriana dioscoridis Sm., 2, step, 750 m, 26.05.2012, I.
Celik 1566. Akdeniz element.

Valerianella coronata (L.) DC., 5, step, 685 m, 13.05.2012,
I. Celik 1310; ibid., 26.05.2012, 1. Celik 1391. 2, step, 750 m,
26.05.2012, 1. Celik 1389. 4, step, 685 m, 03.06.2012, I.
Celik 1499, I. Celik 1503.

V. vesicaria (L.) Moench, 2, step, 685 m, 30.04.2011, 1. Celik
1041.

DIPSACEAE

Scabiosa argentea L., 1, step, 685 m, 02.07.2011, i. Celik
1126. 5, step, 685 m, 24.07.2011, 1. Celik 1165, 1. Celik
1169, 1. Celik 1175. 2, step, 750 m, 15.10.2011, 1. Celik
1221; ibid,, 03.06.2012, 1. Celik 1467. 4, step, 685 m,
03.06.2012, 1. Celik 1482.

S. rotata Bieb., 3, step, 750 m, 02.07.2011, 1. Celik 1106. 1,
step, 685 m, 02.07.2011, 1. Celik 1147; ibid., 26.05.2012, 1.
Celik 1364. 5, step, 685 m, 26.05.2012, 1. Celik 1397, 1. Celik
1398. 2, step, 685 m, 26.05.2012, 1. Celik 1432. 4, step, 685
m, 03.06.2012, 1. Celik 1492. Ir.-Tur. element.

Pterocephalus plumosus (L.) Coulter, 1, step, 685 m,
22.05.2011, . Celik 1074.

ASTERACEAE (COMPOSITAE)

Xanthium strumarium L. subsp. cavanillesii (Schouw) D.
Love et P. Banserau, 2, step, 685 m, 03.06.2012, 1. Celik
1475a.

X. spinosum L., 4, step, 685 m, 03.06.2012, 1. Celik 1510.
Helichrysum arenarium (L.) Moench subsp. aucheri
(Boiss.) P.H.Davis & Kupicha, 1, yol kenari, step 685 m,
02.07.2011, I. Celik 1115. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

Filago pyramidata L., 2, step, 685 m, 26.05.2012, 1. Celik
1567.

Logfia arvensis (L.) Holub, 5, step, 685 m, 24.07.2011, 1.
Celik 1181. 1, step, 685 m, 26.05.2012, 1. Celik 1370. 4, step,
685 m, 03.06.2012, 1. Celik 1485.

Senecio vernalis Waldst. & Kit., 6, step, 745 m, 29.03.2011,
I. Celik 1022; ibid., 28.04.2012, 1. Celik 1256. 2, step, 685 m,
30.04.2011, 1. Celik 1056; ibid., 26.05.2012, 1. Celik 1425. 1,
step, 685 m, 28.04.2012, 1. Celik 1258. 4, step, 685 m,
03.06.2012, I. Celik 1493.

Anthemis cretica L. subsp. anatolica (Boiss.) Grierson, 2,
step, 685 m, 26.05.2012, 1. Celik 1427.

A. cretica L. subsp. umblicata (Boiss. & Huet) Grierson, 2,
step, 685 m, 13.05.2012, 1. Celik 1330.

Cota tinctoria L. subsp. tinctoria 4, step, 685 m, 03.06.2012,
L. Celik 1516.

C. austriaca Jacq., 4, step, 685 m, 03.06.2012, 1. Celik 1491.
1, yol kenar, step, 685 m, 03.06.2012, 1. Celik 1536.
Achillea phrygia Boiss. & Ball., 5, step, 685 m, 24.07.2011,
I. Celik 1182. 4, step, 685 m, 03.06.2012, 1. Celik 1483. 1,
step, 685 m, 28.04.2012, 1. Celik 1076. 1, yol kenari, step,
685 m, 02.07.2011, 1. Celik 1410. Endemik, Ir.-Tur. element,
Tehlike kategorisi: LC.

A.aleppica DC. subsp. zederbaueri (Hayek) Hub.-Mor., 1,
step, 685 m, 13.05.2012, 1. Celik 1286. 5, step, 685 m,
13.05.2012, 1. Celik 1315. 2, step, 685 m, 13.05.2012, I.
Celik 1351; ibid, 26.05.2012, I Celik 1441; ibid.,
03.06.2012, 1. Celik 1457. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

A. ketenoglui H.Duman, 2, step, 685 m, 30.04.2011, 1. Celik
1055. 1, step, 685 m, 28.04.2012, 1. Celik 1247. Endemik, Ir.-
Tur. element, Tehlike kategorisi: CR.
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Tripleurospermum oreades (Boiss.) Rech. fil. var.
tchihatchewii (Boiss.) E. Hossain, 2, step, 685 m,
30.04.2011, 1. Celik 1045.

T. callosum (Boiss. & Heldr.) E. Hossain, 1, step, 685 m,
28.04.2012, 1. Celik 1243. 6, step, 745 m, 28.04.2012, 1.
Celik 1255. 4, step, 685 m, 03.06.2012, 1. Celik 1528.
Endemik, Tehlike kategorisi: LC.

Artemisia campestris L., 4, step, 685 m, 03.06.2012, 1. Celik
1523.

A. santonicum L., 1, step, 685 m, 02.07.2011, 1. Celik 1125.
6, step, 745 m, 13.08.2011, 1. Celik 1205.

A. taurica Willd., 1, step, 685 m, 15.10.2011, 1. Celik 1225.
Gundelia tournefourtii L. var. tournefourtii 4, step, 685 m,
03.06.2012, 1. Celik 1522.

Cousinia halysensis Hub.-Mor., 1, step, 685 m, 02.07.2011,
I Celik 1153. 5, step, 685 m, 24.07.2011, 1. Celik 1166.
Endemik, Ir.-Tur. element, Tehlike kategorisi: NT.

C. stapfiana Freyn & Sint., 1, step, 685 m, 02.07.2011, 1.
Celik 1142. Endemik, Ir.-Tur. element, Tehlike Kkategorisi:
LC.

Onopordum acanthium L., 1, step, 685 m, 13.08.2011, 1.
Celik 1191. 2, step, 685 m, 13.05.2012, 1. Celik 1321.
Picnomon acarna (L.) Cass., 2, step, 685 m, 26.05.2012, 1.
Celik 1568. Akdeniz element.

Carduus nutans L. subsp. nutans sensu lato 2, step, 752 m,
30.04.2011, 1. Celik 1061: ibid., 13.05.2012, 1. Celik 1361. 1,
step, 685 m, 22.05.2011, 1. Celik 1084; ibid., 28.04.2012, 1.
Celik 1257.

C. pycnocephalus L. subsp. albidus (M. Bieb) Kazmi, 5,
step, 685 m, 13.05.2012, I. Celik 1279. 4, step, 685 m,
03.06.2012, 1. Celik 1489. 2, step, 685 m, 13.05.2012, I.
Celik 1324.

Jurinea pontica Hausskn. & Freyn ex Hausskn., 5, step, 685
m, 24.07.2011, 1. Celik 1164. Endemik, Ir.-Tur. element,
Tehlike kategorisi: LC.

Centaurea coronopifolia Lam., 5, step, 685 m, 24.07.2011, 1.
Celik 1172. Ir.-Tur. element

C. virgata Lam., 1, yol kenari, step, 685 m, 02.07.2011, 1.
Celik 1117. 5, step, 685 m, 24.07.2011, 1. Celik 1158. 1,
step, 685 m, 15.10.2011, I. Celik 1226. 2, step, 685 m,
26.05.2012, I. Celik 1404. Ir.-Tur. element.

C. solstitialis L. subsp. solstitialis 3, step, 750 m, 02.07.2011,
I. Celik 1097.

C. iberica Trev. Ex Sprengel, 2, step, 685 m, 03.06.2012, 1.
Celik 1569. Akdeniz element.

C. urvillei DC. subsp. stepposa Wagenitz, 3, step,750 m,
02.07.2011, 1. Celik 1111. Ir.-Tur. element.

C. pseudoreflexa Hayek, 1, step, 685 m, 26.05.2012, I. Celik
1371; ibid.,, 13.05.2012, 1. Celik 1291. 2, step, 685 m,
13.05.2012, 1. Celik 1341. 4, step, 685 m, 03.06.2012, 1.
Celik 1486. Ir.-Tur. element.

C. depressa Bieb., 1, yol kenari, step, 685 m, 22.05.2011, 1.
Celik 1070. 5, step, 685 m, 26.05.2012, 1. Celik 1405.
Crupina crupinastrum (Moris) Vis., 1, step, 685 m,
02.07.2011, 1. Celik 1144.

Cnicus benedictus L. var. benedictus 2, step, 685 m,
13.05.2012, 1. Celik 1570.

Carthamus lanatus L., 2, step, 685 m, 13.05.2012, i. Celik
1571.

Xeranthemum annuum L., 3, step, 750 m, 02.07.2011, I
Celik 1098. 1, step, 685 m, 02.07.2011, I. Celik 1124. 5,
step, 685 m, 24.07.2011, 1. Celik 1176. 6, step, 745 m,
13.08.2011, L. Celik 1202.

Echinops orientalis Trautv., 6, step, 745 m, 13.08.2011, 1.
Celik 1214. Ir.-Tur. element.

Scolymus hispanicus L., 5, step, 685 m, 24.07.2011, 1. Celik
1185. Akdeniz element.
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Cichorium intybus L., 2, step, 685 m, 03.06.2012, 1. Celik
1572.

Koelpinia linearis Pallas, 4, step, 685 m, 03.06.2012, 1.
Celik 1521. Ir.-Tur. element.

Scorzonera cana (C.A.Meyer) Hoffm. var. cana 2, step, 685
m, 26.05.2012, 1. Celik 1383, 1. Celik 1450.

S. mollis Bieb. subsp. szowitzii (DC.) Chamberlain, 2, step,
685 m, 28.04.2012, 1. Celik 1252; ibid., 13.05.2012, I. Celik
1354. Ir.-Tur. element.

Tragopogon longirostris Bisch. ex Schultz Bip. var.
longirostris 1, step, 685 m, 13.05.2012, 1. Celik 1573.

T. dubius Scop., 1, step, 685 m, 28.04.2012, 1. Celik 1263;
ibid., 13.05.2012, 1. Celik 1283, 1. Celik 1301.

Sonchus asper (.L.) Hill. subsp. glaucescens (Jordan) Ball,
2, step, 685 m, 03.06.2012, 1. Celik 1464.

Chondrilla juncea L. var. juncea 6, step, 745 m, 13.08.2011,
I. Celik 1195. 2, step, 685 m, 15.10.2011, 1. Celik 1216.
Crepis macropus Boiss. & Heldr.,, 1, step, 685 m,
22.05.2011, 1. Celik 1083. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

C. foetida L. subsp. rhoeadifolia (M. Bieb.) Celak, 1, yol
kenari, step, 685 m, 02.07.2011, I. Celik 1119.

C. sancta (L.) Bornm., 1, step, 685 m, 13.08.2011, 1. Celik
1293. 2, step, 685 m, 13.05.2012, 1. Celik 1327; ibid.,
26.05.2012, 1. Celik 1382, 1. Celik 1446.

Taraxacum farinosum Hausskn. &Bornm, 1, step, 685 m,
13.08.2011, 1. Celik 1189. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

CAMPANULACEAE

Asyneuma lobelioides (Willd.) Hand.-Mazz., 2, step, 685 m,
26.05.2012, 1. Celik 1433; ibid., 03.06.2012, 1. Celik 1472.
Ir.-Tur. element.

APOCYNACEAE

Vinca herbacea Waldst. &Kit., 2, step, 685 m, 28.04.2012, .
Celik 1244.

CONVOLVULACEAE

Convolvulus lineatus L,. 2, step, 685 m, 26.05.2012, 1. Celik
1447. Ir.-Tur. element.

C. arvensis L., 5, step, 685 m, 22.05.2011, 1. Celik 1082. 1,
yol kenari, step, 685 m, 03.06.2012, 1. Celik 1531b.

CUSCUTACEAE

Cuscuta campestris Yuncker, 2, step, 685 m, 03.06.2012, 1.
Celik 1475b.

C. palaestina Boiss. subsp. balanse (Yuncker) Plitm., 3, step,
750 m, 02.07.2011, i. Celik 1108.

BORAGINACEAE

Heliotropium europaeum L., 6, step, 745 m, 13.08.2011, 1.
Celik 1200, 1. Celik 1209. 1, yol kenari, step, 685 m,
26.05.2012, 1. Celik 1409. Akdeniz element.

Lappula barbata (Bieb.) Giirke, 4, step, 685 m, 03.06.2012,
I. Celik 1526. Ir.-Tur. element.

Rochelia disperma (L.fil.) C.Koch var. disperma 2, step, 685
m, 30.04.2011, 1. Celik 1037. 4, step, 685 m, 03.06.2012, 1.
Celik 1530.

Myosotis lithospermifolia (Willd.) Hornem., 2, step, 685 m,
13.05.2012, 1. Celik 1338.

Buglossoides arvensis (L.) Johnston, 3, step, 750 m,
29.03.2011, 1. Celik 1009. 2, step, 685 m, 30.04.2011, I.
Celik 1058. 5, step, 685 m, 13.05.2012, 1. Celik 1313.
Echium italicum L., 2, step, 685 m, 03.06.2012, I. Celik
1574.

Moltkia coerulea (Willd.) Lehm., 2, step, 685 m, 30.04.2011,
I. Celik 1026. 1, step, 685 m, 28.04.2012, 1. Celik 1245. 5,
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step, 685 m, 28.04.2012, I. Celik 1261. 2, step, 685 m,
28.04.2012, I. Celik 1274; ibid., 13.05.2012, I. Celik 1325. 1,
step, 685 m, 13.05.2012, I. Celik 1300. Ir.-Tur.element.

M. aureua Boiss., 1, step, 685 m, 13.05.2012, 1. Celik 1575.
Endemik, Ir.- Tur. element, Tehlike kategorisi: LC.

Onosma isauricum Boiss. & Heldr., 1, step, 685 m,
13.05.2012, 1. Celik 1576. Endemik, Tehlike kategorisi: LC.
Anchusa leptophylla Roemer & Schultes subsp. leptophylla
1, step, 685 m, 13.05.2012, 1. Celik 1577.

A.azurea Miller var. azurea 2, step, 685 m, 30.04.2011, 1.
Celik 1032.

Nonea caspica (Willd.) G.Don, 3, step, 750 m, 29.03.2011, 1.
Celik 1013. Ir.-Tur. element.

SOLANACEAE
Hyoscyamus reticulatus L., 4, step, 685 m, 03.06.2012, I.
Celik 1515. Ir.-Tur. element.

SCROPHULARIACEAE

Verbascum cheiranthifolium Boiss. var. asperulum (Boiss.)
Murb. 3, step,750 m, 02.07.2011, 1. Celik 1155. Endemik,
Tehlike kategorisi: LC.

Veronica grisebachii S.M.Walters, 2, step, 685 m,
30.04.2011, I. Celik 1046, I. Celik 1057. Akdeniz element.

V. persica Poiret, 3, step,750 m, 29.03.2011, I. Celik 1008.

V. multifida L., 1, step, 685 m, 13.05.2012, I. Celik 1302. 2,
step, 685 m, 13.05.2012, 1. Celik 1336, 1. Celik 1356; ibid.,
26.05.2012, I. Celik 1387, 1. Celik 1436. Ir.-Tur.element.

V. hederifolia L., 1, yol kenari, step, 685 m, 26.05.2012, 1.
Celik 1408.

Bungea trifida (Vahl) C.A.Meyer, 2, step, 685 m,
03.06.2012, 1. Celik 1474. Ir.-Tur. element.

OROBANCHACEAE

Orobanche purpurea Jacg., 1, yol kenari, step, 685 m,
22.05.2011, 1. Celik 1095. 1, step, 685 m, 02.07.2011, I.
Celik 1146. 2, step, 685 m, 26.05.2012, 1. Celik 1379.

GLOBULARIACEAE )
Globularia orientalis L. 3, step,750 m, 02.07.2011, I. Celik
1100. Ir.-Tur. element.

LAMIACEAE (LABIATAE)

Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb)
Arcang., 3, step, 750 m, 29.03.2011, i. Celik 1020. 1, step,
685 m, 26.05.2012, I. Celik 1365.

Teucrium parviflorum Schreber, 1, step, 685 m, 03.06.2012,
I. Celik 1578. Ir.-Tur. element.

T.polium L. subsp. polium 3, step, 750 m, 02.07.2011, I.
Celik 1101. 1, step, 685 m, 02.07.2011, 1. Celik 1127. 1, yol
kenar, step, 685 m, 24.07.2011, 1. Celik 1180. 5, step, 685 m,
24.07.2011, 1. Celik 1184. 6, step, 745 m, 13.08.2011, 1.
Celik 1210. 2, step, 685 m, 13.08.2011, 1. Celik 1213; ibid.,
15.10.2011, L. Celik 1219; ibid., 26.05.2012, 1. Celik 1426.
Scutellaria orientalis L. subsp. pinnatifida Edmondson, 1,
step, 685 m, 22.05.2011, 1. Celik 1078; ibid., 28.04.2012, 1.
Celik 1239; ibid., 13.05.2012, 1. Celik 1299. Endemik, Ir.-
Tur. element, Tehlike kategorisi: LC.

S. yildirimlii M.Cigek&Yaprak, 5, step, 750 m, 24.07.2011, 1.
Celik 1168; ibid., 13.05.2012, 1. Celik 1303. 2, step, 685 m,
15.10.2011, 1. Celik 1215; ibid., 13.05.2012, 1. Celik 1352;
ibid., 26.05.2012, 1. Celik 1381. Phytotaxa dergisinde
yayindadir.

Phlomis pungens Willd. var. laxiflora Velen, 2, step, 685 m,
03.06.2012, L. Celik 1455.

P. armeniaca Willd., 1, step, 685 m, 03.06.2012, 1. Celik
1579. Endemik, Ir.-Tur. element, Tehlike kategorisi: LC.

Lamium amplexicaule L., 3, step, 750 m, 29.03.2011, .
Celik 1007, I. Celik 1012. 2, step, 685 m, 30.04.2011, 1. Celik
1043. Avrupa-Sibirya element.

Wiedemannia orientalis Fisch.&Mey., 2, step, 685 m,
30.04.2011, I. Celik 1042; ibid., 13.05.2012, 1. Celik 1326. 5,
step, 750 m, 13.05.2012, 1. Celik 1278. 4, step, 685 m,
03.06.2012, I. Celik 1517. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

W. multifida (L.) Bentham, 4, step, 685 m, 03.06.2012, 1.
Celik 1580. Ir.-Tur. element.

Marrubium parviflorum Fisch. & C. A. Mey. subsp.
oligodon (Boiss) Seybold, 1, step, 685 m, 22.05.2011, I.
Celik 1093; ibid., 15.10.2011, 1. Celik 1228. Endemik, Ir.-
Tur.element, Tehlike kategorisi: LC.

M.trachyticum Boiss., 1, step, 685 m, 13.05.2012, 1. Celik
1285. 5, step, 750 m, 26.05.2012, 1. Celik 1401. Endemik, Ir.-
Tur.element, Tehlike kategorisi: NT.

Stachys iberica M. Bieb subsp. iberica var. densipilosa
Bhattacharjee, 3, step, 750 m, 02.07.2011, 1. Celik 1112.
Endemik, Ir.-Tur. element, Tehlike kategorisi: LC.

Acinos rotundifolius Pers, 2, step, 685 m, 30.04.2011, L
Celik 1038.

Thymus sipyleus Boiss subsp. rosulans (Borbas) Jalas, 2,
step, 685 m, 30.04.2011, i. Celik 1025; ibid., 03.06.2012, I.
Celik 1466. 3, step, 750 m, 02.07.2011, 1. Celik 1103. 1, step,
685 m, 02.07.2011, 1. Celik 1133.

T. leucostamus Hausskn. & Velen. var. leucostamus 2, step,
685 m, 03.06.2012, 1. Celik 1581. Endemik, Tehlike
kategorisi: NT.

Ziziphora taurica Bieb. subsp. taurica 1, step , 685 m,
13.05.2012, 1. Celik 1284; ibid., 26.05.2012, 1. Celik 1373. 2,
step, 750 m, 13.05.2012, I. Celik 1328; ibid., 26.05.2012, 1.
Celik 1386; ibid., 03.06.2012, 1. Celik 1451, 1. Celik 1468.
Ir.-Tur.element.

Salvia absconditiflora (Montbret & Aucher ex Benth.)
Greuter & Burdet, 2, step, 750 m, 22.05.2011, L Celik 1067.
5, step, 750 m, 26.05.2012, I. Celik 1400. Endemik, Ir.-Tur.
element, Tehlike kategorisi: LC.

S. aytachii Vural & N. Adigiizel, 2, step, 750 m, 22.05.2011,
I Celik 1069; ibid., 13.05.2012, 1. Celik 1333; ibid.,
26.05.2012, I. Celik 1419. Endemik, Ir.-Tur. element, Tehlike
kategorisi: EN.

S. syriaca L., 2, step, 750 m, 03.06.2012, 1. Celik 1453. Ir.-
Tur. element.

S.sclarea L., 5, step, 750 m, 26.05.2012, I. Celik 1399.

S. virgata Jacqg., 2, step, 750 m, 13.05.2012, I. Celik 1350.
Ir.-Tur. element.

PLUMBAGINACEAE

Plumbago europaea L., 2, step, 750 m, 16.05.2012, 1. Celik
1582. Avrupa-Sibirya element.

Acantholimon acerosum (Willd.) Boiss. subsp. acerosum
var. acerosum 3, step, 750 m, 02.07.2011, 1. Celik 1109. 5,
step, 750 m, 24.07.2011, 1. Celik 1178. 6, step, 745 m,
13.08.2011, I. Celik 1193. Ir.-Tur.element.

PLANTAGINACEAE )
Plantago lanceolata L., 2, step, 750 m, 03.06.2012, 1. Celik
1583.

SANTALACEAE

Thesium billardieri Boiss., 1, step, 685 m, 13.05.2012, I.
Celik 1294. 2, step, 750 m, 13.05.2012, 1. Celik 1358. Ir.-
Tur.element.
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EUPHORBIACEAE

Euphorbia helioscopia L., 1, step, 685 m, 03.06.2012, 1.
Celik 1584.

E. macroclada L., 1, step, 685 m, 22.05.2011, I. Celik 1087;
ibid., 15.10.2011, 1. Celik 1230. 6, step, 745 m, 13.08.2011, 1.
Celik 1207. 2, step, 750 m, 13.05.2012, 1. Celik 1344; ibid.,
26.05.2012, I. Celik 1417. Ir.-Tur. element.

RUBIACEAE

Asperula stricta Boiss. subsp. latibracteata (Boiss.) Ehrend.,
2, step, 750 m, 13.05.2012, 1. Celik 1332, 1. Celik 1359; ibid.,
26.05.2012, I. Celik 1376, 1. Celik 1411. 1, step, 685 m,
26.05.2012, 1. Celik 1372. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

Galium spurium L. subsp. spurium 2, step, 750 m,
26.05.2012, 1. Celik 1437. Avrupa-Sibirya element.

Cruciata taurica (Pall. ex Willd ) Ehrend., 2, step, 750 m,
28.04.2012, 1. Celik 1248, 1. Celik 1269; ibid., 13.05.2012, .
Celik 1339; ibid., 26.05.2012, I. Celik 1443. Ir.-Tur. element.

MONOCOTYLEDONAE

LILIACEAE

Allium flavum L. subsp. tauricum (Besser ex Reichb.) Stearn
var. tauricum 5, step, 750 m, 24.07.2011, 1. Celik 1171.
Akdeniz element.

A. pseudofleum Vved., 2, step, 750 m, 03.04.2012, 1. Celik
1461. Ir.-Tur.element.

A. atroviolaceum Boiss., 1, step, 685 m, 02.07.2011, 1. Celik
1139.

A. scorodoprasum L. subsp. rotundum (L.) Stearn, 1, yol
kenari, step, 685 m, 02.07.2011, 1. Celik 1116. Akdeniz
element.

A. lycaonicum Siehe ex Hayek, 1, step, 685 m, 13.05.2012, 1.
Celik 1282.

Ornithogalum oligophyllum E.D.Clarke, 2, step, 750 m,
30.04.2011, 1. Celik 1059; ibid, 20.04.2012, 1. Celik 1253. 1,
step, 685 m, 28.04.2012, I. Celik 1259.

Muscari longipes Boiss., 2, step, 750 m, 22.05.2011, I. Celik
1066. Ir.-Tur. element.

M. armeniacum Leichntlin ex Baker, 2, step, 750 m,
30.04.2011, 1. Celik 1060.

Fritillaria fleischeriana Steudel & Hochst. ex Schultes &
Schultes filii, 2, step, 750 m, 13.05.2012, 1. Celik 1349.
Endemik, Ir.-Tur. element, Tehlike kategorisi: NT.

Gagea villosa (Bieb.) Parl var. villosa 6, step, 680 m,
29.03.2011, 1. Celik 1021. 2, step, 750 m, 03.04.2012, L
Celik 1233, 1. Celik 1235, 1. Celik 1236, I. Celik 1238. 1,
step, 685 m, 03.04.2012, I. Celik 1237. Akdeniz element.
Colchicum triphyllum G.Kunze, 1, step, 685 m, 09.02.2013,
I. Celik 1540. 6, step, 680 m, 09.02.2013, 1. Celik 1543, 1.
Celik 1544. Akdeniz element.

IRIDACEAE

Crocus biflorus Miller subsp. crewei (Hooker fil.) Mathew,
6, step, 680 m, 09.02.2013, 1. Celik 1541, 1. Celik 1542.
Akdeniz element.

4. Sonuglar ve tartisma
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CYPERACEAE )
Carex panicea L., 1, yol kenari, step, 685 m, 28.04.2012, 1.
Celik 1272. Avrupa-Sibirya element.

GRAMINEAE

Agropyron cristatum (L.) Gaertner subsp. pectinatum (Bieb.)
Tzvelev var. pectinatum 2, step, 750 m, 03.06.2012, 1. Celik
1422.

Elymus hispidus (Opiz) Melderis subsp. barbulatus (Schur)
Melderis, 4, step, 685 m, 03.06.2012, 1. Celik 1585.

Aegilops cylindrica Host., 4, step, 685 m, 03.06.2012, 1.
Celik 1545. Ir.-Tur.element.

A. umbellulata Zhuk. subsp. umbellata 2, step, 750 m,
26.05.2012, 1. Celik 1421. Ir.-Tur.element.

A. triuncialis L. subsp. triuncialis 4, step, 685 m,
03.06.2012, 1. Celik 1586.

Triticum aestivum L., 1, step, 685 m, 13.05.2012, 1. Celik
1298, 1. Celik 1320.

Hordeum murinum L. subsp. glaucum (Steud.) Tzvelev, 2,
step, 750 m, 30.04.2011, 1. Celik 1052; ibid., 13.05.2012, 1.
Celik 1362.

Bromus arvensis L., 1, step, 685 m, 03.06.2012, 1. Celik
1587. Ir.-Tur.element.

B. tectorum L., 2, step, 750 m, 30.04.2011, 1. Celik 1053. 1,
step, 685 m, 28.04.2011, 1. Celik 1260. 5, step, 750 m,
26.05.2012, 1. Celik 1414.

B. japonicus Thunb. subsp. japonicus 1, step, 685 m,
02.07.2011, I. Celik 1141. 2, step, 750 m, 03.06.2012 1. Celik
1454.

B. tomentellus Boiss. subsp. tomentellus 5, step, 750 m,
13.05.2012, 1. Celik 1345. 1, step, 685 m, 26.05.2012, 1.
Celik 1368. Ir.-Tur. element.

Avena barbata Pott ex Link subsp. barbata 2, step, 750 m,
26.05.2012, 1. Celik 1588. Akdeniz element.

Koeleria cristata (L.) Pers., 1, step, 750 m, 02.07.2011, 1.
Celik 1138. 5, step, 750 m, 24.07.2012, 1. Celik 1161.
Avrupa- Sibirya element.

Phleum exaratum Hochst. ex Griseb. subsp. exaratum 3,
step,750 m, 02.07.2011, I. Celik 1102. 1, step, 750 m,
02.07.2011, I. Celik 1123. 1, yol kenari, step, 685 m,
03.06.2012, I. Celik 1539.

Festuca valesiaca Schleicher ex Gaudin, 2, step, 750 m,
03.06.2012, 1. Celik 1589.

F. callieri (Hackel ex St.-Yues) F.Markgraf apud Hayek
subsp. zederbaueri Markgr.-Dannenb., 2, step, 750 m,
13.05.2012, I. Celik 1346. Endemik, Ir.-Tur. element, Tehlike
kategorisi: LC.

Poa bulbosa L., 2, step, 750 m, 30.04.2011, 1. Celik 1051.
Echinaria capitata (L.) Desf., 5, step, 750 m, 22.05.2011, 1.
Celik 1096.

Melica ciliata L. subsp. ciliata 4, step, 685 m, 03.06.2012, I.
Celik 1412.

Stipa pulcherrima C.Koch subsp. epilosa (Martinovsky)
Tzvelev, 2, step, 750 m, 24.07.2011, 1. Celik 1167.

Cynodon dactylon (L.) Pers. var. villosus Regel, 2, step, 750
m, 03.06.2012, 1. Celik 1590.

Setaria viridis (L.) P.Beauv., 2, step, 750 m, 26.05.2012, 1.
Celik 1431.

Aragtirma alanmi olarak segilen Yassihoyiik (Gordion) koyii ve cevresi; Ankara ilinin Polath smnirlart
icerisindeki, bitki cografyasi agisindan degerlendirildiginde ise iran-Turan fitocografik bolgesindedir [1]. Cahsilan alan,
Akdeniz ikliminin yar1 kurak alt ¢ok soguk biyoiklim katinda goriilmektedir. Yagis rejimi ise Dogu Akdeniz yagis
rejiminin 2. tipine girmektedir. Caligma alaninda step vejetasyonu bulunmaktadir. Alanda kahverengi toprak ve aliivyal

toprak hakimdir.
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Alanda; Yassihoyiik formasyonu, Kiranharmani formasyonu, Midas Tumiiliisti ve Hoyiik ¢evresi formasyonu,
Kizlarkayas1 formasyonu, Ikizhdyiik formasyonu ve Kazialani formasyonlar1 olmak iizere 6 litolojik birim
bulunmaktadir.

2011-2013 yillar1 arasinda vejetasyon donemlerindeki arazi caligmalarinda toplanan 590 bitki numunesi
incelenerek herbaryum materyali haline getirilmistir. Bu drnekler GAZI herbaryumunda bulunmaktadir. Sonug olarak
toplanan 590 adet 6rnegin degerlendirilmesiyle; 42 familya, 180 cins, tiir ve tiir alt1 seviyede; 290 takson tespit
edilmigtir. 290 taksonun tamami Angiospermae aittir. 290 taksondan ise 38’i endemik olup endemizm oran1 %13.10’
dur.

Tablo 1. Alana yakin diger alanlarin endemizm oranlar1

Cahsma Alanlan

1 2 3 4 5
Endemik Takson Sayilar1 38 48 39 85 65
Endemizm Oranlari 13.10 14.20 18 27.15 15.40
Toplam Takson Sayilar1 290 338 216 101 203

1 - I. Celik-Yassihdyiik (Gordion) Florasi (Polatli/Ankara)

2 - S. Karaman- Dua Tepe ve Cevresi Florasi (Polatli/Ankara) [19]

3 - H. Akgiil- Kargali (Polatl1) ve G6lkoy (Kalecik) Koy Merasinin Florasi [20]

4 - H. Tiirker- Ayas, Gidiil, Beypazar1 ve Polatli Arasinda Kalan Bolgenin Florasi [21]
5 - S. Bagkaraagag- Cile Dag1 (Polatli) Floras1 [22]

Endemizm orani olarak en fazla Tiirker’in ¢alisma alaninda (4) (%27.15) goriilmektedir. Bu ¢aligmay1 Akgiil
(3) (%18), Bagkaraagac (5) (%15.40) ve Karaman’m calismasi (2) (%14.20) izlemektedir. Alanimizda ise bu oran
(%13.10) olarak goriilmektedir (Tablo 1). Caligma alani sinirlar1 iginde yerlesim yerlerinin, mera alanlarinin ve tarim
arazilerinin bulunmasi dogal ekolojik yapinin bozulmasina sebep olmustur. Son yillarda yine bu alanda yapilan bir
bagka ¢aligmada bu durumu destekler niteliktedir [23]. Bu etkenler endemizm oranmin diismesine sebep olmuslardir.

Arastirma yapilan alandaki taksonlardan, fitocografik bolgesi bilinenlerin 79’u Iran-Turan (%27.24), 14%i
Akdeniz (%4.82) ve 5’i Avrupa-Sibirya (%1.72) kokenli oldugu tespit edilmistir. Tiirkiye Florasi’nda ise 192 taksonun
(%66.20) hangi fitocografik bolge elementi oldugu belirtilmemistir.

Alanin yakimindaki yerlerde yapilan diger ¢alismalarla kiyaslama yapildiginda; cogunlukta Iran-Turan kokenli
bitkilerin oldugu gozlenmektedir (Tablo 2). Arazi yapilan alanin tamamnm, Iran-Turan fitocografik bolgesi sinirlari
igerisinde yer almasi da bu sonugla paralellik gostermektedir.

Tablo 2. Arazi yapilan alana ait fitocografik bolge elementlerinin yakin bolgedeki galigmalar ile kargilagtiriimasi (%)

Arastirma Alanlar

Fitocografik bolgeler 1 2 3 4 5

[ran-Turan 27.24 27.81 25 36.42 23.4
Akdeniz 4.82 7.69 1.8 8.94 7.3
Avrupa-Sibirya 1.72 2.37 0.5 7.01 2.2
Belirlenemeyenler veya cok bolgeli olanlar 66.20 62.13 72.7 12.77 67.1

Aragtirma yapilan alandaki endemik bitkilerin tehlike kategorileri incelendiginde; Tirkiye Bitkileri Kirmizi
Kitab1 [16] ve 2001 TUCN Kategorileri [17] gore yeniden diizenlenmistir. Alanda yer alan ve tehlikede olan endemik
tiirlerin smiflandirilmasi; LC (31), NT (3) ve VU (3) olarak belirtilmistir (Tablo 3).

En fazla cins igeren ¢alisma alanindaki ilk 10 familya sunlardir; Compositae (31), Cruciferae (18), Gramineae
(16), Umbelliferae (14), Leguminosae (13), Labiatae (12), Boraginaceae (10), Caryophyllaceae (6), Liliaceae (6) ve
Ranunculaceae (5) (Tablo 4) dir. En fazla cins igeren familyalar Tirkiye Florasina gore sirasiyla; Gramineae,
Compositae ve Umbelliferae'dir. Arastirma yapilan alanda en ¢ok tiir ve tiir alt1 taksonu bulunduran familyalar ise;
Compositae (51), Leguminosae (31), Cruciferae (27), Labiatae (22), Gramineae (22), Umbelliferae (15), Ranunculaceae
(13), Caryophyllaceae (13), Boraginaceae (12), Liliaceae (11) dir. Geriye kalan 73 takson ise diger familyalara aittir.

En ¢ok tiir ve tiir alt1 takson iceren 10 familya ve toplam tiir ve tiir alt1 takson sayisina oranlarina Tablo 5’te yer
verilmistir. Tirkiye Florasi’'nda en ¢ok tir igeren familya ise Compositae’dir. Familya diyelerinin ekolojik
toleranslariin genis olmasi sebebiyle farkli ortamlarda kolaylikla yasayabilmektedir. Birgok ¢alismaya bakildiginda bu
familya ilk siralarda yer almaktadir. Bu familyanin dogal olarak en fazla taksonla alanimizda tespit edilmis olmasi
beklenen sonuglardandir.
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Tablo 3. Alandaki endemik taksonlarin tehlike siniflarina gére dagilimi

65

Tiir ada Tehlike sinifi
Cousinia halysensis Hub.-Mor. LC
Thymus leucostamus Hausskn. & Velen. var. leucostamus NT
Marrubium trachyticum Boiss. NT
Fritillaria fleischeriana Steudel & Hochst. ex Schultes & Schultes fil. NT
Consollida raveyi (Boiss.) Schrod. LC
Onobrychis armena Boiss. & Huet LC
Onobrychis argyrea Boiss. subsp. argyrea LC
Eryngium bithynicum Boiss. LC
Helichrysum arenarium (L.) Moench subsp. aucheri (Boiss.) P.H.Davis & Kupicha LC
Achillea aleppica DC. subsp. zederbaueri (Hayek) Hub. - Mor. LC
Achillea phrygia Boiss. & Ball. LC
Moltkia aureua Boiss. LC
Onosma isauricum Boiss. & Heldr. LC
Scutellaria orientalis L. subsp. pinnatifida Edmondson LC
Phlomis armeniaca Willd. LC
Wiedemannia orientalis Fisch. & Mey. LC
Marrubium parviflorum Fisch. & C. A. Mey. subsp. oligodon (Boiss) Seybold LC
Salvia absconditiflora (Montbret & Aucher ex Benth.) Greuter & Burdet LC
Asperula stricta Boiss. subsp. latibracteata (Boiss.) Ehrend. LC
Erysimum lycaonicum (Hand.-Mazz.) Hub.-Mor. LC
Camelina hispida Boiss. var. grandiflora (Boiss.) Hedge LC
Paronychia amani Chaudhri var. amani LC
Haplophyllum myrtifolium Boiss. LC
Astragalus lydius Boiss. LC
Astragalus karamasicus Boiss. & Bal. LC
Peucedanum palimbioides Boiss. LC
Tripleurospermum callosum (Boiss. & Heldr.) E.Hossain LC
Cousinia stapfiana Freyn & Sint. LC
Jurinea pontica Hausskn. & Freyn ex Hausskn. LC
Crepis macropus Boiss. & Heldr. LC
Taraxacum farinosum Hausskn. & Bornm LC
Verbascum cheiranthifolium Boiss. var. asperulum (Boiss.) Murb. LC
Stachys iberica M. Bieb subsp. iberica var. densipilosa Bhattacharjee LC
Festuca callieri (Hackel ex St.-Yues) F.Markgraf apud Hayek subsp. zederbaueri Markgr.- LC
Linum aretioides Boiss. VU
Salvia aytachii Vural & N. Adigiizel VU
Achillea ketenoglui H.Duman VU

Tablo 4. En fazla cins i¢eren 10 familya ve oranlari (%)

Familyalar Cins Toplam Cins Sayillarina Gore
Sayilan Oranlar (%)

Compositae 31 17.22
Cruciferae 18 10
Gramineae 16 8.88
Umbelliferae 14 7.77
Leguminosae 13 7.22
Labiatae 12 6.66
Boraginaceae 10 5.55
Caryophyllaceae 6 3.33
Liliaceae 6 3.33
Ranunculaceae 5 2.77
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Tablo 5. Tiir ve tiir alt1 seviyede en ¢ok takson igeren familyalar ve oranlari (%)

Toplam Tiir Sayilarina Gore

Familyalar Takson Sayilar Oranlar (%)
Compositae 51 17.58
Leguminosae 31 10.68
Cruciferae 27 9.31
Labiatae 22 7.58
Gramineae 22 7.58
Umbelliferae 15 5.17
Ranunculaceae 13 4.48
Caryophyllaceae 13 4.48
Boraginaceae 12 4.13
Liliaceae 11 3.79
Digerleri 73 25.17

Astragalus cinsi alanimizda 9 taksonla ve toplam tiir sayilarina gore (%3.10) oranla en fazla tiire sahip cinstir.
Centaurea 7 (%2.41), Alyssum 6 (%2.06); Consolida ,Salvia ve Allium 5’er tiirle (%1.72) temsil edilirler.

Tiirkiye Florasi incelendigi zaman tiir sayis1 bakimindan zengin olan familyalar; Compositae, Leguminosae,
Labiatae, Cruciferae, Gramineae’dir. Calisma alaninda ilk ti¢ sirada yer alan; Compositae, Leguminosae, Cruciferae
familyalaridir (Tablo 6).

Compositae familyas1 siralama olarak Karaman’da (2) birinci, Akgiil (3), Tiirker (4) ve Baskaraagag¢’in (5)
caligmalarinda ise ikinci sirada yer almistir. Leguminosae familyast Akgiil (3), Tiirker (4), Baskaraagac’m (5)
¢aligmalarinda birinci, Karaman’m (2) ¢alismasinda altinci sirada bulunmaktadir. Cruciferae familyas: Baskaraagac’in
(5) calismasinda altinci, Akgiil (3) ve Karaman’in (2) ¢alismalarinda besinci, Tiirker’in (4) ¢aligmasinda dordiincii
sirada goriilmektedir.

Tablo 6. Tir sayis1 bakimindan zengin olan familyalarin ¢evredeki ¢aligmalarla karsilastirilmasi

Arastirma Alanlari

1 2 3 4 5
_ Takson % Takson % Takson % Takson % Takson %

Familyalar sayilari sayilari sayilar sayilari sayilari

Compositae 51 17.58 49 14.50 44 20.3 40 12.77 53 12.5
Leguminosae 31 10.68 33 9.76 51 23.6 42 13.42 59 13.9
Cruciferae 27 9.31 22 6.51 14 6.5 21 6.7 15 3.6
Labiatae 22 7.58 31 9.17 16 7.4 30 9.58 46 10.9
Gramineae 22 7.58 37 10.95 31 14.3 34 10.86 27 6.4
Umbelliferae 15 5.17 16 4.73 13 6 15 4.79 16 3.7
Caryophyllaceae 13 4.48 11 3.25 7 3.2 9 2.88 10 2.37
Ranunculaceae 13 4.48 12 3.55 7 3.2 8 2.56 14 3.3
Boraginaceae 12 4.13 15 4.44 5 231 16 5.11 16 3.7
Liliaceae 11 3.79 12 3.55 7 3.2 8 3.9 16 3.7

Tiirkiye Florasi’nda en fazla cins igeren ilk 10 familya olarak Gramineae, Compositae, Umbelliferae,
Cruciferae, Leguminosae, Labiatae, Caryophyllaceae, Boraginaceae, Liliaceae ve Rosaceae’ dir.

Tablo 7’de gibi arastirma yapilan alanda ilk ti¢ sirada Compositae, Leguminosae ve Cruciferae familyalari
goriilmektedir. Compositae familyas1 ise karsilastrma yapilan Tirker (4), Karaman (2), Baskaraaga¢’m (5)
¢aligmalarinda da birinci siradadir. Gramineae familyas1 Akgiil’iin (3) ¢alismasinda birinci, Tiirker (4), Baskaraagag (5)
ve Karaman’in (2) ¢aligmalarinda ikinci sirada yer almaktadir.
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Tablo 7. Cins sayis1 bakimindan zengin olan familyalarin ¢evredeki ¢aligmalarla kargilastirilmasi

Arastirma Alanlar

1 2 3 4 5

_ Cins % Cins % Cins % Cins % Cins %
Familyalar sayilar sayilari sayilari sayilari sayilari
Compositae 31 17.22 31 14.83 17 13.6 21 12.07 27 11.49
Cruciferae 18 10 15 7.18 11 8.8 15 8.62 10 4.26
Gramineae 16 8.88 23 11.00 22 17.6 20 11.49 22 9.36
Umbelliferae 14 7.77 14 6.70 11 8.8 12 6.90 13 5.53
Leguminosae 13 7.22 13 6.22 13 104 13 7.47 18 7.66
Labiatae 12 6.66 15 7.18 12 9.6 15 8.62 17 7.23
Boraginaceae 10 5.55 10 4.78 5 4.0 9 5.17 10 4.26
Caryophyllaceae 6 3.33 6 2.87 6 4.8 9 5.17 7 2.98
Liliaceae 6 3.33 8 3.83 4 1.85 7 4.02 6 2.55
Ranunculaceae 5 2.77 6 2.87 6 4.8 5 2.87 4 1.7

Monocotyledonae olan Liliaceae familyasinda bulunan; Allium cinsi Amaryllidaceae familyasina,
Ornithogalumve Muscari cinsleri Asparagaceae familyasina, Colchicum cinsi ise Colchicaceae familyasina dahil
edilmistir [13]. Alanda B4 karesi i¢in yapilan literatiir ¢aligmalarindan sonra 14 yeni kayit tespit edilmistir.

B4 Karesi I¢in Yeni Kayitlar:

Scutellaria orientalis L. subsp. pinnatifida Edmondson

Capparis spinosa L. var. spinosa

Minuartia hybrida (Vill.) Schischk. subsp. hybrida

Linum aretioides Boiss.

Astragalus oxyglottis Stev.

Trifolium tomentosum L.

Trifolium globosum L.

Bupleurum boissieri Post

Tripleurospermum oreades (Boiss.) Rech. fil. var. tchihatchewii (Boiss.) E.Hossain
Artemisia campestris L.

Stachys iberica M. Bieb subsp. iberica var. densipilosa Bhattacharjee

Galium spurium L. subsp. spurium

Crocus biflorus Miller subsp. crewei (Hooker fil.) Mathew

Festuca callieri (Hackel ex St.-Yues) F.Markgraf apud Hayek subsp. zederbaueri Markgr.-Dannenb.
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Abstract

The ethnobotany field study was conducted between the years 2016-2018 in the central and affiliated
neighborhoods of Mugla Province, Ula District and view interviewed with people from different age and social
categories. In Ula, our study area, 123 plant species belonging to 53 families were recorded. 70 of these plants have
natural distribution in the region and 45 of them are grown by the public. Plants used in the region were mostly used for
medical and food purposes. 71 plant species were found medicinal, 69 plant species were used for food and spice
purposes. In the district 28 plants are used for burning, broom and goods, 2 plant species are used for cleaning and
maintenance purposes. Among the 53 naturally growing families, Rosaceae are represented by 12 species, Lamiaceae
with 10 species and the most taxa. Originum onites L. and Lavandula stoechas L. belonging to the family Rosaceae
Cydonia oblonga Mill., Pyrus communis L. and Lamiaceae were found to be among the plants widely used in the
region. In terms of the number of plant species they contain, these families are followed by 9 species of Fabaceae and 7
species of Poaceae. Hypericum perforatum L. var. perforatum from Hypericaceae, Pinus nigra Arn. from Pinaceae,
Platanus orientalis L., Olea europaea L. from Oleaceae and Tilia rubra L. from Tiliaceae, are among the plants widely
used in the region.

Keywords: Mugla, ethnobotany, Ula, Turkey

Ula (Mugla) ilcesinin etnobotanik 6zellikleri

Ozet

Mugla ili Ula Iigesi Merkez ve bagli mahallelerinde 2016-2018 yillar1 arasinda yaptigimiz etnobotanik alan
caligmamizda farkli yas ve sosyal kategorilerden kisilerle goriisiilmiistiir. Calisma alanimiz olan Ula’da 53 familyaya ait
123 bitki tiirii kaydedilmistir. Bu bitkilerden 70 tanesi yorede dogal yayilisa sahip olup bu bitkilerin 45 tanesi halk
tarafindan yetistirilmektedir. Yorede kullanilan bitkilerin ¢ogunlukla tibbi ve gida amagh olarak kullanildigi
gOriilmiistiir.71 bitki tliriiniin tibbi, 69 bitki tiiriiniin gida ve baharat amacli kullanimlar1 saptanmistir. Bolgede 28 bitki
yakacak, siipiirge ve esya yapiminda, 2 bitki tiirii temizlik ve bakim amacl kullanilmaktadir. Dogal olarak yetisen 53
familya icerisinden Rosaceae 12 tiir, Lamiaceae 10 tiirle en fazla taksonla temsil edilen familyalardir. Rosaceae
familyasina ait Cydonia oblonga Mill., Pyrus communis L.ve Lamiaceae familyasina ait Origanum onites L. ve
Lavandula stoechas L.’nin ydrede yaygin olarak kullanilan bitkiler arasinda oldugu tespit edilmistir. Igerdigi bitki tiirii
sayis1 bakimindan bu familyalar1 9 tiirle Fabaceae, 7 tiirle Poaceae izlemektir. Ayrica Hypericaceae’den Hypericum
perforatum L. var. perforatum, Pinaceae’den Pinus nigra Arn., Platanaceae’den Platanus orientalis L., Oleaceae’den
Olea europaea L., Tiliaceae’den Tilia rubra L. yérede yaygin olarak kullanilan bitkiler arasinda yer almaktadir.

Anahtar kelimeler: Mugla, etnobotanik, Ula, Tiirkiye
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1. Giris

Bitkilerin tedavi amagl kullanilmasinm M.0O. 3000 yillarina dayandig1 ve birgok iinlii Tiirk bilim adamimin
(ibn-i Sina, Biruni, Davud Al-Antaki, Ebu Reyhan, ibn Baytar) bitkisel droglarla ugrastigi bilinmektedir [1].
Mezopotamya uygarligi doneminde bitkisel drog miktar: 250 civarinda, Grekliler doneminde drog miktar1 600’e kadar
cikmistir. Arap-Fars doneminde bu miktar 4000°e kadar ylikselmistir. 19. yiizyil baglarmda bilinen tibbi bitki sayis1
13000 sayisina ulagmigtir [2].

Tedavi amaciyla kullanilan yaklagik 20.000 bitkinin 600 kadar1 Tiirkiye’de dogal olarak yetistirilmektedir
[3]. 20. yiizyilin baslarinda teknolojik geligmelerin getirdigi yenilikler, sosyal ve politik degisimler bitkilerin ilag
olarak kullaniminin hizla azalmasma neden olmustur. Aym zamanda ila¢ sanayinde sentetik ilaglarin tretilmesi de
bunda etkili olmustur [4]. Giiniimiizde insanlar tedavi i¢in laboratuvarda iiretilen ilaglar yerine dogal ilaglar1 tercih
etmektedirler. Bunda sentetik ilaglarin ¢ok ciddi yan etkilerinin olmasmnin etkisi bilyiiktiir. Almanya’da 500 farkli
bitkiden bitkisel ilag tiretimi i¢in yararlanilmakta, Almanlarin %52’si 6nemsiz hastaliklarin ilk tedavisi i¢in bitkisel
ilaglar1 kullanmaktadir [5].

Niifus ve sanayilesme ile insanlarin dogal kaynaklara olan ihtiyaci giin gectikge artmakta ve bu
kaynaklardan faydalanma yollarin1 arastirmaya sevk etmektedir. Tiirkiye dogal kaynaklarda oldugu gibi bitkisel
kaynaklar bakimindan da zengin bir iilke konumundadir [6].

Ulkemiz florasina ait yapilmis calismalarda iilkemizde yaklasik 11000 takson bulunmakta ve bu taksonlarm
yaklasik 500 tanesi tedavi amagl kullanilmaktadir [7]. Bitkilerin kullanim alanlar1 cesitlilik gdstermekte olmasina
ragmen en fazla kullanimin gida-tedavi amagli oldugu goriilmektedir. Bitkilerin baska kullanim alanlar1 i¢inde i¢ ve
dis mekan siislemesi, kok, cigek gibi organlarindan boyar madde eldesi, reginesinin kagit ve yapistirici iiretiminde,
cicek ve ugucu yagindan koku eldesi, ugucu yagmin psikolojik ve fiziksel rahatlamada, kozmetikte, gida takviyesi
olarak, ¢it, merdiven, kasik, yaba, siirgii gibi alet yapiminda kullanilmasi sayilabilir.

Mugla ve yoresi bitki gesitliligi ve sahip oldugu endemik bitkiler bakimindan olduk¢a zengindir. Mugla ili
smirlar1 igerisinde 1219 takson, 1164 tiir bulunmakta olup bu tiirlerin 238 tanesi endemiktir [6]. Ulkemizde ise son
yillarda etnobotanik g¢aligmalara verilen onem artmis ve kaybolmaya yiliz tutmus olan bu degerlerimizi ortaya
cikarmak icin bircok calisma yapilmistir [8-13]. Ozellikle Mugla ilinde [14-19] bircok etnobotanik caligmalarin
yapildig1 goriilmektedir. Ula ilgesinin de ¢aligilmasiyla Mugla ilinin etnobotanik alandaki ¢alismalarinin biiyiik 6lgiide
tamamlanmasi ¢aligsma amacimizi olusturmaktadir.

1.1 Calisma Alan

Ula, Mugla ilinin bir ilgesidir ve “Flora of Turkey” deki kareleme sistemine gore “C2” karesinde
bulunmaktadir. Ula, Mugla’nin giineyinde 28, 25°-28, 75° kuzey paralelleri ve 37°-37, 15° dogu meridyenleri
arasindadir. Dogusunda Koycegiz, batisinda Gokova korfezi, kuzeyinde Mugla, giineyinde Marmaris vardir.
Yiizolgiimii 407 km?dir. Ula merkez deniz seviyesinden 600 metre yiiksekliktedir. Mugla-Ula mesafesi 15 km, Mugla-
Marmaris karayolu iizerinden gidildiginde, anayoldan 3 km igeride kalir. 2016 TUIK verilerine gére niifusu 23877
kigidir ( Sekil 1.).
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Sekil 1. Ula (Mugla) Ilge Haritas

Ula ilgesi, il merkezine en yakmn ilge olup 14 km mesafededir. Ilgenin dort tarafi da daglarla cevrilidir, 5 km
kiy1 uzunlugu ile denize en az kiyisi olan ilgede arazi engebeli olup %65’1 ormanlarla kaplidir. En 6nemli akarsuyu
ilgenin dogu smirlarini belirleyen Namnam cayidir. flgede Akdeniz iklimi etkilidir. Yazlar kurak ve sicak, kislar 1lik ve
yagishdir..

Full name of the article in Ethnobotanical features of Ula (Mugla/Turkey) district,
Serdar KINCAL, Olcay CEYLAN, M.GUVEN GORK



Biological Diversity and Conservation — 14 / 1 (2021) 71

2. Materyal ve yontem

Ula ilge merkezi ve bagli 26 mahalle ¢aliyma alanimizi olusturmaktadir. Bu ¢aligmada Ula halk pazarinda,
meydanlarda, kahvelerde, mahallelerin muhtarlarmin yonlendirdigi bitkisel tedavi uygulayan yaslilarla evlerinde ya da
kahvede toplu olarak bulabildigimiz toplamda 128 kisi ile goriisiilmiistiir. Ula merkez ve halk pazarinda bulunan
aktarlardan da yoresel bitki kullanimlar1 hakkinda bilgi alimmistir. Diger kaynak kisiler gidilen mahallelerdeki yerel
halktr.

Gorisiilen farkl yas ve kiiltiir yapisindaki kisilerin; ilge pazarindaki ve aktardaki saticilarin farkli amaglarla
kullandiklar1 bitkiler tespit edilmeye ¢aligilmistir. Bu goriismeler sirasinda kaynak kisilere hazirladigimiz anketler
dogrultusunda sorular yoneltilmistir. Anketler sonucu elde edilen bilgiler ve 6rneklenen bitkiler ¢alismamizin arastirma
materyalini olusturmaktadir.

Anketimizin igeriginde sordugumuz sorular ile kullanilan bitkilerin yoresel adi, bitkinin kullanilan kismu,
kullanim amaci1 ve nasil kullanildigmna dair bilgiler, bu bilgileri kimden 6grendigi, hangi siklikla kullanilmasi gerektigi,
bitki drneginin alindig1 mevkii, anket yapilan kisinin yas, cinsiyet, egitim durumu gibi 6zellikleri belirlenmeye
caligilmistir (Ek 1).

Anketler sonucu kullanimi tespit edilen bitkilerin pazarda ve aktarda satilan kuru formlarindan Srnekler
alinmig, ya da bitkilerin fotografi ¢gekilmistir. Bitkilerin teshisi ‘Flora of Turkey and The East Aegean Islands [6]
kaynaklarma gore yapilmistir. ‘Ege Bolgesi Bitki Ortiisii’ [20] ve ‘Edible Wild Plants of Turkey’ [21] bitkilerle ilgili
bilgiler bakimidan faydalandigimz kaynaklardandir. Ayrica Mugla Sitki Kogman Universitesi Biyoloji Béliimii
herbaryumundan da faydalanilmistir. Anketlerdeki bitkilerin yoresel isimleri anket yapilan kisiye sorularak
belirlenmistir Kargilagtirma yapabilmek igin ‘Tiirk¢e Bitki Adlart S6z1igi’ [22] ve ‘Tohumlu Bitkiler Sistematigi’ [23]
ve ‘Tiirkiye’de Bitkilerle Tedavi’ [2] ve “Tiirkiye Bitkileri Listesi, Damarli Bitkiler” [24] kitaplar1 referans almmustir.

Caligmadaki bitkilerin tanimi ve yayilis alanlarinin belirlenmesi i¢in ‘“Tohumlu Bitkiler Sistematigi’ [23]
kitabi, ‘Flora of Turkey and The East Aegean Islands [6] ve Tiirkiye Bitkileri Veri Servisi (Tiibives) internet adresinden
yararlanilmigtir. Anketler sonucu belirlenen bitkilerin bilimsel adlari, yoresel adlari, bitki Srneginin alindig1 yer,
kullanilan bitkilerin 6zellikleri, bitkinin kullanim amaci, kullanim sekli ve kaynak kisileri belirlenmistir.

3. Bulgular

Ula merkez ve 26 mahallesinde 49 kadm, 79 erkek toplam 128 kisi ile goriisiilerek anket galigmalari
gerceklestirilmistir. Bu kisilerden 9 tanesi Ula merkezden, 119 tanesi Ula’ya bagli mahallelerdendir. Yapilan ¢aligma
sonucuna gore demografik 6zelliklere ait bilgiler Sekil 2° de verilmistir.

Cinsiyet
60; 9; 7% 10; Yas-kisi sayisi
47% 8

|

4

21-40 W41-60 ®61-80 = 81- aKadin = Erkek

Sekil 2. Katilimcilarim yas ve cinsiyet dagilimlar1

Yaptigimiz alan c¢alismasinda erkeklerin ¢ogunlukta olmasmin nedeni goriismelerin daha ¢ok
kahvehanelerde, meydanlarda yapilmasidir. Gériisiilen kadinlarm 47°si, erkeklerin 67’si ilkokul mezunudur. ilkokul
mezunu toplam 114 kisiden 109 kisinin 40 ve {istii yaglarda oldugu goriilmiistiir.

Bolgede goriisiilen 128 kisinin egitim durumlarina bakildiginda 1 kisinin ilk egitimini tamamlayamamis
oldugu goriilmektedir. Calismamizda ortaokul mezunu kimseyle goriisiilmemistir. 128 kisiden 114’1 (%89) ilkokul,
6s1 (%5) on lisans, 5’1 (%4) lise, 2’si (%1) lisans mezunu oldugu goriilmiistiir (Sekil 3 ).

Ula ve mahallelerinde yaptigimiz etnobotanik ¢aligmamizin sonucunda burada yasayan yerel halkin gesitli
bitki tiirlerini tedavi, gida, baharat, yakacak, siipiirge veya esya yapiminda ayrica temizlik, bakim ve karisim halinde
kullandig1 goriilmiistiir.
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Sekil 3. Katilimcilarn egitim durumu

Arastirmalarimiz sonucunda Ula merkez ve mahallelerinde tedavi amagli 72 adet bitki bulunmaktadir
(Tablo 1). Bu bitkilerden 9 tanesi grip, nezle ve soguk alginliginda, 8 tanesi idrar soktiiriicii olarak, 8 tanesi kan
sekerinin diizenlenmesinde, 6 tanesi hazimsizlik tedavisinde, 5 tanesi kansizlik tedavisinde, 3 tanesi kanser
tedavisinde kullanilmaktadir. Baz1 bitkiler birden fazla hastaligin tedavisinde kullanilmigtir. Allium cepa L., grip,
iltihap giderilmesi, burkulma tedavisinde, Arbutus unedo L., idrar soktiiriicli, kan sekerinin diizenlenmesinde,
Lavandula stoechas L., hazimsizlik, akciger iltihab1 ve kan sekerinin diizenlenmesinde, grip ve nezle, kalp rahatsizlig:
tedavisinde, Tilia rubra L., soguk alginligi, kansizlik, hazimsizlik tedavisinde, Salvia fruticosa Mill., nezle ve grip,
karin agris1 tedavisi, Sideritis leptoclada O. Schwarz (Endemik)., nezle ve grip, karin agrisi tedavisi, Origanum onites
L., karin agris1, burkulma tedavisi, mide tisiitmesi, iltihap giderilmesinde kullanilmustir.

Tablo 1. Tedavi amacli kullanilan bitkiler

Familya Latince Adi Yéresel Adi Kullanilan Uygulama ve kullanan kisi
kisimlari sayi1si
Amaryllidaceae | Allium cepa L. Sogan Govde-yaprak Ka_n ser, 3 —
i Grip, burkulma, iltihap
Kok L .
giderilmesi,7
Allium sativum L. Sarimsak Kok Sag¢ kiran tedavisi, 1
Pistacia terebintus L. Geng siirgiin Yutma zorlugu, 1
Anacardiaceae subsp. palaestina (Boiss.) Menewg, Sakiz Haz_upsmhk, yaralarin
Engler menengic tamiri,3
Apium graveolens L. Kereviz Kok-toprak distii Demir eksikligi tedavisi, 1
organlari
. Petroselinum crispum . .
Apiaceae (Mill) A W. Hill Maydonoz Dal-yaprak Idrar yollar1 enfeksiyonu, 3
Pimpinella anisum L. Anason Tohum Gaz soktiiriici, 1
Scandix pecten-veneris L. | Kiskis Toprak tstii Yutma zorlugu, 1
organlari
Asphodelaceae Asphodelus aestivus Brot. | Ciris Otu Kok Basur tedavisi,1
Papatya, beyaz Kapitulum Hazimsizlik, 1
Anthemis tictoria L. papatya Toprak iistii Grip tedavisi,2
organlar1
Asteraceae Cynara scolymus L. Enginar Toprak tsti Karaciger rahatsizliklari,2
organlari
. L. Prostat, kan sekeri
Helianthus annus L. Aygigegi Tohum diizenlenmesi, 1
Boraginaceae Borago officinalis L. Sigir Dili Toprak tstii Hemoroit, prostat,2
kisimlari
Brassica oleracea var. Burkulma tedavisi, karm
. Beyaz lahana Yaprak -
Brassicaceae cap|_ta.ta L. - airis,2 —
Lepidium sativum L. Tere Tohum Guatr tedavisi,1
Capparis spinosa L. var. Kebere, kapari, L .
Capparaceae aegyptia (Lam.) Boiss. gebere Meyve Siniizit tedavisi, 1
Cupressaceae Cupressus SEMPErvirens Sew_l’.mezarhk Kozalak Idrar soktiiriici, 1
L. var. pyramidalis servisi
Topalak otu- . o .
Cyperaceae Cyperus rotundus L. Pamukluk Govde Mide iislitmesi, 1
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. . .. Kullanilan ..
Familya Latince Ad1 Yoresel Adi Jasimlart Uygulama ve kisi sayisi
Ericaceae Arbutus unedo L. Sandal Meyve I(.i.rar SOkturu‘.:u’ kan sekeri

diizenlenmesi,2
Euphorbiacea Euphorbia amygdaloides Siitlegen St salgist Bocel_< _sokmalarl, sigil
L. tedavisi,2
R Keciboynuzu, Meyve-tohum Oksiiriik, 1
Ceratoniasiliqua L. harnup, harip Meyve-tohum Bronsit, |
Fabaceae Lens culinarisL. Mercimek lohunlw{ — Demir eksikligi, 1
Vicia ervilia (L.) Willd. | Burgak oprag ustu Yara tedavisi,2
organlari
Fagaceae Quercus coccifera L. Mese’. Palamut Toksik guatr tedavisi,1
Kizilpinar
Hamamelidaceae k/ll?lllu(d;r:gb)ar orientalis Sigla, giinliik Ugucu Yagi Ulser, yaralarim tedavisi,5
Hypericaceae Hypericum perforatum L. Kantaron otu Toprak stil Yanik ve yara tedavisi,8
var. perforatum organlari
Tohum Bronsit tedavisi, 1
Juglandaceae Juglans regia L. Ceviz T.(-)hu"m"kabugu fltihap giderici,1
puskiilii
Yaprak Bademcik tedavisi,1
Tohum Zar1 Bronsit tedavisi, 1
Toprak stii Ha}Zlmsmhk, a kc1ger
iltihabi tedavisi, kan
Lavandula stoechas L. Karan organlari R .
sekerinin diizenlenmesi,6
. Grip ve nezle tedavisi, kalp
Clgek rahatsizlig1 tedavisi,2
Mentha pulegium L. Narpiz Toprak ustii Karin agrisi tedavisi,2
organlari
Mentha x piperita L. Nane Toprak stii Nezle_ ve grip, karm agris1
organlari tedavisi,4
Ocimum basilicum L. f;;é;ien’ Yaprak-cigek Kolesterol tedavisi,1
Toprak iistii {(&trm agrisl, mlde
Lamiaceae Kekik organlari dsiitmesi, bertilme
Origanum onites L. & tedavisi,15
Ucucu Yagi Karin agrisi,3
Rosmarinus officinalis L. | Biberiye Dal-yaprak Eg;iliyg n, damar agici, agr1
. - . Adagays, calba, Toprak iistii Nezle-grip, karin agris
Salvia fruticosa Mill. geyik elmasi organlari tedavisi,6
Sideritis leptoclada O. N . . o
Schwarz et P.H. Davis Iilzllan cayl, dag Tf};rr?lljl r1:stu tl\égzi/ei-s%rép, karin agrisi
(Endemik) say 018 '
Teucrium chamaedrys L. | Bodurcamahmut Toprak stii Idrar yollar1 enfeksiyonu, 1
organlari
. . Yavsancik- Toprak iistii Kan sekerinin
Teucrium polium L. . N .
Epiryavsan Otu | organlari diizenlenmesi, 1
Cinnamomum verum L. Targm Govde ortlist Kfm sekenmr.l
diizenlenmesi, 1
Meyve Romatizma tedavisi,2
Lauraceae Laurus nobilis L. Dgfne, tenel, Ugucu Yag! Kfis"y.(.)rgunlugu, tansiyon
tegnel disiiriici, 2
Liliaceae Urginea maritima Baker | Ada Sogani Kok-yaprak Kas agris1 tedavisi, 1
Linaceae Linum usitatissimum L. | Keten Tohum Hazimsizlik, gaz sancisi
tedavisi,1
Lythraceae Punica granatum L. Nar Meyve Kansizlik tedavisi, 1
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Tablo 1. (Devam ediyor)

. . i Kullanilan ..
Familya Latince Ad1 Yoresel Adi Kasimlart Uygulama ve kisi sayisi
Hibiscus esculenthus L. Bamva Cigek Astim, bronsit tedavisi, 1
Malvaceae Y Meyve [Itihap, ¢iban tedavisi,
. N . Toprak iistii Burkulma, incinme
Malva sylvestris L. Ebegdmeci otu organlar: tedavisi, 1
Ficus carica L. subsp. incir Bosast
carica var. caprificus 0£asl, Meyve Bronsit, kabizlik tedavisi,2
erkek incir
Tsch. et Rav
Moraceae Kan sekerinin
Morus alba L. Dut Yaprak an 3 .
diizenlenmesi, 1
Morus nigra L. Karadut Meyve Smdmm sistemi yaralarinin
tamiri, 1
Olea europea L. var. . - Burkulma, iltihap, bronsit
Oleaceae sylvestris (Mill.) Lehr Zeytin Meyve yag1 tedavisi,4
Pedaliaceae Sesamum indicum L. Susam Tohum Yeni doganda gaz sancisi
tedavisi,2
Pinus brutia Ten. Cam, kizilgam | Geng filiz Kansizlik tedavisinde, 1
Pinus nigra Arn
Pinaceae subsp.,pallasina (lamb) Karagam Akma Egzama tedavisinde,1
Holmboe
Platanaceae Platanus orientalis L. Kavak Yaprak Kemik erimesi tedavisi,1
Cynodon dactylon ) Idrar soktiiriicii, iltinap
(L.)Pers. Ayrik otu Kok giderici, basur tedavisinde,2
Hordeum vulgare L. Bobrek tasi tedavisi, yara-
Arpa Tohum burkulma tedavisinde,3
Poaceae Ineklerde plasenta
Tohum e .
diisiiriilmesi,2
.. . - I Yumurtalik kanseri
Triticum aestivum L. Bugday Geng siirgiin tedavisinde, 1
Zea mays L. Misir Piiskiil Idrar sokfull.'us t bo.b rek
taginin diisliriilmesi,3
Punicaceae Punica granatum L. Nar Yaprak Hazimsizlik tedavisinde, 1
Rhamnaceae qulurus spina-christi Karagal, . Tohum Bobrek tasi tedavisi,2
Mill. karagal diken
Armeniaca vulgaris Lam. | Kayist Meyve sap1 Kabizlik tedavisinde, 1
Meyve Kabizlik tedavisinde, 1
Cerasus vulgaris Mill. Vigne Meyve sap1 Idrar soktiiriicii, 1
Cerasus avium (L) . . et e e e
Rosaceae Moench Kiraz Meyve sap1 Idrar soktiiriict, 1
Cydonia oblonga Mill. Ayva Yaprak Ishal tedavisi,2
Malus sylvestris Mill. Elma Meyve Burkulma tedavisi,1
Rosa canina L. Kusburnu Meyve K..aHSIth’ ka.n sekerinin
diizenlenmesi,2
Rubus sanctus Schreber. Bogiirtlen Kok Hazimsizlik tedavisi, 1
Citrus aurantiifoli L. Bergamut Meyve Oksiiriik tedavisi, 1
Rutaceae Soguk alginhigi, nezle-gri
Citrus limon L. Limon Meyve guk arginiigl, nezie-grip
tedavisi,3
Salicaceae Populus tremula Selvi Yaprak Bas agrisi tedavisi, 1
Solanaceae Solanum nigrum L. Kopek sirkeni | Meyve Ciban tedavisi, 1
- . ) Soguk alginligi, kansizlik,
Tiliaceae Tilia rubra L. Thlamur Dal-yaprak hazimsizlik tedavisi,s
Urticaceae Urtica dioica L. Isirgan otu Toprak tstii Kanser tedavisi,1
organlari
Verbenaceae Vitex agnus-castus L. Hayit Yaprak Karm ve bas agrisi tedavisi,2
Vitaceae Vitis vinifera L. Uziim Meyve-tohum Kansizlik tedavisi, |
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Yapilan ¢aligmalar sonucunda 69 bitki tiiriiniin baharat, gida ve igecek olarak kullanildig1 goriilmiis (Tablo
2), bunlardan Citrus nobilis Lour., ve Citrus sinensis (L.) Osbeck., Capsicum annum L., en fazla oranda tiiketilen

bitkilerdir.

Tablo 2. Gida ve baharat olarak kullanilan bitkiler

Biological Diversity and Conservation — 14 / 1 (2021)

Familya Latince Ad1 Yoresel Adi Kullanilan Yeme!( —baharat
kisimlar1 ve kisi sayis1
Amaryllidaceae Allium cepa L. Sogan Kok-Yaprak Yemek, 1
Allium porrum L. Prrasa Kok-Yaprak Yemek,2
Allium sativum L. Sarimsak Kok-Yaprak Yemek,1
Anacardiaceae Rhus coriaria L. Sumak Meyve Baharat,2
Anethum graveolens L. Dereotu Toprakiisti Yemek,1
organlari
Apiaceae Apium graveolens L. Kereviz Toprakiistil Yemek,2
organlar1
Oenanthe pimpinelloides L. Gazayak, Toprakiisti Yemek,1
gazyak organlar1
Petro_selmum crispum (Mill.) A. Maydonoz Yaprak Yemek 3
W. Hill
Scandix pecten-veneris L. Kiskis Toprakistii Yemek,3
organlar1
Aracaceae Cocos nucifera L. gér\]/?zl?tan Meyve Yemek,1
I Tilkimen, .
Asparagaceae Asparagus acutifolius L. Tilkisen Geng Siirgiin Yemek,1
Asteraceae Cynara scolymus L. Enginar Toprakiisti Yemek,2
organlari
(Composttae) Toorak fist
Tragopogon porrifolius L. Dede sakali pra ustu Yemek,1
organlari
Brassicaceae Brassica oleracea var. capitata Beyaz lahana Yaprak Yemek 1
(Cruciferae) L.
Salicornia europaea L. D?n.'.i . T°pralk ustu Yemek,3
Chenopodiaceae — — Borilcesi organiari
Beta maritima L. var. maritima | Pancar, mancar | Kok Yemek,1
Corylaceae Corylus maxima Mill. Fmdik Tohum Yemek,1
Citrillus lanatus (Thunb.)
Cucurbit Matsum. et. Naksi. Karpuz Meyve Yemek,2
ucurbrtaceae Cucumis sativus L. Salatalik Meyve Yemek,1
Cucumis melo L. Kavun Meyve Yemek,2
. Ak kabak,
Cucurbita pepo L. kabak Meyve Yemek,2
Arachis hypogaea L. Fistik Tohum Yemek,1
Lens culinaris Medik Mercimek Tohum Yemek,1
Fabaceae Medicago sativa L. Yonca Toprakistii Yemek,2
(Leguminosae ) - organlart
Phaseolus vulgaris L. Fasulye Tohum-Meyve Yemek,2
Vicia faba L. Borek bakla Meyve-Yaprak Yemek,1
Vigna anguiculata (L.)Walp. Boriilce Meyve-Tohum Yemek,2
Juglandaceae Juglans regia L. Ceviz Meyve Yemek,1
Lamiaceae . . . Toprak iistii
(Labiatae) Origanum onites L. Kekik organlari Baharat,1
Lythraceae Punica granatum L. Nar Meyve Yemek,1
Hibiscus esculenthus L. Bamya Meyve Yemek,1
Malvaceae Ebeoiimeci Toprak fistd
Malva sylvestris L. gu ’ prak ustu Yemek,2
ebegiimec organlari
Ficus carica L. subsp. carica Incir Bogas,
Moraceae var. caprificus Tsch. et Rav. erkek incir Meyve Yemek,1
Morus alba L. Dut Meyve Yemek,1
Morus nigra L. Karadut Meyve Yemek,1
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Tablo 2. (Devam ediyor)

Biological Diversity and Conservation — 14 / 1 (2021)

Familya Latince Ad1 Yoresel Adi Kullanilan Yem.ek —baharat
kisimlar1 ve kisi sayist
Musaceae Musa sapientum L. Muz Meyve Yemek,1
Oleaceae ?l\l/ﬁﬁ'()eul_rgﬁfa L. var. sylvestris Zeytin Meyve Yemek,2
Pedaliaceae Sesamum indicum L. Susam Tohum Yemek,3
Avena sativa L. Yulaf Tohum Yemek,1
Tohum Yemek,4
Hordeum vulgare L. Arpa Toprak {istii Yemek 1
organlari
Poaceae Tohum Yemek,1
Triticum aestivum L. Bugday Toprak iistii Yemek.5
organlari
. ] " I:’gfgﬁ rlllsm Yemek,2
eamays L. st Tohum Yemek,3
Polygonaceae Rumex acetosella L. Kuzu Kulag1 Toprak dstd Yemek,1
organlari
Punicaceae Punica granatum L. Nar Meyve Yemek,1
Armeniaca vulgaris Lam. Kayisi Meyve Yemek,1
Amygdalus communis L. Badem Tohum Yemek,1
Cerasus vulgaris Mill. Visne Meyve Yemek,1
Cerasus avium (L) Moech Kiraz Meyve Yemek,1
Cydonia oblonga Mill. Ayva Meyve Yemek,2
Rosaceae Fragaria vesca L. _ Cilek Meyve Yemek,1
Malus sylvestris Mill. Elma Meyve Yemek,1
Prunus percica L. Seftali Meyve Yemek,1
Pyrus an)ygda_llformls Vill. var. | Cogiir, ahlat, Meyve Yemek 1
amygdaliformis aklat
Pyrus communis L. Armut Meyve Yemek,1
Rosa canina L. Kusburnu Meyve Yemek,2
Rutaceae Citrus limon L. Limon Meyve Yemek,1
Citrus nobilis Lour. Mandalina Meyve Yemek,4
Citrus paradisi McFad. Greyfurt Meyve Yemek,1
Citrus sinensis (L.) Osbeck. Portakal Meyve Yemek,5
Capsicum annum L. Biber Meyve Baharat, Yemek,3
Solanaceae Capsicum lycopersicum L. Domates Meyve Yemek,2
Solanum melongena L. Patlican Meyve Yemek,2
Solanum tuberosum L. Patates Kok Yemek,2
Theaceae Camellia sinensis L. Cay Yaprak Icecek, 1
Tiliaceae Tilia rubra L. Thlamur Yaprak Icecek, 1
Urticaceae Urtica dioica L. Isirgan otu Toprak ustd Yemek,1
organlari
Vitaceae Vitis vinifera L. Uziim Meyve Yemek,2
Zingiberaceae Zingiber officinale Roscoe Zencefil Kok Baharat,1

Yapilan calismalar sonucunda 26 bitki tiiriiniin gesitli esya yapiminda ve yakacak olarak kullanildigt
goriilmiistiir ( Tablo 3). Pinus nigra Arn subsp..pallasina (Lamb) Holmboe ve Platanus orientalis L. hem yakacak
hem de cesitli esya yapiminda en sik kullanilan bitki tiirleri olmugtur. Bunun sebebi bu bitkilerin bolgede genis
yayilisa sahip olmasidir.
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Tablo 3. Cesitli esya ve yakacak olarak kullanilan bitkiler

Familya Latince Ad1 Yoresel Adi Kullanilan Kullanim tipi, kisi
kisimlar1 sayi1st
Pistacia lenticus L Sakiz Agaci Govde Kagik, 1
. Pistacia terebintus L. subsp. Menevis, i .
Anacardiaceae palaestina (Boiss.) Engler menengic Govde Toprak siirgiisi, 1
Apocynaceae Nerium oleander L. aZga:Clium, ay Govde-dal Capa-kiirek sap1,1
Betulaceae Carpinus betulus L. Giirgen Govde-dal Kasik,1
Juniperus drupacea Lab. Andiz Govde-kozalak Izolasyon s1visi, 1
Cupressaceae Govde Ip kirman, 1
Juniperus foetidissima Willd. Ardig Govde-dal Ekmek yabasi, 1
Ericaceae Arbutus unedo L. Sandal Govde-dal Kas.lk’ ¢ .kmek hapaz,
et dibegi,3
Fagaceae Quercus coccifera L. Kizil pinar Govde-dal Toprak stirgiisii,3
Hamamelidaceae quwdambar orientalis Sigla, giinliik Dal, gévde Yakacak,1
Mill.(End.)
Juglandaceae Juglans regia L. Ceviz Toprak iistii Yakacak,1
organlari
Meliaceae Melia azederach L. Tesbih Agact Govde Sirik yapimi, 1
Ficus carica L. subsp. carica Incir Bogast, .
Moraceae var. caprificus Tsch. et Rav. erkek incir Govde-dal Yakacak,1
Morus alba L. Dut Govde-dal Et dibegi, 1
Myrtaceae gléﬁilg ptus camaldulensis Sulfata Govde-dal Tavan kerestesi,2
. . .. Saban, siirgii,
Pinus brutia Ten Cam, kizilcam | Govde-dal boyunluk yapims,2
Pinaceae Pinus nigra Arn .
subsp.,pallasina Karagam Govde-dal Iilo‘i?rrlll’ glbek’ yayik
(lamb)Holmboe yapmi,
Pinus pinea L. Fistik cam Govde-dal Siirgli, dibek yapimu, 1
Platanus orientalis L. Kavak GOovde-dal Sitrgii, kovan, dibek
Platanaceae yapimi,7
Arundo donax Saz Karg! Govde-dal- Hasir, kilim, sepet
yaprak yapimi, |
- Toprak istii -
Poaceae Sorghum vulgare L. Siipiirge Otu organlart Siipiirge,3
Pyrus communis L. Armut Govde Dibek, kasik, hapaz,3
Rosaceae Pyrus amygdaliformis Vill. var. o . Et kesme tahtasi, dibek
: : Cogiir Govde
amygdaliformis yapimil
Salicaceae Populus tremula Selvi Govde-dal Tavan kerestesi, dibek,
Hapaz,1
Salix fragilia L. Karg1-Sogiit Govde-dal Sepet,1
Thymelaceae Daphne gnidioides Jaub. et Egircik calist, Govde-yaprak Siipiirge, 1

Spach

igircik, emicik

Typhaceae

Typha domingensis (Pers)
Steudel

Hasir Otu

Toprak istii
organlar1

Hasrr, sepet, 1

Yapilan ¢aligmalar sonucunda 11 farkli karigimda 16 adet bitki tiirii tespit edilmistir (Tablo 4). 12 adet
bitkinin tedavi amagli kullanildig1 gibi gida olarak da kullanildig1 goriilmiistiir. Allium cepa L., Origanum onites L.,

Mentha x piperita L., bu tiir karisimlarda en ¢ok kullanilan bitki tiirleri olarak goriilmiistiir.
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Tablo 4. Karisim olarak kullanilan bitkiler

Familya Bilimsel Ad1 Yer?' Kullanilan Kismi Kullanim Kullgmm Kisi
Ismi Amaci Sekli say1s1
Amaryllidaceae | Allium cepa L. Sogan Toprak tstii
organlari Tibbi Lapa 1
Lamiaceae Origanum onites L. Kekik T.iistli organlar1 P
Lamiaceae Mentha x piperita L. Nane T.iistli organlari
Lamiaceae Origanum onites L. Sogan Kok
Lamiaceae Mentha x piperita L. Kekik T.iistii organlari
Pinus nigra Arn Tibbi Lapa 3
Pinaceae subsp., pallasina Karacam | Kozalak
(lamb) Holmboe
Anacardiaceae | Pistacia terebinthus L. Menews.’ Geng siirgiinler
Menengic . <
- - — T1bbi Dogrudan 1
. Scandix pecten-veneris | Kiskis, -
Apiaceae o T.istli organlar1
L. Kingis
Apiaceae Scandix pecten-veneris K@“.s’ T.{stii organlar
L. Kingis
Apiaceae Anethum graveolens L. | Dereotu T.istii organlari Gida Pigirilerek 1
Asteraceae Trag_opqgon Dede T.iistii organlari
porrifolius L. sakali
. Kiris otu, N
Asphodelaceae | Asphodelus aestivus L. Ciris otu Kok Tibbi Lapa 1
Amaryllidaceae | Allium sativum L. Sarmsak | Kok
Cyperaceae Cyperus rotundus L l’tcsjpalak T.iistii organlari
Lamiaceae Ocimum basilicum L. Feslegen | Yaprak Tibbi Lapa 1
Lamiaceae Origanum onites L. Kekik T.iistii organlari
Amaryllidaceae | Allium cepa L. Sogan Kok
Lamiaceae Origanum onites L. Nane T.iistii organlari Tibbi Dekoksiyon | 1
Rutaceae Citrus limon L. Limon Meyve
Lamiaceae Origanum onites L. Nane T.iistii organlari .
Oleaceae Olea europaea L. Zeytin Yag Tibbi Lapa 4
Ficus carica L. subsp.
Moraceae carica var. caprificus Incir Meyve . -
Tsch. et Rav. Tibbi Dogrudan 1
Oleaceae Olea europaea L. Zeytin Yag
Oleaceae Olea europaea L. Zeytin Yag .
Rutaceae Citrus limon L. Limon Meyve Tibbi Kaynatilarak | 1
Verbenaceae Vitex agnus-castus L. Hayit Yaprak .
Oleaceae Olea europaea L. Zeytin Yag Tibbi Lapa !

4. Sonuglar ve tartisma

Bolgede halkm kullandig1 123 bitki tiiriinden 12°si % 15 temsil oraniyla Rosaceae familyasina aittir (Sekil
4). Rosaceae familyasina ait tiirlerin daha fazla kullanilmasmin nedeni, bolgede tarmminin yiiksek miktarlarda
yapilmasi ve dolayisiyla her tiirli tiiketiminin bdlgede yaygin olmasindan kaynaklanmaktadir. Calisma alanimiza
yakin Bodrum [14], Datca [16], Fethiye [17], Marmaris [18], Ortaca [25] gibi alanlarda yapilan diger etnobotanik
caligmalarinda da benzer sonuglar goriilmiistiir.
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Tiir sayisi ve yiizde

B Amaryllidaceae

®m Anacardiaceae

® Apiaceae

m Asteraceae

m Cucurbitaceae

® Cupressaceae

m Fabaceae

® Lamiaceae

= Moraceae
Pinaceae

B Poaceae

B Rosaceae
Rutaceae
Solanaceae
Diger familyalar

Sekil 4. Toplam tiir sayisina gére familyalar

Bolgede 123 bitki tiirii arasindan Lamiaceae familyasina ait olan Origanum onites L., 18 kisi tarafindan
kullanilarak en fazla kullanilan tiir olmustur (Sekil 5). Bolgede yapilan diger ¢alismalarda [15, 17-20] da aym
durumun goriilmesi bu bitkinin bolgede genis bir yayilisa sahip oldugunu gosterir.

N Tilia rubra

u Cifrus sinensis

B Zea mays

® Hordewn vulgare

B Platanus orientalis

® Pinus nigra

B Olea europea var. sylvestris

¥ Laurus nobilis

= Salvia fruticosa
Origanum onites

B Lavandula stoechas

® Juglans regia
Hypericum perforatun var. perforatum
Liquidambar orientalis (End.)
Petroselinum erispum
Pistacia terebintus subsp. palaestina

= Allium cepa

Sekil 5. Kullanim sayilarma gore bitki tiirleri

Kullanilan organlarin biiyiik ¢ogunlugunu %24 (53 tiir) oranla meyve olusturmaktadir (Sekil 6). En fazla
kullanilan organin meyve olmasi bdlgenin meyve ¢esitliligi bakimindan zengin oldugunu diisiindiirtmektedir.

Kullanma sayisi-Yiizde

3 5 2
4 50,2%1% 0
50270 11% B Yaprak
39
13% = Meyve
= Tohum
53 m Govde
13 24% m Dal
1 Toprakiistii organlar
20 .
9% Cicek
29 27 Meyve Sap1

13% 12%
Sekil 6. Kullanilan organlarin kullanim yiizdesi
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Olea europea L., Allium cepa L., Origanum onites L., Hypericum perforatum L., Lavandula stoechas L., gibi
bazi tlirler Mugla ilinde yapilan diger benzer c¢alismalarda da ayni amagla kullamldigi gibi, farkli amagla da
kullanilabilmektedir [14-19, 25]. Bu da bize bu bitkilerin halk arasinda hala yaygin olarak kullanildigin1 gostermektedir.

Mugla ilinde yapilan etnobotanik ¢aligmalarinda verilen bilgiler arasinda bitkilerin kullanim sekilleri ve
amaglar1 gibi faktorler arasinda biiyiik benzerlik s6z konusu iken bitkilerin yerel adlari arasinda farkliliklar da
gozlenebilmektedir. Bu farkliliga bilgilerin nesilden nesile sozlii olarak aktarilmasi, kismen ya da tamamen degisime
acik olmasi, bolgeden bolgeye kullanima eklemeler olmasi ve farkh kiiltiirlerin etkisi neden olabilmektedir.

Gegmiste giinlimiize nazaran insanlar, bitkileri sadece tedavi amagl degil, esya, boya, barinma, parfiim,
esans, yapistirict gibi birgok amacgla kullanmiglardir. Zaman iginde sozlii olarak aktarilan bu bilgilerden bazilari
kaybolmus, bazilar1 da insan ihtiyaglar1 degistigi igin terk edilmistir. Var olan bu bilgilerin kaybolmasi aslinda kiiltiir
miras1 olan bu bilgilerin sonraki nesillere aktarilmasina engel olmaktadir. Bu miras1 korumanin ve sonraki nesillere
aktarilmasini saglamanm bitkilerin korunmasini da arttiracagi diisiiniilebilir. Bu sayede zengin bir dogal ¢esitlilige ve
¢ok sayida endemik tiire sahip iilkemizin de bitki mirasmna daha fazla 6nem verilmesi saglanabilir. Yapilan
etnobotanik ¢aligmalar kiiltir mirasimizin korunmasina ve bitkilerin dneminin kavratilmasina sagladig: katkilardan
dolay1 6nemli caligmalardir.

Ula ilgesinde yapilan bu etnobotanik ¢aligmasi da kiiltiir mirasimizin korunmasina ve bitkilerin 6neminin
kavratilmasina sagladigi katkilardan dolay1 dnemlidir.

Mugla ili ve gevresi gegmisten giinlimiize sayisiz medeniyete ev sahipligi yapmis, bu tarihi birikimden izler
tagiyan ayrica sahip oldugu bitki ortiisii bakimindan da dogal bir zenginlige sahiptir. Yorede yapilacak ya da yapilmis
olan etnobotanik caligmalar bize bitki kullaniminin insan hayatina etkisini ve katkisini gdstermesi bakimindan énem
tasimaktadir. Bu ¢alismalar tamamlandiginda kiiltiirel mirasin kalici olmasi saglanmis, bitkilerin 6nemi kavranmis,
bitkilerin sayisiz kullanim sekli 6grenilmis ve sonraki nesillere aktarilmasi saglanmis olacaktir. Bizim ¢caligmamizin da
bu amag dogrultusunda bir katki da bulunacagni diisiinmekteyiz.
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Abstract

Prostate cancer is one of the most prevalent cancer types in males with a percentages of 28% worldwide. This
cancer type comprises approximately 37% of the cancer incidences in males in Turkey. Recent cancer investigations are
focused on natural agents with good potent for cancer therapy. Escin is one of the most investigated agents of that kind
but its effects on human prostate cancer cell’s morphology is not investigated in detail, yet. Thus, the aim of this study
is to investigate the antiproliferative, cytotoxic and proapoptotic effects of escin, on prostate cancer cells Du-145.
Cytotoxicity of escin on prostate cancer cells was intestigated by using sulforhodamine B (SRB) assay and viability
percentages and ICso value were detected from the elisa reader (BioTek Synergy HTX) results. For morphological
changes, Du-145 cells treated with the 1Cso value of escin were evaluated under a confocal microscope (Leica, TCS SP5
I, Germany). Apoptosis profiles of cells were investigated by flow cytometry. According to the SRB findings escin
reduced the viability of prostate cancer cells in dose-dependent manner and the I1Csg value was detected as 30.48 uM for
24 hours. On the confocal microscopy results it was confirmed that escin significantly changed the morphology of the
treated cells as disintegrated and deformed nuclei, chromatin condensation, fragmentations in the cytoskeleton also
shrinkage of prostate cells. Annexin-V technique indicated the apoptotic cell death trigered by escin in Du-145 cells.
Based on the study results, it was concluded that escin changed the morphology of prostate cancer cells and induced
apoptosis on prostate cancer cells.

Keywords: escin, cytotoxicity, prostate cancer

*

insan prostat kanseri hiicreleri iizerinde escinin apoptozis ve morfolojik degisiklikleri tetikleyici sitotoksik etkileri

Ozet

Prostat kanseri, diinya ¢apinda % 28'lik bir oranla erkeklerde en sik goriilen kanser tiirlerinden biridir. Bu
kanser tiiri, Tirkiye'de erkeklerde goriilen kanser vakalarinin yaklasik % 37'sini olusturmaktadir. Son kanser
arastirmalari, kanser tedavisi i¢in potansiyele sahip dogal ajanlara odaklanmustir. Escin, bu 6zelliginden dolay1 en ¢ok
arastirilan ajanlardan biridir, ancak insan prostat kanseri hiicresinin morfolojisi iizerindeki etkileri heniiz ayrmtili olarak
arastirilmamistir. Bu nedenle, bu c¢alismanin amaci escinin Du-145 insan prostat kanseri hiicreleri iizerindeki
antiproliferatif, sitotoksik ve proapoptotik etkilerini arastrmaktir. Esinin prostat kanseri hiicreleri {izerindeki
sitotoksisitesi sulforhodamine B (SRB) testi ile incelenmistir ve eliza plaka okuyucu (BioTek Synergy HTX)
sonuglarindan canlilik yiizdeleri ve ICsqp degeri saptanmugtir. Morfolojik degisiklikler i¢in escinin ICsq degeri ile inkiibe
edilmis olan Du-145 hiicreleri, bir konfokal mikroskop (Leica, TCS SP5 II, Almanya) altinda degerlendirilmistir.
Hiicrelerin apoptotik profilleri akis sitometrisi ile arastirilmistir. SRB bulgularina gore escin, prostat kanseri
hiicrelerinin canliligini doza bagh olarak azaltmis ve ICsg degeri 24 saat icin 30,48 uM olarak tespit edilmistir.
Konfokal mikroskopi sonuglarinda, escin ile muamele edilmis hiicrelerin morfolojisinde, par¢alanmis ve deforme olmus
¢ekirdekler, kromatin yogunlagmasi, hiicre iskeletindeki fragmantasyonlar ve hiicre biliziismesi seklinde Onemli
degisiklikler saptanmistir. Anneksin-V teknigi, Du-145 hiicrelerinde escinin apoptotik hiicre dliimiinii tetikledigini
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gostermistir. Calisma sonucglarma bakildiginda, escinin insan prostat kanseri hiicrelerinde sitotoksik etki gostererek
morfolojik degisikliklere neden oldugu ve apoptozisi indiikledigi saptanmustur.

Anahtar kelimeler: escin, sitotoksisite, prostat kanseri
1. Introduction

Aesculus hippocastanum is a beautiful plant grown worldwide and known as horse chesnut tree. The horse
chesnut tree has resistance to harsh environmental conditions [1]. It has wide range of usage from decoration to
medicinal purposes [2]. The extracts of varying parts of horse chesnut tree have been used traditionally for the treatment
of various diseases like rheumatism, gastrointestinal diseases and haemorrhoids as well as venous insufficiency disease
and edema. The multipurpose properties of horse chesnut are attributed to its board range ingredients like escin,
quercetin, kaempherol, fraxin and esculin [3]. Escin of the ingredients is reported as the main active substance imply to
the therapeutic activities. The synonym of escin is polyhydroxyolean-12-ene 3-omonodesmosides and it has two
different forms, alpha and beta [1]. B-escin has been reported as more active form of escin and it is used in the
pharmaceuticals [4]. Beneficial properties like anti-inflammatory, anti-edematous, venous contractile, hypoglycaemic
and anti-obesity activity make escin preferable and useful in medical and aesthetic fields [5-8]. Additionally, studies
imply to use of escin as an anticancer agent in vitro and in vivo [9]. This active triterpenoid saponin, as an ingredient of
Aesculus hippocastanum seed extract, has been highly investigated for its biological properties as well as anticancer
potency [10]. The antioxidant and biological effects of escin is investigated in many cancer cells [11-13]. Also, several
in vivo studies have reported the anti-tumor and anti-inflammatory potentials of escin. In this study were examined
potential cytotoxic and proapoptotic effects of escin on human prostate cancer (Du-145) cells as a model of prostate
cancer that is the most common cancer in men as well as the main cause of the high mortality rates in cancer dependent
deaths worldwide.

2. Materials and methods
2.1. Materials

Du-145 cells were purchased from the American Type Culture Collection (Manassas, USA). Escin,
Sulphorodamin B, fetal bovine serum, penicillin-streptomycin were from Sigma-Aldrich (St. Louis, USA), and RPMI-
1640 was obtained from GIBCO (Grand Island, USA). Annexin-V and Dead Cell Assay Kit was purchased from
(Merck, Millipore, Hayward, California, USA).

2.2. Sulphorodamin B viability assesment

Sulforhodamine B (SRB) assay was performed for testing the cytotoxicity of escin on prostate cancer cells.
Briefly, Du-145 prostate cancer cells (5x10° cells/well) were seeded on 96-well plates for 24 h. Incubated cells were
treated with various concentrations (1,56-100uM) of escin for 24 hours. After the incubation cells were washed in ice-
cold phosphate-buffered saline (PBS), fixed with trichloroacetic acid (TCA) (10% in PBS) and incubated at 4°C for 24
hours. Then, cells were washed with distilled water and dried. Cells were incubated with SRB (50 puL/well) in the dark
for 45 min at room temperature. After incubation cells were washed with acetic acid (200 pL) (1%) and allowed to air
for 30 min. 200 pL/well of Tris-base (10 mM, pH 10,5) was added and cells were incubated for 1 hours at room
temperature. After the incubation absorbances were read on an elisa reader (BioTek Synergy HTX) at 540 nm. Viability
percentages were calculated compared to the control cells and the 1Cso value was determined based on the viability
percentages. Statistical significances were determined by using one way Anova, Tukey post test of Graphpad Prism 6.0.

2.3. Confocal microscopic evaluation

In order to determine the cytotoxic effects of escin on the morphology of Du-145 cells firstly were seeded on
coverslips in six-well plates and were treated with the 1Cso value of escin for 24 hours. After the incubation cells were
fixed with glutaraldehyde and double-stained with phalloidin and acridine orange. Stained cells were imaged under a
confocal microscope (Leica, TCS SP5 Il, Germany).

2.4. Annexin-V staining
The induced cell death mode by escin on Du-145 cells was evaluated by Annexin-V staining technique. Firstly,

control and escin-treated Du-145 cells were harvested in separate tubes (100 pL/tube). 100 pL of Annexin-V dye was
added to the tubes. All samples were incubated for 20 minutes at room temperature in dark. Cells were analyzed by
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using Muse™ Cell Analyzer (Merck, Millipore, Hayward, California, USA). This test was performed following the
instructions of user manual of Muse® Annexin-V and Dead Cell Assay Kit.

3. Results
3.1. SRB findings

Cytotoxicity investigation was performed by usinf SRB viability test. SRB findings indicate the half maximal
inhibitory concentrations of escin on Du-145 human prostate cancer cells for 24 hours of application. The viability of
Du-145 cells found to be decreased by concentration dependent manner. The 1Cso value of escin on Du-145 cells was

detected as 30,48 pM. Statistically significant decrease on cell viability was detected on 100, 50, 25 and 12.5 uM escin
concentrations for short-term application of 24 hours (Figure 1).
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Figure 1: Viability percentages of Du-145 cells exposed to different escin concentrations for 24 hours. ICsp value of
escin on Du-145 cells for 24 hours was detected to be 30,48 M

3.2.  Confocal microscopy findings

Confocal micrsocopy evaluations indicated significant changes on cell morphology of Du-145 cells exposed to
the 1Cso (30,48 uM) concentration of escin for 24 hours. Compared to the control cell that were not treated with escin,
test cells were found with altered morphology. Detected changes on Du-145 cell exposed to escin were holes on
cytoskeleton, apoptotic cell shape (shrinked and with blebbings on cell membranes) and chromatin condensation
(Figure 2).
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Figure 2: A. Untreated Du-145 cells: Arrow-Cytoskeleton, Arrowhead nucleus B, C, D. Morphological changes of Du-
145 cells exposed to ICs value of escin for 24 hours. Arrow-holes on cytoskeleton, circle-apoptotic cell shape,

arrowhead-shrunken cells.

3.1.  Annexin-V staining results

Apoptotic profile of Du-145 cells was evaluated with Annexin-V technique. In the profile of Du-145 control cells
the percentages were detected to be 95.70%, 3.57%, and 0.73% for live, early apoptotic and late apoptotic cells,
respectively. These percentages for Du-145 cells exposed to ICso value of escin for 24 hours were determined as
61.60%, 30.05% and 8.2%, respectively for live, early apoptotic and late apoptotic cells (Figure 3). The trigered cell
death mode by escin on Du-145 human prostate cancer cells was detected to be apoptosis.
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Figure 3: Apoptotic profiles of control (A-Live cells 95.70%, Early apoptotic cells 3.57%, Late apoptotic cells 0.73%)
and Du-145 cells exposed to I1Cso value of escin for 24 hours (B-Live cells 61.60%, Early apoptotic cells 30.05%, Late

apoptotic cells 8.2%.).

Cytotoxic impacts of escin via inducing apoptosis and morphological changes on human prostate cancer cells

Canan VEJSELOVA SEZER



86 Biological Diversity and Conservation — 14 / 1 (2021)

4. Conclusions and discussion

Escin showed its toxicity on Du-145 cells by causing growth inhibition in a dose dependent manner in short-
term application of 24 hours. The viability of Du-145 cells treated with escin was decreased with the increase in applied
escin concentration. Highest growth supress was recorded at the highest dose of escin. In addition significant
antiproliferative activity of escin was detected on dose range 100-12.5 uM (Figure 1). The ICso value of escin on human
prostate cancer Du-145 cells was found to be 30.48 uM. Studies conducted on different cell lines as human lung
adenocarcinoma, pancreatic cancer, Jurkat, HepG2, C6, H-Ras 5RP7 cells reported the antiproliferative effect of escin
[13-16]. Along with the growth inhibitory effect, escin has been reported to have proapoptotic activity on numerous
studies [13,17]. In this study, it was showed that escin induced apoptosis on Du-145 cells at its 1Cso concentration. This
activity was indicated firstly based on the morphological changes detected after escin treatment for 24 hours. The
results indicated that untreated Du-145 cells were with unchanged and compact morphology whereas escin treated cells
were with significant alterations that were considered as stong indicators of apoptosis. These changes were cell
shinkage, membrane blebbings, chromatin condensation and holes on cytoskeleton of Du-145 cells (Figure 2).
Investigations on escin based cell death mechanisms reported apoptosis to be the induced cell death type [13-15].
Natural product and their potential usage in cancer treatment was investigated by different studies and results imply to
the strong basis of natural products and escin for new therapeutics [17]. The findings considered apoptosis to be
prefered cell death mode induced by agents with anticancer potential [18, 19]. Based on the data, in this study we
investigated apoptotic profiles of Du-145 cells treated with escin for 24 hours. Apoptotic profiles of control cells
showed that 95.70% of Du-145 cells were alive, whereas approximately 4% of these cells underwent apoptosis. The
percentage of viable cells in Du-145 cells exposed to 1Csp concentrations of escin for 24 hours was reduced to 61.60%
and the percentage of total apoptotic cells was detected to be approximately 38% (Figure 3). Escin caused early
apoptosis in Du-145 cells at a percentage of 30.05% and late apoptosis at 8.2%. The trigered apoptosis type nd
apoptotic death stage by escin, have reported to be concentration and cell type dependent [9]. This imply to the
information that the detected ICso value of escin in Du-145 cells have caused early apoptosis significantly but the case
with other escin concentrations required to be investigated. All investigation results of this study confirm the cytotoxic,
antiproliferative and proapoptotic activities of escin on Du-145 human prostate cancer cells. Consequently, escin can be
proposed for drug designing studies with all theranostic capabilities for cancer therapy agent.
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Abstract

The Acroceridae family, an endoparasite in true spiders, is also referred to as spider flies. In this study, the list
of Turkish Acrocerid species was updated with the newly recorded acrocerid species. The specimens in Zoological
Museum of Gazi University collected from different regions of Turkey at different times (1997-2013) were evaluated.
Acrocera laeta Gerstiacker, 1856 from Konya in central Anatolia and Ogcodes pallipes Latreille in Olivier, 1812 from
Ardahan in northern east of Anatolia are recorded for the first time. Now Turkish Acrocerid fauna are ten species. The
distribution map of the species are given.

Keywords: Acroceridae, Anatolia, fauna, new records

Tiirkiye o6riimcek sinekleri faunasina katkilar (Diptera: Brachycera: Acroceridae)

Ozet

Gergek oOriimceklerde endoparazit olan Acroceridae familyasi, Oriimcek sinekleri olarak da anilir. Bu
calismada, Tiirk Acrocerid tiir listesi yeni kayitlarla birlikte giincellenmistir. Gazi Universitesi Zooloji Miizesi’nde
bulunan Tiirkiye’nin farkli bolgelerinden farkli zamanlarda (1997-2013) toplanan o6rnekler degerlendirilmistir.
Acrocera laeta Gerstacker, 1856 Orta Anadolu’da Konya’dan ve Ogcodes pallipes Latreille in Olivier, 1812
Kuzeydogu Anadolu’da Ardahan’dan ilk defa kaydedilmistir. Giiniimiiz Tiirk Acrocerid faunasi on tiirdiir. Tiirlerin

dagilis haritalar: verilmistir.
Anahtar kelimeler: Acroceridae, Anadolu, fauna, yeni kayitlar
1. Introduction

Acroceridae (Diptera: Brachycera) family known as spider flies, small-headed flies or swollen-bodied flies
have a small head and a humbled thorax. There is a great variety in size and colour among the taxa. Their mouth parts
are well developed, partially developed or absent. Those with well-developed mouth parts have an elongated proboscis.
In this way, they feed on the nectar of flowers. Some acrocerid species are known as good pollinators in the ecosystem
[1, 2].

Adult flies are short-lived, from one to six weeks. The flies are active only on warm sunny days [1]. The
phenological information of some acrocerid species has been presented in previous studies. Accordingly, some species
start to appear from May (such as Acrocera orbiculus and Ogcodes pallipes), while some species start to appear from
June (such as Acrocera sanguinea and Ogcodes zonatus). They continue to appear until the end of August [10, 17].
Acrocerid larvae are endoparasitoids of true spiders (Araneae). Acrocerid females lay their eggs independently of the
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host but in the habitat where the spider lives. After the larva hatches from the egg, it awaits its host. After the larva finds
its host, it adheres to the spider's body and usually settles between the spider's book lung lamellae [1, 2, 3].

Acroceridae is represented about 500 species in the world [4]. Although some acrocerid species are widely
distributed, they are less known because they are rare in the field [1]. There are 34 species belonging to this family in
Europe [5]. Studies on the Turkish Acroceridae family are few and insufficient. Until this study, seven species were
known from the Turkish fauna [6, 7, 8, 9]. In recent years, four species from Van province have been recorded. Three of
them were new records [7, 8, 9].

The aim of this study is to determine an update Acroceridae fauna of Turkey.

2. Materials and methods

The material discussed here is from the collection in Zoological Museum of Gazi University (ZMGU, Ankara,
Turkey). The specimens were collected individually with a sweep net.

The species with detailed locality information in published papers and examined materials in this paper are
shown on the distribution map. The species that recorded from Turkey but with no clear locality information (for
example, as recorded in Asia Minor) are not shown on distribution map. The map was created in ArcGIS 10.1 program.

Identification work was carried out with the keys provided by Nartshuk [1] and Sack [10].

The species are given in alphabetical order. The Palaearctic distribution of species was obtained from Nartshuk
[6] and Schlinger [11].

3. Results

23 acrocerid specimens (14 males, 9 females) in the Zoological Museum of Gazi University were evaluated.
As a result of the examination, 6 species belonging to 3 genera were determined. The species are as follows; Acrocera
(s.str.) laeta, A. (s.str.) orbiculus, Astomella hispaniae, Ogcodes pallipes, O. zonatus and Oligoneura murina. Among
these species A. laeta and O. pallipes are new records for Turkish fauna. A total of 9 species are now known from
Turkey (Table 1). The distribution map of the species is shown in Figure 1.

Acrocera (s.str.) laeta Gersticker, 1856

Material examined: Konya: Sariveliler, Gevne Valley, 36°35'N, 32°32"' E, 1170 m, 01.07.2001, ¢, leg. A.
Hasbenli

Remark: A. laeta was described from the male holotype collected on Sardinia (Italy) and also was recorded
from USSR (SET, TC (Ge)) and Kazakhstan [6]. This species is new record for Turkish fauna. The species were
collected from Gevne Valley located in the Middle Toros Mountains in the south of Turkey. In the Gevne valley,
juniper, maquis, riparian and rocky plant communities, black pine (Pinus nigra), red pine (Pinus brutia) and Taurus fir
(Abies cilicica ssp. isaurica) forests, high mountain meadows, steppe and agricultural areas have seen [12].

Acrocera (s.str.) orbiculus (Fabricius, 1787)

Material examined: Nigde: Camardi, Demirkazik village, 37°52' N, 35°06' E, 1635 m, 11.07.2002, &, leg. A.
Hasbenli

Remarks: Acrocera orbiculus is a Holarctic (North America) species and one of the most frequently collected
acrocerid in Palaearctic (Europe, USSR, Tajikistan, Kazakhstan, China, Algeria) [6, 13]. This species was recorded Van
province for the first time from Turkey by Kemal and Kogak [7]. The second record is given in this paper.

Acrocera (Acrocerina) sanguinea Meigen, 1804

Remarks: The species is distributed in central and southern Europe [6]. It was recorded from Artos Mountain
(Van) by Kemal and Kogak [8].

Astomella hispaniae Lamarck, 1816

Material examined: Antalya: Giindogmus, 36°48' N, 32°00' E, 980 m, 23.06.1999, &, leg. A. Hasbenli;
Konya: Hadim, Beyreli village, Gevne Valley, 36°51' N, 32°21' E, 1570 m, 01.07.2001, &, @, leg. A. Hasbenli and U.
Caglar.

Remarks: Astomella hispaniae is distributed in South Europe, Turkey, Syria and Algeria [6].

Ogcodes formosus Loew, 1873

Remarks: Loew [14] based the original description of Oncodes formosus a holotype from Shahrud, Iran. After
that, this species was recorded from Artos Mountain (Van, Turkey) by Kogak and Kemal [7].

Ogcodes hirtus (Sack, 1936)

Remarks: The species was described from the female holotype collected on "Kurdistan ross." [10]. Schlinger
stated the type locality of O. hirtus as "Kurdistan, Iran" and also gave the definition of the male [11]. Distribution
information of the species was written as “south-eastern of Turkey” (? Turkey)" in the Catalogue of Palaearctic Diptera
[6]. South-eastern region of Turkey has borders with the Kurdistan region in Iran. For this reason, we think that there
may be confusion in the country names. Therefore, Turkey's record of this species is not clear. But we will consider the
Ogcodes hirtus might be in Turkish fauna.

Ogcodes guttatus Costa, 1854
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Remarks: O. guttatus, the one nonendemic species, distributed the Palaearctic, Oriental and southern
Ethiopian regions. One male specimen record, collected from Istanbul in 1925 leg. G. Edwards (deposited in BMNH),
was published by Schlinger [11]. However, detailed locality information for the specimen was not given [11].

Ogcodes pallipes Latreille, 1811

Material examined: Ardahan: Hanak, SW of Yiinbiiken village, 41°15' N, 42°51' E, 1990 m, 17.07.2011, <,
leg. A. Hasbenli and D. Ciftci

Remarks: This species is new record for Turkish fauna. It is distributed in Europe and western Asia [6, 11].
EUNIS habitat type of the examined specimen’s locality is “E4.4- Calcareous alpine and subalpine grassland” based on
Davies et al. [15]. See Davies et al. [15] for detailed characteristics of this habitat.

Ogcodes zonatus Ercihson, 1840

Material examined: Adana: Pozanti, Hamidiye village, 37°31' N, 35°02' E, 1045 m, 21.07.2002, &, leg. A.
Hasbenli; Eskisehir: Tepebasi, NE of Takmak village, 39°43' N, 30°20' E, 931m, 05.07.2013, 2, leg. A. Hasbenli and
D. Ciftgi; Kayseri: Yahyali, around Derebag: waterfall, 1280 m, 25.06.1997, 9, leg. A. Hasbenli.

Remarks: This species is widely distributed, reaching from Mongolia to Europe and south into North Africa,
though it is as yet unknown from Scandinavia [11]. The first record from the Turkey was given by Kemal and Kogak
[7] from Van province. Tragacanthic Astragalus species were dominant in the locality where was collected [7]. The
specimens in this study were collected from steppe between sparse trees and shrubs.

Oligoneura murina (Loew, 1844)

Material examined: Adana: Tufanbeyli, Giizelim Village, 38°06' N, 36°10' E, 1490 m, 24.06. 2002, &, leg. A.
Hasbenli; Aksaray: Giizelyurt, between Ihlara-Yenipinar, 38°13' N, 34°17' E, 1364 m, 14.06.2005, J, leg. A. Hasbenli;
Alanya: Aksu, 110 m, 06.05.1992, &, leg. A. Hasbenli; Artvin: Yusufeli, Barhal Brook, 764 m, 18.07.2004, 2, leg. A.
Hasbenli; Erzincan: Tercan, N of Karacakiglak village, 39°53' N, 40°25' E, 2082m, 19.07.2013, ¢, leg. A. Hasbenli and
D. Ciftgi; Hatay: Dortyol, Topaktas Plateau, 36°49' N, 36°19' E, 1114 m, 26.06.2004, &3, @, leg. U.Caglar; Kayseri:
Develi, Deresimli Village, 38°12' N, 35°53' E, 1426 m, 26.06.2002, 3 &J, leg. A. Hasbenli; Yesilhisar, Giizeloz
Village, 1260 m, 25.06.1997, ¢, leg. A. Hasbenli; Mersin: Mezitli, 7 km N of Findikpinari, 36°57' N, 34°18' E, 1927 m,
08.07.2006, &, leg. A. Hasbenli; Nigde: Centrum, Baglama Village, 38°15' N, 34°36' E, 1439 m, 29.06.2005, &, leg. A.
Hasbenli; Ulukisla, between Darbogaz-Giimiis villages, 37°28' N, 34°35' E, 1716 m, 30.06.2006, 1 J,leg. A. Hasbenli.

Remarks: The type locality was given by Loew in [16] as Kleinasien (Turkey) and Kos Island (Greece). In
addition, the species was recorded from Greece, Armenia, Georgia and Iran [6].

3.1. Checklist of Acroceridae
A distributional checklist of Acroceridae (Diptera: Brachycera) of Turkey is presented as in Table 1.

Table 1. A distributional checklist of Acroceridae of Turkey

Species

Provinces and/or localities

References

Acrocera laeta Gersticker, 1856

Konya

This paper (new record)

Acrocera orbiculus (Fabricius, 1787) | Nigde, Van This paper, [7]
Acrocera sanguinea Meigen, 1804 Van (Artos Mountain) [8]

Astomella hispaniae Lamarck, 1816 | Konya, Antalya This paper, [6]
Ogcodes formosus Loew, 1873 Van (Artos Mountain) [7]

Ogcodes guttatus Costa, 1854 Istanbul (not shown on the map) [6, 11]

Ogcodes hirtus (Sack, 1936)

Not cited

Narsthuk, 1998; Sack, 1936;
Schlinger, 1960

Ogcodes pallipes Latreille, 1811

Ardahan

This paper (new record)

Ogcodes zonatus Ercihson, 1840

Adana, Eskisehir, Kayseri, Van

This paper, [6, 7]

Oligoneura murina (Loew, 1844)

Adana, Aksaray, Alanya, Artvin,
Erzincan, Hatay, Kayseri, Mersin,
Nigde

This paper [6, 16]
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Figure 1. Distribution map of Turkish acrocerid species (Ogcodes guttatus not shown on the map).
4. Conclusions and discussion

As mentioned in the section above, the species of the acrocerid are active on hot sunny days [1]. In parallel to
it, it is observed that the species recorded from Turkey are gathered in May, June, and July. Turkey is located between
the subtropical zone and temperate zone. Different types of climate (Mediterranean, Continental, Marmara and Black
Sea climate) are observed due to factors such as Turkey being surrounded by seas on three sides, the extension of
mountains, and landforms. Due to these climates, summer months are generally hot and sunny in Turkey [18].
Therefore, it is considered that there will be more acrocerid species in the period between May and August compared to
most parts of the country.

During their larval stages, acrocerids are internal parasites of true spiders. Naturally, females lay their eggs in
habitats where spiders can live. While the subfamily Panopinae is Mygalomorphae spiders parasites, Acrocerinae is
observed as a parasite in different Araneomorphae families. Palaearctic acrocerids were reared (from the following
spider's families: Ctenizidae and Theraphosidae (Mygalomorphae) - Astomella species; Araneidae, Theridiidae,
Lycosidae, Agelenidae, Oxyopidae, Anyphaeidae, Clubionidae, Gnaphosidae, Thomisidae and Salticidae
(Araneomorphae) - Acrocera and Ogcodes species [1]. These spider families and species, in which acrocerids are
parasites, are also recorded and distributed in Turkey [19, 20].

When the general situation of the Turkish Acroceridae fauna is compared with the European Acroceridae
fauna, it is observed that it is not at a sufficient and satisfactory level. When Turkey's favorable climatic conditions and
rich vegetation, and the diversity and richness of the spider fauna are considered, the Turkish acrocerid fauna is
predicted to be richer.
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Abstract

Atomic absorption spectrometry facilitates the reliable determination of mineral content during pharmaceutical
quality control of medicinal plants. In the present work, measurable amounts of Fe, Ca, Cu, K, Mg, Mn, Na and Zn
were detected in the leaves and flowers of Hypericum origanifolium Willd. through atomic absorption spectrometry.
Mean heavy metal content in the flowers and leaves of H. origanifolium was, in descending order, Ca > Mg > K > Na >
Fe. Ca was present in higher concentrations in the flowers (11157.24 ppm) and leaves (20132.24 ppm) of titled plant.
Our results reveal that flowers are less suitable as target plant parts for metal accumulation than leaves.

Keywords: Hypericum origanifolium, heavy metals, atomic absorption spectrometry

%

Hypericum origanifolium’un yaprak ve ciceklerindeki agir metal iceriginin atomik absorpsiyon spektrometresi
ile belirlenmesi

Ozet

Atomik absorpsiyon spektrometresi, tibbi bitkilerin farmasotik kalite kontrolii sirasinda mineral igeriginin
giivenilir bir sekilde belirlenmesini kolaylastirmaktadir. Bu ¢alismada, Hypericum origanifolium Willd'un yaprak ve
ciceklerinde atomik absorpsiyon spektrometresi ile dl¢iilebilir miktarda Fe, Ca, Cu, K, Mg, Mn, Na ve Zn bulundugu
tespit edilmistir. H. origanifolium'un yaprak ve ¢igeklerindeki ortalama agir metal icerigi sirasiyla Ca> Mg> K> Na> Fe
olarak belirlenmistir. Kalsiyum, ¢igek (11157,24 ppm) ve yapraklarda (20132,24 ppm) en yiiksek konsantrasyonda
tespit edilmistir. Elde edilen sonuglar ¢i¢eklerin yapraklara kiyasla ¢ok daha diigiik seviyede agir metal birikimi
gosterdigini ortaya koymaktadir.

Anahtar kelimeler: Hypericum origanifolium, agir metaller, atomik absorpsiyon spektrometresi
1. Introduction

Especially in developing countries, environmental pollutants which are released to nature in an uncontrolled
manner reach the structure of plants through water, soil and air. Metals have an important place among these pollutants.
The use of metal based pollutant exposed plants by humans causes serious health problems such as kidney damage,
renal failure and liver damage [1; 2; 3]. Iron, zinc, calcium, magnesium, copper, potassium, manganese, sodium were
chosen as representative metals whose levels in the environment represent a reliable index of environmental pollution
and human health. Some plants like as Hypericum perforatum, Avena sterilis, Bifora radians, Chenopodium album,
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Consolida regalis, Humulus lupulus, Reseda lutea, Solanum nigrum, Sorghum halepense and Xanthium strumarium can
then be used as biomonitors for the determination of trace element levels [4; 5; 6; 7].

Hypericum L., which is a member of the Hypericaceae (Guttiferae) family, is represented approximately 500
species all around to world. About 108 of these species are naturally distributed in Turkey [8; 9; 10; 11]. There has been
many studies previously conducted on the Hypericum species, but very limited studies for H. origanifolium. According
to the literature reviews, only one anatomical study on H. origanifolium was found [12]. One of the most important
features of Hypericum taxa is their unique secondary metabolites. Hypericum taxa and their metabolites are widely used
in traditional and modern medicine today [13]. In the light of phytochemical studies performed on H. origanum,
flavonoids (myrcetin, rutin, quercetin, hyperoside), xanthones (iso-magniferin and mangiferin), naphthodiantrones
(frangulin, emodin, proto-pseudohypericin, psudohypericin and phenolicin) and phenolic acids have been determined at
the aerial parts of the plant [14; 15; 16; 17; 18; 19; 20].

Data available on the biological activity of H. origanifolium is also limited to a few previous reports that have
demonstrated their cytotoxic, antiproliferative, antimicrobial, antibacterial, antiyeast and antioxidant activities [18; 19;
20; 21; 22; 23; 24, 25; 26]. In the light of literature data, any studies on the heavy metal content of H. origanifolium not
determined.

The main purpose of this study is to determine the heavy metal content in extracts obtained from the flowers
and leaves of H. origanifolium by atomic absorption spectrometry. We hope that the relationship between the heavy
metal amounts in H. origanifolium leaves and flowers will be reference for future studies.

2. Materials and methods

H. origanifolium Willd. was collected around of Eskisehir, Turkey. H. origanifolium Willd. Sivrihisar, Tek6ren
village, 1100 m. June 2003 (OUFE 10334). The plant was identified according to Flora of Turkey and the East Aegan
Islands [8; 27; 28].

For the solid samples with a nitric acid (Merck, Darmstadt, Germany)—perchloric acid (Merck, Darmstadt,
Germany) digestion was used for mineralizing. The dried flowers and leaves of H. origanifolium were extracted for the
solution phase as described previously and analyzed for Fe, Zn, Ca, Mg, Cu, K, Mn, Na (Merck AAS standard
solutions), using Hitachi (180-70) Polorized Zeeman flame atomic absorption spectrometry [29; 30]. All precautions
were taken to prevent metal contamination, i.e. samples were cleaned with 2% HNOs3, rinsed in distilled water and
baked at 600°C. All samples were analyzed in triplicate and the mean values were calculated. In order to increase the
reliability of the measurements during the study, the instrument was calibrated at every 10 readings.

The flame atomic absorption spectrometry (FAAS) instrumental and operating conditions that provided the
best sensitivity for the determination of metal content are detailed in Table 2.1.

Table 2.1. FAAS instrumental parameters employed to determine metals

Elements Flame type Burner Wavelength | Slit width Lamp Fuel gas
height (mm) | (hm) (nm) Current (mA) | (1 min?)

Fe Air-CoHz 7.5 248.3 0.2 10 2.3

Zn Air-CoHz 7.5 213.8 1.3 10 2.0

Ca Air-CoHz 12.5 422.7 2.6 7.5 2.6

Mg Air-CoHz 7.5 285.2 2.6 7.5 1.6

Cu Air-CoHz 7.5 324.8 1.3 7.5 2.3

K Air-CoHz 7.5 766.5 2.6 10 2.3

Mn Air-CoHz 7.5 279.5 0.4 7.5 2.3

Na Air-CoHz 7.5 589.0 0.4 10 2.2

3. Results

In this study, the heavy metal contents of the leaves and flowers of Hypericum origanifolium Willd. were
investigated. These levels were obtained through flame atomic absorption spectrometry. Fe, Zn, Ca, Mg, Cu, K, Mn and
Na were determined to be present in the samples. Metal concentrations in the leaves of H. origanifolium were found to
be 130.25, 30.99, 20132.24, 7775.84, 7.60, 3361.53, 48.40, and 145.02 ppm; and in flower of H. origanifolium were
found to be 93.64, 26.26, 11157.23, 5768.23, 11.37, 2454.99, 36.12, and 184.94 ppm for iron, zinc, calcium,
magnesium, copper, potassium, manganese, sodium, respectively (Table 3.1. and Figure 3.1.).
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Table 3.1. Element concentrations of H. origanifolium (ppm)

Elements H. origanifolium (leaf) H. origanifolium (flower)
Fe 130.25 93.64
Zn 30.99 26.26
Ca 20132.24 11157.23
Mg 7775.84 5768.23
Cu 7.60 11.37
K 3361.53 2454.99
Mn 48.40 36.12
Na 145.02 184.94
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Figure 3.1. Relationship between leaf and flower metal concentrations of H. origanifolium
4. Conclusions and discussion

In the light of obtained data from flame atomic absorption spectrometry analysis of the leaves and flowers of
Hypericum origanifolium, Fe, Zn, Ca, Mg, K and Mn concentrations were recorded as higher in the leaf than in the
flower, 130.25 > 93.64 ppm, 30.99 > 26.26 ppm, 20132.24> 11157.23 ppm, 7775.84> 5768.23 ppm. 3361.53> 2454.99
ppm, 48.40> 36.12 ppm, respectively. Cu and Na concentrations were observed to be higher in the flower than in the
leaf 11.37> 7.60 ppm, 184.94 > 145.02 ppm, respectively (Figure 1, Table 2).

The mean heavy metal content in the flowers and leaves of H. origanifolium was, in descending order, Ca >
Mg > K > Na > Fe. Ca was present in higher concentrations in the flowers (11157.24 ppm) and leaves (20132.24 ppm)
of the titled plant. Gomez et al. (2004) indicated that the CA concentration in H. perforatum was 100-500 ppm for the
dried herb, as indicated in table 3.1. [4]. This situation shows that the Ca concentration of the leaf and flower of H.
origanifolium is higher than H. perforatum. Kadioglu et al. found the concentrations to be 495, 62.6, 11.1, 19,5 ppm for
iron, manganese, copper, zinc, respectively [5]. In this study, the concentrations of Fe and Mn were higher, while that of
Zn was lower than in the H. perforatum concentrations reported by Kadioglu et al. (2005).

Findings obtained from elemental analysis studies on plants reveal that herbal foods are rich in especially Mg,
Ca, Na and K [3]. The data obtained in our study coincide with the above findings. K, Mg and Ca which are represent
the most abundant metal constituents of many plants were identified as the most abundant metals in H. origanifolium
extracts. Internal and external factors have direct and indirect effects on the different metal concentrations of distinct
parts of plants. These regional differences in metal content can occur due to many different reasons, such as genetic
factors, growth conditions, analytical procedures and geographical variations. These factors are directly affected by the
location differences where the plant samples are collected. Hence, there is an indirect relationship between sample
locations and metal content can be mentioned. Though much is known about the functional role of a number of
elements, the best foreseeable benefit for human health, mineral nutrition, lies in obtaining the correct amount of
supplementation in the right form at the right time. High or low levels of Ca, Cu, Zn, Mn, K and Mg may invite many
disorders [3]. These elements also play a part in neurochemical transmission, as well as serving as constituents of
biological molecules, as a cofactor for various enzymes such as NAD(P)H oxidase, Ferroxidase, Alcohol
dehydrogenase and in a variety of different metabolic processes.
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High amounts of Ca are expected one way or another, as it is one of the most common minerals of the soil,
from where it is readily absorbed into the plants. Iron is one of the important elements for the human body and is
involved in vital activities such as hemoglobin formation, oxygen and electron transfer. Zinc and Copper, on the other
hand, are involved in many different vital processes such as being important components of enzymatic and redox
systems. For this reason, they have an important place among the elements that should be found regularly in the diet [6].
Also, the consequences show that most of these herbal plants contain vital elements for human metabolism and are also
essential for growth and development as well as for the prevention and cure of diseases.

While many investigations into the quality values of medicinal plants are being reported in the current
literature [7], less emphasis has been made on the metal content of herbal products. Metallic elements are constituent
plant compounds demonstrating biological activity as essential or toxic agents in metabolism. Thus, the application of
metal monitoring as a pattern recognition method in medicinal herbs is a promising tool for their characterization.

Chemotaxonomy is one of the most important tools that help classify plant taxa. The field of study of
chemotaxonomy is to reveal the chemical content similarities and differences between different taxonomic groups. In
this context, determining the metal content of plants is extremely valuable for chemotaxonomic researches. Heavy metal
levels are important pollutants for soil, water, plant, the environment and human health. Especially the accumulation of
heavy metals in some plant taxa makes them a valuable tool in determining heavy metal pollution. Therefore, further
investigations are also needed to determine interactions between the leaves and flowers in terms of heavy metals.
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Abstract

The adults of Sitona humeralis Stephens, 1831 (Coleoptera: Curculionidae) cause serious damages by feeding
on the leaf and shoot parts of the clover plant (Medicago sativa L.), and the larvae on the capillary root and nodocytes.
This article was carried out in the clover fields and laboratory in Igdir province in 2019 — 2020 in order to determine the
morphology and biology of S. humeralis. In the studies, in order to determine the egg stages of S. humeralis, a 1 — 4 cm
deep topsoil containing clover plants in 5 different parts of the field, a soil plant with a depth of 20 cm and a surface
area of 20 x 20 cm to determine the larva, pupa and adult stages were taken with the root with a shovel and examined in
the laboratory. As a result of the studies, it was found that S. humeralis overwinters in egg, larva and adult stages.
Female insects lay some of their eggs in October and November in the autumn, pause their egg laying with the decrease
of the air temperature, and continue to lay eggs until the end of March and early May as the weather gets warmer. The
eggs were laid on the soil surface in the root zone of the clover plant. While the larvae emerging from the eggs laid in
early October are active in the soil until the beginning of November, they spend the winter without feeding until the end
of March to the beginning of April as the weather gets colder. The larvae that come out of the eggs laid in the late April
— early May and enter the pupa stage in the late May — June. Natural deaths start in April — May in adults who spend the
winter, a new generation of adults start to emerge from June and the emergence continues until mid — July. From
August to mid — October, the new generation adults spend their rest in the soil around the plant roots. In the studies, it
was understood that S. humeralis produce a generation a year.

Keywords: Sitona humeralis, biological notes, alfalfa, Igdir

*

Igdir ili yonca alanlarinda yonca zararhsi, Sitona humeralis Stephens, 1831 (Coleoptera: Curculionidae)’in
biyoloji iizerine notlar

Ozet

Sitona humeralis Stephens, 1831 (Coleoptera: Curculionidae)’in erginleri yonca bitkisinin (Medicago sativa
L.) yaprak ve siirgiin kisimlarinda, larvalari ise kilcal kok ve nodozitelerde beslenerek ciddi zararlar olusturmaktadir.
Bu makalede, S. humeralis’in morfolojisi ve biyolojisini belirlemek amaciyla 2019 — 2020 yillarinda Igdir ili yonca
tarlalar1 ve laboratuvarda yiiriitiilmiistiir. Calismalarda, S. humeralis‘in yumurta donemlerini belirlemek amaciyla,
tarlanin 5 farkli yerinde i¢inde yonca bitkilerinin de bulundugu 1 — 4 cm derinligindeki yiizey topragi, larva, pupa ve
ergin donemlerinin belirlenmesi i¢in 20 cm derinliginde ve 20 x 20 cm yiizey alanina sahip toprak bitki kokiiyle birlikte
kiirek yardimiyla alinmig ve laboratuvarda incelenmistir. Caligmalar sonucunda, S. humeralis kig1 yumurta, larva ve
ergin donemlerinde gecirdigi belirlenmistir. Disi bocekler yumurtalarinm bir kismint sonbaharda ekim-kasim aylarinda
birakmakta, hava sicakliginin diismesiyle birlikte yumurtlamaya ara vermekte havalarm ismmasiyla birlikte mart sonu
ve mayis ayl1 baglarma kadar yumurta birakmaya devam etmektedir. Yumurtalar yonca bitkisinin kok bolgesine toprak
yiizeyine birakilmaktadir. Ekim ay1 baslarinda birakilan yumurtalardan ¢ikan larvalar kasim ay1 baslarma kadar toprak
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icerisinde aktifken, havalarin sogumasiyla birlikte mart sonu nisan ay1 bagma kadar beslenmeden kis1 gegirmektedir.
Nisan sonu — may1s baglarinda, ilkbaharda birakilan yumurtalardan ¢ikan larvalar ise mayis sonu-haziran aymda pupa
donemine girmektedir. Kis1 geciren erginlerde nisan-mayis aylarinda dogal Sliimler baslamakta, haziran ayindan
itibaren yeni nesil erginler ¢ikmaya baglamakta ve ¢ikis temmuz ortalarina kadar devam etmektedir. Agustos’tan ekim
ortalarina kadar yeni nesil erginler bitki kdkleri civarinda toprak icerisinde dinlenerek gegirmektedir. Caligmalarda S.
humeralis’in yilda bir nesil verdigi anlagilmstir.

Anahtar kelimeler: Sitona humeralis, biyolojik notlar, yonca, Igdir
1. Giris

Yonca (Medicago sativa L.), baklagiller (Fabaceae) ailesinde yer alan, derin ve giiglii kok sistemine sahip, ¢ok
yillik 6nemli bir yem bitkisidir [1]. Yonca sahip oldugu derin kok sistemi sayesinde topragin havalanmasini ve
gevsemesini saglamakta, erozyonun kontrol edilmesine dnemli katkida bulunarak dogayi korumaktadir. Bu bitki yem
bitkileri igerisinde en yiiksek besin degerine sahiptir. Besicilikte et ve siit verimini %30’lara kadar arttirabilmekte ve
ayrica silo ve pelet yemi olarak da kullanilabilmektedir [2]. Yonca, Tiirkiye’de 2019 yili 641213 ha ekim alaniyla
oldukea genis alanlarda yetistirilmektedir. Igdir ilinde ise, tarla bitkileri ekiligleri igerisinde toplam 19220 ha ekim alant
ile yaklasik olarak %32’lik paya sahiptir [3]. Bakimmnin ve elde edilen kuru otunun maddi getirisinin yiiksek olusundan
dolay1 ekim alanlar1 yildan yila artis gostermektedir. Yonca bitkisinin verim ve kalitesini olumsuz etkileyen zararl
boceklerden Sitona Germar (Coleoptera, Curculionidae) erginleri yonca bitkisinin yaprak ve tomurcuklarinda, larvalari
ise kok ve kok nodiillerinde beslenerek ciddi zararlar olusturmaktadir [4; 5; 6; 7; 8; 9; 10; 11; 12]. Sitona tiirleri,
Akdeniz tilkeleri ve Avustralya'da yonca tarimi yapilan alanlarda ana zararh durumundadir [8; 13; 14; 15]. Aeschlimann
[13], Giiney Avrupa’da 20 Sitona tiirii bulundugunu bu tiirler icerisinde S. humeralis ve S. lineatus’un baskin oldugunu,
Dimitrov ve ark. [16; 17] ise, Bulgaristan yonca alanlarinda S. humeralis ve S. longulus’u en 6nemli zararlilar oldugunu
bildirmiglerdir. Sitona humeralis {ilkemiz yonca alanlarinda yapilan siirvey ¢aligmalarinda bulunmus [18; 19; 20; 21;
22] ve morfolojik tanimi yapilmistir [23]. Ancak yonca alanlarinda biyolojisiyle ilgili ¢aligmalara rastlanilmamugtir.

Bu c¢aligma, Igdir ili yonca alanlarinda S. humeralis’in biyolojisini belirlemek amaciyla 2019 ve 2020
yillarinda yiiriitiilmiistiir.

2. Materyal ve yontem

Caligmalar, Igdir ili yonca plantasyonlarinda Sitona humeralis‘in yumurta, larva, pupa ve ergin dénemlerini
takip etmek i¢in 17.11.2019 (Tasburun), 03.01.2020 (Calpala, Halikisla ve Y. Carik¢i), 04.03.2020 (Tasburun),
27.03.2020 (Yenimahalle), 02.04.2020 (Calpala), 01.05.2019 (Hakmehmet), 18.07.2020 (Asag: ¢iftlik), 21.08.2020
(Calpala) ve 04.09.2020 (Tagburun) tarihlerinde yonca tarlalarinda ve laboratuvarda yiiriitiilmiistiir. Sitona humeralis‘in
yonca tarlasimda yumurtalarmin bulundugu doénemleri belirlemek amaciyla, tarlanin 5 farkli yerinde iginde yonca
bitkilerinin de bulundugu 1 m? alan 1 — 4 ¢cm derinliginde (yiizey) toprak kazilarak 3-5 litrelik cam kavanoz igerisine
alinarak laboratuvara getirilmistir. Laboratuvara getirilen kavanozlarin iizerine su ilave edilmis, 10 — 12 saat
bekletilmistir. Daha sonra her bir numune 2 veya 3 pargaya ayrilarak, bunlar sirasiyla bir huni {izerinde 0.9 mm'lik bir
plastik elek igerisine almarak huni yardimiyla bir beher igerisine yikanmistir. Yikanan sivi 6rnekler filtre kagidv/tiilde
stiziilmiis ve istte kalan kisim igerisinde %10°lik NaCl bulunan 200 ml’lik tiiplere alinmis, 2 saat sonra, ¢Ozeltinin
yiizeyindeki kisim 15 cm g¢apinda 2 kat filtre kagidina alinarak damitilmis su ile birka¢ kez yikanarak NaCl’den
arindirilmagtir. Filtre kdgidi tizerinde kalan kisim stereomikroskop altinda incelenerek S. humeralis yumurtalar1 tespit
edilmistir [24]. Bununla birlikte mart aymnda toplanan erginler (59, 53 yonca bitkisi ile birlikte laboratuvarda kiiltiire
alinarak yumurtalar1 elde edilmistir. Larva, pupa ve ergin donemlerinin belirlenmesi igin tarlanin 5 farkli yerinde yonca
bitkisi merkez almarak 20 x 20 cm yiizey alani ve 20 cm derinliginde bir toprak blogu kiirek yardimryla alinmugtir [25].
Alnan toprak &rnekleri yerinde incelendikten sonra 5 kg’lik seffaf posetler igerisinde laboratuvara getirilmis, 1 m?’lik
bez iizerine dagitilarak larva ve pupa donemleri incelenmistir. Inceleme tamamlandiktan sonra larva ve pupalarm ergin
donemlerini elde etmek amaciyla 5 litrelik cam kavanozlarda kiiltiire alinmustir. Toplanan S. humeralis erginleri 1lik
suda 24 saat bekletilerek yumusatilmis ve yapistirma kartlar1 iizerine yapistirilmig, ayn1 zamanda genital kisimlari
tanimlamak i¢in diseksiyon yapilarak Leica marka mikroskoba takilan Canon 70D DSLR dijital fotograf makinesi
kullamlarak fotograflanmustir. Tiriin teshisinde orijinal deskripsiyonlar, monograflar, anahtar ve yaymlanmig
revizyonlar kullanilmigtir [26; 27]. Tiirlin tanimi stereomikroskop, Olglimleri mikroskoba takili okiiler mikrometre
yardimu ile yapilmistir.

3. Bulgular
Sitona humeralis Stephens, 1831, Coleoptera takiminin Curculionidae familyasmm Entiminae Schoenherr,

1823 altfamilyasinin Sitonini Gistel, 1848 tribiisii igerisinde yer alan Sitona Germar, 1817 cinsine ait bir tiirdiir.
Calismalarda elde edilen sonuglarla birlikte, tiirlin yayilist ve konukcu bitkileri asagida verilmistir.
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Sekil 1. A- Sitona humeralis Stephens, 1831 (9), B- aedeagus, C- spiculum gastrale
3.1. Morfoloji

Disi ortalama 4,8 mm (4,6 — 5,0 mm), erkek ortalama 4,3 mm (3,9 — 4,5 mm) viicut uzunluguna sahiptir.
Integument siyah, coxa koyu kahverengi, femur, tibia ve anten kahverengidir. Viicudun dorsali ¢ogunlukla oval (ovate)
ve ventrali mizrak (lanceolate) seklinde parlak acik kahverengi, beyazimsi, sarimsi ve grimsi pul ile yatik
kahverengimsi ve beyaz setalarla kaplidir. Sarimsi, beyazimsi pullar viicudun ventral kismi, goziin dorsal kenari,
pronotumun dorsalinin ortasinda boyuna ince ve lateral kisimlarinda ise ¢ok daha genis bir serit seklinde
olusturmaktadir. Bu beyazimsi pullar elytrada scutellum, 5. — 11. interstrialarin basal kismindan neredeyse apikale
kadar serit seklinde uzanmaktadir. Setalar rostrumun dorsal ve apical kisminda, elytranin posterior kisminda yar1 kalkik
ve daha uzundur. Bu setalarin birkagi kirpik seklinde goz iizerine uzanmistir. Hortumun genisligi basin genisliginden 2
katindan biraz daha genis, dorso-lateral kenar belirgin ve kalkik, frons ve epifrons olduk¢a konkav, median frontal
karina mevcut ve fronsun tabanindan bagin 6n kismina kadar derin bir yarik mevcut, bu yarik interocular pit kisminda
oldukca derindir. Bu yarik circum ocular hizasin1 gegcmez. Gozler hafifge disar1 dogru tasmus, orta kisim hafif konveks
yapida olup, pronotumun apexinden hafifce dardir. Scape tabanda hafif¢e kavisli, ugta genisleyerek topuz olusturmus,
funicle segmenlerinden 1. segment, 2. segmentin iki kati uzunlukta, oldukea iri ve konik yapida, 3. — 7. segmentler
birbirine benzer hafif konik yapida, 7. segment biraz daha irice, anten topuzu uca dogru sivrilesen eni boyunun 1/3
kadar ve oblanceolate tiptedir. Her segmentte birka¢ seta bulunmaktadir. Prothoraxin eni boyundan biraz dar, apical
kisimdan geriye disa dogru genislemis bir sekilde silindirik ve anterior kenarlarina dogru tetricen daralmistir. Anterior
kenarmin genisligi elytranin basal kisminin 2/3’4 genisligindedir. Elytra’nin boyu eninden 1,5x kat daha uzun, lateral
kenarlari parallel ve geriye dogru daralir, humeri 6. — 9. interstrialar tabaninda kaynagmis ve oldukga belirgindir. Femur
tibiaya dogru tedrici sekilde kalinlagmis pazu seklinde, uca dogru hafifce daralir. Tibia hafif kavisli uca dogru tedricen
genislemis ve ugta tarak seklinde setalarla mevcuttur. 1. tarsomer 2.’den daha uzun, dorsal ve lateral kisimlarinda uca
dogru uzanmis uzun setalar bulunmakta (Sekil 1A). Erkek genital organlarindan aedeagus, apikal kenara dogru genis bir
sekilde yuvarlanmis ve apical kismi diizdiir (Sekil 1B). Spiculum gastralenin apodeme olduk¢a kalin ve lamina iistte
ayrik, taban kenarlar1 agagiya dogru uzamistir (Sekil 1C).
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3.2. Tiirkiye 'deki yayilist

Afyon, Balikesir, Bilecik, Burdur, Bursa, Canakkale, Denizli, Isparta, Yalova, Izmir, Kirklareli, Kiitahya,
Manisa, Mugla, Sakarya, Tekirdag, Usak [27]. Adana, Ankara, Antalya, Bartin, Bolu, Corum, Diizce, Eskisechir,
Gaziantep, Hatay, Icel, Kahramanmaras, Karabiik, Karaman, Kayseri, Kirikkale, Kirsehir, Konya, Nevsehir, Nigde [28].
Ankara [23] Tekirdag [19], Ankara, Konya [20], Bursa [21].

3.3. Tiirkiye deki yayilisi Diinya 'daki yayiligi

Avrupa: Arnavutluk, Avusturya, Belgika, Bosna Hersek, Bulgaristan, Beyaz Rusya, Hirvatistan, Cek
Cumbhuriyeti, Danimarka, Estonya, Finlandiya, Fransa (Corse, Monako dahil), Biiyiik Britanya, Almanya, Yunanistan,
Macaristan, italya (Sardegna, Sicilia, San Marino dahil), Kazakistan (Ural Nehri'nin batisinda), Letonya, Liiksemburg,
Makedonya, Moldavya, Hollanda, Norveg, Rusya: Kuzey Avrupa Bolgesi, Polonya, Portekiz, Romanya, Sirbistan,
Slovakya, Slovenya, Ispanya (Cebelitarik dahil), Rusya: Giiney Avrupa Bolgesi, isveg, Isvigre, Tiirkiye, Ukrayna,
Kuzey Afrika: Madeira Takimadalar1 (Selvagenler dahil), Asya: Azerbaycan, Ermenistan, Kibris, Giircistan, iran, Irak,
Kirgizistan, Kazakistan (Ural Nehri'nin dogusu), Liibnan, Mogolistan, Misir: Sina, Suriye, Tacikistan, Tiirkmenistan,
Tiirkiye, Ozbekistan, Rusya: Bati Sibirya [29].

3.4. Konukcu bitkiler
Medicago sativa L., Vicia cracca L., V. Faba L., Lens esculenta Medik. [28].
3.5. Biyolojik notlar

Sitona humeralis’in ergin, yumurta, larva ve pupasi Sekil 2’de gdsterilmistir. Igdir ili yonca alanlarinda S.
humeralis kig1 yumurta, larva ve ergin donemlerinde gecirdigi belirlenmigtir (03.01.2020 — Calpala, Halikisla ve Y.
Carik¢r). Disi bocekler yumurtalarmin bir kismini sonbaharda ekim-kasim aylarinda birakmakta (17.11.2019-
Tagburun), hava sicakliginin diigmesiyle birlikte yumurtlamaya ara vermektedir. Ergin bireyler havalarin tekrar
isinmasiyla birlikte mart sonu-nisan aymin baslarindan (27.03.2020 — Yenimahalle, 02.04.2020 — Calpala) itibaren
yonca tarlalarinda beslenmeye, ciftlesmeye ve mayis ayr baglarina kadar yumurta birakmaya devam etmektedir.
Yumurtalarini yonca bitkisinin ta¢ izdiisiimiiniin bulundugu giines 1sinlarinin ulasamayacagi toprak yiizeyinde toprak ve
bitki atiklar1 arasina koymaktadir. Ekim ay1 baslarinda birakilan yumurtalardan ¢ikan larvalar kasim ay1 ortalarina kadar
toprak igerisinde aktifken, havalarm sogumasiyla subat ortalarma kadar inaktiftir (03.01.2020 — Calpala, Halikisla ve Y.
Carik¢1). Mart baglarinda pupa donemleri tespit edilmistir (04.03.2020 — Tasburun). Nisan sonu-mayis baslarinda,
ilkbaharda birakilan yumurtalardan ¢ikan larvalar ise mayis sonu-haziran ayinda pupa donemine girmektedir.
Ilkbaharda son dénemde birakilan yumurtalar haziran - temmuz aymmn ortalarinda pupa olmakta ve temmuz ortalarinda
ergin bireyler ¢ikis yaparak yonca bitkisinin kdk bdlgesinde ve toprak icerisinde yazi gegirmektedir (18.07.2020 —
Asagi ciftlik, 21.08.2020 — Calpala ve 04.09.2020 — Tasburun). Tasburun yonca tarlalarinda mayis sonu yapilan
sorveylerde larvalar, yaklasik 10 cm derinlikte yonca bitkisinin kdk g¢evresinde bulunmustur. Larvalar, bulunduklari
toprak ve bitki kokleriyle birlikte laboratuvara getirilmistir. Laboratuvarda larvalar ortalama bir ay sonra (09.07.2019)
pupa donemine girmislerdir. Yonca tarlalarinda S. humeralis yumurtalarina mayis — ekim aylari arasinda yapilan toprak
orneklemelerinde rastlanilmamistir. Kis1 gegiren erginler nisan — mayis aylarinda dogal dliimler baslamakta, haziran
aymdan itibaren yeni nesil erginler ¢ikmaya baslamakta ve bu temmuz ortalarina kadar devam etmektedir. Agustos’tan
eyliil sonlarina kadar yeni nesil ergin bireylerin bitki kok bogaz kisminda kitinizasyon ve melanizasyonu tamamlanana
kadar bir sire topraktan ¢ikmadan burada bekledikleri tespit edilmistir. Mart sonunda (30.03.2020 — Calpala)
laboratuvarda kiiltiire alinan 5 disi bocekten toplam mayis ortalarina kadar (17.05.2020) 1560 yumurta elde edilmistir (1
disi bireyden ortalama 312 yumurta). Yumurtalarin 0,4 mm boyunda oldugu 6l¢iilmistiir. Yumurtalar ilk birakildiginda
parlak seffaf beyaz, daha sonra gri ve siyah renge doniismiistiir. Ergin bireyler yonca alanlarinda en yogun olarak
temmuz ortalar1 126.8 birey/10 atrap (16.07.2019) ve ekim aymin 3. haftasinda 132 birey/10 atrap (23.10.2019)
bulunmustur.

4. Sonuglar ve tartisma

Caligmalar sonucunda, Igdir ili yonca alanlarinda S. humeralis kis1 yumurta, larva ve ergin donemlerinde
gecirdigi belirlenmistir. Digi bocekler yumurtalarini, sonbaharda ekim-kasim ve ilkbaharda mart sonu, mayis aylarinda
biraktigi, larvalarin ekim — kasim ve nisan — mayis aylarinda aktif oldugu, erginlerin agustos — ekim aylar1 arasinda
yazladigi ve yilda bir nesil verdikleri belirlenmistir. Grigorov [30], Sitona tiirlerinin Bulgaristan’da yilda bir nesil
verdigini ve kigi farkli biyolojik donemlerde gecirdigini bildirmistir. Pisarek [31], Polonya’da S. humeralis’in
yumurtalarmm embriyo gelisiminin 10 giinde, larva gelisimini 30 giinde ve pupa donemini 14 giinde olmak iizere
yasam dongiisiinii 54 giinde tamamladigini belirtmistir. Aeschlimann [13], Fransa’nin Tréviers bolgesinde diger aylara
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kiyasla temmuz — agustos aylar1 arasi popiilasyonun en diisiik diizeyde oldugunu raporlamustir. Papadopoulou [32],
Yunanistan’da S. humeralis’in temmuz — agustos aylarinda yazladigi, mart — haziran ve eyliil-kasim aylarinda ¢iftlestigi
ve yumurta biraktigi, ekim ayinda erginlerin en yiiksek sayiya ulastigini ifade etmistir. Yapilan ¢aligmalarin farkli
habitatlarda olmasina ragmen, Igdir ilinde yiiriitilen bu ¢alisma ile benzerlik gostermektedir. S. humeralis yonca
alanlarinda 6ne ¢ikan bir tiir olmasi, onun birgok iklim kosullarina uyum saglama yeteneginin oldugunu gostermektedir
[33]. Bununla birlikte, yonca bitkisinde, larvalarinin bitki kokiinde beslenmesi ve ergin viicutlarinin kii¢iik olmasi
nedeniyle yonca yetistiricilerinin goziinden kagmaktadir. Bu yilizden S. humeralis {izerinde daha detayli biyolojik ve
zararityla ilgili arastirmalarin yiiriitiilmesi gerekmektedir.

™

- ~
-

974

C

Sekil 2. A, B- Sitona humeralis Stephens, 1831 (ergin), C- yumurta, D- larva, E-pupa
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Abstract

Pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio, colpus length, thickness of
the sexine and nexine, S/N ratio, ornamentation type, and lumen shape and width were determined by using light and
scanning electron microscope. A multivariate analysis was carried out using the Gover’s general similarity coefficient
and UPGMA based on 3 qualitative and 8 quantitative pollen characters for 43 taxa belonging to 30 genera and 19
tribes. In all of the taxa studied, the pollen grains were generally small or medium-sized, tricolpate, except in Matthiola
longipetala, with an inconspicuous aperture. The shape varied from prolate-spheroidal to perprolate. The exine
ornamentation was microreticulate, reticulate, or macroreticulate. In some species, reticulate ornamentation was found
together with microreticulate, and in some others, with macroreticulate ornamentation. It was seen that some taxa
belonging to some genera placed near each other in the dendogram partially supported some tribes, such as Brassiceae,
Alysseae, Sisymbrieae, and Camelineae. It is notable that some closely-related tribes were placed near each other on the
dendrogram, which partially supports some previous molecular studies. In addition to exine ornamentation, the pollen
size, shape, sexine and nexine thickness, and colpus length were the most useful characters. These characteristics can be
used to identify and distinguish some genera, species and partly tribes within the family. They also provide detailed
information on the pollen grains of some Brassicaceae taxa, some of which were studied herein for the first time, and
this knowledge will be useful for comparisons in future pollen studies.

Keywords: Cruciferae, palynology, tribe

Tiirkiye’deki baz1 Brassicaceae tiirleri iizerine karsilastirmah polen morfolojisi cahismalar:

Ozet

Polen apertiir tipi, sekli, boyutu, polar eksen uzunlugu, ekvatoral eksen uzunlugu, P/E orani, kolpus uzunlugu,
sekzin ve nekzin kalinligi, S/N orani, siislenme tipi, limen sekli ve genisligi 151k ve taramali electron mikroskobu
kullanilarak belirlenmistir. 19 oymaga ait 30 cinsten 43 takson icin 3 nitel ve 8 nicel polen karakterine dayali olarak
Gover’s genel benzerlik katsayis1 ve UPGMA kullanilarak cok degiskenli bir analiz gerceklestirilmistir. incelenen tiim
taksonlarda, polen taneleri genellikle kii¢iik veya orta bityiiklitkte ve trikolpat olup, Matthiola longipetala’nin disinda
belirgin bir apertiire sahiptir. Polen sekli prolat-sferoidalden perprolata kadar degisiklik gostermistir. Ekzin stislenmesi
mikroretikiilat, retikiilat veya makroretikiilattir. Baz1 tiirlerde retikiilat siislenme mikroretikiilat ile, bazi tiirlerde de
makroretikiilat siislenme ile birlikte bulunmustur. Bazi cinslere ait taksonlarin dendogram iizerinde birbirine yakin
olarak konumlanisi, Brassiceae, Alysseae, Sisymbricac ve Camelineae gibi bazi oymaklarin kismen desteklendigini
gostermektedir. Dendrogramda birbirine yakin konumlanan yakin akraba olan bazi oymaklarin bazi énceki molekiiler
¢aligmalarda kismen desteklenmesi dikkate degerdir. Ekzin siislenmesine ek olarak, polen boyutu, sekli, sekzin ve
nekzin kalinlig1 ve kolpus uzunlugu en kullanigh karakterlerdir. Bu karakterler familya ig¢indeki bazi cinsleri, tiirleri
kismen de oymaklar: tanimlamak ve ayirt etmek i¢in kullanilabilir. Bu karakterler ayrica, bazilar1 burada ilk kez
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incelenen bazi Brassicaceae taksonlarinin polen taneleri hakkinda ayrintili bilgi saglamakta olup, elde edilen bu bilgiler
gelecekteki polen ¢aligmalarinda karsilagtirmalar igin yararl olacaktir.

Anahtar kelimeler: Cruciferae, oymak, palinoloji
1. Introduction

In recent years, molecular biology and DNA techniques have revolutionized the field of plant systematics and
phylogenetics. Intensive studies have been carried out and significant changes have been observed in the phylogeny and
classification of the family Cruciferae [1, 2, 3, 4]. The morphology of pollen grains is a significant tool in solving some
taxonomic problems at the family, generic, or specific level, and has become part of the multidisciplinary and
collaborative approach in plant systematics and evolution [5]. The number and position of the pores and furrows,
complexity of the apertures, form of the sexine, and variation in the size and shape have taxonomic value [6]. The
pollen morphology characteristics of the family Brassicaceae has provided an approach to the systematic relationships
among the genera and species [7]. Khalik et al. [8] investigated the palynological taxonomy of the tribes in Brassicaceae
and concluded that there was a close relationship between Hesperideae, Sisymbrieae, and Arabideae in terms of pollen
shape and also indicated that the shape of the pollen grains varied more or less in the genera, depending on the tribe, but
rarely varied in species of same genus.

The pollen morphology of the family Brassicaceae has been examined in various research in the literature [9,
10, 11, 12, 13]. Brassicaceae is a family of stenopalynous pollen grains with tricolpate and usually reticulate
ornamentation [14]. The most common pollen shape in the family is prolate, and this type is present in all genera of
Brassicaceae [8, 15]. Perveen et al. [16] described the pollen of the family Brassicaceae in Pakistan as radially
symmetrical, isopolar, subprolate, prolate, or prolate-spheroidal, rarely oblate-spheroidal, tricolpate, rarely 4-8 colpate.
Sagun and Auer [17] stated that pollen grains belonging to 7 genera of the tribe Camelineae (Arabidopsis, Camelina,
Capsella, Catolobus, Chrysochamela, Neslia, Noccidium, and Pseudoarabidopsis) were isopolar, and prolate-spheroidal
to prolate in shape, and had reticulate and microreticulate ornamentation. Anchev and Deneva [18] examined the pollen
grains of 17 species of Brassicaceae and identified 2 types of exine ornamentation (reticulate and perforate), whereas
Khalik et al. [8], in his study, grouped the exine ornamentation as microreticulate, reticulate, and macroreticulate
according to luminal diameter measurements. Dogan and inceoglu [19], Brochmann [20], Khan [15], Pinar et al. [21],
Mutlu and Erik [13] stated that pollen morphology may be useful in understanding the relationships among some genera
of Brassicaceae. Mutlu and Erik [13] reported the existence of more than one pollen type in some sections of the genus
Arabis, and pointed out the parallel evolution and disappearance of some other types. Dogan and inceoglu [19] reached
the following conclusions from their pollen morphology study of 33 taxa of the genus Isatis L. in Turkey. Pollen grains
of the examined taxa showed uniformity in terms of palynological characters. They were radially symmetrical, isopolar,
tricolpate; oblate-spheroidal, prolate-spheroidal, or subprolate; circular in polar view; with reticulate ornamentation, and
thick sexine. Some Isatis taxa were also found to have syncolpate, tetracolpate, and stephanocolpate pollen grains.
Khalik et al. [8] studied the pollen morphology of some tribes in Egypt. The pollen grains of Strigosella africana were
determined as prolate in shape and reticulate in exine ornamentation. Kizilpmar et al. [22] examined 5 species of the
genus Malcolmia in Turkey. It was reported that the pollen of these taxa had tricolpate and reticulate ornamentation; the
pollen shape was prolate-spheroidal or oblate-spheroidal. Karaismailoglu [23] studied the pollen morphology of 11 taxa
belonging to the genus Aethionema W.T. Aiton in Turkey, and described Aethionema pollen grains as mostly isopolar,
bilaterally symmetrical, tricolpate, spheroidal, prolate, perprolate, and subprolate in shape, and micro- or
macroreticulate in surface ornamentation. Atceken et al. [30] reported that four Aethionema species in their study had
reticulate pollen ornamentation but their muri were different each other in point of their palynological features.

The aim of the present study was to examine and verify the pollen morphological characteristics of certain
tribes, and study the diversity and range of variation present among species, and use these data in the taxonomy of the
Brassicaceae in Turkey.

2. Materials and methods

Pollen grains were obtained from dried herbarium specimens. The unopened buds of the specimens were
squashed and the floral parts were removed and placed into a watch glass and examined using a few drops of water and
dissection needle under a stereo-microscope. A list of voucher specimens of the studied taxa and their current
classification according to Kiefer et al. [33]. are given in Table 1. Some pollen grains were transferred to the stubs,
which had been previously prepared with double-sided adhesive tape for the SEM study. The stubs were then coated
with gold for 5-6 min. Photographs of the pollen grains were taken using a JSM-6060 JEOL SEM (Tokyo, Japan)
(Figure 2-4). The remaining pollen grains were acetolyzed according to the method of Erdtman [24, 25] and transferred
onto slides using glycerine jelly, with the addition of safranine stain, to prepare the light microscope slides. After the
glycerine jelly melted on the heating block, cover slips were added [26]. A Nikon light microscope (Tokyo, Japan) was
used to take the measurements and photographs of the pollen grains (Figure 5-6).
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The pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio, colpus length,
thickness of the sexine and nexine, S/N ratio, ornamentation type, and lumen (lumina) shape and width were determined
by measuring the maximum number of pollen grains (10-30) for each species and the mean values are given in brackets
in Table 2. The palynological terminology followed was according to that of Erdtman [14] for the pollen size
classification and that of Punt et al. [27] was followed for the other terminology.

A data matrix was prepared for the analysis, which included 3 qualitative and 8 quantitative pollen
characteristics (pollen shape and size, polar axis length, equatorial axis length, P/E ratio, colpus length, sexine width,
nexine width, S/N ratio, lumen width, and ornamentation type) for the examined taxa. The data were first converted into
a similarity matrix using Gower’s general similarity coefficient. The similarity matrix was then clustered using

UPGMA clustering (Figure 1). The analyses were completed using the multivariate statistics package (MVSP).

Table 1. A list of voucher specimens of the studied taxa and their current classification

Tribes

Species/Subspecies

Specimen collectors & number

Aethionemeae

Aethionema armenum

A.Erden 1072 ve Y.Menemen

Aethionemeae

Aethionema dumanii

A.Erden 1440 ve Y.Menemen

Alysseae Alyssum turkestanicum A.Erden 1103 ve Y.Menemen
Alysseae Odontarrhena sibirica A.Erden 1117,1056 ve Y.Menemen
Alysseae Meniocus linifolius A.Erden 1043 ve Y.Menemen
Alysseae Odontarrhena muralis A.Erden 1153 ve Y.Menemen
Alysseae Alyssum simplex A.Erden 1383 ve Y.Menemen
Alysseae Fibigia clypeata Eftal 1754

Anchonieae Matthiola longipetala subsp. bicornis A.Erden 1070 ve Y.Menemen
Arabideae Aubrieta libanotica A.Erden 1361 ve Y.Menemen
Arabideae Draba nana A.Erden 1365 ve Y.Menemen
Brassiceae Brassica nigra A.Erden 1330 ve Y.Menemen
Brassiceae Brassica elongata A.Erden 1129,1051,1390 ve Y.Menemen
Brassiceae Crambe tataria A.Erden 1022,1037 ve Y.Menemen
Brassiceae Diplotaxis tenuifolia A.Erden 1075 ve Y.Menemen
Brassiceae Eruca vesicaria A.Erden 1231 ve Y.Menemen
Brassiceae Hirschfeldia incana A.Erden 1142, 1108, 1027 ve Y.Menemen
Brassiceae Sinapis arvensis A.Erden 1150 ve Y.Menemen
Calepineae Calepina irregularis A.Erden 1095 ve Y.Menemen
Camelineae Capsella bursa-pastoris A.Erden 1238 ve Y.Menemen
Camelineae Camelina hispida A.Erden 1047,1110 ve Y.Menemen
Camelineae Camelina rumelica A.Erden 1119 ve Y.Menemen
Camelineae Neslia apiculata A.Erden 1242 ve Y.Menemen

Cardamineae

Barbarea vulgaris

A.Erden 1337,1340 ve Y.Menemen

Chorisporeae

Chorispora tenella

A.Erden 1283 ve Y.Menemen

Coluteocarpeae

Microthlaspi perfoliatum

A.Erden 1266 ve Y.Menemen

Conringieae Conringia orientalis A.Erden 1501 ve Y.Menemen
Descurainieae Descurainia sophia A.Erden 1169 ve Y.Menemen
Erysimeae Erysimum cuspidatum A.Erden 1220 ve Y.Menemen
Erysimeae Erysimum repandum A.Erden 1300 ve Y.Menemen
Erysimeae Erysimum smyrnaeum A.Erden 1135 ve Y.Menemen
Erysimeae Erysimum crassipes A.Erden 1054 ve Y.Menemen
Euclidieae Strigosella africana A.Erden 1116,1065 ve Y.Menemen
Hesperideae Hesperis bicuspidata A.Erden 1364 ve Y.Menemen
Isatideae Isatis quadrialata A.Erden 1052 ve Y.Menemen
Isatideae Isatis glauca A.Erden 1196 ve Y.Menemen
Lepidieae Lepidium draba A.Erden 1001,1049 ve Y.Menemen
Lepidieae Lepidium perfoliatum A.Erden 1094,1239 ve Y.Menemen
Sisymbrieae Sisymbrium altissimum A.Erden 1151,1200 ve Y.Menemen
Sisymbrieae Sisymbrium orientale A.Erden 1120,1514 ve Y.Menemen
Sisymbrieae Sisymbrium irio A.Erden 1452 ve Y.Menemen
Sisymbrieae Sisymbrium loeselii A.Erden 1241, 1003 ve Y.Menemen
Thlaspideae Thlaspi arvense A.Erden 1354 ve Y.Menemen
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3. Results

In this study, pollen morphology of 43 species, representing 30 genera of 19 tribes, belonging to the family
Brassicaceae were investigated. The pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio,
colpus length, thickness of sexine and nexine, S/N ratio, ornamentation type, lumen shape, and width were determined
for each taxa (Table 2, Figure 2-6).

3.1. Aperture type

In the taxa studied, the pollen grains were tricolpate, and only Matthiola longipetala had an inconspicuous
aperture. The colpus was generally the widest in the equatorial axis and became narrower towards the poles.

3.2. Pollen size

In the examined species, the polar axis length was between 10.9 and 35.97 um and the equatorial axis length
ranged from 5.45 to 29.43 um. The smallest pollen grains among the studied species belonged to Descurainia sophia, in
which the mean polar axis length was 13.32 pm and the equatorial axis length was 8.47 um. The pollen grains of
Fibigia clypeata had a mean polar axis length of 33.68 um and an equatorial axis length of 22.45 um, and were
determined as the largest. It can easily be said that the pollen grains of the family were small-or medium-sized in
general.

3.3. Pollen shape

According to Erdtman [28], the ratio of the polar axis length to the equatorial axis length determines the shape
of the pollen grains. Hence, a polar/equatorial axis (P/E) ratio between 0.88 and 1.14 is spheroidal, 1 and 1.14 is prolate
spheroidal, 1.14 and 1.33 is subprolate, 1.33 and 2 is prolate, and >2 is perprolate. The P/E ratio of the pollen of the
studied species was between 1.06 pm and 2.08 um, and the pollen shape differed from prolate-spheroidal to perprolate.

3.4. Colpus length

In the pollen grains of the examined species, the colpus length was between 9.5 and 32.7 pm. The shortest
colpus was found in Descurainia sophia, while the longest was in Fibigia clypeata.

3.5. Thickness of sexine and nexine, S/N ratio

Among the species, the sexine thickness was between 0.5 um, as in Odontarrhena sibirica, and 2.55 pm, as in
Matthiola longipetala. The nexine thickness was between 0.15 pum, as in Barbarea vulgaris, and 0.82—1 um, as in
Brassica nigra. The S/N ratio was the lowest in Aethionema dumanii (1.06-1.11 pm) and highest in Lepidium
perfoliatum (5-5.33 um).

3.6. Ornamentation type, lumen (lumina) shape and width

In the pollen grains of Brassicaceae, the basic ornamentation type was reticulate. The reticulum was
heterobrochate. The murus surface was smooth, slightly wavy, or sinuous. The lumen shape differed from circular to
elliptical, elongated, or irregular. The width of the lumen diameter was generally large around the equatorial region, and
smaller through the poles. According to the sizes of luminal diameter, 3 different types of exine ornamentation were
determined [8]. If the lumen diameter is less than 1 um, the ornamentation is microreticulate, between 1 and 2 pm is
reticulate, and >2 um, is macroreticulate.

Microreticulate exine ornamentation was seen in species of Aethionema armenum, Aethionema dumanii,
Meniocus linifolius, Odontarrhena muralis, Draba nana, Camelina rumelica, Neslia apiculata, Barbarea vulgaris,
Descurainia sophia, Erysimum cuspidatum, Erysimum smyrnaeum, Lepidium draba, Lepidium perfoliatum, and Thlaspi
arvense, while macroreticulate ornamentation was only seen in Sinapis arvensis. In some of the other species, reticulate
ornamentation was found together with microreticulate and in some species, it was with macroreticulate ornamentation.

3.7. UPGMA analysis

The dendrogram obtained from the similarity matrix using the Gower’s general similarity coefficient and
UPGMA clustering method is presented in Figure 1, where it can be seen that some members of the genera placed near
each other partially contributed to the formation of some tribal branches, such as Brassiceae, Alysseae, Sisymbrieae,
and Camelineae.
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Table 2. Pollen grain characteristics of the examined taxa belonging to the Brassicaceae

Taxa /Characteristics Shape Size Polar axis lenght (um) | Equatorial axis lenght (pm) P/ E (um)

Aethionema armenum subprolate to perprolate small 16.35-(18.62)-21.8 9.81-(11.89)-15.26 1.28-(1.58)-2.11
Aethionema dumanii subprolate to prolate small 16.35-(19.51)-25.07 10.9-(12.86)-14.17 1.23-(1.52)-1.91
Alyssum turkestanicum subprolate to prolate medium 26.16-(31.28)-34.88 20.71-(22.34)-25.07 1.20-(1.40)-1.63
Mentocus linifolius prolate-spheroidal to prolate small 17.44-(19.52)-23 9§ 11.99-(14.36)-18.53 1.14-(1.37)-1.63
Odontarrhena muralis subprolate to prolate small and medium 21.8425.07)-29.43 14.17-(16.25)-19.62 1.31-(1.54)-1.85
Odontarrhena sibirica prolate to perprolate small and medinm | 19.62-(24 87)-28.34 12.53-(1491)-18.53 1.42-{1.67)-2.08
Alyssum simplex subprolate to prolate medium 26.16-(29.97)-35.97 18.53-(20.49)-25.07 1.25-(1.46)-1.83
Fibigia ehpeata subprolate to prolate medium 20.43-(33.68)-35.97 19.62-(22.45)-27.25 1.28-(1.52)-1.83
Matthiola longipetala prolate-spheroidal to subprolate | small and medium | 22.89-(26.05)-29.43 17.44-(21.36)-23.08 1.09-(1.22)-1.33
Aubrieta libanotica subprolate to prolate small and medium | 19.62-(25.83)-30.52 14.17-(17.66)-21.8 1.23-(1.47)-1.76
Draba nana prolate -spheroidal to prolate | small and medium | 19.62-(21.90)-26.16 11.090(15.26)-19.62 1.11-(1.45)-1.81
Brassicanigra subprolate to prolate small and medium | 22.80-(26.16)-30.52 15.26-(18.96)-22.89 1.28-(1.38)-1.50
Brassica elongata subprolate to prolate medium 25.07-(27.15)-33.79 16.35-(18.62)-27.25 1.24-(1.47)-1.62
Crambe tararia subprolate to prolate small and medium | 23.98-(20.53)-31.61 19.62-(21.80)-23 98 1.15-(1.36)-1.55
Diplotaxis tenuifolia subprolate to prolate medium 25.07-(30.73)-35.97 16.35-(22.67)-20.43 1.18-(1.37)-1.52
Eruca vesicaria prolate small 15.26-(17.49)-20.16 10.9-(12.64)-15.26 1.32-(1.39)-1.60
Hirschfeldia meana subprolate to prolate small and medium | 20.71-(26.92)-31.61 15.26-(18.53)-22 80 1.31-(1.45)-1.66
Sinapis arvensis subprolate to prolate small and medium 21.8-+(28.83)-34 .88 17.44-(20.11)-23.98 1.25-{1.43)-1.60
Calepina irregularis subprolate to prolate small and medium | 21.8-{24.52)-27.25 15.26-(18.09)-20.71 1.21-(1.36)-1.52
Capsella bursa-pastoris subprolate to prolate small 17.44-(20.27)-22 89 11.99-(14.22)-17.44 1.30-(1.43)-1.66
Camelina hispida subprolate to prolate small 19.62-(22.69)-25.07 13.08-(15.55)-17.44 1.25-(1.46)-1.75
Camelina rumelica subprolate to prolate small and medium | 21.8-(25.06)-29 43 16.35-(18.33)-21.8 1.25-(1.42)-1.66
Neslia apiculata subprolate to prolate small and medium | 20.71-(23.88)-30.52 14.17-(17.04)-19.62 1.18-(1.40)-1.55
Barbarea vulgaris subprolate to prolate small 17.44-(19.94)-21.8 10.9-(14.17)-16.35 1.21-(1.42)-1.80
Chorispora tenella subprolate to perprolate small 17.44-(19.83)-23.98 9.81-(13.02)-15.26 1.21-(1.55)-2.11
Microthlaspi perfoliatum subprolate to prolate small and medium | 20.71-(24.37)-28.34 16.35-(17.34)-18.53 1.25-(1.40)-1.66
Conringia orentalis subprolate to prolate small 17.44-(19.40)-22.89 14.27-(14.66)-15.26 1.21-(1.33)-1.61
Descurainia sophia Prolate small 10.9-(13.32)-15.26 5.45-(8.47)-10.9 1.33-(1.60)-2.00
Erysimum cuspidatum subprolate to prolate small and medium | 16.35-(26.16)-30.52 13.08-(17.33)-20.71 1.25-(1.50)-1.73
Erysimum repandum subprolate to prolate small and medium | 17.44-(24.41)-30.52 14.17-(17.65)-19.62 1.22-(1.38)-1.55
Erysimum smyrnaeum subprolate to prolate small 16.35-(22.19)-23.98 10.9-(14.66)-18.53 1.23-(1.53)-1.90
Erysimum crassipes prolate -spheroidal to prolate small 14.17-(16.05)-19.62 9.81-(11.39)-13.08 1.08-(1.41)-1.55
Strigosella aficana subprolate to prolate small 16.35-(19.22)-21.8 10.9-(13.67)-16.35 1.21-(1.41)-1.66
Hesperis bicuspidata prolate-spheroidal to prolate small 17.44-(21.40)-25.07 11.99-(15.26)-19.62 1.11-(1.42)-1.76
Isatis quadrialata subprolate to prolate small and medium | 22.80-(25.72)-20.43 15.26-(18.09)-20.71 127-(1.42)-1.53
Isanis glauca subprolate to prolate small and medium | 22.89-(26.92)-30.52 16.35-(21.36)-23.98 1.11-(1.26)-1.46
Lepidium draba subprolate to prolate medium 29.43-(32.26)-35.97 19.62-(21.80)-23.98 1.31-(1.49)-1.83
Lepidium perfoliatum subprolate to prolate small and medium | 18.53-(22.69)-27.25 14.17-(16.94)-20.71 1.13-(1.34)-1.53
Sisymbrium altissimum prolate-spheroidal to prolate small 16.35-(19.29)-22.89 11.99-(14.61)-16.35 1.06-(1.32)-1.45
Sisymbrium ortentale subprolate to prolate small 15.26-(20.38)-25.07 10.9-(14.61)-17.44 1.26-(1.39)-1.64
Sisymbrium irio subprolate to prolate small 16.35-(21.01)-23.08 0.81-(13.67)-15.26 1.28-(1.54)-1.69
Sisymbrium loeselii subprolate to prolate small 16.35-(17.53)-18.53 9.81412.18)-15.26 121-(1.45)-1.77
Thlasprt arvense subprolate to prolate small and medium | 17.44-(22.09)-20.43 14.17-(15.75)-19.62 1.23-(1.39)-1.57
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Table 2. Contunied
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Colpus lenght Sexine thiclmess |Nexine thickness Widht of lumen

Taxa/Characteristics (um) (pam) (um) 5/N ratio {pum) Type of Ornamentation
Aethionema armenum 13.08-15.26 0.63-0.72 0.2.0.25 2.88-3.15  [0.615-1.05 microreticulate
Aethionema dumanti 11.99-14.17 0.85-1 0.8-0.9 106-1.11  [0.714-0.992 microreticulate
Alyssum turkestanicum |23 98327 0.85-1.10 0.25-0.30 14366  |0636-131 microreticulate and reticulate
Meniocus linifolins 16.35-23.98 0.81-0.87 0.44-0.54 1.5-197  |0.680-0.837 microreticulate
Odontarrhena muralis 21.8-26.16 0.8-1 0.21-045 22238 0.520-0.755 mucroreticulate
Odantarrhena sibirica 16.33-19.62 0.5-055 0.25-035 157-2 0.707-1.14 microreticulate and reticulate
Alyssum simplex 27.252943 0.75-0.82 0.15-0.20 4135 0.667-1.77 microreticulate and reticulate
Fibigia chipeata 27.2532.7 0.85-1 0.25-0.35 28534 |0767-1.11 microreticulate and reticulate
Matthiolalongipetala 19.62-23.98 22255 0406 42555 1.68-3.78 reticulate to macroreticulate
Aubrieta libanofica 16.35.27.25 1.92 0506 13338 0.683-2.19 microreticulate and reticulate
Draba nana 14.17-19.60 1.25-1.3 0.52:0.6 216240 [0.692-1.01 microreticulate
Brassica nigra 21.827.25 1.20-1.25 0.82-1 1.2-1.52 1.11-3.76 reticulate to macroreticulate
Brassiea elongata 18.52-30.52 1.20-1.35 0.7-0.8 168-1.71 |0.644-1.58 microreticulate and reticulate
Crambe tataria 19.52-25.07 1.752 04505 3.884 0750-1.92 microreticulate and reticulate
Diplotaxis tenuifolia 22.50-32.25 1922 0.50.6 166-3.38 [0984-297 reticulate to macroreticulate
Eruca vesicaria 10.9-13.08 0.850.9 0.220.25 316386 [0.693-1.38 microreticulate and reticulate
Hirschfeldia incana 19.62-27.25 1.6-1.8 0.5-0.7 25732 |0.802-2.09 reticulate to macroreticulate
Sinapis arvensis 21.8-31.50 221 0.45-0.50 4-4.66 2.16-4.96 macroreticulate
Calepina irregularis 17.44-21.8 2.15-235 0.75-0.85 276-2.86  |0.693-1.58 microreticulate and reticulate
Capsella bursa-pastoris |15 26.19.62 0.75-0.87 0.25-0.32 2713 0.698-1.22 microreticulate and reticulate
Camelina hispida 17.44-22.80 0.30.85 0.43-0.52 1.63-1.77  |0.687-1.41 microreticulate and reticulate
Camelina rumelica 18.53-27.25 0.3-1.1 0.5.0.75 146-1.6  |0.641-1.03 microreticulate
Neslia apieulata 15.30-21.8 1-1.25 0.5-0.8 1.56-2 0.641-0.751 microreticulate
Barbarea vulgaris 15.20-21.8 0.75-0.8 0.15-0.18 4443 0.630-0.966 microreticulate
Chorispora tenella 13.08-18.53 1-1.1 04045 222275 |0659-1.48 microreticulate and reticulate
Mierothlaspi perfelianim | 19 63 2616 1-1.2 0.52-0.6 1922 0.641-1.67 microreticulate and reticulate
Conringla ertentalis 17.44-22.89 1-1.1 0809 122-125  |0686-1.25 microreticulate and reticulate

seurainia sophia 9.5-13.20 0.750.8 0.2.0.25 32375 0.615-0.717 microreticulate
Erysimum cuspidatum 17.44-23.98 1.1-13 0.6-0.8 162-183 |0.612-0.845 microreticulate
Erysimum repandum 15.26-19.62 1-1.1 0.50.6 1.66-2.2 0.717-1.84 microreticulate and reticulate
Erysimum smymaeum 15.26-22.59 0.3-1.1 0.5-0.65 16-1.69  |0.714-0.975 microreticulate
Erysimum crassipes 11.99-17.45 0.75-0.8 0.28-0.4 2267 0.651-1.58 microreticulate and reticulate
Strigosellaafiicana 14.17-21.8 1.25-1.60 0.5-0.55 2.5-2.9 0.743-2 microreticulate and reticulate
Hesperis bicuspidata 16.35-19.62 0.8-1 0.15-0.2 5-5.3 0.709-2.16 microreticulate and reticulate
Isatis guadrialata 16.35-23.98 1-12 0.3-0.45 266-333  [0.703-1.50 microreticulate and reticulate
Latis glauca 16.35-21.8 1.63.2.1 0.75-0.87 1.87-2.8 0.705-1.62 microreticulate and reticulate
Lepidium draba 23.98.28.34 1-1.1 0809 122-125  |0.685-1.05 microreticulate
Lepidium perfoliatum 16.35-23.98 0.8-1 0.15-0.2 5-5.33 0.712-0.989 microreticulate
Sisymbrium altissimum | 1962 21.8 1.52-1.6 0.4-0.45 3374 0.717-2.35 microreticulate and reticulate
Sisymbrium orientale 13.08-21.8 1-1.1 0.25-0.3 3.66-4 0.687-1.58 microreticulate and reticulate
Sisymbrium irio 10.9-20.71 1-1.1 0.3-0.33 3114333 [0721-1.99 microreticulate and reticulate
Sisymbrium loeselii 11.99-14.17 0.75-0.8 0.2-0.25 3.2.3.75 0.644-1.51 microreticulate and reticulate
Thlaspi arvense 16.35-19.62 1-1.1 0.8-1 1.1-1.25 0.632-1.07 microreticulate

4. Conclusions and discussion

Pollen shapes within a genus, or even within a tribe, did not show great differences in the studied taxa. The
pollen grains examined were radial symmetrical and isopolar, and ranged from prolate-spheroidal to perprolate in shape.
The most common pollen shapes determined within the tribes were subprolate and prolate. Prolate-spheroidal and
perprolate pollen grains were found in a few taxa. These results were consistent with those of previous studies (prolate
and subspheroidal [29]; prolate-spherodial, subprolate, prolate [18]; subprolate, prolate, spheroidal [30] and prolate [8]).
Although the pollen grains showed uniformity, with slight differences in shape, in Camelineae, Isatideae, Lepidieae,
Brassiceae (subprolate and prolate), they did not in Aethionemeae, Alysseae, Arabideae, Erysimeae, and Sisymbrieae
tribes. All the studied taxa had a tricolpate pollen aperture, except for Matthiola longipetala, which had indistinct colpi.
Erdtman [9], Jonsell [31], Lahham and Al-Eisawi [29], and inceoglu and Karamustafa [32] reported that the colpi were
absent or less prominent in a few Matthiola species.

The pollen grains in the taxa were generally small or medium sized. Pollen size sometimes has taxonomical
importance at the tribe level and at other times at the genus or species level. Aethionemeae, Sisymbrieae, Cardamineae,
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Chorisporeae, Conringieae, Descurainieae, Euclidieae, and Hesperideae had only small-sized pollen grains, while the
others had both small- and medium-sized pollen. The longest pollen grains were seen in Alyssum simplex, Fibigia
clypeata, and Lepidium draba, with a polar axis length of 35.97 pum, while the shortest pollen grains were in
Descurainia sophia with a polar axis length of 10.9 um.

Sinapis arvensis | Brassiceae
Matthiola longipetala 1 Anchonieae

Lepidium draba | Lepidieae

Brassica elongata
Hirschfeldia incana Brassiceae

Brassica nigra

Isatis glawca ] Isatideae
—|: Calepina irregularis | Calepineae

__Isatis quadrialata | Isatideae
[ Erysimum repancum | Erysimeae
{Micro.fh.’aspi perfoliatum| Coluteocarpeae
Crambe tataria | Brassiceae
Aubrieta libanotica | Arabideae
Thiaspi arvense 1 mhiaspideae

Erysimum cuspidatum | Erysimeae
Neslia apiculata

i} Camelineae
Camelina rumelica

Odontarrhena muralis | Alvsseae

Diplotaxis tenuifolia | Brassiceae

) Alyssum simplex
— Fibigia clypeata Alysseae

Alvssum turkestanicum

Qdontarrhena sibirica |
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Strigosella africana Euclidieae

Camelina hispida Camelineae

Sisymbrium irio Sisymbrieae

]
]
]
Sisymbrium loeselii ]

Sisymbrium orientale

Capsella bursa-pastoris | Camelineae

Eruca vesicaria 1 Brassiceae
] [ Draba nana | Arabideae
| Meniocus linifolius ] Alysseae

Conringia orientalis | Comringicae
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0.82 0.85 0.88 091 0.94 0.97 1

| Lepidieae

| Cardamineae
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Figure 1. A dendrogram of 43 taxa examined in this study, based on Gower’s General Similarity Coefficient using

UPGMA clustering method with qualitative and quantitative pollen characters.
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In the family Brassicaceae, the exine ornamentation was microreticulate, reticulate and macroreticulate. Khalik
et al. [8] stated that ornamentation has an important role in the family, and it differs between genera within a tribe and
species within the same genus. However, the exine ornamentation is inadequate to distinguish tribes and genera studied
within the same tribe, while it is sometimes useful in distinguishing some species within the same genus. For example,
Brassica nigra differs from B. elongata, by its reticulate and macroreticulate exine ornamentation (Table 2). The pollen
grains of all the taxa studied within the same tribe had the same exine ornamentation in some cases, such as
Aethionemeae and Lepidieae. Sometimes pollen grains of the same species have both microreticulate and reticulate
ornamentation, while some species may have both reticulate and macroreticulate ornamentation on the same pollen
grain. This, contrary to what Khalik et al. [8] stated, shows that exine ornamentation is not always uniformity in taxa
and does not always suffice to distinguish between taxa at tribe and genus level in the family. While the exine
ornamentation was microreticulate in Aethionemeae, Cardamineae, Descurainieae, Lepidieae, and Thlaspideae, it
appeared to be mixed in the other tribes. Macroreticulate ornamentation was observed in 5 species belonging to 2 tribes.
These were Matthiola longipetala from Anchonieae and Brassica nigra, Diplotaxis tenuifolia, Hirschfeldia incana, and
Sinapis arvensis from Brassiceae. The largest lumens were found in Sinapis arvensis, at 2.16-4.96 um. As some of the
tribes and genera were examined in this study with single genus or species, respectively, and the difference between
these taxa could not be clearly determined.

In this study, it was observed that pollen characteristics can be useful, especially in the differentiation of
species in many cases. However, there are some taxa with the same pollen characteristics in different genera and tribes.

In addition, in the UPGMA tree (Figure 1) constructed using the pollen characteristics, it was clearly seen that
species belonging to the tribes of Brassiceae, Alysseae, Sisymbrieae, and Camelineae were partially together or located
close to each other. For example, Brassica elongata, Hirschfeldia incana, and Brassica nigra belonged to Brassiceae;
Alyssum simplex, Fibigia clipeata, Alyssum turkestanicum, and Odontarrhena sibirica belonged to Alysseae;
Sisymbrium looselii, Sisymbrium irio, and Sisymbrium orientale belonged to Sisymbrieae, and Neslia apiculata and
Camelina rumelica belonged to Camelineae. It was seen that Sisymbrium altissimum and Odontarrhena muralis
differed from the other Sisymbrium species and O. sibirica, respectively, by the features of the colpus length and sexine
thickness. It is also noteworthy that in the molecular analysis [33], some closely related tribes were also placed close to
each other on the UPGMA dendrogram, such as the tribes of Camelineae and Erysimeae, and Chorisporeae and
Euclidieae

In some previous pollen studies, some of the Brassicaceae taxa that were included in this study were examined.
Citak et al. [34] investigated the pollen morphology of 3 Turkish Brassicaceae taxa that were also examined in the
present study. In both studies, the exine ornamentation of the pollen was reticulate. However, some slight differences
were found in their pollen shapes. In the study of Citak et al. [34], the pollen shape was prolate-spheroidal in
Odontarrhena muralis, oblate-spheroidal in Diplotaxis tenuifolia, and prolate-spheroidal in Matthiola longipetala
subsp. bicornis, whereas it was subprolate and prolate in Odontarrhena muralis and Diplotaxis tenuifolia, and prolate-
spheroidal and subprolate in Matthiola longipetala subsp. bicornis. Cetin et al. [35] determined that the surface
ornamentation of the pollen grains of Fibigia clypeata was reticulate and the aperture type was tricolpate, as was
observed in the present study. Khalik et al. [8] reported that the pollen shape of Strigosella africana was prolate and the
exine ornamentation was reticulate. In this study, the pollen shape of this taxon was determined as subprolate and
prolate and the ornamentation was reticulate with microreticulate.

This study showed that pollen morphological characteristics can be used to identify and distinguish some
genera, species and partly tribes within the family. It also provided detailed information on the pollen grains of some
Brassicaceae taxa, some of which were studied herein for the first time, and this knowledge will be useful for
comparisons in future pollen studies.

Comparative pollen morphology studies on some species of Brassicaceae in Turkey
Ayse ERDEN, Yusuf MENEMEN



Biological Diversity and Conservation — 14 /1 (2021) 113

Figure 2. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Aethionema armenum;
2. Aethionema dumanii; 3. Alyssum turkestanicum; 4. Meniocus linifolius; 5. Odontarrhena muralis; 6. Odontarrhena
sibirica; 7. Alyssum simplex; 8. Fibigia clypeata; 9. Matthiola longipetala; 10. Aubrieta libanotica; 11. Draba nana; 12.
Brassica nigra; 13. Brassica elongata; 14. Crambe tataria; 15. Diplotaxis tenuifolia.
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Figure 3. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Eruca vesicaria; 2.
Hirschfeldia incana; 3. Sinapis arvensis; 4. Calepina irregularis; 5. Capsella bursa-pastoris; 6. Camelina hispida; 7.
Camelina rumelica; 8. Neslia apiculata; 9. Barbarea vulgaris; 10. Chorispora tenella; 11. Microthlaspi perfoliatum,
12. Conringia orientalis; 13. Descurainia sophia; 14. Erysimum cuspidatum; 15. Erysimum repandum.
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Figure 4. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Erysimum smyrnaeum;
2. Erysimum crassipes; 3. Strigosella africana; 4. Hesperis bicuspidata; 5. Isatis quadrialata, 6. Isatis glauca; 7.
Lepidium draba; 8. Lepidium perfoliatum; 9. Sisymbrium altissimum; 10. Sisymbrium orientale; 11. Sisymbrium irio;
12. Sisymbrium loeselii; 13. Thlaspi arvense.

Comparative pollen morphology studies on some species of Brassicaceae in Turkey
Ayse ERDEN, Yusuf MENEMEN



116

Biological Diversity and Conservation — 14 / 1 (2021)

Figure 5. Light microscope photographs of the family Brassicaceae pollen grains: 1-2. Aethionema armenum; 3-4.
Aethionema dumanii; 5-6. Meniocus linifolius;7-8. Alyssum turkestanicum; 9-10. Odontarrhena muralis; 11-12.
Odontarrhena sibirica; 13-14. Alyssum simplex; 15-16. Fibigia clypeata; 17-18. Matthiola longipetala; 19-20. Aubrieta
libanotica; 21-22. Draba nana; 23-24. Brassica nigra; 25-26. Brassica elongata; 27-28. Crambe tataria; 29-30.
Diplotaxis tenuifolia; 31-32. Eruca vesicaria; 33-34. Hirschfeldia incana; 35-36. Sinapis arvensis; 37-38. Calepina
irregularis; 39-40. Capsella bursa-pastoris; 41-42. Camelina hispida. Scale bar: 10 pm.
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Figure 6. Light microscope photographs of the family Brassicaceae pollen grains: 1-2. Camelina rumelica; 3-4. Neslia apiculata; 5-
6. Barbarea vulgaris; 7-8. Chorispora tenella; 9-10. Microthlaspi perfoliatum; 11-12. Conringia orientalis; 13-14. Descurainia
sophia; 15-16. Erysimum cuspidatum; 17-18. Erysimum repandum; 19-20. Erysimum smyrnaeum; 21-22. Erysimum crassipes; 23-24.
Strigosella africana; 25-26. Hesperis bicuspidata; 27-28. Isatis quadrialata; 29-30. Isatis glauca; 31-32. Lepidium draba; 33-34.
Lepidium perfoliatum; 35-36. Sisymbrium altissimum; 37-38. Sisymbrium orientale; 39-40. Sisymbrium irio; 41-42. Sisymbrium
loeselii; 43-44. Thlaspi arvense. Scale bar: 10 um.
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Abstract

A new identification key, full descriptions, and distribution records based on various herbaria of Turkish
Moenchia are given in this study. Detailed and comparative descriptions of the studied species have been prepared.
Also, a new species, Moenchia akmanii M.Keskin sp. nov., is described as for science. The new species is
morphologically similar to M. graeca that is but differs by long stems, different leaves, non-flowering shoots, 3-nerved
sepals, mauve anthers, etc. The new identification key has been created to distinguish taxa distributed in Turkey.

Keywords: Moenchia, Moenchia akmanii, new species, Turkey

*

Tiirkiye'deki Moenchia (Caryophyllacae) cinsi

Ozet

Bu c¢alismada, Tiirkiye'de yetisen Moenchia cinsine ait yeni teshis anahtari, betimlemeler ve dagilimlar cesitli
herbarium numunelerine dayanilarak verilmistir. Incelenen tiirlere ait detayli ve karsilastrmali betimlemeler
hazirlanmagtir. Ayrica Moenchia akmanii M.Keskin sp. nov. adiyla bilim diinyasina yeni bir tlir tanitilmistir. Bu yeni
tiir, morfolojik olarak M. graeca tiirline benzemekle beraber ondan uzun govdesi, farkli yapraklari, ¢iceksiz siirgiinleri,
3-damarl sepalleri, mor anterleri vb. karakterleri ile ayrilmaktadir. Tiirkiye'de yayilis gosteren taksonlar1 ayirt etmek
icin yeni teshis anahtar1 olusturulmustur.

Anahtar kelimeler: Moenchia, Moenchia akmanii, yeni tiir, Tiirkiye
1. Introduction

Moenchia is a small genus with only 3 to 5 species living mainly in the Mediterranean area [1]. It is certainly
related to the genus Cerastium. In particular, it is separated from the genus Cerastium with non-disintegrating petals.

Four species of Moenchia have been reported in A Checklist of the Flora of Turkey [2]. After examining
much-related literature [1, 2, 3, 4, 5, 6, 7, 8] about this genus in detail, an unnamed specimen is decided to be a new
species and proposed here as Moenchia akmanii M.Keskin.

2. Materials and methods

During the revision of the genus Cerastium for Illustrated Turkish Flora, the genus Moenchia, which is
closely related to this genus, was also studied. During this working time, all the specimens of Moenchia genus present
in various herbaria (E, AEF, HUB, ISTE, ISTF, ISTO, MARE, MUFE, ANK, NGBB, VANF, IZEF - These herbarium
samples were examined by using only the high-resolution pictures obtained on the website.-) was examined
morphologically. The findings obtained during the examinations were comparatively studied. As a result, detailed
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descriptions and distributions were prepared for all species and mapped. Furthermore, an unidentified specimen is
described as a new species to science from Central Anatolia (Ankara province, Turkey).

3. Results
3.1. Description of the genus Moenchia

Moenchia Ehrhart, Beitr. Naturk. 2: 177 (1778). (nom. cons.), non Medik., non Roth.

Type species: Moechia erecta (=Moenchia quarternella Ehrh. (as Monchia quarternella)).

Syn.: Alsinella Moench., Meth. 222 (1794) (non Hill 1756). Doerriena Borkh., Rhein. Mag. 1: 528 (1793).

Annual herbs. Stems glabrous, thin, ascending to erect, simple or sometimes branched. Cauline leaves
connate, sessile or sometimes little petiolate in basal leaves; blade 1-veined, linear to linear-oblanceolate, apex acute or
subacute. Inflorescence terminal, 1-10 flowered, spreading cymes or flowers solitary; bracts paired, subfoliaceous with
scarious margins. Pedicels erect or subpatent in fruit. Sepals 4 or 5, free, green, usually linear-lanceolate, herbaceous,
scarious, apex acute; petals 4 or 5, white or blue-mauve, blade apex generally entire or rarely small-dentate; stamens 4,
8 or 10; styles 4 or 5; filaments longer than anthers; anthers generally ovate to spherical; stigmas 4 or 5; ovary ovate to
subcylindrical and longer than or equal to stillus. Capsules cylindrical, opening by 8 or 10 revolute teeth, shorter than or
equaling sepals. Seeds small, more, brown, tuberculate to submuricate.

3.2. The New ldentification key for Moenchia in Turkey

1. Sepal and petal 4

2. StAMENI 4 .o 5b. M. erecta var. octandra
2.5tamMeN 8 .o @0 ML €TECEA VAT ErECtA
1. Sepal and petal 5
3. Petal Blue-mauve. .........ovii 2. M. coerulea
3. Petal white
4. Petal longer than sepal ...........ccoooiiiiiiiiii 1. M. mantica
4. Petal at most equal to sepal
5. Stems 2-15 cm,; sepal 1-nerved; anthers yellow.......................... 4. M. graeca
5. Stems 15-25 cm; sepal 3-nerved; anthers mauve......................... 3. M. akmanii

3.3. The Checklist of Moenchia in Turkey with a New Species
3.3.1. Moenchia mantica (L.) Bartl. Cat. Hort. Gott. 5 (1839). [Fig.1, 2]

Type: Described from Verona, Italy (Hb. Linn. 603/28, photo!).
Syn.: Cerastium manticum L., Sp. Pl. Ed.2, 629 (1762). M. dolichotheca Somm. & Lev. in Act. Hort. Petrop.
13: 40 (1893).

Annual herbs. Stems ascending to erect, mostly dichotomous branched, 10-40 cm. Leaves 15-20 x 3-5 mm,
glabrous, lanceolate to very narrowly elliptic-lanceolate, acute rarely obtuse. Inflorescence strict, usually many-
flowered. Bracts ovate to lanceolate with broad scarious margins. Pedicels unequal, longest pedicel 45-70 mm. Sepals
5-parted, 6-9 mm, broad and lanceolate, elevated 1-veined, and c.10 thin vein. Petals white, 5-parted, slightly 2 x longer
than the sepals. Stamens 10, anthers yellow. Capsule ovoid, at most equal to sepal. Seeds 0.8-1.1 mm.

Examined specimens

Agn: Patnos, Top dagi, Kizkapan kdyii iistleri, step, 390 17' 350"N ve 420 38' 200"E, 1850m, 17 v 2006, H.Emlik 1616
(VANF 3642!).

Afyonkarahisar: Bayat, Otlugedik sirt1 kuzeyi, 1360m, 22 v 1975, M.Vural (GAZI 197!). Bolvadin, Emirdag, Gedik
yaylasi, 1600m, 8 vi 1987, Y.Akman (ANK 14354!). Kocatepe, kira¢ sirtlar, 22 v 1966, A.BAytop, B.Cubuk¢u (ISTE
93921).

Ankara: Beypazari, Alemdar koyii tstii, 1400m, 1 vii 1971 (ANK 788!). Beypazari, Cuma deresi, kopriibasi, 2 vii
1972, Y.Akman (ANK 8516!). Beypazari, Deliyar-Cuma deresi, Pinus nigra ormani, 1400m, 22 vii 1972, Y.Akman
(ANK 8519!). Beypazari, Elmabeli, Pinus nigra orman agikligi, 700m, 27 v 1971 Y.Akman (ANK 788-A!). Beypazari,
Karagaralti, 1000m, 28 v 1971, Y.Akman (ANK 788-B!). Beypazari, koprii yani, 28 v 1972, Y.Akman (ANK 8520!).
Beypazari, Nallikas, nemli ¢ayirlar, 1500m, 26 vi 1973, Y.Akman (ANK 8517!). Elmadag, 1600m, 25 vi 1932, W.Kotte
(ANK 122!). Kizilcahamam, Karacam ormani, 26 vi 1960, A.Huber-Morath (ANK!). Kizilcahamam, Soguksu Milli
parki, yanik sirt1, 1300-1350m, 12 v 1990, O.F. (GAZI 1328!).
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Aydin: Cine cayr vadisi, 21 iv 1969, K.Fitz (EGE 3973!). Cine ¢ay1 kenari, 21 iv 1969, H.Giiner (EGE 15184!).
Dalaman-Cumali 6.6km, ¢alilik yamagta, 24 iv 1992, A.Byfield B 49 (ISTE 64875!).

Balikesir: Ayvalik giineyi, Yassi tepe, 150m, 28 v 1997, K. Alpmar (ISTE 73953!). Ayvalik, Hakkibey yarimadasi,
Cennet koyuna bakan yamaglar, 15 iv 1998, K. Alpmnar (ISTE 74992!). Edremit, Bursalihani, Pinus brutia ormani, 10 v
1966, H.Pesmen (EGE 15192!). Edremit, Kumluca, Eybek kule yolu, bir ¢ogu bir arada, bol miktarda, giiney, 940m, 23
iv 1999, M.Tokcan (ISTO 28525!). Erdek, Marmara adasi, maki ve ¢ayir, 2 v 1965, E.Demiriz ((ISTF 5203!). Kozak,
Kiranlt kdyii, Madran ¢ayi, 15 v 1966, H.Pesmen 565 (EGE 5885!). Marmara adasi, Marmara yakinlari, kire¢ ocaklar1
iistiindeki tepeler, 8 v 1971, A.Baytop, G.Ertem, F.Oktem (ISTE 19636!). Marmara adas1, Nahiye merkezi, Carlikdy
arasindaki yamaglar, 100m, 6 v 1978, E.Tuzlac1 (ISTE 39174!). Marmara adasi, Pteridium altinda, 550m, 17 vi 1968,
A.Baytop, T.Avcigil (E ! ve ISTE 13740!).

Bilecik: Bozdyiik-Inegél, ¢.37 km from Inegdl and c.1km from river Aksu to Bozoyiik, N of the main road. Fairy steep
slope, facing S, with open deciduous forest affected by grazing. 830m, 21 v 1990, Raino Lampinen 7660 (EGE 33879!).
Bitlis: Tatlikaynak koyii, step, 1550m, 18 v 2002, A.Altiok 2286 (VANF 3709!). Bitlis'in Skm kuzeyi, sulu ¢ayirlar,
1350m, 18 v 1966, Davis 43139 (E !). Tatvan ile Kiiciiksu arasi, 1750m, 19 v 1966, Davis 43293 (E !).

Bolu: Abant girisi, 840m, 25 v 1980, Y.Akman, E.Yurdakulol (ANK 10557). Abant, 1350m, 26 vi 1975, A.Baytop
(ISTE 32276). Abant, 5 vii 1975, A.ve T.Baytop (ISTE 32405a!). Abant, Alpagut'u gegince Carpinus betulus ormani,
1000m, 10 vi 1978, Y.Akman (ANK 9449!). Bandirma, Sahinburgaz, maki zonu, 300m, 19 v 1976, Y.Akman (ANK!).
Bolu'ya iniste, Kuzey yamaglari, mese ormani, 800m, 10 vi 1980, Y.Akman, E.Yurdakulol (ANK 10558!). Gerede,
Aktas ormanlari, Asagi ovacik, Pinus sylvestris kati, 1400m, 3 vii 1975, O.Ketenoglu (ANK 428!). Gerede-Aktas
ormanlari, saricam kati, 1400m, 3 vii 1975, O.Ketenoglu (ANK 428!). Bolu isletmesi, 14/00, Kokez bolgesi, Sultan
serisi, bolme no: 38, baki N, 930m, 16 vii 1978, H.Aksoy 371, (ISTO 25661!). Bolu isletmesi, 14/00, Kokez bolgesi,
Sultan serisi, bolme no: 44, baki SSE, 970m, 9 vi 1978, H.Aksoy 58, (ISTO 25573!). Kéroglu, Karagamalti, anakaya
volkanik, 1400m, 26 vi 1975, Y.Akman (6310!). Sar1 Mestan, 27 vi 1997 Y.Akman (ANK!). Dolubaba-Yigitali, 14 v
1955, B.Tutel ve M.Heilbron (ISTF 14129!).

Bursa: Isiklar kdyii, 5 v 1950, T.Baytop, A.Berk (ISTE 297!). Uludag, Sogukpmar, 500-1000m, 15 v 1962, Dudley
34751 (E!). Uludag, 27 iv 1883, P.Sintenis (E !). Uludag, 17 v 1899, J.Bornmiiller 4210 (E !). Uludag, orman zonu,
1450m, ix 1964, F.F.E.De Wilde (E !). Uludag, Softabogan'nin batisi, Abietum, 1700m, 10 viii 1951, H.Demiriz (E !).
Canakkale: Gokceada, Bademli koyii iistii, Yildiz tepesi kuzeyi, Om, 16 iv 1977, O.Se¢men, E.Leblebici (EGE
20346!). Gokgeada, Degirmendere Ketveren tepesi, kuzey dogusu, 30m, 19 v 1975, 0.Segmen, E.Leblebici (EGE
23039!). Gokgeada, Pmarbasi-Kalekdy arasi, vadi icinden, 100m, 18 iv 1977, O.Secmen, E.Leblebici (EGE 20345!).
Gokgeada, Yildiz kdyii Kuzulimam arasi, 15m, 14 iv 1975, O.Segmen, E.Leblebici (EGE 23038!). Gokgeada, Yildiz
koyii Kuzulimani arasi, 20m, 14 iv 1975, 0.Segmen, E.Leblebici (EGE 23040!). Kurudag, 28 iv 1968, A. ve T. Baytop
(ISTE 12560!). Yenice, Kalkim Ay gedigi yolu, Karagam altinda bol miktarda, 840m, 16 v 1999, M.Tokcan (ISTO
28526!).

Cankin: Atkaracalar, Dumanlidagi, Avlaga-Sivren yaylasi arasi, step, 1500-1600m, 9 vii 1992, Ahmet Duran (GAZI
1572!). Isik dagi, Karacam alti, 1400m, 12 vi 1975, Y.Akman (ANK 6317!). Saka dagi, yayla, 1050m, 27 vi 1980,
M.Demirors (ANK 172!).

Denizli: Babadag, Babadag ilceden Basalan yaylasina ¢ikarken 2km, yamagclar, 1300m, 9 v 1986, S.Oluk, O.Se¢men,
Y.Gemici (EGE 34863!). Babadag, Gokbel yaylasi, Acilik tepesi, egimli arazi, 1750m, 17 v 1986, S.Oluk (EGE
34869!). Buldan, 29 vi 1965, C.Regel (EGE 15183!). Civril, Sigirkuyrugu yaylasi, 1300-1400m, 4 v 1983, Y.Gemici
(EGE 25459!). Honaz dagi, Basalan mevkii, yol kenari, 700m, 17 v 1973, E.Tuzlac1 (ISTE 24762!). Honaz dagi,
Déngelli tepeden Honaz'a inen oduncu yolu, 950m, 18 v 1973, E.Tuzlact (ISTE 24851!). Honazdag1, Baymanli mevkii,
700m, 18 v 1973 (ISTE 24867!).

Edirne: Babaeski-Havsa arasi, Havsa yakmlari, Simit reverzuarma inis yolu, 8 v 1973, A.Baytop, E.Tuzlac1 (ISTE
24402!). Kesan-Enez yolu, Kiligkdy'den 1,5km &nce, merada otlu ¢ukurlar ve tepecikler iizerinde, 18 iv 1992,
A.Byfield B 26 (ISTE 64852!). Kesan-ipsala yolu, ipsala yakinlari, yol kenari, 22 iv 1970, A.Baytop, F.Oktem (ISTE
17658!).

Eskisehir: Siindiken dag, Kalabak deresi, 1400-1600m, 12 vi 1971, T.Ekim (E ! ve ANK 335!). Tiirkmen dag1, Kazan
gukuru, 1400m, 16 vi 1976, T.Ekim (ANK 2128!).

Giresun: Merkez, Ulper kéyii, yumusak toprak iizerinden, 1200m, 23 v 1983, O.Yesilada (HUB 2837!).

Igdar: Tuzluca, Hadimli-Sariabdal arasi tepeler, 1279m, 30 v 2007, E.Altundag (ISTE 84538!).

Istanbul: Alemdag, 18 iv 1952, T.Baytop, A.Berk (ISTE 3005!). Anadolu hisari, 19 v 1942, M.Basarman (ANK!).
Atagehir: Nezahat Gokyigit Botanik Bahgesi, dogal alan bitkileri koleksiyonu, tarihsiz, M.Vural (NGBB 006115!).
Aydos yolu, Aydos dagi, Hayrettin gesmesi, maki, 12 v 1958, B.Tutel (ISTF 16982!). Aydos, 1 iv 1951, A.Berk (ISTE
3690!). Aydos, 10 v 1950, T.Baytop, A.Berk (ISTE 3716!). Aydos, 22 iv 1951, A.Baytop (ISTE 3710!). Aydos, 3 iv
1952, T.Baytop, A.Berk (ISTE 3682!). Aydos, 3 iv 1952, T.Baytop, A.Berk (ISTE 3705!). Aydos, Yakacik, 24 iv 1966,
N.Tanker (ISTE 8687!). Beykoz, Dereseki, Karakulak suyu ¢evresi, ormanalti, 11 v 1967, H.Demiriz, B.Tutel, A.Aydin
(ISTF 22079!). Biiyiikdere, 30 iv 1956, E.Leblebici (EGE 15193!). Catalca, Arnavutkdy girisi, set iistli, 03 v 1989,
E.Uzen (ISTF 35820!). Catalca, Hadimkdy, Canakea, Canak¢a-Kestanelik, yol kenar1, 70m, 12 iv 2002, I.Gen¢ (ISTE
82065!). Catalca, Hadimkoy, Tugay, sevgi korusu, 60m, 28 iv 2002, I.Geng (ISTE 82094!). Catalca, mezarlik yakinlari,
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1 v 1964, A. ve T.Baytop (ISTE 7605!). Catalca, Subas1 kdyii cevresi, bugday tarlasi kenar1, 24 v 1972, N.Ozhatay,
E.Tuzlact (ISTE 21880!). Catalca, Subast yolu, 21 v 1974, A.Baytop, E.Tuzlaci (ISTE 28164!). Catalca, Subasi, Piknik
alani, yol kenari, 80m, 19 v 2002, 1.Geng (ISTE 82137!). Cekmekdy, Cataltepe Kalebayir1 yolu sulak nemli sazhiklar,
254m, 23 iv 2016, M.Keskin, E.Ozhatay, N.(")zhatay I. Ispartakule, Kapadik ¢iftligi, 14 v 1949, M.Basarman (ISTF
8552!). Kanarya, Soguksu, 31 v 1964, A. ve T.Baytop (ISTE 7672!). Karaburun-Terkos arasi, 2km, 13 v 1962, Betiil
Tutel (ISTF 18480!). Kayisdag, 16 iv 1952, T.Baytop, A.Berk (ISTE 3704!). Kemerburgaz, Agacli, 0,5km, S., cayiwr, 4 v
1968, H.Demiriz (ISTF 23065!). Kilyos, sol taraftaki sahil tepeleri, 22 v 1992, S.Siraneci, E.Akalin (ISTE 63924!).
Kiiglikbakkalkdy-Kayisdagi yolu {izerinde, 12 v 1963, Betiil Tutel (ISTF 18847!). Kiiciiksu, 22 iv 1966, A.Alj,
E.Giinhan, S.Tirkseven (ISTE 8635!). Maltepe, Basibiiyiik Mahallesi, 7 ii 2001, M.Keskin 2462 (ISTE 79290!).
Maltepe, Cevizli, Dragos tepesi, N yamaglar, ¢ayir, 28 iv 1968, A.Cirpici, O.Sunter (ISTF 23035!). Maltepe, Cevizli,
[zmit yolu, cayir, 11 iv 1971, A.Cirpict (ISTF 25140!). Olimpiyat kdyii alani, vadinin olimpiyat sahas tarafi, harfiyat
yapilan alanlarinin altlari, taglik alanlar, 6 v 2001, E.Akalin, U.Urusak (ISTE 79932!). Maltepe: Cevizli-Dragos tepenin
NE yamagclari, 14 v 1971, E.(")zhatay 282 (ISTO 18653!). Pendik, Akfirat belediyesi, 25 iv 2005, M.Keskin 3765!.
Pendik, Akfirat-Gogbeyli, Aydinlik sokak girigi, giris yolunun solundaki Tagh makilikler, 105m, 13 v 2017, M.Keskin
2161, N.Ozhatay, E.Ozhatay I. Sancaktepe, Turkuaz su fabrikasi yakinlari, Fabrikalar alani, caywr, 15 iv 2017,
M.Keskin 6813!. Sariyer, Haciosman bayiri, yamlh caywr, 15 v 1973, Tutel, Cirpici, Kus (ISTF 27116!). Sartyer:
Belgrad ormani, Balaban dere, 28 iv 1959, F.Yaltirik (E ! ve ISTO 1317!). Sariyer, Belgrad ormam, 1951, I.Akbas
(ISTO 148!). Silahtaraga ilerisindeki tepeler, 13 v 1967, N. ve M.Tanker (ISTE 11205!). Silivri, Danamandira, Tabiat
Park1 yolu-Sinekli yolu ayrmmi, genglestirilmis mese ormam, M.Keskin 6220, N.Ozhatay, M.Ozhatay !. Silivri, Gelevri,
Giilgin ¢iftligi, bodur orman, Quercus, Phillyrea, Carpinus, kurak ¢ayir, 16 iv 1961, H.Demiriz (ISTF 17892!). Silivri,
Liileburgaz deniz evleri civari, G.Ertem, 30 iv 1973 (ISTE 24252!). Terkos fidanlig1 yakini, 3 v 1971, A.Baytop,
G.Ertem, N.Ozhatay, (ISTE 19478!). Terkos yolu, Cinarlihan civari, uzunca ova, makide, 150m, 12 v 1951, H.Demiriz
(E ! ve ISTF 11078!). Terkos yolu, Habibler kdyiinde 2km once, maki, 13 v 1962, B.Tutel (ISTF 18460!). Terkos,
Fidanlik yolu kenar1, 3 v 1971, Ertem, E.Ozhatay 264 (ISTO 18638!). Rumeli hisar1, 20 v 1918, B.V.D.Post (E !).
izmir: Bergama, Kozak, Kiranli odun deposu, 750m, 24 iv 1986, O.Se¢men (EGE 17938!). Kemalpasa-Sincancilar,
Ovacik, 300m, 12 v 1969, G.Oguz (EGE 15187!). Odemis, Bozdag, 29 v 1962, C.Regel (EGE 15185!). Odemis,
Keldagi, kayalik yerler, 1350m, 31 v 1980, E.Tuzlaci, T.Celebioglu (ISTE 44382!). Yamanlar dagi, 24 v 1995,
K.Alpmar, G."t Hart (ISTE 67943!).

Kastamonu: llgaz daglari, Kanli gol, Cesme tistii, 1300m, 13 vi 1982, Y.Akman, E.Yurdakulol, M.Demir6rs (ANK
12118!). Ballidag, Sarigam ormani, 1350m, 11 vi 1979, O.Ketenoglu 881 (ISTO 25187!). Daday arasi, Sarioluk,
meselik, 1000, 19 vi 1978, O.Ketenoglu (ANK 880!). Daday arasi, tag ocaklari, 950m, 23 vi 1980, O.Ketenoglu (ANK
883!). Daday, Kiraz serisi, Abies ormani, 1100m, 19 vi 1978, O.Ketenoglu (ISTO 29468!). Devrekani, Oyrak II ge¢idi,
Pinus sylvestris toplulugu, anakaya ofiolitik, 1210m, 08 vi 1991, E.Yurdakulol (ANK 3517!). Tosya, Ahlatdagi bolgesi,
Biiyiikdere serisi, Dikmen tepe mevkii, Pinus nigra ormani 1500m, 11 vi 1975, M.Kiling (ANK 1085!). Tosya,
Ortalica yaylasi, -Acikavak yaylasi arasi, Karagam ormani, 1350m, 30 vi 1976, M.Kiling (ANK 5069!).

Kirklareli: Demirkdy, Demirkdy dokiimhanesi, 176m, 30 v 2009, N. ve E.Ozhatay, E.Akaln, S.Demirci (ISTE
91904!). Demirkdy, Saka longosu, 28 iv 1974, N. ve E. Ozhatay (ISTE 27690!). Demirkdy, Sarpdere yolu, 511m, 14 vi
2009, E.Akalm & S.Demirci (ISTE 92080!). Derekéy-Hudut arasi 4km, yol kenari, otlu alanlar, 525m, 23 v 2009,
N.Giiler, H.Ersoy (ISTE 96220!). Pmarhisar'dan 9 km, ¢aliliklar arasi, 21 v 1974, A.Baytop, E.Tuzlac1 (ISTE 28226!).
Uskiip yolu, ana kavsaktan c.4km, sirtlarda, 21 v 1974, A.Baytop, E.Tuzlaci (ISTE 28241!). Eski Saray yolu,
tarlalardan asagiya inerken, 40m, 21 iv 2005, D.Oral 1521 (ISTO 33579!).

Kocaeli: Gebze-izmit yolu, 2. km, yol kenari, 14 v 1970, E.Ozhatay 128 (ISTO 18498!).

Kiitahya: Azant'tan Pehlivan tasina, Egrigoz 3km gegince, 1360m, 8 vi 1978, G.Gérk (EGE 37882!). Domanig-inegol
arasi, Durakdy ilerisi, 940m, 11 v 1982, K.Alpmar (ISTE 48659!). Emet, Eynal'dan Emet'e dogru 9km sonra, acik
habitat, kumlu fig habitat1, 1200m, 17 v 1978, O.Se¢men, G.Gork (EGE 37883!). Emet, Yenicekdy'den arpa tarlasina
giden yolda, genis c¢ayirlikta, ¢cesmelerin yaninda, 1100m, 08 v 1980, G.Gork (EGE 18347!). Gediz, Murat dagi,
Cukuréren, ¢ayir, 1100m, 16 v 1980, A.Cirpict (ISTF 34088!). Gediz, Murat dagi, Hamam yukarisi, gél yeri, orman
aras1 aciklik, 1750m, 9 vi 1977, A.Cirpict (ISTF 30468!). Gediz, Murat dagi, Ikizce, caywr, 1450m, 21 vi 1978,
A.Cirpict (ISTF 32033!). Gediz, Muratdagi, Hamam Cukuroren koyii arasi, Yayla ¢ayirlik Pinus nigra orman agiklig,
1500m, 3 vii 1972, S.0flaz, G.Oguz, O.Segmen, E.Leblebici (EGE 15375!). Gediz-Usak, 55km Usak'm 10 km kuzeyi,
Cistus laurifolius toplulugu, 1140m, 14 vi 1954, H.Demiriz (E ! ve ISTF 13322!). Hamam-Sobalar, ¢ayir, 1450m, 17 v
1978, A.Cirpici (ISTF 31454!). Inénii-Kiitahya arasi, kurak tepeler, 1000m, 21 v 1966, A.Baytop, B.Cubukcu (ISTE
9347!). Simav, Kigir-Akdag, Pinus nigra ormani, 1700m, 19 vi 1965, M.J.E.Coode ve B.M.G.Jones (E !, ISTF 20901!,
ISTO 6712!). Simav'dan yaklasik 10km, orman yolundan Simav dagmna giderken, 1500-1700m, 18 vi 1965,
M.J.E.Coode ve B.M.G.Jones (ISTF 20881! ve ISTO 6741!). Simav-Demirel arasi, Demirci'den 11 km, Pinus nigra
orman alti, 1350m, 9 vi 1972, S.Oflas, G.Oguz, 0.Secmen, E.Leblebici (EGE 15186!). Murat dagi, Gediz iistleri, Kesik
Sogiit, 1200m, 5 vii 1962, Davis 36723 ve Coode (E !). Simav, dag yolu, 1500-1700m, 18 vi 1965, M.J.E.Coode ve
B.M.G.Jones (E ).

Manisa: Akhisar, Kertil mevkii, Pinus brutia ormani, 23 iv 1973, Oner, Segmen, Ahmet (EGE 11391!). Akhisar-
Golmarmara, step, 29 iv 1966, H.Pesmen (EGE 4862!). Manisa dagi, 1500m, 13 vi 1966, A.Baytop, B.Cubukcu,
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T.Avcigil (ISTE 9981!). Manisa dagi, 3 v 1961, Turhan Baytop (ISTE 6428!). Manisa dagi, 4 iv 1966, N.Zeybek,
C.Regel (EGE 15189!). Manisa dagi, Karlik kuzeyi, 1140m, 25 v 1984, H.Duman (GAZI 1075!). Manisa dag1, yamaci,
700m, 4 iv 1966, C.Regel, H.Pesmen, G.Oguz (EGE 15191!). Soma, Adilkdy, kuzeydogusu, Bahgecik ¢esmesi iistii,
750m, 18 v 1967, H.Pesmen, M.Aydar (EGE 15190!). Soma, Madenci ¢esmesi yol kenar1, 600m, 12 v 1977, O.Se¢cmen
(EGE 23753!). Cine aras1, kayalik habitat, 28 iii 1979, O.Se¢men, Leblebici, Bekat (EGE 17273!).

Mugla: Karagam ormani alti, 1200-1350m, 18 vi 1976, Y.Akman ve Quezel (ANK 7290!); Yatagan-Gokbel, Quercus
coccifera makisi, 300m, 20 iv 1965, Dr. Davis 41456 (1STO 5863!).

Samsun: Kurupelit kampiisii, Fen-Edebiyat Fakiiltesi ¢evresi, 4 v 1995, M.Keskin 153 (ISTE 77071!). Samsun'un 8km
dogusu, cayirlik, 19 v 1963, Carl Tobey 120 (E ! ve ISTO 1926!). Samsun'un Skm dogusu, Karadag, 50m, 15 vi 1963,
Carl Tobey 341 (E ! ve ISTO 2014!). Kizilirmak, Asar'dan sonra, 450m, 12 v 1967, Tobey 1782 (E !). Haci Ismail kdy,
acik alanlar, 300m, 6 v 1967, Tobey 1733 (E !). Derbent, Okgetepe'nin kuzey yamaci, Asaragag tepe, 30-40m, 22 v
1952, H.Demiriz (E ).

Sinop: ince burun, volkanik arazi, 30m, 23 iv 1966, Tobey 1621 (E !).

Sivas: Zara, 20 km giineyi, jipsli arazi, 1500m, 6 vii 1986, B.Y1ldiz (ISTE 94275!).

Tekirdag: Kesan, Malkara arasi, 19 v 1970, A.Baytop, F.Oktem (ISTE 17974a). Kirkgoz koyii, Londra asfalti, kavaklik
alt,, 30 iv 1973, G.Ertem (ISTE 24253!). Malkara-Kesan yolu, Pisman korulugu, 20km iceride, 12 v 1991, E.Akalin
(ISTE 62892!). Seymen-Corlu aras1, Corlu'ya 2km kala, 22 iv 1970, A.Baytop, F.Oktem (ISTE 17635!). Seymen-Corlu
aras1, Corlu'ya 7km kala, 22 iv 1970, A.Baytop, F.Oktem (ISTE 17619!).

Trabzon: Vakfikebir, Fol koyi, ¢ayirhik, 1500m, 11 vii 1986, Y.Gemici (EGE 30162!).

Van: Ozalp, Dorutay kdyii bat1 kesimi, step, 2658m, 25 vi 1996, F.Ozgokce 2654 (VANF 3625!). Ozalp, Damlacik
koyii dogusu, Boncuk deresi vadisi, step, 2150m, 9 vii 1997, F.Ozgokce 5730 (VANF 3638!). Muradiye, Alkasnak
koyii, Ziyaret tepesi batisi, nemli, ¢ayirlik alan, 1900m, 12 vi 2001, O.Karabacak 1698 (VANF 3708!). Giirpmnar,
Hamurkesen kdyiiniin arkalari, step, 2000m, 22 v 2002, M.Unal 6760b (VANF 3779!). Giirpinar, Hamurkesen koyiiniin
arkalari, step, 2000m, 22 v 2002, M.Unal 6814 (VANF 3780!).

Yalova: Orhangazi yolu, 3 v 1950, A.Berk, T.Baytop (ISTE 24741!).
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It is probably the most widely distributed and is available in many parts of Turkey. It is the most basic
member of slightly moist meadows with white flowers, especially in early spring. M. mantica is a very characteristic
species due to its double-length petals of calyx, its upright posture, and its early nature compared to other species.

3.3.2. Moenchia coerulea Boiss., FIl. Orient. 1: 712 (1867). [Fig. 3, 4]

Syn.: Cerastium coeruleum Boiss., Diagn. Ser. 1(1): 53 (1853). M. mantica L. var. violascens Azn., Bull.
Soc. Bot. Fr. 44: 166 (1897). M. mantica L. forma coerulea (Boiss.) Janchen, Zwei fiir Osterreich neue Pflanzen, 5: 59
(1907). M. mantica L. var. jolanthae Kovats, Ungarische Botanische Blatter — 29: 49 (1930).

Holotype: Montes Smyrne, Mai 1842, Boissier (E !).

Annual herbs. Stems usually strict, simple or branched from base, dichotomous branched at upper, 10-20 cm.
Leaves 7-15 x 2-4 mm, glabrous, linear-lanceolate, acute. Inflorescence strict, 2-7 flowered. Bracts broad ovate-
lanceolate with broad scarious margin. Pedicels unequal, longest pedicel 40-75 mm. Sepals 5-parted, 6-9 mm, oblong-
lanceolate, mauve at upper, usually veins obscure, main vein sub elevated. Petals blue-mauve, 5-parted, longer than the
sepals, usually not 2 x calyx white. Stamens 10, anthers yellow. Capsule subovoid, exceeding to sepals.

Examined specimens

Afyonkarahisar: Bayat, Baglik mevkii tizeri, 1120m, 23 v 1975, Mecit Vural (ANK 198!).

Antalya: Akseki-Bademli arasi, Toy alan, step, 1400m, 25 v 1983, M.Koyuncu 6040-S.Erik (HUB 02879!).

Aydin: Eski¢ine, Madrandagi, Topcam koyili giineyi, yamagtan, 800m, 29 iv 1977, A.Yaymntag, A.Yiril, A.Tamar;
F.Seliayan (EGE 15180!).

Denizli: Civril, Sorgun'dan-Kocayayla'ya ¢ikarken, 1250m, 5 v 1983, Y.Gemici (EGE 25460!). Saraykoy, Babadag-
Hisarkdy'den Tekcam'a dogru 7km, 1050m, 22 v 1972, G.Oguz, O.Secmen, E.Leblebici, T.Kesercioglu (EGE 15181!).
Edirne: Merkez, Edirne'nin 8km batisi, 100m, 19 iv 1966, Davis 41971 (E !).

Elazig: Kup dagi, Sumali yayla yeri, Quercus toplulugu, 1600m, 10 v 1982, H.Susen (ANK 1089!).

Isparta: Sarkikaraagag, Kizildag milli parki, Kolonkaya kuzey yamag, 1200m, 11 v 1995, B.Mutlu 1351 (HUB 37178).
Siitgiiler, Kuzca koyii, Kuzcalan, Astragalus stebi, kirmizi toprak, 1350m, 5 vi 1975, H.Pesmen-A.Giiner 2062 (HUB
02875!).

Istanbul: Arnavutkdy, Durusu, ISKI girisi, 70m, 19 v 2017, M.Keskin 7092, N.Ozhatay, E.Ozhatay!. Arnavutkdy,
Durusu kumul girisi, 8m, 19 v 2017, M.Keskin 7116, N.Ozhatay, E.Ozhatay !. Terkos golii, Karaburun'dan Tahlisiye'ye
dogru, kumluk yol kenar1, Quercus makiligi, 50-60m, 8 v 1962, Dudley 34535 (E !).

izmir: Bornova, Kurudere, Karagoban mevkii, 6 v 1971, M.Aydar, C.Odemis (EGE 15188!). Bornova: Kurudere koyii,
Mengene mevkii, 6 v1971, Aydar Odemis, (EGE 11656!). Kemalpasa, Nifdagi, zirve yolu, yangm kulesine dogru,
1300m, 16 v 1975, O.Se¢men, E.Leblebici (EGE 24322!). Kemalpasa, Nif dagi, 600m, 27 iv 1987, N.Zeybek (IZEF
2703!). Kemalpasa, Nif dagi, Manastir kalesi, 450m, 9 v 1992, N.Zeybek (IZEF 1652!). Odemis: N Birgi, 500m, 17 v
1993, E.Sauer (IZEF 1254!). Yamanlarin sarki ve karagamdaki kurak otlaklarda, 900-1200m, v.1932, O.Schwarz (EGE
23174!). Bozdag: pinetum, 1400m, 5 vii 1968, Huber-Morath (ISTO 15095!). ikikardes, 15 v 1906, J.Bornmiiller 9157
(E !). izmir daglar1, vi 1842, E.Boissier (E !).

Mugla: Eskigine'ye gelmeden, Cine cayi, 5 iv 1995, N.Keyik¢i, A.Er, G.Gork (EGE 18984!). Mugla, Pinus brutia, 19
iv 1965, C.Regel (EGE 15182!). Yatagan-Cine arasi, Gokbel mevkii, granit kayaliklari, 300m, 2 v 1982, T.Ekim ve
M.Koyuncu 5152 (AEF!). Yatagan-Cine, Quercus coccifera c¢aliliklari arasi,100m, 1 iv 1956, Davis 25553 et O.Polunin
(E ! ve ANK!). Yatagan ile Gokbel aras1, Quercus coccifera makiligi agikliklari, 300m, 20 iv 1965, Davis 41456 (E !).
Samsun: Ladik istasyonu, Karadag, 1050m, 8 v 1965, C.Tobey 948 (E !).
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Figure 3. A Herbarium sheet Figure 4. Distribution map

The most characteristic feature of the M. coerulea is the presence of blue to the purple corolla. This species is
strictly related to M. mantica. But it is distinguished by the following characters:

1) Corolla blue to purple

2) Small, linear-lanceolate leaves

3) Corolla longer than calyx but never 2-fold

4) Capsule equal to sepals or slightly longer than sepal

3.3.3. Moenchia akmanii M.Keskin sp. nov. [Fig. 5, 6]

Type material: Tiirkiye, Ankara: Beypazari, Egriova, yavas akan dereciklerde, 1550m, 26 vi 1973, Y.Akman
(ANK 8518!).

Diagnose: Moenchia akmanii M.Keskin is close to M. graeca Boiss. & Heldr. but differs from it by its long stems
(short in M. graeca); cauline leaves 4-6 pairs, 20-35 x 1.0-2.0 mm (2-4 pairs, 4-14 x 1.5-2.5 mm in M. graeca); axillary
shoots present (absent in M. graeca); flowers 4-9 (1-5 in M. graeca); 5-6 x 1.8-2 mm, caudate at anthesis and 3-nerved
(7 x 3 mm, acute at anthesis and 1-elevated nerved in M. graeca); anthers mauve (yellow in M. graeca).

Description: Annual herbs. Stems green, thin and flexible, 20-36 cm. Basal leaves linear, more or less withered at
anthesis. Internodes very long. Cauline leaves 4-6 pairs, 20-35 x 1.0-2.0 mm, linear-elliptic, acute, not glaucous, 1-main
vein. More axillary shoots present. Bracts 3-5 mm, elliptic with broad scarious margins, midvein brownish, and first
bracts fimbriate at the base. Inflorescences 4-9 flowered, axillary; each flower supported by two bracts. Flowering
pedicels 10-15 mm; fruiting pedicels 30-40 mm, 5-7 times as long as calyx, distinctly thickened above. Sepal 5; 5-6 x
1,8-2 mm at anthesis, narrowly lanceolate, with narrow scarious margins, caudate; 3-nerved, not indurate, and decurrent
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to the base of calyx. Petal 5, white, as long as sepals or rarely exceeding, spatulate. Stamens 10; anthers mauve. The
capsule as long as sepals (submature). Seeds c. 0,5 mm.

Flowering time: June (probably to July).

Habitat: Slow flowing streams, meadows

Etymology: This new species named after Professor Yildirim Akman who is a leading Ecologist, author, and collector
of this sample.

Examined specimens:
Ankara: Beypazari, Egriova, Orman agikligi, 36 T 0417361,4481291, 1598m, 12 vi 2014, Hasim AltinézLi, M.Erol
Demirbilek (NGBB 004337!).

Notes: M. akmanii is probably only an endemic species of Egriova/Beypazari.

The proposed new species is strictly related to M. graeca. Differences are summarized in table 1.
Nevertheless, the first impression as a general structure seems to be the M. mantica type, but it is easily separated from
the corolla as sepal or short, linear leaves, etc.
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Figure 5. A Herbarium sheet (Holotype) Figure 6. Distribution map
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Table 1: Differences between M. graeca and M. akmanii

graeca mantica akmanii

Stem height 4-15 cm, tinged purple 10-40 cm 20-36 c¢cm, green, somewhat
flexuous

Basal leaves Oblanceolate, more or less | Linear to oblanceolate, more | linear, more or less withered

withered at anthesis.

or less withered at anthesis.

at anthesis

Cauline leaves

2-4 pairs, 4-14 x 1.5-2.5 mm,

3-5 pairs, 15-20 x 3-5 mm,

4-6 pairs, 20-35 x 1.0-2.0

linear-elliptic, subacute, | glabrous, lanceolate to very | mm, linear-elliptic, acute,
somewhat glaucous. narrowly elliptic-lanceolate not glaucous
Axillary shoots Absent Absent Present

Bracts

Elliptic with broad scarious
margins, midvein green

Ovate to lanceolate with
broad scarious margins

First bracts fimbriate at the
base, elliptic with broad

scarious margins, midvein
brownish

Inflorescences Apical Apical Axillary

Flowers 1-5 3-8 4-9

Fruiting pedicels

2-8 times as long as calyx,
distinctly thickened above.

3-7 times as long as calyx,
distinctly thickened above.

5-7 times as long as calyx,
distinctly thickened above.

Sepals 7 x 3 mm at anthesis, elliptic | 6-9 mm at anthesis, broad | 5-6 x 1.8-2 mm at anthesis,
to broadly lanceolate, acute | and lanceolate, elevated 1- | narrowly lanceolate, with
with broad scarious margins; | veined, and c¢.10 thin vein. narrow scarious margins,
1-nerved, midvein thickened caudate;  3-nerved, not
and indurate in fruit others indurate
not elevated, especially
towards base.

Petals 2/3 as long as sepals, elliptic- | slightly 2 x longer than the | as long as sepals or rarely
oblong, obtuse sepals, oblong to | exceeding, spatulate

subspathulate  or  broadly
spathulate to oblong or
cuneate at base

Anthers Yellow Yellow Mauve

Capsule 2/3 as long as sepals, | Ovoid, at most equal to sepal | as long as sepals (sub
ellipsoid mature)

Seeds 0.5-0.6 mm. 0.8-1.1 mm c.0.5mm

127

3.3.4. Moenchia graeca Boiss. & Heldr., Diagn. Ser. 2(1): 91 (1853). [Fig.7, 8]
Type: Many syntypes from Greece.

Small annual herbs. Stems 2-15 cm, usually unbranched. Basal leaves oblanceolate and more or less withered
at anthesis; cauline leaves 2-4 pairs, 4-14 x 1.5-2.5 mm, linear-elliptic, subacute. Inflorescence 1-5 flowered. Bracts
elliptic with broad scarious margins. Pedicels 2-8 times as long as calyx, distinctly thickened above. Sepals 7 x 3 mm at
anthesis, elliptic to broadly lanceolate, acute with broad scarious margins; midvein thickened and indurate in fruit.
Petals shorter than sepals, elliptic-oblong, obtuse. Capsule shorter than sepals. Seeds 0.5-0.6 mm.

Examined specimens

Denizli: Baymanli mevkii, 700m, 18 v 1973, E.Tuzlaci (ISTE 24867!).

Izmir: Karaburun, Akdag, 550m, 11 iv 1982, Sauer, E. et al. (IZEF 947!).

Manisa: Kula, lav akintilari, 700m, 21 vi 1965, M.J.E.Coode ve B.MG.Jones (E !).
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Figure 7. A Herbarium she; - Figure 8. Distribution map

M. graeca is a little known species in Turkey. It is probably present in all Aegean and Mediterranean coasts.
It is easily overlooked because of its small structure, short corolla, and early flowering phase.

3.3.5. Moenchia erecta (L.) P.Gaertn., B.Meyer & Scherb., FI. Wett. 1: 219 (1799).

Small annual herbs. Stems 2.5-15 cm, glabrous, usually glaucous. Leaves somewhat petiolated at the base, 5-
18 mm, linear to oblanceolate; cauline leaves sessile, 3-12 mm, linear to lanceolate, ascending, subrigid, acute.
Inflorescences lose, a few-flowered. Bracts ovate-lanceolate with broad scarious margin. Pedicel unequal, longest
pedicel 25-65 mm. Sepal 4; 4.5-7 mm, 3-veined, lateral faint, linear-lanceolate with broad scarious margin. Petals 4;
linear-lanceolate, white, shorter than sepals. Stamens 4 or 8. Stillus 4 (-5). Capsule equalling or slightly longer than
sepals, more or less cylindric. Seeds reddish-brown, finely tuberculate, 0.5-0.7 mm diam.

a. var. erecta [Fig.9,10]

Type: Lectotype, Herb. Linn. No. 177.3 (LINN).

Syn.: Sagina erecta L., Sp. Pl.: 128 (1753). Cerastium tenue Viviani, FI. Cors. 7 (1824). M. quaternella
Ehrh., Beitr. Naturk., 2: 180 (1788) nom. illeg. M. glauca Pers., Syn. Pl., 1: 153 (1805) nom. illeg. Cerastium
quaternellum Fenzl, Verbreit. Alsin.: 56 (1833) nom. illeg. Cerastium glaucum Gren., Mém. Soc. Emul. Doubs, 1: 47
(1841). Cerastium erectum (L.) Cosson & Germain, F1. Env. Paris, éd. 1: 30 (1845).

Longest pedicel 25-55 mm. Sepal 4; 6-7 mm, glabrous, veined. Petal 1/2 to 2/3 as long as sepals, usually
subdentate. Stamens 4. Capsule equalling or slightly exceeding sepals.

Examined specimens
Edirne: Kesan-Enez yolu, Kiligkéy'den 1.5km once, -merada otlu ¢ukurlar ve tepecikler tizerinde- 18 iv 1992,
A.Byfield B 22, (ISTE 64848!).
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Istanbul: Kisirkaya koyii ile plaj arasinda, yamaglarda, iv 1992, A.Byfield B114 (ISTE 64884!). Pendik, Kurtkdy,
cataldagi, cayirliklar ve kirag kayaliklar, 30 iv 1995, A.J.Byfield B 2145 (ISTE 69498!). Yesilkdy havalimani, 15 km W
(ES), yol kenar1 gayir, geng Pinus plantasyonunda, 9 iv 1972, I.Kukkonen (ISTF 25907!).

fzmir: Yamanlar dagi, Karagol'den Maninsa gegidine dogru ormanlik dag yolu, 9 vii 1966, R.Alava 5104 ve G.Bocquet
(ED.

Mugla: Cine'den Yatagan'a giderken 15.km, nehir iistlerinden kayalik yamaglarda, kis aylarinda olusan su sizintilari
arasinda, otlakta, 24 iv 1992, A.Byfield B44 (ISTE 64870!). Marmaris korfezinde, Yildiz adasi, 150m, iii 1993,
A.Byfield B 134 (ISTE 65739!).

Tekirdag: Inecik-Yenice, Yenice'den 7.2km once, 18 iv 1992, A.Byfield B 10 (ISTE 64836!).

Figure 9. A Herbarium sheet Figure 10. Distribution map

b. var. octandra (Ziz ex Mert. & W.D.J.Koch) M.Keskin stat. nov. [Fig.11, 12]

Type: Described from Germany.

Syn.: M. octandra Rchb., FI. Germ. Exc.: 703 (1832). M. octandra (Ziz ex Mert & W.D.J.Koch)J.Gay,
Perrym. PIl. Phan. Frejus 55 (1833). M. quaternella Ehrh. B. octandra Moris, Fl. Sard., 1: 269 (1837). M. quaternella
Ehrh. subsp. octandra (Rchb.) Nyman, Consp. Fl. Eur. 111 (1878). Sagina octandra Ziz ex Mert. & W.D.J.Koch,
Deutschl. Fl., ed. 3, 1: 864 (1823). M. erecta subsp. octandra (Ziz.)Coutinho, FI. Portugal: 211 (1913).

Longest pedicel 50-65 mm. Sepal 4; 4-5 mm, glabrous, veined, usually subdentate. Petal 4, about as long as
sepals or a little shorter. Stamens 8. Capsule scarcely equalling the sepals.

Examined specimens

istanbul: Adalar: Biiyiikada, adanmn arka tarafi, cayirlik, 17 iv 2017, M.Keskin 6914a!. Adalar: Burgazada, 18 v 1893,
Aznavour (E !). Sancaktepe, Turkuaz su fabrikasi yakinlari, Fabrikalar alani, ¢aywr, 15 iv 2017, M.Keskin 6814!.
Zincirli to Sigli, 6 iv 1898, Aznavour (E !).

izmir: Emiralem, Manisa ile Menemen arasi, 6 iv 1974, K.Lewejohann (Tu-74-203) ve F.Holtz (E !).
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Figure 11. A Herbarium sheet Figure 12. Distribution map

M. erecta is generally similar to the M. graeca. It is easily separated from the thickened pedicels, stamens
with small numbers, and 4-part flowers. This species probably has a wider distribution in Turkey.

4. Conclusions and discussion

Although Moenchia is similar to Cerastium in general structure, it is separated from it by whole petal and calyx
vein with prominent back.

In this study, it is reported to six Moenchia taxa in Turkey. Moenchia is not a widely known genus in Ankara
province. Although there are many flora articles, this genus has never been reported [9, 10, 11, 12, 13, 14, 15]. One of
them is the new species as M. akmanii M.Keskin. Although it looks like M. mantica in terms of appearance, its basic
taxonomic characters are close to the M. graeca.

A new identification key to the species of Moenchia has been organized in Turkey. All herbarium records and
distribution maps of the studied species have been prepared.
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Abstract

Ovarian cancer is one of the most malignan cancers of the reproductive system of women. Along with the other
cancer types, ovarian cancer requires alternative agents for treatment due to the limited efficiency and strong side
effects of classical chemotherapeutics and long treatment process. Recently, cancer investigations are focused on
intracellular targets for cancer therapy. Sphingolipid molecules, especially ceramides of them are reported as potent
targets for cancer therapy. Increased leves of ceramides into the cancer cells induce apoptosis and this increase can be
caused by supressing ceramidases via new generation inhibitors of the enzymes. In this study, NOE (Oleoyl
ethanolamide), a ceramidase inhibitor was used to cause cytotoxicity and induce apoptosis in human ovarian cancer
cells, OVCAR-3. Our results clearly showed that NOE significantly reduced cell viability and caused cytotoxicity
together with morphological changes indicating apoptosis that is proved with the flow cytometry results. NOE is
proposed for a candicate for designing anti-cancer agent after further investigations.

Keywords: NOE, OVCAR-3, cytotoxicity

%

insan yumurtalik kanseri hiicrelerinde NOE’nin apoptotik etkilerinin arastirilmasi

Ozet

Yumurtalik kanseri, kadinlarin iireme sistemindeki en kotii huylu kanserlerden biridir. Diger kanser tiirleri ile
birlikte yumurtalik kanseri, klasik kemoterapétiklerin smirli etkinligi ve giliglii yan etkileri ve uzun tedavi siireci
nedeniyle tedavi i¢in alternatif ajanlara ihtiya¢ duymaktadir. Son zamanlarda, kanser arastirmalari, kanser tedavisi i¢in
hiicre i¢i hedeflere odaklanmaktadir. Sfingolipid molekiilleri, 6zellikle seramidler, kanser tedavisi i¢in giiclii hedefler
olarak gosterilmektedir. Seramidlerin kanser hiicrelerinde artan miktarlary, apoptozu indiiklemektedir ve bu artis,
seramidazlarin yeni nesil enzim inhibitorleri yoluyla baskilanmasindan kaynaklanabilmektedir. Bu caligmada, insan
yumurtalik kanseri hiicreleri OVCAR-3'te sitotoksisiteye yol agmak ve apoptozu indiiklemek i¢in bir seramidaz
inhibitorii olan NOE (Oleoyl ethanolamide)’i kullanmaktir. Sonuglarimiz, NOE'nin hiicre canlihgmi 6nemli 6lgtide
azalttigini ve akis sitometri sonuglari ile kanitlanmis apoptozu gésteren morfolojik degisikliklerle birlikte sitotoksisiteye
neden oldugunu agik¢a gostermistir. NOE, daha ileri aragtirmalardan sonra anti-kanser ajani tasarlanmasi i¢in aday
olarak tarafimizdan 6nerilmektedir.

Anahtar kelimeler: NOE, OVCAR-3, sitotoksisite
1. Introduction
Lipids have been reported to had role as a main structural component of cellular membranes. They have been

involved in maintaining the structural and functional integrity of membranes. In recent years, it has been shown that the
key biological role of lipids in the cells is cellular signalling as a member of secondary messengers in varying cellular
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processes such as cell proliferation and division. Lipids comprise of varying lipid classes of which sphingolipids are
important both for membrane structure and cell signalling as secondary messengers in the cell. These molecules are
named as the most significant lipid messengers. Biological activities of sphingolipids depends mainly on the length of
carbon chain. Characteristics of the sphingolipid members are that they consist of 18-carbon atoms and are long-chain
alcohol-based lipids containing sphingosine instead of glycerol. The membranous organel where sphingolipids are
generated is endoplasmic reticulum. Due to the active roles in different biological processes in the cells as regulators in
various cellular processes like growth, proliferation, stress response, differentiation and cell death (autophagy and
apoptosis), sphingolipids are reported as potential targets in cancer research and therapy [1].

Ceramide, a sphingolipid member, is one of the main components of the cellular membrane and is involved in
the protection of cell from stress signals and conditions [2]. It has been well documented for ceramide to induce
apoptosis when its intracellular levels are increased based on various stimulants such as stress and toxic substances [3].
In addition, it is stated that the investigation of sphingolipid metabolism and the importance of ceramide are vital and
promising in the treatment of complex diseases as cancer [3]. Intracellular ceramide levels can be decreased by a variety
of enzymes that hydrolyze ceramide or convert it to sphingosine in turn direct cells to the survival and proliferation.
Thus inhibitors of ceramidase enzymes are reported as main tumor supressing agents [3]. Oleoyl ethanolamide has been
reported as of the first inhibitors of ceramidases that is an endogenous fatty acid ethanolamine and a lipid mediator
[4,5]. Ceramidase inhibitors are known to induce apoptosis by causing ceramide accumulation [5-7].

Ovarian cancer is a frequent cancer type with high mortality and morbidity in women in the world [8-10]. The
malignancy of this cancer type is mainly attributed to high metastatic capability [10]. Classical chemotherapy agents
cause strong side effects that lead to difficulties and decrease the living quality of the patients [11]. Based on the data in
this study it was aimed to investigate the cytotoxic, antiproliferative and apoptotic effects of N-Oleoyl ethanolamide
(NOE) on human ovarian cancer cells OVCAR-3.

2. Materials and methods
2.1. Materials

Human ovarian cancer cell line (OVCAR-3) was obtained from the American Type Culture Collection
(Manassas, USA). N-Oleoylethanolamide, MTT, fetal bovine serum (FBS), penicillin-streptomycin and RPMI-1640
were purchased from Sigma-Aldrich (St. Louis, USA), Annexin-V and Dead Cell Assay Kit was purchased from
(Merck, Millipore, Hayward, California, USA).

2.2. MTT assay

Oleoylethanolamyde (NOE) was dissolved in DMSO to prepare a stock solution. 100 M and lower dilutions
were obtained with complete RPMI-1640. NOE concentrations between 100-3,125 uM were applied to OVCAR-3 cells
(5x10%/well) in 96 well culture plate in triplicates. OVCAR-3 cells were incubated for 24 hours at 37°C and 5% CO;
incubator. 20 uL of MTT stock solution (5 mg/mL) was added per well and incubated again for 2 hours in the incubator.
After the incubation liquids of the wells were changed with DMSO (200 pL/well) and read on an ELISA reader (HTX
Synergy, BioTek, USA) at a wavelength of 570 nm (n = 3). Based on the obtained absorbances the viability percentages
were calculated compared to control OVCAR-3 cells absorbance. The half maximal inhibition concentration (ICso) of
NOE on OVCAR-3 cells was detected from the obtained viability percentages and this value was used for further
evaluations in this study [12].

2.3. Confocal microscopy for morphological changes

OVCAR-3 cells were plated on coverslips in a 6 well plate in triplicates to test the potent morphological
changes of NOE. The plated cells were treated with the 1Cso concentration of NOE for 24 hours under the same
incubator conditions. Following the incubation OVCAR-3 cells were washed in PBS, fixed with glutaraldehyde and
stained in phalloidin and acridine orange. All cell samples were imaged under a confocal microscope (Leica, TCS SP5
I, Germany) and evaluated for the morphological changes [13].

2.4. Annexin-V staining

Apoptosis trigering effect of NOE on OVCAR-3 cells was tested with annexin-V staining technique. For this
manner OVCAR-3 cells were exposed to ICso concentration of NOE for 24 hours in 6 well plates in cell culture
incubator conditions. After the incubation period each cell group was added to separate tubes (100 uL) and 100 pL/tube
of Annexin-V reagent was added. Test tubes were incubated for 15 minutes at room temperature in the dark. All
samples were read on a Muse™ Cell Analyzer (Merck, Millipore, Hayward, California, USA) according to the
instructions of the manufacturer of Muse® Annexin-V and Dead Cell Assay Kit [13].
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2.5. Statistical analysis

The statistical analysis of the values were evaluated with one way Anova and Tukey post-test of Graphpad
Prism 6.0. Obtained results were taken in consideration as statistically significant with the p value of <0.05.

3. Results

3.1. MTT assay results

The antiproliferative and cytotoxic activity of NOE on OVCAR-3 for 24 hours was detected via MTT
colorimetric assay. The viability of OVCAR-3 cells was detected to be decreased by an increase in the applied NOE
concentration. The highest decrease was detected after the applied the highest concentration of 100 uM of NOE.
Growth inhibition was statistically significant in applied doses of 100-6,25 uM (p<0.05). The lowest concentration of
NOE (3,125 uM) was found to be slightly effective in decreasing the viability of OVCAR-3 cells in the exposure time
of 24 hours but the decrease was not statistically significant (Figure 1).
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40,00 OVCAR-3+NOE 24 h

Viability (%)

20,00

0,00

25 125 6.25 3.125 Control
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Figure 1. Growth inhibitory activity of NOE on OVCAR-3 cells for 24 hours. 1Cs concentration of NOE on OVCAR-3
cells was detected as 56,07 uM for 24 hours

3.2. Confocal microscopic results

Confocal microscopic evaluation was performed for detection of the morphological changes on OVCAR-3
cells caused by NOE. OVCAR-3 control cells were not treated with NOE and were found to be with compact and
undamaged morphology. Whereas, OVCAR-3 test cells that were treated with the 1Cs value of NOE for 24 hours were
morphologically changed. The nuclei of OVCAR-3 cells exposed to NOE were shrank and with condensed chromatin.
Holes on the cytoskeleton and fragmentations on nuclei were other changes detected in OVCAR-3 cells exposed to
NOE (Figure 2).
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Figure 2. Confocal microscopic micrographs of OVCAR-3 cells stained with acridine orange and phalloidine. A, B.
OVCAR-3 control cells: Asterisk-Nucleus, Arrow-Cytoskeleton. C, D. OVCAR-3 cells exposed to 1Cs dose
of NOE for 24 hours: Arrowhead-Holes on cytoskeleton, Circle-condensed and shrank nucleus, Double-
headed arrow-Fragmented nucleus

3.3. Annexin-V findings

Annexin-V staining results showed that treatment with NOE of human ovarian cancer cells for 24 hours
trigered apoptosis. The viability of OVCAR-3 cells was found to be decreased to 76.10% in comparison with that of
control OVCAR-3 cells that were with a viability percentage of 99.19. In control OVCAR-3 cells the total percentage of
apoptotic cells was found to be approximately 1% whereas this percentage was detected as 23.65% after short-term cure
with NOE. 21.11% of the total apoptotic cells in the profile of OVCAR-3 cells was found to be belong to early
apoptotic stage and 2.54% were late apoptotic or death cells (Figure 3).
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Figure 3. Annexin-V staining results of OVCAR-3 cells. A-Untreated OVCAR-3 cells (Live cells 99.19%, Early
apoptotic cells 0.69%, Late apoptotic cells 0.12%). B-OVCAR-3 cells treated with ICso concentration of
NOE for 24 hours (Live cells 76.10%, Early apoptotic cells 21.11%, Late apoptotic cells 2.54%)

4. Conclusions and discussion

Ovarian cancer belongs to the class of the most malignant cancers of the reproductive system of women.
Recent studies on cancer aimed to find and use alternative agents for current chemotherapeutics and mainly focused on
intracellular targets in signalling pathways as sphingolipid metabolism [14,15]. Herein, NOE was investigated as an
inhibitor of ceramidase enzyme in the manner of cytotoxicity and proapoptotic activity on human ovarian cancer cells,
OVCAR-3. MTT results indicated that NOE significantly inhibited the growth of OVCAR-3 cells in short-term
application of 24 hours in concentration-dependent manner (Figure 1). This inhibition or antiproliferative activity may
be attributted to the ceramide accumulation after treatment with the NOE that is a inhibitor of ceramidase enzyme.
Researchers have reported that ceramide accumulation plays important roles in cancer cell proliferation and motility and
that intracellular signalling pathways are proposed as a therapeutic target in ovarian cancer cells due to its frequent
activity [8]. Another cancer researcher group have reported that cancer cells migrate and metastasize with compact actin
cytoskeleton that means promote cancer progress [11]. Our confocal microscopy results (Figure 2) indicated that the
morphology of OVCAR-3 cells is highly changed after treatment with NOE for 24 hours. The main changes were
detected to be damages on cytoskeleton as holes and chromatin concensation and shrinkage of the nuclei. These
changes were evaluated as apoptotic sparks as well as might be signs of disrupted migration and metastasis capacity of
OVCAR-3 cells. Similar morphological changes were found by other researchers on human lung adenocarcinoma cells
(A549) after the exposure to a ceramidase inhibitor (B13) [12]. Moreover, ceramide has been reported as an apoptosis-
trigering agent in cancer cells in its itracellular high levels [7]. Parallelly with this claim, in this study apoptosis was
induced by the applied NOE on OVCAR-3 cells (Figure 3). The trigered cell death may be attributed to the increased
intracellular ceramide levels due to the inhibition of ceramidases by applied NOE but the detailed mechanisms need to
be uncovered.

As a conclusion in this study, it was showed that NOE as a ceramidase inhibitor supress cell growth, cause
cytotoxicity and induce apoptosis in human ovarian cancer cells OVCAR-3 and is proposed for deeper evaluations as
growth-suppressor agent in cancer cells..
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Abstract

Recent studies on the conventional use, chemical composition and biological effects of Passiflora incarnata, P.
alata, P. edulis and P. caerulea species which have entered our country’s market with fruits in recent years that are
grown as climbing plants at the edges of parks and gardens and have medical value, which belong to Passifloraceae
family and have economic value, have been carried out in our study. The experimental part of the study was carried out
for the diagnosis of drugs known as "passionflower" or "passiflora”, which are not naturally grown in our country but
are consumed especially for sedative purposes and presented to the public for this purpose. In the capital city of Turkey,
Ankara, 3 samples that are sold under the name of "passionflower" or "passiflora" were purchased and examined. As a
result of the study, the two of them are determined as Paliurus spina-christi Mill. (garland thorn; Rhamnaceae) fruits.
The third sample that sold as "passiflora” or "passionflower root" is found out to be the fruits of Caiophora lateritia
Klotzsch (Loasaceae), a plant that does not grow in our country and belongs to the Middle Andes Mountains. These
findings show that the "passiflora, passionflower" samples which are sold in Ankara market do not obtain the correct
plant and the plant parts.

Keywords: Passifloraceae, Passiflora alata, Passiflora edulis, Passiflora incarnata, Paliurus spina-christi

Passiflora cinsi, eczacihiktaki 6nemi ve Tiirkiye piyasasinda passiflora (carkifelek) adi ile satilan 6rneklerin
incelenmesi

Ozet

Calismada, tllkemiz piyasasina son yillarda meyveleriyle de giren, park ve bahce kenarlarinda sarilic,
tirmanict bitki olarak yetistirilen ve tibbi degeri olan, Passifloraceae familyasinda yer alan, ekonomik degere sahip
Passiflora incarnata, P. alata, P. edulis ve P. cearulea tiirlerinin geleneksel kullanilisi, kimyasal bilesimi ve biyolojik
etkilerinin son yillarda yapilan ¢aligmalari derlenmistir. Calismanin deneysel kismi, iilkemizde dogal olarak yetismeyen
ancak ozellikle sakinlestirici amagla tiiketilen ve bu amagla halka sunulan “carkifelek” ya da “passiflora” adiyla bilinen
droglarin teshisine yonelik olarak yiiriitiilmiistiir. Bagkent Ankara’da “passiflora” veya “carkifelek” adi ile satilan 3
ornek satin alinmistir. Yapilan ¢aligmalar sonucunda ikisinin Paliurus spina-christi Mill. (karagali; Rhamnaceae)
bitkisine ait meyveler oldugu saptanmustir. “Passiflora” ya da “carkifelek kokii” adiyla satilan iigiincli 6rnegin ise
iilkemizde yetismeyen, Orta And bolgesine ait bir bitki olan Caiophora lateritia Klotzsch (Loasaceae) meyveleri oldugu
tespit edilmistir. Elde ettigimiz bu bulgular, Ankara piyasasinda satilan “passiflora, ¢arkifelek” 6rneklerinin dogru
bitkiden elde edilmedigini ve drog olarak satilan bitki kisimlarinin dogru olmadigini géstermistir.

Anahtar kelimeler: Passifloraceae, Passiflora alata, Passiflora edulis, Passiflora incarnata, Paliurus spina-christi
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1. Giris

Passifloraceae Juss. ex DC. bilimsel siniflandirmada Violales ordosu, Magnoliopsida smifi ve Magnoliophyta
alt bolimiinde yer alir. Passifloraceae’nin yaklasik 700 tiir igerdigi diisiiniilse de bu sayi, tiir varyasyonlar1 ve
taksonomik belirsizlikler nedeniyle kesin degildir [1-3].

Passifloraceae, ¢ok degisken yaprak ve ciceklere sahiptir. Tendriller (tirmanict silirgiin) ile gelisen sarilict ya
da tirmanici otsu veya tendrilleri olmayan ¢ali veya aga¢ formunda tropikal bitkileri kapsar. Yapraklar basit veya
nadiren bilesik, alternan, stipulat, petiol salgili (2-10) ya da salgisiz, lamina basit veya 2-3-5-9 loblu, kenar: diiz ya da
serrat, genellikle salgi tagir. Cigek durumu aksiller, simoz, sesil veya pedunkulat, primer eksen genellikle bir tendril
tagir; sekonder eksen genellikle kisalmistir; brakteler seritsi, lanseolat veya yapragimsidir, bazen salgi tasir; pedisiller
artikulattir. Cicekler aktinomorf nadiren zigomorf, hermafrodit veya tek eseylidir; periant kalici, periant pargalar:
serbest veya tabanda birlesiktir, genellikle kupa seklinden tiip sekline kadar degisen hipantiyum kirmizi, pembe, leylak,
mor, mavi, yesil, beyaz, nadiren de sar1 renklidir; sepallerin sayis1 genellikle 5 olmakla beraber 3-6 arasinda degisebilir,
petallerin sayist sepallerinki ile esittir, imbirkat, nadiren bulunmaz; korona 1 veya ¢ok sayida filamentli; stamenler 4
(bazen 5), androginofor {izerine baglanmug, anterler dorsifikstir. Ovaryum (1-) 3 (-5) karpelli, tist durumlu, tek g6z,
androginofor iizerinde uzanmis sesil veya stipitattir, plasentasyon parsiyal, 6viil ¢ok sayidadir; stilus (1-) 3 (-5), serbest
veya tabanda birlesmistir; stigmalar kiiremsi, kapitat, papillat veya pargali. Meyve bakka veya 3-5 valfli lokulisit
kapsiildiir. Tohumlar tek veya ¢ok sayida, yassilagmis sekilde, hafif eliptik, retikulat, foveolat, cukurcuklu veya enine
olukludur; endosperma zengin, kotiledon yaprak seklindedir. Cigekler genellikle gece agar ve gece agan giceklerde
tozlagma yarasalar ile saglanir [2,4].

Passiflora L., Passifloraceae familyasinin yaklasik 520 tiir igeren en biiyiik cinsidir. Cins P. subg. Astrophea,
P. subg. Decaloba, P. subg. Passiflora, P. subg. Tetrapathea ve P. subg. Deidamioides olmak iizere bes alt cinse sahiptir.
Passiflora tirmanici, ¢alimsi-otsu formda, ¢ok yillik bitkileri igerir. Genellikle Amerika kokenlidir, ancak Asya, Afrika
Ve Avustralya’da da yetismektedir. Cins ekonomik degere sahip birgok tiir igerir. Cinsin degisik tiirleri gida [Passiflora
edulis Sims. (Resim 1); P. laurifolia L.], tedavi [P. edulis, P. alata Dryand, P. incarnata L. (Resim 2)] ve siis [P.
caerulea L.] amaciyla kullanilmaktadir. P. alata ve P. incarnata (Resim 2) Homeopatik Farmakopeler (DHA 1978,
HPUS 1992) de dahil olmak iizere birgok iilke Farmakopesinde (EP 2013, TF 2017) ve degisik monograflarda (EMA
2013, ESCOP 2003, FFD 2017) 6zellikle, sedatif ve anksiyolitik etkisi nedeniyle insomnia ve anksiyete gibi santral
sinir sistemi hastaliklarinin tedavisinde kullanildig: i¢in kayithidir [1-3, 5-16]. Cinsin iilkemizde dogal olarak yetisen
tliri olmamakla beraber P. caerulea (Resim 3, 4), gilizel ve gosterisli ¢igekleri nedeniyle oOzellikle peyzaj
diizenlemelerinde siis amactyla kullanilmaktadir.

Resim 1. Passiflora edulis meyve (Foto: Aysegiil Kéroglu)

Bu ¢alismada, cinsin en ¢ok bilinen iiyelerinin kullanilis1 ve biyolojik etkilerine ait son yillarda yapilmis
caligmalar derlenmistir. Ayrica iilkemizde dogal olarak yetismeyen ancak Tiirk Farmakopesi 2017°de [7] kayitli olan ve
piyasada “carkifelek veya passiflora” adi ile satisa sunulan Ornekler piyasadan satin alimmis ve bu Ornekler elde
edildikleri bitki kaynagi, drog 6zelligi, saflik kontrolii agisindan incelenmistir. Ayrica piyasadan temin edilen bu
ornekler halk sagliginda tedavi edici 6zellikleri agisindan degerlendirilmistir.
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Resim 4. Passiflora caerulea
Resim 2. Passiflora incarnata, Resim 3. Passiflora caerulea (Foto: Aysegiil Kéroglu, Samsun)
beyaz ¢icekli (Foto: Ysabel (Foto: Aysegiil Kéroglu, Samsun)
Campos Santaela, Venezuella)

1.1. Genel Bilgiler
1.1.1. Geleneksel Kullanim

Passiflora L. cinsinin bazi tiirleri diinyanin ¢esitli toplumlarinda geleneksel olarak hipnotik-sedatif amagla
kullanilmaktadir. Avrupa’da insomnia (uykuya dalamama ya da gece boyunca siirekli uyuyamama) ve anksiyetenin
(nedeni belli olmayan tedirginlik, kaygi, korku, gerilim, sikint1 hali) tedavisi i¢in kullanilir. Kuzey Amerika’da sedatif
olarak geleneksel kullanima sahiptir. Ayrica Brezilya’da analjezik, antispazmodik, antiastmatik, sedatif amaglarla;
Irak’ta narkotik ve sedatif; Tiirkiye’de nevralji, ndroz (asteni, saplant: ve histeri gibi bir grup uzun dénemli ruhsal
hastaliklara verilen genel bir terimdir), insomnia, epilepsi, dismenore gibi rahatsizliklarin tedavisinde; Polonya’da
histeri ve nevrasteninin (sinir sistemi fonksiyonunda olan asir1 calisma nedeniyle olusan zayiflik ya da bitkinlik
durumu) tedavisinde; Amerika’da diyare, dismenore, nevralji, yaniklarda, hemoroid ve insomnianin tedavisinde
kullanilir. Ayrica Hindistan’da opiyat bagimli kisilere tedavi amaciyla uygulanir [5,6,11,14].

Passiflora alata, Brezilya’da ekonomik degere sahiptir ve Brezilya Farmakopesi’nin 5. yayminda tanimlanan
offisinal Passiflora tiiriidiir. Bitki sedatif ve anksiyolitik amaglar i¢in kullanilan birgok bitkisel ilacin bilesiminde yer
almaktadir. Bu etkilerin kullanilan ekstrenin kimyasal bilesimine bagli oldugu belirtilmistir [14].

Passiflora incarnata’nin toprak istii kisimlar1 sedatif, anksiyolitik, antispazmodik, analjezik, antikonviilzan,
antidiyabetik olarak ve ayrica bogmacada, bronsitte ve astimda geleneksel olarak kullanilmaktadir. Geleneksel
Ayurveda ve Siddha Tip Sistemlerinde antidiyabetik etkisi nedeniyle yer almaktadir. Ozellikle P. alata ve P. incarnata
tiirleri sedatif ve anksiyolitik etkisi nedeniyle insomnia ve anksiyete gibi santral sinir sistemi hastaliklarinin tedavisinde
kullanildig1 i¢in pek c¢ok farmakope ve monografta kayitlidir [5-13]. Cinsin iilkemizde dogal olarak yetisen tiirii
olmamakla beraber giizel ve gosterisli ¢igekleri nedeniyle 6zellikle peyzaj diizenlemelerinde P. caerulea (Resim 3, 4)
slis amaciyla ¢it bitkisi olarak yetistirilmektedir.

1.1.2. Kimyasal Bilesim

Passiflora alata yapraklarindan flavonoit ve saponin yapisinda bilesikler izole edilmis ve tanimlanmistir
[15,16]. Passiflora edulis’te genel olarak sikloartan yapisinda triterpenik bilesikler (siklopassifloik asit B ve E,
siklopassiflorazit 2, 6, 9 ve 11, siklopassiflorazit 12 ve 13) bulunmaktadir [17]. Benzer Passiflora edulis
popiilasyonlarma ait 6rneklerin YPSK ile elde edilen kromatogramlarinin da benzer oldugu tespit edilmistir. Ancak
farkli popiilasyonlara ait olan Orneklerin YPSK verilerinin birbirinden farkli oldugu goriilmistiir. P. edulis var.
flavicarpa yapraklarindan izole edilen alt1 ana flavonoit (lusenin-2, visenin-2, izoorientin, izoviteksin, luteolin-6-C-
sinovozit, ve luteolin-6-C-fukozit), P. edulis var. edulis’te bulunamamigtir. Sonug olarak, P. edulis var. flavicarpa, P.
edulis var. edulis’ten tamamen farkli kimyasal igerige sahip bir varyete olarak degerlendirilmistir. Bu varyeteler
tizerinde farmakolojik ¢aligmalar yapilirken dikkat edilmesi gerektigi belirtilmistir. Bu bulgulara gore P. edulis var.
flavicarpa’nin Passiflora ekstresi kaynagi olarak kullanilmasmin uygun oldugu tespit edilmistir [18].

Passiflora incarnata’nin toprak {istii kisminin parcalanmig veya kesilmis, kurutulmug halini iceren drog,
Avrupa Farmakopesi ve Tiirk Farmakopesi 2017°de Passion Flower (Passiflorae herba, carkifelek) adi altinda kayitlidir.
Drog, cicek ve meyveleri de igerebilir. En az %1.5 oraninda viteksin {izerinden hesaplanmis flavonoit icermesi gerekir
[7,8]. Passiflora incarnata yaprak ekstresinin flavonoid (apigenin, luteolin, kersetin, kemferol, C-glikozil flavonoidler,
viteksin, izoviteksin, orientin, izoorientin, saftozit, izosaftozit ve sivertisin); p-karbolin alkaloitleri (harman, harmol,
harmin, harmalol, harmalin); terpenik bilesikler (a-bergamatol, B-iyonen, ojenol, izoojenol, trans-anetol, karvon, linalol,
benzil alkol ve hekzanol igeren ugucu yaglar); siyanojenik glikozit (ginokardin) ve c¢esitli etken madde gruplarina
(maltol tiirevi y-benzopren; rafinoz, sukroz, d-fruktoz ve d-glukoz gibi karbonhidratlar) sahip oldugu ¢esitli ¢aligmalarla
belirlenmistir [5,9-11].
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1.1.3. Biyolojik Etki

Passiflora alata’nin toprak tstii kisimlarinin % 60 oraninda etanol-su ekstresinin (liyofilize nanokapsiilleri)
preparati hazirlanmistir. Viteksin olarak belirlenen total flavonoid igerigi % 0.67 olarak hesaplanmistir. Test ¢ozeltileri
farelere oral yoldan uygulanmistir. HCl/etanol ile olusturulmus akut gastrik iilser modelindeki P. alata
nanokapsiillerinin 50 mg/kg dozda 6nemli 6lciide gastroprotektif etkiye sahip oldugu gosterilmistir [19].

Passiflora edulis var. flavicarpa yapraklarindan elde edilen sulu liyofilize ekstrenin; farelerde karragenan,
bradikinin, histamin veya Substance P ile olusturulan akciger zari iltihabinda 16kositlerin gogii, miyaloperksidaz
(MPO), nitrik oksit (NO) konsantrasyonu ve tiimor nekroz faktor-alfa (TNF-o), interlokin-1 B diizeyleri iizerine
antienflamatuvar etki mekanizmas: ¢aligilmigtir. P. edulis ekstresinin, miyeloperoksidaz, proenflamasyon
sitokininlerinin ve nitrik oksit diizeylerini inhibe etmede deksametazondan (0.5 mg/kg, ip.) daha etkili oldugu
gozlenmistir. Elde edilen bulgulara gore; enflamasyonun olugsmasindan yarim saat 6nce verilen P. edulis ekstresi (250
mg/kg), karragenan ile olusturulmus akciger zari iltihabi fare modelinde, notrofilleri ve 16kositleri inhibe eden en iyi
doz olarak belirlenmistir [18]. P. edulis’in antidepresan etki gosterdigi kanitlanmistir. P. edulis’in yaprak ve dallarmnmn
alkollii ekstresi 7 giin boyunca 0.4 mL/20 g dozda intragastral yoldan farelere uygulanmistir. P. edulis’in yaprak ve
dallarmin fitokimyasal igerigi belirlenmis ve monomerik maddelerin biyolojik aktiviteden sorumlu oldugu sonucuna
vartlmgtir [17].

Passiflora incarnata metanollii ekstresinin, diyabetik farelerde onemli derecede antihiperglisemik etkiye
sahip oldugu belirlenmistir. Ekstre ayrica oral yoldan kan glukoz seviyesi ve viicut agirhigini diistirmiis, iire glukoz ve
lipid yapis1 gibi parametrelerde de iyilesme saglamustir [5]. P. incarnata’da bulunan harman alkaloidleri geri doniiglii
monoaminoksidaz (MAO)-A inhibitoriidiir ve antidepresan etki gostermektedir. P. incarnata’nin bilesimindeki bu
cesitli bioaktif maddelerin varligi, bu bitkinin epilepsinin sonucu olarak ortaya ¢ikan post-iktal depresyonu iyilestirerek
koruma saglayabilecegi hipotezine gotiirmiistiir. Yapilan deneyler sonucunda, ekstre ile tedavi hareketsizlik zamanini
ve felg siddetini 6nemli Olgiide diisiirmiis, ayrica beyindeki serotonin ve noradrenalin seviyesini korumustur. P.
incarnata’nin sulu alkollii ekstresinin pentilentetrazol ile olusturulmus felci baskiladigi ve felgle baglantili post-iktal
depresyonu iyilestirdigi gosterilmistir [21].

Avrupa ve Tiirk Farmakopelerinde kayitli olan Carkifelek, Passiflorae herba Passiflora incarnata bitkisinden
elde edilmektedir [7,8] ve geleneksel kullanima sahiptir. Biyolojik etkileri in vitro, in vivo ve klinik ¢aligmalarla da
tespit edilmistir [5,11].

2. Materyal ve yontem

Materyal temini i¢in Ankara’da 7 farkli drog saticisindan “carkifelek” ya da “passiflora” adi ile 6rnek
aranmig, ancak bu satig yerlerinden iiciinden “carkifelek” ya da “passiflora” adi ile satig1 yapilan 3 Ornek satin
alinabilmistir (Tablo 1). Standart olarak Passiflora incarnata’nin kiiltiir (Antalya) formundan elde edilen meyve,
morfolojik 6zelliklerinin tanimlanmasi igin kullanilmistir (Sekil 9). Piyasadan satin alinan bu ii¢ 6rnek, Tirk (2017) [7]
ve Avrupa Farmakopesi’nde [8] tanimlanan drog 6zelligine gére morfolojik olarak incelenmistir.

Tablo 1. Calisma swrasinda kullanilan carkifelek (passiflora) orneklerinin temin edildigi yerler ve satisa sunulma

sekilleri
Materyal Orneklerin alindig yerler Piyasada bulunus sekli | Resim no
Ornek 1 Yenimahalle Acikta 5
Ornek 2 Kizilay Paket halinde 6
Ornek 3 Kizilay Paket halinde 7

Calismada “garkifelek” ya da “passiflora” adi ile satin alinan drneklerin hepsi meyve kismi oldugu igin standart numune
olarak Passiflora incarnata’nin meyvesi (6zel iretim, Antalya) karsilastirma igin kullanilmistir. Piyasadan satin alinan
orneklerin teshisi i¢in Tiirkiye Florasi [22] ve pl@ntNet [23] uygulamasindan yararlanilmistir.

3. Bulgular

Ankara piyasasinda 7 farkli drog saticisina gidilmis, ancak “carkifelek” ya da “passiflora” adiyla piyasada
var olan 3 6rnek satin alinabilmistir.
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Resim 5. Ornek 1. Piyasadan (Yenimahalle) satin alinan “carkifelek kokii” olarak agikta satilan numune
A. Naylon torba i¢inde, B. Caiophora lateritia Klotzsch (Loasaceae) meyveleri olarak tanimlanmugtir.

Resim 6. Ornek 2. Piyasadan (Kizilay) carkifelek otu Resim 8. Paliurus spina-christi Miller (karagals;
(passiflora) ad1 ile satin alman paketli numune. Rhamnaceae) meyveleri

DEVE TABANI

oTU
© "KARAGALI OTU

GARKIFELEK OTU
(PHILA DENDRON)

Resim 7. Ornek 3. Piyasadan (Kizilay) carkifelek otu Resim 9. Passiflora incarnata meyvesi (6zel iretim,
ad1 ile satin alan paketli numune. Antalya).
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Resimlerde de goriildiigii gibi (Sekil 5-8) piyasadan temin edilen hi¢bir 6rnek Passiflora incarnata bitkisine
ait drog ornekleri degildir. Bu orneklerden Yenimahalle’den temin edilen érnek (Ornek 1, Resim 5A, B) agikta
paketlenmemis olarak “garkifelek kokii” adi ile satilmaktadir. Ornek satin alma sirasinda naylon bir torbaya koyulup
halka sunulmaktadir (Resim 5A). Kok olarak satilan bitki kisminin iilkemizde yetismeyen bir bitkiye ait meyve
kisimlar1 oldugu belirlenmistir. Meyvelerin burulmus halde olmas1 “carkifelek” uzun ve koyu renkli olmasi ise “kok”
olarak yorumlanmasi nedeniyle bu isimle satildigmi diisiindirmistiir. “Carkifelek kokii” olarak satilan bu drog
iilkemize ait bir bitkiden elde edilmemektedir. Drogun elde edildigi bitki Arjantin, Brezilya ve Paraguay gibi orta And
Daglar1 bolgesine ait Caiophora lateritia bitkisidir ve satin alinan 6rnekler bu bitkinin meyveleri olarak tespit edilmistir
[23, 24]. Ornek 2 ve 3 ise Paliurus spina-christi (karacall) meyveleridir [22] ve paketlenmis halde “carkifelek otu”
adiyla piyasada bulunmakta, halka sakinlestirici olarak tedavi edici amagla satilmaktadir.

4. Sonuclar ve tartisma

Caligmamizda Passiflora cinsine ait (Passifloraceae) tibbi 6zellikleri nedeniyle hem gelenecksel hem de
farmakolojik kullanimi olan ¢ tiir (Passiflora alata, P. edulis ve P. incarnata), son yillarda yapilan ¢aligmalar 1s1ginda
incelenmis ve bulgular derlenmistir. Ayrica baskent Ankara piyasasinda tedavi amaciyla satisi yapilan 6rnekler, Avrupa
Farmakopesi ve Tiirk Farmakopesi 2017°de Passion Flower (Passiflorae herba, garkifelek) adi altinda kayitli olan drog
tanimi ile morfolojik ozellikleri agisindan karsilastirilmak {izere satm alinmistir. Her iki farmakopeye gore drog, P.
incarnata’nin toprak isti kismimin (¢icek ve meyveleri de igerebilir) parcalanmis veya kesilmis, kurutulmus halini
tamimlar [7,8]. Avrupa ilag Kurumu (EMA, European Medicines Agency) monograflarinda P. incarnata herbasi, oral
kullanim i¢in tibbi ¢ay veya kat1 (tablet, kapsiil) ya da sivi dozaj [etanollii ya da etanol:gliserin:su (54:5:60) ekstresi]
formunda ekstreleri kayitlidir. Ayrica tek basina ya da kombine preparatlar: halinde orta siddetli zihinsel stres ya da
uykusuzluk halinde kullanilmasi onerilmektedir. Tibbi ¢ay halinde 2 g’lik posetlerde (Resim 10) hazirlanpp HPMC
(Committee on Herbal Medicinal Products) monograflarina gore kullanilmasi 6nerilmektedir [9].

Resim 10. Almanya’da eczanelerde endikasyon belirtilerek satilan Passiflora incarnata tibbi ¢ay paketi

Calismamizin deneysel olarak yiiriitiilen kisminda, {ilkemiz piyasasinda Ozellikle Baskent Ankara’da
dogrudan tedavi amaciyla kullanilmak {izere satisa sunulmus olan “passiflora ya da ¢arkifelek™ adiyla drnekler temin
edilmistir. Ornek temini sirasinda tedavi amaciyla piyasada bulunan 6rneklerin agikta ya da paketlenmis halde satisa
sunuldugu tespit edilmistir. Satin alinan Ornekler {izerinde yiiriittiigiimiiz morfolojik c¢aligmalar sonucunda, olmasi
gerekenden tamamen farkl bitkilerden elde edilen droglarin Ankara piyasasinda tedavi edici degeri nedeniyle satildig:
belirlenmistir. Ayrica tibbi amacla kullanilan bitki kismi olarak kok (Yenimahalle - aslinda bir meyve; agikta satiliyor)
(Resim 5) ve meyvelerin [Kizilay - Paliurus spina-christi meyveleri [18]; paketlenmis halde (Resim 6, 7)] onerildigi ve
satildigi tespit edilmistir. Nisan 2016’ya kadar piyasada g¢esitli ekstreleri halinde de ulasilabilen passiflora preparatlari,
bu tarihten sonra Saglik Bakanligi tarafindan eczaneler disinda satisinin yapilmasina izin vermedigi ig¢in temin
edilememistir.

Bu orneklerden Yenimahalle’den temin edilen 6rnek “carkifelek kokii” adiyla satilmakta ve acikta,
paketlenmemis olarak halka sunulmaktadir (Sekil 5. A-B). Kok olarak satilan bitki kisminin iilkemizde yetigmeyen bir
bitkiye ait meyve kisimlart oldugu belirlenmistir. Meyvelerin burulmus halde olmasi “k6k™ olarak yorumlanmasina
neden oldugu i¢in bu isimle satildigmi diisiindiirmiistiir. “Carkifelek kokii” olarak satilan bu drog iilkemizde yetismeyen
Caiophora lateritia bitkisinin meyveleridir [23, 24]. Bu tiiriin tibbi amagla kullanildigina dair bilgiye ulagilamamustir.

Ankara piyasasindan temin ettigimiz her ti¢ 6rnek de Passiflora cinsine ait degildir. 3 nolu 6rnek (Resim 7)
paketi tizerinde Phila dendron Latince, karacali otu ve garkifelek Tiirkge isimleri yer almaktadir. Phila dendron yapilan
inceleme sonucunda bilimsel bitki ismi olarak bulunamamustir [25]. Karagali ismi ilkemizde genellikle Paliurus spina-
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christi bitkisine verilen yerel bir isimdir. Bu meyveler aslinda Rhamnaceae familyasinda bir bitki olan P. spina-
christi’ye aittir [22].

Ulkemizde siis amaciyla bahge kenarlarinda yetistirilen cinsin tek temsilcisi Passiflora caerulea’dir. Bunun
diginda P. incarnata tiiriniin de Antalya ve Mugla’da tropikal meyve yetistiriciligi yapan ireticiler tarafindan kiigiik bir
alanda kiiltiiriiniin yapildigina dair bilgimiz vardir (Sekil 9).

Caligma sonucunda elde ettigimiz bulgular, tedavi amacryla satilan bitki kaynakli droglarm, bilimsel botanik
teshislerinin dogru yapilmas: gerektigini ve ancak dogru bilimsel isme sahip bitkilerden elde edilen dogru bitki
kisimlarinimn hastaliklardan korunmak, saghigi siirdiirmek veya yeniden kazanmak amaciyla kullanilmalarmm 6nemini
ve gerekliligini bir kez daha gdstermistir. Dogada yetisen tiirlerin toplanip kurutulmasi durumunda dogru bitkinin
toplanip toplanmadigi énemli bir sorundur. Drog elde edilmesinde kullanilacak tibbi bitkilerin ve bitki kisimlarmin
oncelikle botanik standardizasyonunun yapilmasi gereklidir. Caliyma, iilkemiz piyasasinda (Baskent Ankara)
“carkifelek, passiflora” adi ile satisa sunulmus olan &rneklerin, Tiirk (2017) ve Avrupa Farmakopesi’nde [7,8] verilen
bitki ve drog 6zelliklerine uymadigmi ve sonucta da tibbi kullanimmin halk saglig1 acisindan giivenilir olmayacagmni
kanitlamistir.

Caliymamiz piyasada yerel isimle ve tibbi amacla kullanilmas: i¢in satiga sunulan bitki kisimlarinin dogru
bitkiden elde edilmedigi gibi dogru bitki kisimlar1 da olmadigini gostermistir. Dogru bitkiden elde edilen ve dogru bitki
kismi kullanilan drog, tedavi degerine sahiptir ve insan saghginda giivenle kullanilabilir. Piyasamizdan satin aldigimiz
bu drneklerin hi¢bir tibbi degeri yoktur ve insan saghiginda kullanilmasi satisa sunuldugu amaglar i¢in uygun degildir.
Avrupa iilkelerinde oldugu gibi iilkemizde de tibbi amagla kullanilacak olan bitkisel droglarin standardizasyonunun
saglanmasi, mensei belli tohumlardan Iyi Tarim Uygulamalar ile elde edilmesi ve bundan sonra piyasaya sunulmasi
gerekmektedir. Bu konuda yerli {ireticilerin bilgilendirilmesi ve tegvik edilmesi lilkemizin standardizasyonu saglanmis
tibbi bitkileri ve bu bitkilerden elde edilecek droglar1 i¢ ve dig piyasaya sunmasi a¢isindan onem tagimaktadir.
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Abstract

The population of Taxus baccata L. (Yew Tree), which is a valuable tree in our country, is gradually
decreasing and it is under protection in places. Generally, it is scattered in the shady areas and northern aspects of forest
landscapes. T. baccata, a natural and medicinal plant for the flora of Bursa, has small populations in riverbeds and
hillsides in Mustafakemalpasa and Karacabey. In this study main objectives were the finding of natural distribution
areas and the individuals at different altitudes in the districts surveyed, habitat characteristics of individuals, the
collection of ethnobotanical information about the species from the local people. In the field trips, major characteristics
of each tree and its site were recorded including diameter, height, land use, the views of the individuals, aspects,
altitudes, and coordinates. After the result of field trips, 172 trees were recorded in Mustafakemalpasa (133 trees) and
Karacabey (39 trees). The largest part of the trees was forest land (%95,4) and north aspects (%54,7). The lowest and
the highest elevation of the species in the region were 192 m and 1034 m, respectively. The silvicultural tending
treatments should be applied for the conservation of yew tree populations and individuals. There are difficulties in the
regeneration and reproduction of yew trees due to limited germination and competing vegetation in the site. On the
other hand, yew trees growing in sensitive sites are expected to be most affected by climate change. Therefore, there is a
need for special public awareness and conservation studies for the species.
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Mustafakemalpasa ve Karacabey’deki Taxus baccata L. Gen Kaynaklar

Ozet

Taxus baccata L. (Porsuk agacr), lilkemizde populasyonu azalmakta olan ve yer yer korunmaya alinmis degerli
bir agagtir. Genel olarak gdlgeli ve korunakli kuzey bakilarda serpili olarak goriiliir. Mustafakemalpasa ve Karacabey
ilgelerinde yamag araziler ve dere i¢lerinde kiigiik popiilasyonlara ve bireylere sahip olan T. baccata Bursa florasi igin
onemli dogal ve tibbi bitkilerdendir. Bu ¢alismada arastirma yapilan ilgelerdeki porsuk agacinin dogal yayilig alanlari,
bulunan bireylerin boyutlari, tiiriin yoredeki yetisme ortami ozellikleri, yerel insanlar tarafindan kullanimi ile ilgili
etnobotanik bilgilerin derlenmesi amaglanmistir. Arazi ¢aligmalarinda porsuk agaglarinin bulunduklart yerin bakisi,
rakimi, koordinatlari, ¢ap-boy gelisimleri, arazinin miilkiyeti ve bireylerin goriintiileri kaydedilmistir. Calisma
sonucunda Mustafakemalpasa (133 adet) ve Karacabey (39 adet) il¢elerinde 172 adet porsuk agaci tespit edilmistir.
Bireylerin en fazla kuzey (%54,7) bakida yer aldig1 ve (%95,4)’ iinlin orman arazisinde oldugu belirlenmistir. Tiir en
diisik 192 m ve en yiiksek 1034 m yiikseltide goriilmektedir. Yayilis gosterdigi yerlerde, korunmasma yonelik
silvikiiltiirel bakim tedbirleri uygulanmalidir. Az sayida ¢imlenme ve sahadaki diri 6rtii dolayisiyla porsuk agacinin
genclesmesi ve cogalmasinda gligliikler bulunmaktadir. Diger yandan hassas yetisme ortamlarinda bulunan porsuk agact
iklim degisikliginden en fazla etkilenmesi beklenen tiirlerdendir. Bundan dolayz tiir ile ilgili 6zel farkindalik ve koruma
¢aligmalarna ihtiyag bulunmaktadir.
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1. Giris

Porsukgiller (Taxaceae) familyasindan Taxus tiirleri yavas biiyliyen, herdemyesil ve yeryiiziinde seyrek
yayilis gosteren agaglardandir. Taxus cinsi kuzey yarimkiirede yayilis gosteren 9 tiir ile temsil edilir [24]. Tamamu
zehirli olan bu tiirlerden iilkemizde yalnizca Taxus baccata L. (porsuk agaci) dogal olarak yetisir [11]. T. baccata 6zel
ekolojik istekleri ve gevre faktorlerine karsi duyarlilig: ile iilkemizdeki dnemli odunsu tiirlerden biridir. iki evcikli
nadiren tek evcikli aga¢ veya agaggiklardir. Tohum ve yapraklar taxin alkoloidi bakimindan zengindir [16]. Son
donemlerde kabuk, geng siirgiinler ve yapraklarinda bulunan taxin alkoloidinin kanser hastaligma karsi kullanilmasi
dolayisiyla [6, 7] tiim diinyanin dikkatini cekmektedir.

T. baccata ormanlarda diger yaygin agaclarin arasinda serpili olarak bulunan ve ziynet agaci” olarak
tanimlanan tiirlerdendir [19]. Tiiriin toprak ve bagil nem istegi oldukca yiiksektir ve yagsam alani olarak genellikle
korunakh vadileri tercih etmektedir. Stres sartlarma, kuraklik ve dona karsi duyarh bir tiirdiir [4, 10]. Yaygm olarak
bulundugu Avrupa’da kuzeydeki dagilimi diisiik sicakliklar ve su baskinlari ile, giineyde ise yiiksek sicakliklar ve
kuraklik ile smirlidir. Taskin yataklarindan kagmmaktadir. En iyi gelisimini orta dereceli sicakliklarda ve okyanusal
iklimlerde gostermekte olup, genellikle kuzey yamaglarda, orta ve yiiksek rakimlarda bulunur [15]. Tiirkiye’de 6zellikle
Karadeniz ormanlarinda daha ¢ok golgeli ve kuytu kesimlerde serpili ya da kiigiik guruplar halinde bulunurlar. Ayancik,
Bolu, Karabiikk ve Yenice ormanlarinda en iyi gelisimini yapmaktadir [26]. Yer yer kalin ¢apli ve yash fertleri
bulunmakta olup ¢ok uzun 6miirlii agaglardandir [1].

Son doénemlerdeki iklim degisikligi sorunlari, bir¢ok tiirlin gen kaynaklarini tehdit etmekte ve yasam
alanlarini daraltmaktadir. Orman gen kaynaklarmim olusumlari, on binlerce yili asan siirece dayanmakta olup, kisa
vadede yenilenemeyen dogal kaynaklar olarak kabul edilmektedir [8, 33]. Bitkilerin yasamlar1 genetik yapilar1 ve
ekolojik faktorler tarafindan yonlendirilir. Bitki tiirleri, ekolojik istekleri ile habitat sartlarinin belli oranda Ortiismesi
durumunda dogada varhigini devam ettirmektedir [30]. Ulkemizdeki orman gen kaynaklari, biyotik ve abiyotik
baskilarin etkisi ile daralan yetisme ortamlarinda glniimiize kadar ulasmiglardir [28, 31]. Genel olarak gen
kaynaklarmin korunmasinda miimkiinse dogal ortaminda koruma esastir [9, 29]. Dogal ortami disinda koruma daha ¢ok
tamamlayict bir Onlemdir [9]. Dagmik konumlarda sakh kalan T. baccata gibi bazi gen kaynaklari i¢in Ozel
arastirmalara ihtiya¢ bulunmaktadir.

Bu arastirmada, 6zel habitatlara ve zengin biyolojik ¢esitlilige sahip olan Mustafakemalpasa ve Karacabey
ilcelerindeki porsuk agaci dogal yayilis alanlarinin belirlenmesi, degigik rakimlardaki bireylerinin tespiti ve yorede
insanlar tarafindan kullanimi ile ilgili etnobotanik bilgilerin derlenmesi amaglanmistir. Elde edilen veriler
dogrultusunda bu degerli tiiriin gen kaynaklarinin korunmasina yonelik 6nerilerde bulunulmustur.

2. Materyal ve yontem

Cografi Konum: Bu caligma Bursa iline bagli Mustafakemalpasa ve Karacabey ilge smirlari igerisinde
yuriitiilmiistiir. Mustafakemalpasa’nin biiyiik bir kism1 Marmara Boélgesi’nde, kiigiik bir boliimii ise Ege Bolgesi’nde
yer almaktadir. Karacabey, Marmara Bolgesi’nin Giiney Marmara boliimiinde, Bursa iline bagh bir ilge olup, kuzeyden
Marmara Denizi ile ¢evrilidir.

Iklim Ozellikleri: Bolgede Akdeniz ve Karadeniz ikliminin gegis tipi olan sicak ve 1liman bir iklim hakimdir.
Karacabey, nemli hava kiitlelerinin yagisa doniismesine imkan saglayacak yiikseltilere sahip olmadigindan Giiney
Marmara’nin iklimini tam olarak yansitmaz. Mustafakemalpasa Karacabey’e gore daha fazla yagis almaktadir. Kis
aylarinda ise Mustafakemalpasa ormanlar1 genel olarak kar yagisi alir, Karacabey’e ise agirlikli olarak yagmur
diismektedir.

Thornthwaite yontemine gore Karacabey il¢esinin iklim tipi C1 B'2 s b'3 sembolleriyle ifade edilen Yar:
nemli-Yar: kurak, Orta sicaklikta (Mezotermal), Su fazlast kis mevsiminde ve orta derecede olan, Okyanus iklimine
yakin iklim tipine sahip oldugu belirlenmistir. Ayni yonteme gore Mustafakemalpasa ilgesinin iklim tipi C2 B'2 s2 b'4
sembolleriyle ifade edilen Yar: Nemli, Orta sicaklikta (Mezotermal), Su noksami yaz mevsiminde ve ¢ok kuvvetli olan,
Okyanus iklimine yakin iklim tipine sahip oldugu belirlenmistir. Meteoroloji Genel Miidiirliigii’'nden alinan 56 yillik
yagis ve sicaklik degerlerine gore Thornthwaite metoduyla su bilangosu bulunmus ve bulunan degerlerle su bilangosu
diyagrami olusturulmustur (Sekil 1). Mustafakemalpasa’da 697,1 mm olan yillik toplam yagism %51,2’si (357,1 mm)
vejetasyon doneminde gergeklesmektedir. Su noksanit mayis ay1 ortalarinda baslamakta ve ekim ayi basina kadar
stirmektedir. Karacabey’de 574,5 mm olan yillik toplam yagisin %51,3’4 (294,8 mm) vejetasyon doneminde
gerceklegsmekte olup, su noksani mayis ay1 ortalarinda baslamakta ve ekim ay1 bagina kadar siirmektedir.
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Sekil 1. Karacabey ve Mustafakemalpasa ilgelerinin Thornthwaite metoduna gore su bilangosu diyagrami (MGM, 2021)
(Sn: Su noksani, Sf: Su fazlasi, PET: Potansiyel Evapotransprasyon)

Bitki Ortiisii: Ormanlar Mustafakemalpasa’nmin %52,1%ini, Karacabey’in ise %27,5’ini kaplamaktadir.
Mustafakemalpasa ve Karacabey ilgesi ormanlarini olusturan baslica agag tiirleri soyledir; Fagus orientalis Lipsky
(Kayn), Quercus spp. (Mese tiirleri), Pinus nigra J.F.Arnold (Karagam) ve Pinus brutia Ten. (Kizilgam), Castanea
sativa Mill. (Kestane), Tilia tomentosa Moench (Glimiisi thlamur), Laurus nobilis L. (Defne), Juniperus oxycedrus L.
(Katran ardic1), Carpinus betulus L. (Giirgen), Fraxinus ornus L. (Cicekli disbudak). Karacabey’de denize yakin yerler
ile i¢ kisimlar farkliliklar gostermektedir. flgenin kuzeyindeki denize yakin kisimlarda Akdeniz bitkileri ile 1limli kiglara
dayanan nemcil ormanlar bulunmaktadir.

T. baccata Bireylerinin Tespiti: Mustafakemalpasa ve Karacabey ilgeleri 2017 ve 2018 yillarinda belirli
zaman periyotlarinda ziyaret edilmistir. Burada Oncelikle yore halki ile goriisiilip porsuk agacinin yogun olarak
goriildiigii yerlere dair bilgiler derlenmistir. Daha sonra tiire ait bireylerin bulundugu konumlara gidilerek kapsamli bir
gevre arastirmasi yapilmustir. T. baccata bireylerinin goriildiigli Mustafakemalpasa’da Karapinar, Alpagut,
Sarimustafalar, Muradiyesarni¢ ve Pasalar kdyleri ¢cevresinde, Karacabey’de ise Yenikdy ormanlarinda arazi taramasina
agirlik verilmistir. Caligmada tespit edilen 4 c¢cm capin istiindeki bireylerin ¢ap ve boylar1 6l¢iilmiistiir. Ayrica
bulunduklar1 yerin miilkiyet durumu, bakisi, rakim ve koordinat bilgileri kaydedilmistir. Ayrica bireylerin belirlendigi
yetisme ortamlari, tiiriin genglikleri ve dogal genglesme durumu ile ilgili gozlemler yapilmustir.

Etnobotanik bilgiler: Tiiriin etnobotanik 6zelliklerinin ortaya konmasi amaciyla porsuk agacinin dagilim
gosterdigi yorelerdeki yerel halk ile yiiz yiize goriismeler yapilmistir. Tiiriin taninma durumu, yerel isimleri, odununun
ve diger kisimlarmin nerelerde kullanildigi kaydedilmistir.

3. Bulgular
3.1. Porsuk agacinin Mustafakemalpasa ve Karacabey ilgelerinde dogal olarak bulundugu sahalar

Aragtirma alani olarak belirlenen ilgelerde yapilan arazi taramasinda toplam 172 adet T. baccata bireyi tespit
edilmistir (Sekil 2). Mustafakemalpasa ilgesinde 133 adet, Karacabey ilgesinde ise 39 adet T. baccata bireyi
belirlenmistir. Ozellikle porsuk agaci bireylerinin yogun olarak tespit edildigi yerler arasinda; Mustafakemalpasa ilgesi
Giirdendag Orman Isletme Sefligi’ne bagl olan Alpagut, Karapmnar, Sarimustafalar, Muradiyesarni¢ ve Pasalar
mevkiileri bulunmaktadir (Sekil 2). Karacabey il¢esinde ise sadece Yenikdy’de porsuk agaci bireylerine rastlanmistir.
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Farkli yorelerde tespit edilen porsuk bireyleri arasinda belirgin bir rakim farki bulunmaktadir.
Mustafakemalpasa ilgesinde belirlenen T. baccata bireyleri en diisiik 315 m yiikselti ile Alpagut’da tespit edilirken, en
yiiksek 1034 m (ortalama 391 m) yiikselti ile Karapinar’da belirlenmistir. Karacabey ilgesinde belirlenen porsuk agact
bireyleri ise en diigiikk 192 m ve en yiiksek 360 m (ortalama 308 m) yiikselti ile Yenikoy’de tespit edilmistir. Yapilan
arazi taramasinda elde edilen bu verilere gore; Mustafakemalpasa ve Karacabey ilgelerinde tespit edilen biitiin porsuk
agac1 bireylerinin yiikseklikleri 192 m ile 1034 m arasinda dagilim gostermektedir (Tablo 1).

Tablo 1. Porsuk agaci bireylerinin yiikselti degerleri.
N (6rnek sayis1)  Minimum Maksimum Ortalama

Mustafakemalpasa 133 315 1034 391
Karacabey 39 192 360 308
Genel 172 192,0 1034,0 352,5

3.2. Porsuk bireylerinin bakiya ve miilkiyete gére dagilimi

Mustafakemalpasa ve Karacabey’deki T. baccata bireyleri genel olarak kuzey, kuzeybati ve kuzeydogu
bakilarda bulunmaktadir. (Sekil 3). Toplam 172 adet porsuk agaci bireyinin %54,7’si kuzey, %28,3’li kuzeybati,
%13,7’s1 kuzeydogu, %2,3i bati ve %1,0’nin glineydogu bakida oldugu saptanmistir. Mustafakemalpasa ilgesindeki
porsuk agaci bireyleri kuzey, kuzey-dogu, kuzey-bati bakilarda tespit edilirken Karacabey il¢esi Yenikdy’deki bireyler
ise kuzeybati, kuzey ve bati1 bakilarda yer almaktadir.

Porsuk agaglar1 genellikle orman arazisinde bulunmaktadir (Sekil 4). Bireylerin %95,4’(i orman, %3,6’s1
ziraat ve %1,0’min ise mezarlikta oldugu tespit edilmistir.

"k = Orman
=KB
=KD Ziraat
B = Mezarlik
= GD
Sekil 3. Porsuk agacinin bakiya gére dagilimi Sekil 4. Porsuk agacinin miilkiyete gore dagilimi

3.3. Bireylerin gelisim durumu

Mustafakemalpasa ve Karacabey’de tespit edilen T. baccata bireyleri arasinda gelisim bakimindan ¢ok
belirgin farkliliklar bulunmaktadir. Karacabey’deki fertler daha geng, ince ¢apli ve kisa boylu olup, en ¢apli ve boylu
birey 18,5 cm ¢apinda ve 3,6 m boyundadir (Tablo 2). Mustafakemalpasa’da ise 64,3 ¢cm ¢ap ve 14,2 m boya ulasan
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bireyler bulunmaktadir. T. baccata golgeye dayanan bir aga¢ oldugundan dolayi, diger agaglarin altinda
yasayabilmekte, fakat boyu kisa kalmaktadwr. En uzun fertler vadi iglerinde gdlgeden uzak yeterli 1518a ulasan
agaclardir.

Karacabey’deki tiim fertlerin ¢ap dagilimmin i¢inde yer aldig1 yaklasik 5 ile 20 cm arasinda ¢apa sahip fertler
incelendiginde (Sekil 6), boy bakimindan ilgeler arasindaki gelisim farki acik olarak goriilmektedir. Karacabey’deki
yetisme ortami faktérlerinin T. baccata’nin iyi gelisim gostermesi i¢in gerekli olan sartlardan kismen uzak oldugu
anlagilmaktadir. Mustafakemalpaga’daki fertlerde ilerleyen yaslarda dolayisiyla kalin ¢apli agaglarda tepe kurumalari
dikkati ¢ekmektedir (Sekil 5). Bundan dolay1 kalin fertlerin boylar1 yaklagik 45 cm ¢aptan sonra diisiis egilimindedir
(Sekil 6).

Tablo 2. Porsuk agaci bireylerinin ¢ap Ve boy degerleri.
N(6rnek sayis)) Minimum Maksimum Ortalama Stdsapma

Cap (cm) 133 4.0 64,3 30,3 14,7
MKPasa g0y (m) 133 1,5 14,2 8,2 2,7
Cap (cm) 39 6,0 185 12,9 2,9

Karacab
aracabey oy (m) 39 13 3,6 2.4 0,5
o] G2 () 172 4,0 64.3 263 14,9
Boy (m) 172 13 14,2 6,9 34

Sekil 5. Yagli porsuk agaglarinda tepe ¢okmeleri ve kurumalar, Karapmar, M.K.Pasa.
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Sekil 6. Mustafakemalpasa ve Karacabey’deki bireylerin ¢ap-boy grafigi
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3.4. Porsuk agaci bulunan sahalardan gozlemler

Yoredeki yayilislar arasinda vadi i¢inde olma durumu, yiikselti (dolayisiyla ortalama sicaklik) gibi bazi
belirgin farkliliklar bulunmaktadir. Giirgendag Orman Isletme Sefligi Karapmar civarindaki T. baccata agaclart
yoredeki en boyutlu bireylerdir. Alanda tespit edilen porsuk agaci bireyleri kayin mesceresi igerisinde yer almakta olup,
saha nemli kalkerli bir yapiya sahiptir. Bu mescerenin ortalama yiikseltisi 1025 metredir (Sekil 6). Mevcut kalin ¢apli T.
baccata bireyleri kismen zarar gormiis dig goriiniisleriyle olduk¢a dikkat ¢ekicidirler. Alan kuzeybat1 bakida olup taslik,
kayalik, engebeli bir arazi 6zelligi tasimaktadir.

Cesitli boy ve capta gelisim gostererck giiniimiize kadar ulasan bireyler arasinda tepe formu bozuklugu
bulunan, kokleri disarida olan ve otlatma baskisina maruz kalmis bireyler de bulunmaktadir (Sekil 7). Porsuk bireyleri
genel olarak kisa boylu ve kalin ¢aplidir. Alanda gévde formu diizgiin olmay1p yash i¢i bos olan ve kar baskis1 gérmiis
bireyler de bulunmaktadir.

i

Sekil 7. Kayalik arazide yasl porsuk agaglar1 (A, B), ve zarar gormii yasli bir birey (C), Karapinar, M.K.Pasa

Porsuk agaglar1 Mustafakemalpasa ilgesi Giirdendag Orman Isletme Sefligi’ne bagh Alpagut kdyiinde yaygin
olarak bulunmaktadir. Alpagut mevkii 38-39-40 ve 9 no’lu bolme alanlar1 igerisinde yer alan porsuk agaci bireyleri dere
vejetasyonunu takip eden dar bir serit iizerinde yer almaktadir (Sekil 8). Ozellikle ok sayida bireyin bulundugu 9
numarali bolme igerisinde yaklagik olarak 250-300 metrelik bir dere vejetasyonu boyunca diizgiin fenotipli bireyler
bulunmakta olup, alanda tohumdan gelisen gen¢ fidanlar da mevcuttur. Tek agac halinde bulunan bireyler korunakl
dere vejetasyonu tizerinde karsilikli olarak yer almaktadir. Bu bolmede, kuzey bakida yer alan porsuk agaci bireylerinin
karigima girdigi tiirlerin %60°1 Fagus orientalis (Kayn) olup, %40’ 1 ise Quercus spp. (Mese tiirleri) olusturmaktadir.
Alandaki bireyler serbest gelisim saglamus, iyi bir tepe formuna ve silindirik gévdeye sahiptirler.

Sekil 8. Dere vejetasyonu ve serbest gelismis boylu bir porsuk agaci, Alpagut-MKPaga

Karacabey ilgesi Yenikdy’de tespit edilen bireyler ince ¢apli ve kisa bireyler olup nispeten daha gengtir. Bu
alanda Alnus glutinosa (Kizilagag), Fraxinus ornus (Cigekli disbudak) ve Platanus orientalis (Cinar), Castanea sativa
(kestane), Arbutus unedo (Kocayemis), Laurus nobilis (defne), Tilia tomentosa, (giimiisi thlamur), Cornus mas
(kiz1lc1k), Prunus spinosa (Yabani erik) gibi nemcil ortamlar1 tercih eden taksonlar T. baccata’ya eslik etmektedirler.

Caliyma sahalarinda yash bireylerin yakinlarinda yer yer tohumdan c¢imlenerek gelismis fidanlar
gbzlemlenmistir. T. baccata tohumlar1 dokiildiikten sonra ikinci veya tiglincli yilda ¢imlenmesine ve ilk yillarda olduk¢a
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yavas biliylimesine ragmen arazide serpili bulunan bireyler yakininda genglikler goriilebilmektedir. Bireylerin
bulundugu yerler genel olarak tohumlarin ¢imlenmesine elverislidir. Ancak nemli ortamdan dolay:1 genglik iizerinde
yogun bir diri ortii baskis1 bulunmaktadir.

3.5. Porsuk agacimn kullanimina dair etnobotanik bulgular

Mustafakemalpasa ilgesinde T. baccata porsuk agaci olarak bilinmeyip yoresel adiyla “’Giirdii¢’” olarak
taninmaktadir. Bu adin verilmesinin nedeni ardica benzemesi fakat daha giir dallanma ve ta¢ yapmasi olarak
aciklanmaktadir. Arastirma alani igerisinde porsuk agaci kullaniminin belirlendigi Mustafakemalpasa ilgesi Karapmar,
Alpagut, Dallica koylerinde tiiriin meyvesinin kirmizi renkte oldugu, kuslar ve yaban hayvanlari tarafindan tiiketildigi
bilinmektedir. Genel olarak yayilis gosterdigi yerlerde ve diger kdylerde insanlar tiiriin zehirli oldugunun farkindadir.

Alpagut kdyiinde ilag tedavisinin yaygin olmadigi zamanlarda yore halki, iyilesemeyecek durumda olan
hayvanlarina ac1 ¢ekmemesi i¢in porsuk agacinin yesil siirglinlerini yedirip 6tenazi uyguladiklarini kaydetmislerdir.
Geleneksel hayvancilikta kullanilan bu ydntemin babadan ogula gecen, atalarindan kalma bir kiiltiir oldugu ifade
edilmistir. Bu 6tenazi uygulamasi civar kodylerde yaygin olmayip, hayvancilik ile ugrasanlar tarafindan ge¢miste
yapildig1 belirtilmistir.

Yorede az bulunmakla beraber, “giirdii¢ (porsuk agaci) odununun daha saglikli ve dayanikli oldugu” inanct
yaygindir. Dallica koyiindeki yashilarin ifadesine gore, gilirdiic agact odunu ahsap cami minaresinin yapiminda
kullanilmistir. Betonarme minare uygulamasinin olmadigi yillarda dayanikliligindan dolay1 porsuk agaci odununun orta
dikme seklinde insa edilip, cami minaresi olarak kullanildig1 belirtilmistir. Odununun saglamligi ile ilgili yerel halkin
“Demirden daha dayaniklidir”, “Odununun 6zii kirmizi cam gibidir”, “Kabugu ciiriise de i¢i ¢iirlimez” seklindeki inang
ve ifadeleri dikkati ¢cekmektedir. Odununun dayaniklilig1 sebebiyle {iziim asmasi ve iskele direklerinin kurulumunda da
tercih edilmigtir.

Karapmar’da da yore halki gat1 iskelesinin olusturulmasi, indirme ve merdiven yapiminda porsuk odununu
kullandiklarini belirtmiglerdir. T. baccata bireyinin tespit edilmedigi Mustafakemalpasa ilgesi Devecikonagi mevkiinde
bulunan eski caminin ahsap kapilarmin yapiminda da porsuk agacinin odunundan yararlanildig: belirtilmistir. Diger
yandan Karacabey ilgesi Yenikdy’deki T. baccata bireyleri ¢ap ve boy bakimindan kiigiik olup, tiiriin odununun yerel
halk tarafindan kullanilmadig: belirlenmistir.

4. Sonugclar ve tartisma

T. baccata, Taxaceae (Porsukgiller) iilkemizde popiildisyonu azalmakta olan ve yer yer korunmaya alinmis
bir kiymet agaci olup, Bursa florasi i¢in de Onemli dogal ve tibbi bitkilerden biridir. Mustafakemalpasa ve
Karacabey’de genellikle dere iglerinde bazen de yamag arazilerde tek agag, kiime veya kiigiik gruplar halinde yayilis
gostermektedir. Mustafakemalpasa ve Karacabey ilgelerindeki T. baccata gen kaynaklarmimn arastirildigi bu ¢aligmada;
Mustafakemalpasa ilgesine bagli; Alpagut, Karapinar, Sarimustafalar, Muradiyesarnig, Pasalar kdyleri ile Karacabey
ilgesine baglh Yenikoy’de toplam 172 adet T. baccata bireyi tespit edilmistir. Porsuk agaglarinin yayilisi bazi
mevkilerde toplanmistir. Mustafakemalpasa ilgesinde 133 adet, Karacabey il¢esinde 39 adet birey tespit edilmistir.
Porsuk agac1 Mustafakemalpasa ilgesi Giirgendag Orman Isletme Sefligi smirlar1 igerisinde nispeten daha yogundur.

T. baccata iilkemizde ¢ogunlukla Karadeniz ikliminin hakim oldugu Kuzey Anadolu’da nemli dere
vadilerinde, kuzeye bakan golgeli yamaglarda Avrupa-Sibirya elemani bitkilerle dar korunakli alanlarda bulunmaktadir.
Mustafakemalpasa ve Karacabey’de de tiiriin dogal olarak bulundugu yer yer bu 6zel alanlar mevcuttur. Benzer sekilde
kuzey bakili nemli vadilerde hassas yetisjme ortamlarinda Sultan Daglari’'nda, Amanos’larda, Canakkale Kaz
Daglari’nda, Denizli Akdag’da miinferit veya kiigiikk guruplar halinde T. baccata fertleri goriilmektedir [5]. Tiiriin
Avrupa’nin kuzeyindeki dagilim1 diisiik sicakliklar ve su baskinlari ile, Avrupa’nin giineyinde ise yiiksek sicakliklar ve
kuraklik ile sinirlidir. Ekolojisine uygun yetigsme ortamlarinda tagkin yataklar1 disindaki alanlarda yetigmektedir. Ancak
en iyi gelisimini orta dereceli sicakliklarda okyanusal iklimlerde, kuzey yamaglarda nispeten yiiksek rakimlarda
gostermektedir [15, 23].

Tiirkiye’de T. baccata agaglari miilkiyet bakimindan genel olarak orman alanlarinda bulunmaktadir [26]. Bu
caligmada da tespit edilen bireylerin %95,4’iiniin ormanlik alanda yer aldig tespit edilmistir. Dolayisiyla tiiriin yerinde
korunmasi i¢in ormandaki faaliyetler 6nem kazanmaktadir. Ormanda smirli sayida goriilen T. baccata bireylerinin
bulundugu sahalarda 6zel duyarlilik gosterilmesi gerekmektedir.

Mustafakemalpasa ve Karacabey ilgelerinde bu ¢alismada tespit edilen porsuk agaci bireyleri 192 m ile 1034
m yiikseltiler arasinda dagilim gostermektedir (Tablo 2). T. baccata’nin Tiirkiye’deki yayilisi genellikle 1000-1900 m
arasindadir [5]. Tirin Kuzey Anadolu’da 600 m’ye kadar inebildigi, Amanos Daglarinda ise 2000 m’lere kadar ¢iktig1
belirtilmektedir [3]. Bu ¢alisma ile T. baccata bireyleri aragtirma alaninda en diisiikk 192 m yiikselti ile Karacabey ilgesi
Yenikoy’de tespit edilirken, en yiikksek 1034 m yiikselti ile Mustafakemalpasa Karapmar mevkiinde belirlenmistir.
Tirkiye’de yayilis gosterdigi yiikselti araligi bolgelere gore degismektedir. Arastirma bolgesindeki dikey dagilim genel
olarak diisiiktiir. Karacabey-Yenikoy’de 192 m rakimda goriilen birey, ulasilan kayitlara gore iilkemizdeki en diisiik
rakimdaki T. baccata agaclarindan biridir. Tklim degisikliginden en &nce etkilenecek tiirler arasinda bulunan porsuk
agacmin bolgedeki birey ve popiilasyonlar1 alt yayiliglardan itibaren izlenmelidir.
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Arastirma alani igerisinde yiriitiilen ¢alismada toplam 172 adet porsuk agaci bireylerinin %54,7’si kuzey,
%28,3’1 kuzeybati, %13,7’si kuzeydogu, %2,3’1 bat1 ve %1,0’nin glineydogu bakida oldugu tespit edilmistir. Tiire ait
bireylerin baki tercihi literatiir bilgilerine de uygun olarak genelde korunakli kuzey bakilardir. T. baccata stresli yetisme
ortamlari, kuraklik ve dona karsi duyarli bir tiirdiir [4]. Tiriin baki tercihleri hassas ekolojik isteklerini ve g¢evre
faktorlerine karst duyarliligini yansitmaktadir.

Bolgede porsuk agaclarmin sadece dere iglerinde yer almadigi, nemli kalkerki kayalik zeminlerde de yetistigi
dikkati cekmektedir. T. baccata sikismig zeminlere niifuz edebilen genis yayvan bir kok sistemine sahip olup [18],
yeterli nemin bulundugu kayalik ve yliksek egimli arazi sartlarmda tutunabilmekte ve iyi gelisim gosterebilmektedir [3,
15]. Sarp arazide sig kok yapist ile kokleri disarda olan bireyler de bulunmaktadir. Alpagut kdyiinde alt yamagta dere
vejetasyonunu takip eden bireyler, Karapmar mevkiinde orta ve {ist yamagta kalkerli kayag yap1 lizerinde kalin ¢aph ve
nispeten kisa boylu bireyler varligini siirdiirmektedir. Bursa’nin en yash agaglarindan olan bu agaclarda yasliliga ve
stres faktorlerine bagli tepe kurumalar1 ve ¢okmeleri goriilmektedir. Bundan dolay1 yaklasik 45 cm ¢aptan sonra
agaclarin boylar1 kisalma egilimindedir. Bu ekstrem yetisme ortaminda biyotik ve abiyotik faktorlerin bireyler ve tepe
formlarindaki etkileri arastiriimalidir.

T. baccata tohumu saran kapgik (arillus) ile yaban hayatina besin kaynaklig1 da yapmaktadir [13]. Kuslar,
kemirgenler ve sincaplar porsuk tohumunu saran kapg¢iklarini tiiketerek tohumlarin dagilmasma yardim etmektedirler
[23, 25]. Calisma alaninda da porsuk agacinin kapg¢iklarmm yaban hayvanlari, tavsanlar ve kuslar tarafindan tercih
edildigi tespit edilmistir.

Mustafakemalpasa ilgesi Alpagut mevkiinde ¢ok sayida bireyin bulundugu 9 numarali bdlme igerisinde dere
kenarinda yaklagik 250-300 m uzunlugundaki serit iginde diizgiin fenotipli bireyler bulunmakta olup, alanda yer yer
tohumdan gelen genglik mevcuttur. Tek aga¢ ve serpili halde bulunan bireyler dere vejetasyonu iizerinde karsilikli
olarak yer almaktadir. Dere kenarindaki bu kusak koruma altina alinip, “T. baccata gen koruma alan1” olarak ayrilabilir.

Porsuk agacinin tohumlarinda derin morfofizyolojik dormansi bulunmaktadir ve ¢imlenme i¢in uzun katlama
streleri gerekmektedir [21, 32]. Dogada dokiilen tohumlarm ¢imlenmesi genel olarak ikinci veya lglincii yilda
gerceklesmektedir [14]. Kuslar sindirim sisteminden gegirerek T. baccata tohumlarinin yayilmasina ve ¢imlenmesine
katkida bulunurlar [22]. Tohumlar i¢in nemli ¢imlenme yatagi kritik nemdedir ve dogada odun ¢iiriigli, nemli yosunlar
ve Ol Ortil elverigli ¢imlenme ortamlaridir. Arastirma sahasinda T. baccata agaglarmin yakininda yer yer tohumdan
¢imlenerek gelisen porsuk genclikleri goriilmektedir. Gengliginde oldukg¢a yavas biiyliyen sinirli sayidaki bu geng
bireyler bogucu diri ortii rekabetinden korunmalidir.

Etnobotanik ¢aligmalar, insanlarla bitkilerin yiizyillardan beri devam eden karsilikli etkilesimlerini
kaydetmektedir [12, 27]. Yorede porsuk agacina yakistirilan “giirdii¢” ismi olduk¢a anlamhidir. Tiir kismen ardica
benzemekle beraber, ozellikle giir, koyu yesil ve sik dalli olmasindan dolayt yerel halkin tiire bu adi verdigi
yorumlanmaktadir. T. baccata degisik yorelerde “gidirme” (Deregine-Afyon), “piiren” (Bolu) ve “kadim” agac1 olarak
da bilinmektedir [2].

Yore halki porsuk agaci odununun saglam oldugunu eskiden beri bilmektedir ve yapacak olarak kapi, minare,
merdiven yapimu gibi islerde kullanmislardir. T. baccata dayanmiklh, sert, agir ve elastiki bir oduna sahiptir [20]. Odunu
¢ok kit olmasma ragmen giiniimiizde Bati Karadeniz Bolgesi’'nde mobilyacilik, lambri, oymacilik ve ahgsap el
sanatlarinda yer yer degerlendirilmektedir. Dayanikli ve elastiki kalin siirgiinleri de ¢ok eski caglardan beri yay
yapiminda kullanilmigtir [17].

Tiirlin zehirli oldugu yerel halk tarafindan bilinmektedir. Gegmiste 6zellikle yaslanan binek hayvanlarmnin
porsuk yapraklar yedirmek suretiyle zehirlenmesi ve tenazi yapilmasi kaydadeger bir ayrintidir. Insanlar porsuk
agacinin tohumu saran kapgiklarinin kirmizi renkte oldugunun, kuslar ve yaban hayvanlari tarafindan tiiketildiginin de
farkindadir.

Tiirkiye ormanlarinda vadi i¢lerinde dereye yakin orman yollar1 ¢ok yaygmdir. Bu arastirmada sinirh
sayidaki mevcut T. baccata bireyleri vadi iglerindeki korunakli ortamlarda orman yollarmm kenarinda siklikla
goriilmekte olup, orman yollarinin yapimi ve bakimi srrasinda olumsuz etkilenebilecek mesafededir. Ozellikle dere
yakinlarindaki orman yollarinin yapimi ve bakimi sirasinda, az sayidaki serpili agaglar dikkate alinarak islemler
yiirtitiilmelidir.

Kiiresel iklim degisikligi bir¢ok tiiriin gen kaynaklarini tehdit etmekte ve yasam alanlarini daraltmaktadir. Bu
tirlerden biri de 6zel ve hassas habitat istekleri olan porsuk agacidir ve dogal yayilis alanlarinda etkin koruma
Onlemlerine ihtiyag vardir. Dogal genglestirme ve orman bakimi gibi silvikiiltiirel islemlerde T. baccata gibi serpili
bulunan tiirler ve bunlarn genclikleri korunmali ve tesvik edilmelidir.

Dogal olarak bulundugu Mustafakemalpasa ve Karacabey il¢elerinde tiir ile ilgili farkindalik, gdlge saglama,
gorsel perdeleme, hava kalitesini iyilestirme, riizgar kirma, ses perdelemesi ve sinirlama, yaban hayatina destek saglama
gibi amaglarla T. baccata kent bitkilendirmelerinde degerlendirilmelidir.
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Abstract

Archaea, which constitute one of the three major domains of living things, in terms of both biochemical
properties and structural features, are prokaryotic cell types that are separated from eukaryotes and bacteria. The vast
majority of members of Archea survive in extreme ambient conditions thanks to their metabolic and molecular
adaptations. Typical environments in which pure cultures of archaea species isolated; are hot springs, hydrothermal
vents, solfataras, salt lakes, soda lakes. Microbial diversity analysis can be performed both with microbiology-based
culture-dependent methods and culture-independent methods using molecular techniques. However, it is still difficult to
create conditions in very hot and pressurized environments in laboratory environments and many different taxa can be
overlooked. It is not possible to determine archaea types that have not yet been cultured in studies based on culture.
Therefore, over the past two decades, the use of molecular techniques involving PCR-based amplification of 16S rRNA
genes in environmental samples allows a culture-independent evaluation of microbial diversity. As a result of archaea's
ability to function at nearly limit values in terms of temperature, salinity and pH, extremophilic enzymes
(extremozymes) are now found in many applications. In this review, general properties of thermophilic archaea,
archaeal diversity studies independent of culture, and usage areas of archaeal enzymes in biotechnology are discussed.

Keywords: Archaea, thermophilic and hyperthermophilic, culture independent methods, archaeal extremosimes

*

Termofilik arkelerin cesitliligi ve biyoteknolojide kullanim alanlan

Ozet

Arkeler canlilarin {i¢ biiyilk domaininden birini olusturan, biyokimyasal ozellikleri bakimindan hem
bakterilerden hem de Okaryotlardan farkli olan, prokaryotik hiicre tipinde tek hiicreli canlilardir. Arkeler pek g¢ok
canlin hayatta kalamayacagi agir1 sicak, asir1 soguk ve asir1 tuzlu ve benzeri ekstrem ortamlarda yasayabilirler. Yakm
zamana kadar arkelerin sadece ekstrem ortam kosullarinda yasayabildikleri zannedilirken, son donemlerde yapilan
¢aligmalarda arkelerin bagka canli gruplarmm bulundugu normal yasam ortamlarinda da gelistikleri tespit edilmistir.
Arke tiirlerinin saf kiiltiirlerinin izole edildigi tipik ortamlar; kaplicalar, hidrotermal bacalar, solfatoralar, tuz golleri,
soda golleridir. Mikrobiyal ¢esitlilik analizleri hem mikrobiyoloji temelli kiiltiir bagimli yontemlerle hem de molekiiler
teknikler kullanilarak kiiltiirden bagimsiz yontemlerle yapilabilmektedir. Ancak yine de ¢ok sicak ve basingh
cevrelerdeki kosullari laboratuvar ortamlarinda olusturmak zordur ve bir¢cok farkli takson gézden kagabilir. Kiiltiire
bagli olarak yapilan ¢alismalarda hentiz kiiltiire edilmemis arke tiirlerinin belirlenmesi s6z konusu degildir. Bu nedenle
son yirmi yilda, ¢evresel 6rneklerdeki 16S rRNA genlerinin PCR-bazli amplifikasyonunu i¢ceren molekiiler tekniklerin
kullanilmasi, kiiltiirden bagimsiz bir mikrobiyal ¢esitlilik degerlendirmesine izin vermektedir.
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Arkelerin sicaklik, tuzluluk ve pH agisindan neredeyse sinir degerlerde iglev gosterme kabiliyetlerinin bir
sonucu olarak, ekstremofilik enzimleri (ekstremozimleri) giinlimiizde birgok uygulamada kullanim alani bulmaktadir.
Bu derlemede termofilik arkelerin genel Ozelliklerine, kiltiirden bagimsiz arkeal gesitlilik caligmalarina ve arke
enzimlerinin biyoteknolojide kullanim alanlarina deginilmistir.

Anahtar kelimeler: arke, termofilik ve hipertermofilik, kiiltiir bagimsiz yontemler, arkeal ekstremozimler
1. Giris

Arkeler canlilarin ii¢ bityiik dleminden birini olugturan biyokimyasal 6zellikleri bakimmdan hem bakterilerden
hem de okaryotlardan farkli olan, prokaryotik hiicre tipinde tek hiicreli canlilardir. Arkeler ¢ogu canlinin hayatta
kalamayacagi asir1 sicak, asirt soguk ve asir1 tuzlu gibi ekstrem ortamlarda yasayabilirler. Onlar1 diger canlilardan farkli
ve Ozel kilan da bu ozellikleridir. Yakin zamana kadar arkelerin sadece zor ortam kosullarda yasayabildikleri
zannedilirken, son donemlerde yapilan caligmalarla arkelerin bagka canli gruplarmnm yasayabildigi normal yasam
ortamlarnda da bulunduklar1 tespit edilmistir. Arke domaini kendi iginde yasam alanlarma gore smiflandirilabilir;
Alkalifiller (Alkali sevenler): Bu tiirler 9 ile 11 arasindaki pH araliklarinda yasamaktadirlar. Asidofiller (Asit sevenler):
Alkalifillerin tam tersi olarak bu arkeler ¢ok diisik pH araliklarinda yasayabilirler. Halofiller (Tuz sevenler):
Kizildeniz’de, Tiirkiye’de Tuz Golii’nde, Urdiin ve Israil arasindaki Olii Deniz’de Amerika'nin Utah eyaletinde bulunan
Biiylik Tuz Go6li'nde, Kaliforniya'nin Owens Golii gibi tuz oranina ¢ok yiiksek olan (%36 ve {izeri tuzluluk) yerlerde
yasayabilmektedirler. Metanojenik arkeler: Batakliklarda, pis sularda, ciftlik giibresinde, ¢coplerde ve otcul canlilarin
sindirim sistemlerinde bol miktarda bulunmaktadirlar. Termofiller-Hipertermofiller (Sicak sevenler): Terminolojik
olarak, 50 ° C'den daha yiiksek bir maksimum biiylime sicakligmma sahip organizmalar, termofiller olarak
tanimlanmaktadir. Kristjansson ve Stetter'in yaptiklari ¢aligmalar sonucunda optimal olarak 80° C'nin {izerinde biiyiiyen
mikroorganizmalar hipertermofiller olarak kabul edilmektedir. Gliniimiizde bilinen, sicaklik agisindan {ist yasam siniri
olan 130 ° C 'ye en yakin sicaklikta yagayabilen bir Pyrolobus tiirii olan Strain 121'dir.Bunlara ek olarak bazi metanojen
hipertermofilik tiirler sicakligin 110° C oldugu volkanik bolgelerde bulunurlar [1].

Psikrofiller (Soguk sevenler): Soguk seven arke tiirleri suyun donma noktasindaki asir1 yagsam sartlarina direng gosteren
arkelerdir. Soguk seven bu arkelerin ¢ogu sicakligi 5°C’nin altindaki yasam alanlarinda yasarlar.

1.1. Arkelerin Tarihi

Diinyaca tinlii molekiiler biyolog Carl Woese 1976’da 60 farkli bakteri tiiriiniin rRNA’larin1 analiz ederek bu
diziler arasinda farkliliklar olabilecegini ortaya koymustur. Bakterilere ¢ok benzeyen bazi mikroorganizmalarin
bakterilerden farkli olarak metan {rettiklerini ve bakterilerde gorillen rRNA ozelliklerinin bu metanojenlerde
goriilmedigini fark etmistir. Ik yillarda Carl Woese'un, c¢alismalart sonucu bu kiiltiirdeki mikroorganizmalar
“Archaeabacteria” olarak tanimlanmistir. Bu sayede bakterilerin filogenetik siniflandirilmasi miimkiin hale gelmistir.
31 Ocak 1980’de yasamin 3 ana domainden meydana geldigi tarihe ge¢cmistir [2].
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. Me tharmoroears | e,
Cymnio bacte ia | Yol Cilintes

T oeler 4
b1 |

Plane tom yees | | Therm oproteus .."., I". ™ Flagellates

B teroides d / ™ Triche monads
'\—\_\_\_\_ .l"-. -
Cytophags | R
/ Mic raspondia
Thamotoga = -
——— - Dipla monads
Aquifer——"" A F

Sekil 1. Yagamin 3 temel domaini [2]

Arkeleri diger canlilardan aywran ozellikler olan; ekstrem ortamlarda yasayabilmesi, metan iiretimi gibi
ozelliklere ek olarak arkeler, bakteri ve Okaryot domaininden hem yapisal hem de islevsel agidan oldukga farkl
ozellikler tagimaktadir.
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1.2 Arkelerin Taksonomisi

Arkeler filogenetik olarak 5 temel subeye ayrilmaktadirlar:
Crenarchaeota: Kiiltiirli yapilan arkeler arasinda Crenarchaeota iiyeleri ¢ogunlukla, bilinen en yiiksek sicaklik
derecelerinde iireyebilen hipertermofilik mikroorganizmalari icermektedir.
Euryarchaeaota: Crenarchaeotalar gibi Euryarchaeotalarm da biiyiik bir kismi ekstrem ortamlarda yasamaktadir. Bu
sube metanojenik Archaea ve bazi ekstrem halofilik Archaea cinslerini icermektedir.
Korarcaheota: Korachaeota ilk olarak Yellowstone'da bir sicak su kaynaginda yasayan mikroorganizmalarm
metagenomik analizleri yapilarak kesfedilmistir. Bu organizmalarm saf kiiltiirleri bulunmamaktadir.
Nanoarcaheota: Bir diger Archaeal sube Nanoarchaeaota'dir. Bu subenin tek cinsi olan Nanoarchaeum bir
Crenarchaeota olan Ignicoccus hiicrelerine tutunarak yasayan ¢ok kiigiik bir parazitik prokaryottur.
Thaumarchaeota: Cenarchaeum symbiosum 'un sekanslanmasi sonucu kesfedilmis olan ve Archaea domainine son
eklenen sube Thaumarchaeota diger filumlardan oldukga farklidir. Thaumarchaea, su ve karasal ortamlardaki 6nemli
amonyak oksitleyicilerdir ve nitrifikasyonda yer aldigi tespit edilen ilk arkedir. Genellikle denizlerde ve acik
okyanuslarda bulunurlar [3].

Euryarchaeota Nanoarchaeota Korarchaeota Crenarchaeota Thaumarchaeo!

\ Sulfolobus

Desulfurococcus

Pyrodictium

.7, Root

Sekil 2. Archaea filogenetik agag [2]

1.3. Termofilik ve Hipertermofilik Mikroorganizmalar

Terminolojik olarak, 50 © C'den daha yiiksek bir maksimum biiylime sicakligmma sahip organizmalar,
termofiller olarak tanimlanmaktadir. Kristjansson ve Stetter [21] 'in yaptiklari ¢aligmalar sonucunda optimal olarak 80°
C'nin iizerinde biiyliyen mikroorganizmalar hipertermofiller olarak kabul edilmektedir. Giliniimiizde bilinen, sicaklik
acisindan st yasam sinir1 olan 130 ° C 'ye en yakin sicaklikta yasayabilen bir Pyrolobus tiirii olan Strain 121'dir ve
Arke domainin iiyesidir. Bunlara ek olarak bazi metanojen hipertermofilik tiirler sicakligin 110° C oldugu volkanik
bolgelerde bulunurlar [4].

121 —— Strain 121 1

113 Pyrolobus fumarii Il

105 —— W Pyrodictium occultum

o8 —— B Thermoproteus tenax

85 —+— M Sulfolobus acidocaldarius

Maximum growth temperature (°C)

] | 1 ] ]
I 1 1 I I
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Year isolated

Sekil 3. Baz1 hipertermofilik mikroorganizmalarin en yiiksek biiylime sicakliklari [5]
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1972'de Brock ve arkadaslari tarafindan bildirilen ve o tarihe kadar bilinen en yliksek sicakliga sahip olan
mikroorganizma Sulfolobus acidocaldarius olarak tanimlanmistir. Bu tiir ilk olarak bakteri domaininde yer almistir
ancak 1980°de yasamin {i¢ ana domainden meydana geldiginin tarihe gegmesiyle birlikte S.acidocaldarius ' un Archaea
domainine ait oldugu belirlenmistir. Bu tiir, optimum olarak 75- 80 ° C sicaklikta gelismektedir. Hipertermofiller ise
Zillig ve ark. tarafindan 1981'de kesfedilmistir [2][6].

1.4. Termofilik Arkelerin Habitatlart

Termofilik arkeler sicak ¢evrelerden izole edilmektedirler. Bu ¢evreler dogal veya yapay kaynaklar olabilir.
Termofilik arkeal tiirlerin saf kiiltiirlerinin izole edildigi tipik ortamlar;

e Kaplicalar: Sicak yeralt1 sularindan yararlanmak icin yeryiiziine ¢iktiklar1 kaynaklarin cevresine kurulan
hamam goriintimiindeki tesislere denir.

e Hidrotermal bacalar: Hidrotermal bacalarin i¢ kisimlarinda sicaklik ortalama 350-400 °C arasindadir. Agiz
kisimlarinda ise ortalama 150 °C dolaylarindadir.

e Solfatoralar: Fiimerol (latince) ¢ogunlukla yer kabugu sicakliginin ¢ok yiiksek oldugu, yakin dénemde
etkin yanardaglarin yer aldig1 bolgelerde, karbondioksit, siilfiirdioksit, hidrojenklorid ve hidrojen-siilfit gibi
gazlarin, buhar geklinde salindigi, yer kabugundaki agikliklardir [7].

e Derin ve s1g hidrotermal sistemler [8]

Bununla birlikte termofiller; kompost yigmlar1 ve komiir atik yigmlar1 gibi ortamlarda da bulunabilirler. Insan yapimi
termal ortamlar olarak; evsel ve endiistriyel sicak su sistemleri, yiiksek sicakliktaki endiistriyel prosesler, kagit isleme
makineleri, yiyecek isleme tesisleri 6rnek verilebilir.

1.4.1.Termofilik Arkelerin Izolasyonu

Termofilik ve hipertermofilik arkeler genellikle sicak su kaynaklarindan izole edilmektedirler. Sicak su
kaynaklari, diinyanin ¢ok degisik yerlerinde bulunur. Biyologlarin ¢ogu 19. yiizyilin ortalarindan sonra termal sularda
yasayan organizmalar iizerinde gdzlemler yapmuslardir. Diinya iizerindeki sicak su kaynaklar1 Bati Amerika, Orta
Afrika, Yeni Zelanda, izlanda, Japonya, Italya, Endonezya, Orta Amerika, Orta Afrika gibi iilkelerin bulundugu genis
bir alanda bulunur. Ancak, termal habitatlarda yasayan mikroorganizmalar lizerine kapsamli ¢alismalar uzun yillar
Yellow Stone Ulusal Parkinda yapilmistir. Bu park diinyada termal 6zelliklere sahip en onemli yerlerden biridir.
Termofilik arke cesitliligi hem mikrobiyolojik kiiltiir temelli hem de molekiiler yontemlere bagli yaklasimlar
kullanilarak belirlenebilmektedir. Termofilik arkelere 6zgii kiiltiir ortami hazirlanarak yapilan mikrobiyolojik temelli
yontemlerle; yiiksek sicaklifa dayanikli ve bu kosullarda jellesen yeni nesil katilastirici ajan “gelrite” kullanilarak
yapilabilir. Son zamanlarda c¢alismalarda yaygin kullanilan yontem ise kiiltiir ortamindan bagimsiz olarak yapilan
molekiiler yontemlerle PCR-bazli teknikler kullanilarak termofilik arkelerin tamisini ve karakterizasyonunu
gerceklestirmektir.

Microblome composition

g ""'\-_______________;—l"
Culture-Independent Culture-dependent
characterization characterization
(overestimated diversity) [underestimated diversity]

Sekil 4. Kiiltiire bagimli ve kiiltiirden bagimsiz yontemlerle prokaryotik ¢esitliliginin degerlendirilmesi [9]
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1.4.2. Termofilik Arke Cesitliliginin Belirlenmesi

Son yirmi yilda, 16S rRNA genlerinin PCR-bazli amplifikasyonunu igeren molekiiler tekniklerin kullanilmasi,
kiiltiirden bagimsiz bir mikrobiyal ¢esitlilik degerlendirmesine izin vermistir. Bu tiir teknikler ile, okyanus sulari, gol
sular1 ve toprak gibi normal habitatlarda ¢ogunlukla kiiltiirlenmemis arkelerin genis bir dagilimi gozlenmistir. Bu
yontemle,kiiltiire edilmemis mikroorganizmalar icin filogenetik agaclar elde etmek miimkiin hale gelmistir. Buna
dayanarak Pace ve arkadaglari ilk olarak 1986’da SSU rRNA'lar i¢in tasarlanan primerleri kullanarak PCR yontemiyle
gevresel aragtirmalara baglamiglardir [10].
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Sekil 5. Kiiltiirden bagimsiz (PZR bazli) yontem [9]

1.DNA ekstraksiyonu 2. Termofilik arkelere spesifik primerler ile 16S rRNA genlerinin PZR ile amplifikasyonu . 3.16S
rRNA genlerinin plazmitlere aktarimi 4. Plazmitlerin E.coli hiicrelerine transformasyonu 5.rDNA klonlarmin
bulundugu klon kiitiiphanesi

1.5. Termofilik Arkelerde Yiiksek Sicakltk Adaptasyonu

Termofilik arkeler diger pek ¢ok mikroorganizmanin hayatlarini siirdiiremedikleri yiiksek sicakliklarda
yasayabilen organizmalardir. Termofilik arkelerin; hiicre zarlari, enzimleri, niikleik asitleri, proteinleri ve bir takim
hiicre yapilar1 yasayabildikleri yiliksek sicakliklara dayanabilir yapidadirlar. Yiiksek sicakliklarda yasayabilmeleri i¢in
DNA, protein ve hiicre membran yapilarinda farkli mekanizmalar gelistirerek bir takim yapisal degisikliklere
ugramuslardir. Yiiksek sicaklik membranlarm akiskanligmni arttirir. Optimum membran akiskanligi saglamak icin hiicre,
lipitlerin miktarmi ve tiiriini (6rnegin doymus ve doymamis) iceren membran bilesimini ayarlamalidir. Sicaklik da
proteinlerin yapisimi ve iglevini etkiler. Proteinlerin yiiksek sicakliklarla basa ¢ikmak icin gelistirdigi yollar arasinda
iyon ¢ifti igeriginin arttirilmasi, hidrojen baglar1 ve disiilfit kopriilerinin arttirilmas: ve oda sicakliginda esnekligin
azaltilmasi gibi adaptasyonlar bulunmaktadir. Stres faktorlerine maruz kalan bir¢ok biyolojik yapi strese karsi belirli
yanitlar ve bazi maddeler olusturur. Bu maddelerin basinda ise stres proteinleri olarak da adlandirilan 1s1 sok proteinleri
(Hsps) gelir. Bu bilgiler 1s1¢gmda termofillerde 1s1 sok protein igeriginin arttig1 da belirlenmistir. Ayrica termofiller ve
hipertermofiller tarafindan iiretilen proteinler, mezofilik proteinlere gore denatiirasyona kars1 daha direnglidir. Bununla
birlikte sadece hipertermofillerde bulundugu diisiiniilen 6zel bir protein sayesinde DNA'nin degrade olmamasi sz
konusudur. Tiim hipertermofiller ters DNA giraz olarak adlandirilan bir DNA topoizomeraz tiretirler [11][12][13].

Arke ve bakterilerin termostabilitesini anlamak i¢in, membran kompozisyonlari iizerinde yogunlasmak gerekir.
Arkelerin hiicre zar1 genellikle eter-baglardan olusurken bakteriyel hiicre zari ester-baglarindan olugmaktadir. Eter-
baglar1 gliserol ve hidrokarbonlar arasinda olurken, ester baglar1 yag asitleri ve gliserol arasinda olur. Arkelerin hiicre
membrani, kimyasal ve termodinamik olarak bakteri hiicre zarindan daha stabildir.

1.6. Oksijen Iliskileri A¢isindan Termofilik Arkeler

Termofilik arkeler genel olarak zorunlu veya fakiiltatif anaerobiktirler. Pekgok hipertermofil ise,
kemootorotroftur. Tek karbon kaynagi olarak COj'yi ve enerji kaynagi olarak inorganik redoks reaksiyonlarini
kullanirlar. Ayrica, tiim hipertermofiller ve bir¢cok termofil tiirii fotosentetik yerine kemosentetiktir, giines enerjisini
kullanmak yerine ¢dziinmiis organik ve inorganik bilesiklerin oksidasyonu veya bu bilesikleri tiiketerek enerji tiretir.
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Bununla birlikte, kiiltiirdeki termofillerin ve hipertermofillerin ¢ogu, kiikiirt redoks sistemindeki tiirler arasinda elektron
transferinden faydalanir. Bazi hipertermofilik arkeler ise metan tiretirler. (Tablo 1).

Tablo 1 Termofilik ve hipertermofilik arkelerin metabolik 6zellikleri ve taksonomileri

Maksimum Heterotrof | Aerobik/Anaerobik
Tiir Sicaklik (°C) | /Ototrof
Methanobacteriumthermophilum 65 A AN
Methanococcus
thermolithotrophicus 70 A AN
Methanoculleus 60 H AN
thermophilicum 50 H AN
Methanosarcina
thermophila 88 H AN
Palaecoccus 65 H AN
fe_rrophl_lus 80 FA FAN
Picrophilus
ashimae 86 FA AE
Sulfulobus 82 H FAN
acidocaldarius
Sulfurococcus 85 H AN
mirabilis 63 H FAN
Thermocladium
modestius
Thermococcus
zilligii
Thermoplasma
acidophilum

2. Biyoteknoloji uygulamalarinda arkelerin kullanim

Endiistrinin hemen her alaninda kullanilan enzimler genellikle mikroorganizmalardan elde edilmektedir.
Ciinkii mikroorganizma kaynakli enzimlerin bitkisel veya hayvan kaynakli enzimlere gore katalitik aktivitelerinin ¢ok
yiiksek olmasi, istenmeyen yan iiriin olusturmamalari, daha stabil ve ucuz olmalari, fazla miktarda elde edilebilmeleri
gibi avantajlar1 vardir. Arkelerin bir¢ogunun ekstrem kosullarda biiyiimesinden dolay1, bu organizmalardan izole edilen
enzimlerin, pratik uygulamalarda kullanildiginda biiyiik avantaj saglayabilecegi diisiiniilmektedir. Arkelerin kullanildigi
alanlardan biri de metanojenlerin esas olarak metandan olusan biyogaz iirettikleri kanalizasyon islemleridir. Ek olarak
termofilik arkeler, Metallosphaera sedula gibi termoasidofilik organizmalarin kat1 siilfit minerallerine baglandig1 ve
sonugta altin ve bakir gibi metallerin salinmasiyla oksitlendigi diisiik dereceli cevherlerin elde edilmesinde (Biomining)
de kullanilmaktadir [14].

2.1. Arkeal Ekstremozimlerin Biyoteknoloji Uygulamalarinda Kullanimlar

Enzim {iiretiminde kullanilan mikroorganizmalar sadece enzim iiretme yeteneklerine gore degil, toksik ve
patojen olmamalarma gore de segilmektedir. Ozellikle son yillarda stratejik alan seklinde degerlendirilen rekombinant
DNA teknolojisinden yararlanilarak enzim iiretimi bityiik boyutlara ulasmig ve kullanimi giderek yaygmlasmgtir [15].
Gilintimiizde, endiistriyel olarak 6nemli bir¢ok kimyasal proses, yiiksek sicaklik ve basmg gibi sert kosullarda
gergeklestiginden, bunlara alternatif ve gevresel etkisi daha az yontemler igin ekstrem kosullara dayanikli enzimlere
gerek duyulmaktadir. Son zamanlarda yapilan ¢aligmalara gore endiistriyel enzimlerin biiyiik ¢cogunlugu mezofilik
mikroorganizmalardan saglanmakta, ancak bircok avantaja sahip olmalarina karsin, uygulamalara dayaniksiz olmalari
nedeni ile kullanimlari sinrli kalmaktadir.[16] Ote yandan, ekstrem termofil mikroorganizmalardan elde edilen
enzimler (ekstremozimler) ekstrem kosullara daha dayanikli olduklarindan, enzim iiretimi i¢in 6nemlidirler.

Arkelerin sicaklik, tuzluluk ve pH smirlarinda iglev gosterme kabiliyetlerinin bir sonucu olarak, termofilik
arkelerin ekstremofilik enzimleri veya ekstremozimleri birgok uygulamada kullanim alani bulmaktadir ve cesitli
biyoteknolojik ¢alismalarda kullanim igin diisiiniilebilmektedir. Isiya dayanikli ekstremozimler, 50°C'nin iizerindeki
sicakliklarda en uygun sekilde biiyliyen termofillerden veya 80° C'nin {izerindeki optimum biiyiime sicakliklar1 ile
hipertermofillerden elde edilebilmektedirler. Ticari olarak kullanilan enzimlerin %59’unu proteazlar, %28’ini
karbohidrazlar, %3’iinii lipazlar ve %10’unu ise diger enzimler olusturmaktadir. Termofilik ve hipertermofilik
arkelerden elde edilen ekstremozimler ise; Glikozil hidrolazlar, Proteazlar, DNA iliskili enzimler olarak
smiflandirilabilmektedir [17][18].
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2.1.1. Glikozil Hidrolazlar

Bugiine kadar, termofilik ve hipertermofilik arkelerden ¢ok sayida o ve P glikozil hidrolaz karakterize
edilmigtir. Glikozil hidrolazlar, iki veya daha fazla karbonhidrat arasinda veya karbonhidrat ile karbonhidrat olmayan
kisimlar arasinda glikozidik baglari hidrolize edebilen enzimler olarak tanimlanmaktadir. Her ne kadar glikozil
hidrolazlar 85 familya arasinda boliinse de bu enzimleri nigasta, ksilan veya seliilozu hidroliz etme yeteneklerine gore;
a-1,4- ve o-1,6-glikozidik baglar (nisasta), B-l, 4-glikosidik baglar (ksilan ve seliiloz) igeren polimerler olarak
gruplandirmak uygundur [17].

Nisasta Par¢alayici Enzimler

a-amilazlar nigastadaki o -1,4 glikozidik baglar1 rasgele hidrolize ederek glukoz ve oligosakaritleri meydana
getirir. Buna Ornek olarak hipertermofilik arke tiirleri olan Pyrococcus woesi ve P. furiosus a-amilazlarm 100°C
sicaklikta en ¢ok bilinen termofilik versiyonlaridir. Thermococcus profundus DT5432’nin saflastirildiginda 80°C
optimum bir sicakliga sahip olan amilaz S gibi termostabil a-amilazlar irettigi saptanmistir. Termofilik ve
hipertermofilik arkelerden izole edilen pullulanazlar ise, dallanmis polimerlerde hem a-1,4 hem de a-1,6 glikozidik
baglar1 hidrolize edebilen tip II sinifina aittir. Bu gruba dahil olan bir diger enzim a-glukozidazlar, terminal glikoz
kalintilarin1 hidrolize eden glikojen yikiminin son agamasinda yer alir. Bu enzim, 105°C ve 115°C arasinda en iyi
sekilde calisir. Termozim olarak da adlandirilan termofiliklerin enzimleri, optik nanosensorler ve analitlerin
olusturulmasinda kullanilmaktadir [29]. Bunun yamisira kagit endustrisinde, siit endiistrisinde, boyali iriinlerin
islenmesinde, deri endiistrisinde ve farmasotiklerde de kullanilmaktadir [19].

Ksilan Pargalayici Enzimler

Ksilanlar, B-1,4 baglantili D-xylopyranosyl alt birimlerinden olusan bir ana zincire dayanan heterojen
polisakkarid grubudur. Termostabil ksilanazlar, enzim destekli kagit agartmasinda kullanilmaktadir. Bunlara ek olarak
meyve-sebze sular1 ve sarabin aritilmasinda, peynir olgunlagmasi, hamur fermantasyonu gibi islemlerde de rol
oynamaktadir [19].

Tablo 2 Termofilik ve hipertermofilik arkelerin nisasta pargalayici enzimleri [17]

Organizma Enzim Toptimal PHoptimal
D.mucosus a-amilaz 100 55
P.furiosus a-amilaz 100 6.5-7.5
Pyrococcus sp. KOD1 pullulanaz type 11 90 6.5
P.woesi a-amilaz 100 55
Pyrodictium abyssi a-amilaz 100 5.0
St.marinus a-amilaz 100 5.0
S.solfaraticus a-amilaz 100 5.0
S.solfaraticus MT-4 glikoamilaz 70 4.5
T.hydrothermalis pullulanaz type 11 95 55
T.litoralis pullulanaz type Il 98 55
T.profundus DT5432 a-amilaz (amilaz S) | 80 5.5-6.0
Thermococcus strain a -glikozidaz 75 7.0
AN-1

Thermococcus strain TY | a-amilaz 100 55
Thermococcus strain pullulanaz type Il 100 6.5
TYS

2.1.2. Proteazlar

Proteazlar, proteinlerin yapisindaki peptid baglarmin hidrolitik par¢alanmasini katalize eden enzimlerdir. Diinya
capmda ticari Olgekte iretilen proteazlara, diger enzimlere goére biyoteknolojik uygulamalarda daha fazla yer
verilmektedir. Bu nedenle, 1siya dayanikli arkeal proteazlarin izolasyonu ve karakterizasyonu biiyiik ilgi odagidir.
Proteaz enzimlerinin, diger enzimlere gore yillik olarak tiiketilen oranlari tablo 3’te verilmistir [20][21].
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Tablo 3 Mikrobiyal enzimlerin yillik kullanim degerleri

Enzim Pazar Pay1 (%)
Alkali Proteazlar 25

Diger Proteazlar 21

Amilaz 18

Reninler 10

Analitik Enzimler 10
Karbohidrolazlar 10

Lipaz 3

Tripsin 3

Proteazlar, katalize ettikleri reaksiyon tipine gore ekzopeptidazlar ve endopeptidazlar olmak tizere iki gruba
ayrilir. Bu tanimlamada belirleyici olan enzimlerin substratta etkili olduklar1 bélgedir. Cogunlukla serin proteaz tipinde
olan termofilik ve hipertermofilik arkelere ait gesitli proteolitik enzimler tanimlanmistir. Bu enzimler katalitik
aktivitelerini sadece yliksek sicakliklarda degil, ayn1 zamanda deterjan veya diger denatiire edici ajanlarin varliginda da
gosterirler [22][17].

Tablo 4 Termofilik ve Hipertermofilik Arkelerin Proteaz Enzimleri [17]
Organizma Tlp Toptimal pHoptimaI
A.pernix K1 Serin proteaz 90 6.5-10.5

(pernilaz)
Desulfurococcus strain Serin proteaz 95 7.5
TOklzsl
Desulfurococcus strain SY Serin proteaz 85 7.5
Py.aerophilum Serin proteaz 85-90 7.5
(aerolizin)
P.furiosus Serin proteaz 110 6.3
(prolizin)
Pyrococcus sp. KOD1 Thiol proteaz 90 7.0
St.marinus Serin proteaz 90 9.0
S.solfaraticus Karboksi peptidaz 85 6.5-8.0
S.acidocaldarius Asidik proteaz 90 2.0
T.litoralis Serin proteaz 85 9.5
T.aggregans Serin proteaz 95 7.0
T.celer Serin proteaz 95 8.5
T.stetteri Serin proteaz 85 9.5

Proteazlar endiistriyel ve biyoteknolojik uygulamalarda, drnegin kozmetik ve farmasotik sektoriinde yaygin olarak
kullanilmaktadir.

2.1.3. DNA Iliskili Enzimler

Son 40 yilda molekiiler biyolojideki en 6nemli gelismelerden biri, polimeraz zincir reaksiyonunun (PCR)
gelismesidir. Termostabil DNA polimerazlar ¢esitli molekiiler biyolojik uygulamalarda biiyiik rol oynarlar. Pyrococcus
(Pfu) veya Thermus (Taq) cinsi prokaryotlardan elde edilen arkeal polimerazlar molekiiler uygulamalarda yaygin olarak
kullanilmaktadir. Hipertermofilik arke olan Thermococcus kodakaraensis KOD1'den DNA polimeraz enzimi
retilmigtir. KOD DNA polimeraz PCR’da bilinen en yiiksek uzatma ve dogruluk oranini, géstermistir [22].
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Tablo 5 KOD DNA polimeraz,Pfu DNA polimeraz ve Taq DNA polimeraz karsilagtirmasi [23]

Enzim KOD DNA Polimeraz Pfu DNA Polimeraz | Taq DNA Polimeraz
Tiir Thermococcus kodakaraensis | Pyrococcus furiosus | Thermus aquaticus YT-1
Dogruluk 0.0035 0.0039 0.013

Uzama Orant 106-138 25 61

DNA polimerazlara ek olarak, hipertermofilik arkeler diger DNA modifiye edici enzimlerin de kaynagidir. T.
acidophilum'dan elde edilen termoaktif polimeraz (Thermo Sequenase) ve termostabil pirofosfataz kombinasyonunun
kullanilmasi, daha uzun ve daha dogru dizi okumalarinin belirlenmesini saglar [23].

3. Sonuglar ve tartisma

2006’da Karl O. Stetter [5] yaymladig: arastirmada; Woese ve Zillig’in arkelerle ilgili yaptiklari calismalardan
yola ¢ikarak hipertermofilik tiirler lizerine bir arastrma yiritmiistiir. 1972°ye kadar en yiiksek biiylime sicakligina
sahip mikroorganizma Sulfolobus acidocaldarius idi. 1977°de Carl Woese yagamim domainlerine Arke’yi eklediginde
bu tiirtin arke domainine ait olan bir hipertermofilik organizma oldugu ortaya ¢ikmistir. Stetter, Kerlingarfjo™ll
dagindaki kaynar su ve ¢camur ornekleri ile ¢gubuk sekilli bir metanojen olan Methanothermus fervidus'u izole etmistir.
Bu organizma 97 °C'ye kadar bir sicaklikta biiylimiis ve 82 ° C'de en hizli (optimal) biiyiimesini sergilemistir.
Sulfolobus acidocaldarius’tan ¢ok daha yiiksek sicakliklarda hayatta kalabilmistir. Bunun yanisira Stetter ve Zillig 1981
@) °de anaerobik Thermoproteals’in ilk iiyelerini izole etmislerdir. Methanothermus'a benzer sekilde, Thermoproteales
97 C'ye kadar biiyiime sicakligi sergilemis ve 65 C veya daha diisiik sicaklikta bilyliyemistir. Bunu takiben 1981'de
Vulcano Adasi'ndaki (italya) 100 © C'nin iizerindeki sicaklikta Porto di Levante'deki sicak deniz tabaninda yer alan bir
denizalt1 solfatarik alanindan ornekler almistir. izole edilen drneklerden belirlenen mikroorganizmalar 100 © C'nin
iizerinde gelisim gostermislerdir.

Sekil 6. Porto di'deki denizalt1 hidrotermal deliklerinden numune alman Levante, Vulcano, italya [5]

Boylece Stetter, Volcano'ya adapte olmus ilkel yasam tarzlarina dayanarak, benzer hipertermofilik
organizmalarm 3,9 milyon yil dnceden beri Diinyada var olabilecegi hipotezini giindeme getirmistir. Buna dayanarak bu
heyecan verici hipertermofillerin daha fazlasini bulmak igin, son 25 yi1l boyunca diinyanin her yerindeki yiiksek sicaklik
alanlarini ziyaret etmis ve oradan yiiksek sicaklik organizmalarini izole etmistir.
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Muhtesem denizalt1 bacalar1 ile derin deniz hidrotermal bacalar1 dahil bu sitelerin birgogunu ziyaret etmistir.
Buna ek olarak, derin yeralt1 (volkanik olmayan) jeotermal olarak isitilan petrol tasiyan kumtasi ve kirectas: iginde,
Kuzey Denizi'nin tabanindan ve Alaska Kuzey yamag¢ permafrostunun yiizeyinin yaklasik 3.500 m altinda in situ
sicakliklara sahip hipertermofilik topluluklar1 kesfetmistir. Stetter laboratuvarinda bu tiirlerle birlikte 50 yeni farkl
hipertermofilik tiir izole etmis ve tanimlamistir.

Arkelerin ekstrem ortamlarda hayatta kalabilme kabiliyetlerinin varligi ¢esitli enzimlerin biyoteknoloji
alaninda kullaniminda yararlar saglamaktadir. Cogunlukla, sadece arkeal topluluklarin varligi 6nemli bir ekonomik
deger tagimaktadir. Metanojenik arkeler, temiz ve ucuz enerji kaynagi kapasitelerine sahipken, asidofilik arkeler,
mineral-siilfiir oksitleyici yeteneklerinin jeokimyasal siilfiir dongiisiinde 6nemli bir rol oynadig1 ¢esitli asit maden
drenaj sahalarinda tanimlanmistir. Her ne kadar arkelerle ilgili gesitli iriinler 6nemli ticari deger tasiyorsa da,
biyoteknolojik olarak yararli arkeal enzimler endiistriyel ilginin ana odagini temsil etmektedir [5].

2017°de Kelly Dumorné [19] ve arkadaslarinin yiriittiigii caligmada arkeal ekstremozimlerin endiistriyel
uygulamalardaki 6neminden bahsedilmektedir. Caligmada; termofilik proteinler, piezofilik proteinler, asidofilik
proteinler ve halofilik proteinlerin biyoteknolojik ve endiistriyel uygulamalar1 i¢in daha fazla dikkat cektigi
vurgulanmaktadir. Son yillarda, ozellikle ekstremofillerden gelen enzimler ve bir¢ok siiregte enzimlerin Gnemi
arastirilmistir. Cogunlugun biyoteknolojik ve endiistriyel uygulamalar igin kullanildig1 ¢ok sayida enzim tanimlanmistir
(3.000'den fazla), ancak enzim pazar1 hala endiistri taleplerine cevap vermek igin yetersizdir. Bu durumun temel nedeni,
birgogunun endiistriyel kosullara dayanmamasidir. Ayrica, enzimler ekolojik siiregleri kullanan teknolojilerde
kullanilmaktadir. Endiistriyel islem, yiiksek tekrarlanabilirlik ve diger parametrelerle pH, sicaklik ve havalandirmanin
farkli kosullarina dayanabilen biyokatalizorlere ihtiya¢ duyar. Ekstremofilik mikroorganizmalar, biyolojik olarak
bozunabilirlikleri ve asir1 kararliliklar1 nedeniyle ¢ok g¢esitli endiistriyel uygulamalara sahip ekstremozimlerin
kaynagidir.

Bunun yami sira mikrobiyal c¢esitlilik ¢alismalarinda son yillarda arkeler 6nemli bir rol oynamaktadir.
Mikrobiyal ¢esitliligin belirlenmesinde kullanilan kiiltirden bagimsiz yontemlerle pek ¢ok farkli molekiil (DNA, RNA
vb) ve /veya yaklasim se¢ilebilmektedir. Farkli habitatlarin prokaryotik ¢esitlilikleri hem mikrobiyolojik kiiltiir temelli
hem de molekiiler yontemlere bagli yaklasimlar kullanilarak belirlenebilmektedir. Kiiltlir temelli yontemlerin
kullanilabilmesi mikrobiyal canliliga bagli oldugu icin ekstrem kosullarda hayatta kalmaya adapte arke tiirlerini
laboratuvar kosullarinda canli tutmak her zaman miimkiin olmamaktadir. Pace ve arkadaslar1 ilk olarak 1986’da
SSUrRNA'lar igin tasarlanan primerleri kullanarak PCR ydntemiyle ¢evresel arastirmalara baslamislardir (Pace ve ark.,
1986). Doksanli yillardan itibaren kullanilmaya baglanan PCR-bazli ve 6rneklerden direkt 16S rDNA larin ¢ogaltildig:
molekiiler yontemler sayesinde ¢esitli habitatlardaki bakteri ve arkeleri (eger dnceden tanilar1 yapilmis ve veri tabanina
girilmigse) genus/tiir bazinda tespit etmek miimkiindiir. Ekstrem ¢evrelerdeki arkeal cesitliligin belirlenmesi i¢in
yapilmis ¢esitli ¢alismalar mevcuttur.

2010'da Malkaw1 tarafindan yiiriitiilen calismada Urdiin kaplica sularinda bakteri ve arkea cesitliligi kiiltiirden
bagimsiz olarak tespit edilmistir. Farkli kaynaklardan 5 drnekte termofilik ve hipertermofilik arke tiirlerine rastlanmistir
[24]. 2014°te Budakoglu ve ark. Acigdliin Archael mikrobiyal ¢esitliligi ¢alismasina gore; TA klonlama yontemi
kullanilarak yapilan ¢aligmada toplamda 50 koloni seg¢ilmis ve sekanslanan mikroorganizmalarin tiimiiniin Halofilik
mikroorganizmalara ait oldugu belirlenmistir [25].
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2016’da Cmar ve arkadaslar1 Dogu Anadolu bdlgesinde (Sivas, Erzincan, Bing6l) bulunan 4 farkli tuzlada
prokaryotik ¢esitlilik analizi gergeklestirmislerdir. Genellikle halofilik arkeler tespit edilirken bunun yani sira
halotolerant mikroorganizmalara da rastlanmigtir [26].

2017°de Pektas ve Temel’in gergeklestirdigi calismada Denizli’de bir siilfidik magara olan Kaklik
magarasindan alinan orneklerde mikrobiyal g¢esitlilik arastirilmistir. Calismada 16S rRNA geni igin pyrosequencing
teknigi kullanilmistir. Toplamda 3 arkeal filum ve 25 bakteriyal filum tespit edilmis ve arke sekanslari igerisinde
Thermoplasmata tiim 6rnekleme alanlarinda en bol bulunan grup olarak belirtilmistir [27].

2018’de Giiven ve arkadaslar1 Tirkiye’nin ekstrem g¢evrelerinden alinan kaynaklarda termofilik ve halofilik
mikroorganizmalarm izolasyonu ve tanimlanmasini amaglanuglardir. Incelenen termofilik bakteriler; Anoxybacillus,
Geobacillus, Bacillus, Brevibacillus ve Bacillaceae familyasina ait Aeribacillus ve Thermus ve Thermomonas gibi
termofillerdir. Halofilik mikroorganizmalarimn ise genelini arkeler olusturmustur [28].

Sonu¢ olarak bu derlemede ekstrem ¢evrelere uyum saglayan arkelerin biyogesitliligine ve bu
mikroorganizmalardan elde edilen enzimlerin endiistriyel uygulamalarma odaklanilmigtir. Diinyada ve tilkemizde
ozellikle termofilik/hipertermofilik arkeal ¢esitlilik ¢aligmalar sinirli sayidadir ve gelecekte bu mikroorganizmalara
odaklanilmasmda derlememiz aydinlatici bir nitelik tasimaktadir. Ek olarak ekstrem kosullarda is gorebilen, endiistride
zorlayict kosullarda mezofilik enzimlerine gore iistiinliik saglayan termofilik arkelerin enzimlerinin arastirilmasi
biyoteknolojide oncelikli bir hedef olmaya devam etmektedir.
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Abstract

Plants are platforms where recombinant proteins and other biopharmaceuticals can be produced easily, cheaply
and safely and can be purified back. Recently, many recombinant proteins such as growth hormone, antibody milk
proteins, serum albumin and various industrial enzymes produced in bacterial or mammalian cell cultures have been
produced in plant tissue or in plant cell culture. Plant tissues provide suitable post-translational modifications for
production of recombinant viral and bacterial antigens and show the same biological activity as the recombinant
vaccines produced in microorganisms. All of these have paved the way for their usage in vaccine production.
Production of recombinant protein in plants requires stable or transient integration of target gene sequence depending
on the location in the plant cell. While the biolistic method is used for the stable transformation of the target gene in the
nucleus or chloroplast, plant pathogen Agrobacterium sp. mediated gene transfer method is used for transient gene
transfer. Plant system are extremely suitable expression vectors for industrial production of pharmaceutical proteins,
with their proven production capacity and economic feasibility.
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*

Bitkisel tiirevli asilar

Ozet

Bitkiler, rekombinant proteinlerin ve diger biyofarmasotiklerin kolay, ucuz ve giivenli {iretiminin
saglanabildigi ve geri saflastirilabildigi platformlardr. Giiniimiizde bakteri ya da memeli hiicre kiiltiirlerinde iiretilen
biiylime hormonu, antikor siit proteinleri, serum albumini ve c¢esitli endiistriyel enzimler gibi bir¢ok rekombinant
proteinin bitkisel dokuda ya da bitki hiicre kiiltiiriinde tiretimi gergeklestirilmistir. Bitkisel dokularin rekombinant viral
ve bakteriyel antijenlerin iretimleri i¢in uygun post-translasyonel —modifikasyonlar1 saglamalar1  ve
mikroorganizmalarda {iretilen rekombinant asilar ile ayni biyolojik aktiviteyi gostermeleri, asi iretiminde
kullanilmalarmin Oniinii a¢mustir. Bitkisel rekombinant protein iiretimi, hedef gen dizisinin bitki hiicresindeki
konumuna bagl olarak stabil veya gegici entegrasyonunu gerektirir. Biyolistik yontemi, hedef genin ¢ekirdek veya
kloroplasta stabil transformasyonu i¢in kullanilirken, bir bitki patojeni olan Agrobacterium sp. aracili gen transferi
yontemi, gecici ve stabil gen transferi i¢in kullanilmaktadwr. Bitkisel sistemler kanitlanmig {iretim kapasiteleri ve
ekonomik fizibiliteleri ile farmasdtik proteinlerin endiistriyel boyutta {iretimleri i¢in son derece uygun ekspresyon
vektorleridir.

Anahtar kelimeler: bitkisel asilar, genetik modifikasyon, bitki biyoteknolojisi
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1. Giris

Asi, bir hastaliga kars1 spesifik koruma saglamak amaciyla hazirlanmis immuno-biyolojik bir materyaldir ve
hastaliklara karsi immiinizasyon saglayarak morbidite ve mortaliteyi azaltmak amaciyla kullanilir. Cocuk ve geng
yetiskin 6limlerine sebep olan ¢igek hastaligi, tiiberkiiloz, zatiirre, kizamik, kizamik¢ik, hepatit A-B, menenjit, grip,
difteri, bogmaca ve tifo gibi bulasici hastaliklarin eradikasyonunda asilamanin biiyiik rolii bulunmaktadir [1]. Diinya
genelinde uygulanan yaygin asilama ¢aligmalari ¢ocuk felci (poliomiyelit) vakalarinin azalmasimi saglamis, iilkemizde
de dogru asilama politikalar1 sayesinde Saglik Bakanligi verilerine gore son 19 yilda g¢ocuk felci vakasina
rastlanmamistir. Dogru asilama politikalarinin uygulanmasiyla birlikte iilkemizde son 16 yilda sadece tek difteri ve
buna bagl 6liim vakasi tespit edilmistir. Diinya Saglik Orgiitii 2016 verilerine gére as1 kararsizligyreddi kavraminin
ortaya ¢ikmasiyla birlikte kizamik vaka sayilarmm arttigi bildirilmistir. 2017 yilinda Tiirkiye’de 25 tetanoz vakasi
gbzlenmis ve bu vakalar tamaminin agisiz oldugu anlasilmistir. Bu sonuglar etkin ve kapsayici agilama ¢aligmalari ile
hastaliklarm goriilme sikhgmin oldukga azalabildigini bir kez daha gdstermistir. Diinya Saglik Orgiitii (WHO)
raporlarma gore asilama ile yilda 2,5 milyondan fazla yasam kurtarilmaktadir [2]. 18. yiizyilda baslayan as1 tiretimi,
sonrasinda kapsamlt mikrobiyolojik ve immiinolojik calismalar, klinik arastirmalar, sterilizasyon ve gilivenlik
standartlarinin diizenlenmesiyle giderek sekillenmis ve as1 bilimi giin gectikge degerlenmis ve gelismistir. Giinlimiizde
as1 Uretimi, Uriin kalitesinin yasamsal oneme sahip oldugu ve siirekli olarak istenilen kalitede iriin iiretebilme
becerisinin vazgeg¢ilmez oldugu bir endiistridir. Bireylerin saghigini riske sokmayacak sekilde giivenilir, kaliteli ve etkin
agilarin liretimi zorunluluk arz etmektedir [3]. Farkli sekillerde etki gdsteren {i¢ ana asi tipi bulunmaktadir: Canli
(zayiflatilmus) asilar, inaktif asilar ve alt birim asilar (rekombinant, konjugat, toksoid ve polisakkarit asilart). Canli
agilarla, viicuda bir hastaliga neden olan mikrop veya viriisiin zayiflatilmis bir versiyonu enjekte edilmektedir. Kizamik,
kabakulak ve kizamik¢ik (MMR kombine as1), rotaviriis, ¢icek hastaligi, sucicegi ve sarthumma asilari, canli asilara
ornek olarak verilebilir [3]. Inaktif agilar ise 1s1 veya kimyasallarla dldiiriilen bir bakteri veya viriis tiiriiniin kullanildig:
asilardir. Hepatit A, grip, cocuk felci ve kuduz asilar1 inaktif agilardir. Alt birim, rekombinant, konjugat ve polisakkarit
asilar ise mikrop veya viriisiin belirli kisimlarmin kullanilmasiyla elde edilen asilardir. Viicutta ¢ok giiglii bagisiklik
tepkilerini tetikleyebilirler. Hib (Hemophilus influenza tip b), hepatit B, insan papilloma viriisii (HPV), bogmaca,
pnomokok hastaligi, menigokokal hastalik ve zona asilar1 bu gruba 6rnek olarak verilebilir [4]. Alt birim asilarda, bir
mikroorganizma veya virlisten olusturduklar1 bagisiklik tepkisinin giiciine gore segilen spesifik antijenler izole edilir.
Rekombinant agilar, genetik mithendisligi yoluyla iiretilmektedir. Konjuge asilar, hastalia neden olacak ya da viicutta
bir bagisiklik tepkisi olusturacak kadar giiglii olmayan bakteri veya viriisten antijenik nitelikte pargalar kullanmaktadir.
Polisakkarit agilar, bir bakteri veya viriisiin dig kilifindan seker molekiillerini (polisakkaritler olarak bilinir)
kullanmaktadir. Bu seker molekiilleri kimyasal olarak tasiyici proteinlere baghdir ve konjuge asilara benzer sekilde
¢aligmaktadir. Toksoid asilarda ise, bakterinin veya viriisiin tamamima degil hastaliga neden olan bakteri veya viriisiin
belirli kisimlarina kars1 bagisiklik olusturmak i¢in bakteri veya virilis tarafindan olusturulan toksinlerinden yararlanilir

[5].
1.1. Bitkilerde Asi Uretiminin Tarihgesi

Bitki genetik miithendisliginin geligsmesi ile birlikte bilim diinyasma giren transgenik (genetigi degistirilmis)
bitkiler baslangigta tarmmsal kapasitenin artirilmasi1 amaciyla kullanilmislardir. Ancak son yillarda farmasotik ve
veterinerlik ile ilgili birgok endiistri kolunda biiyliik Olgekli protein iiretiminde kullanimlarmin yayginlastigi
goriilmektedir.  Proteinlerin ve diger biyofarmasétiklerin bitkisel dokularda kolay, ucuz ve giivenli bir sekilde
iiretilebilmesi ila¢ endiistrisi agisindan dnemli bir kesiftir. Bitki hiicreleri, rekombinant proteinlerin giivenli iiretiminin
kolaylikla saglanabildigi ve kolay bir sekilde geri saflastirilabildigi, 30 yili agkin siiredir kullanilan kokli bir teknoloji
platformudur. Giinlimiizde bakteri ya da memeli hiicre kiiltiirlerinde iiretilen biiylime hormonu, antikor siit proteinleri,
serum albumini ve ¢esitli endiistriyel enzimler gibi bircok rekombinant proteinin endiistriyel amacl bitki dokusunda ya
da bitki hiicre kiiltliriinde tretimi gerceklestirilmistir [6-11]. Ayrica hali hazirda ticarilestirilmis birgok enzim ve
reaktiflerin {iretimlerinde yine bitkisel iiretim sistemleri kullamlmaktadir. Ornegin; nusirda iiretilen sigir tripsini
(TrypZean Sigma-Aldrich) 2002 yilindan beri ticari olarak erisilebilir durumdadir. 2014 yilinda ise tiitiin bitkisinde
insan tip I kollajeninin tiretimi saglanmustir. Celtikle (Oryza sp.) iiretilen insan lizozimi ve laktoferrin ise ticarilesmis
diger iiriinlerdendir. Israil Firmas: Protalix, tiitiin ve havuc bitkisinde biyofarmasotiklerin iiretimi i¢in ¢esitli metotlar
gelistirmis ve s6z konusu firmanin Gaucher hastaliginin tedavisinde kullanilan bitkisel taligluseraz alfa etken maddesi
FDA tarafindan ruhsatlanmistir [6]. Diinyanin daha fakir olan iilkelerinde yetersiz saglik altyapilari, asinin maliyeti ve
sogutma sistemlerinin eksikliginin ag1 kullanimimi sinirladigt ve bu durumun s6z konusu iilkelerde halen 6liimlerin en
onemli sebebi oldugu goriilmektedir. 1992 yilinda bu soruna ¢dziim bulabilmek amaci ile Diinya Saglik Orgiitii ve bazi
goniilli kuruluglarm igbirligi ile kurulan ‘Cocuk As1 Girisimi (Children’s Vaccine Initiative)’ daha ucuz ve tagima
problemi olmayan as1 iiretim teknolojilerinin kesfini ve kiiresel diizeyde alternatif immiinizasyon programlarinin
olusturulmasimi gorev edinmistir. Bitkisel dokuda iiretimin nispeten kolay ve ucuz olmasi, rekombinant viral ve
bakteriyel antijenlerin iiretimleri igin uygun post-translasyonel modifikasyonlar1 saglamalar1 ve mikroorganizmalarda
iiretilen rekombinant asilar ile ayni biyolojik aktiviteyi gdstermeleri, bitkisel dokularin asi {iretiminde kullanilma
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caligmalarini tesvik eden onemli gerekgelerdir [7]. Yenilebilir as1 kavrami, transgenik bitkilerin yenilebilir dokularinin
kullanildig: alt birim asilar i¢in bir iiretim sistemi olarak tasarlanmistir. Yapilan ¢aligmalarda bitkisel kdkenli bir aginin
insanlarda giivenli bir sekilde, bagisiklik tepkisi olusturabilecegi gosterilmistir. Ozellikle asiya erisimde maliyeti artiran
soguk zincir kogullarmin gerekliligini ortadan kaldirmasi sebebi ile de yenilebilir agilar dikkat ¢ekmistir. Bu konuda
yapilan ¢aligmalarda ilk zamanlar, bitkisel ekspresyon sistemlerinin rekombinant protein firetim verimlerinin bakteri ve
memeli hiicre kiiltiirlerine kiyasla diisiik oldugu tespit edilmistir. Nicotiana benthamiana yapraklarindan 2 g/kg'a kadar
rekombinant antikor verimi saglanabilirken, memeli hiicre kiiltiirlerinde verimin 5-10 g/L'lik oldugu gosterilmistir [8].
Bu sebeple bitkilerde verimi artirabilmek amaci ile kiiltlir ortaminin modifikasyonu vb. gesitli yontemler denenmis,
iiretilen proteinin, bitki apoplastindan hiicre bozulmasi olmaksizin kiiltiir ortamma salinimi ve saflagtirilmasi
saglanmistir. Bitki ¢ekirdek ve kloroplast dokusunda eksprese edilen antijenik proteinlerin deney hayvanlarinda
bagisiklik yaniti olusturdugu cesitli aragtirmalarda kanitlanmugtir [9]. Bitkisel tiirevli Newcastle hastaligi viriisii (NDV)
asis1, 2006 yilinda Amerika Birlesik Devletleri Tarim Bakanligi'ndan ruhsatlanmigtir. Bitkisel ekspresyon sistemleri,
hem beseri hem de veteriner asilar agisindan umut vaat etmektedir. Bu sebepledir ki son yillarda, stabil ve gecici
transformasyon yontemleri kullanmlarak tiitiin (Nicotiana tabacum), domates (Solanum lycopersicum), Arabidopsis
thaliana, musir (Zea mays), celtik gibi ¢ok ¢esitli bitkilerde antijenik proteinlerin tiretimleri konusunda ilerleme
kaydedilmektedir. Cesitli arastirmalarda iretilen rekombinant proteinler Tablo 1 de Ozetlenmistir [10-36]. Bu
caligmalar, gelecekte bitki tiirevi farmasotik proteinlerin, klinik gelistirme asamasinda ve sonrasinda ticari pazarda
yerlerini almasi i¢in umut vaat etmektedir.

Tablo 1. Bitkisel tiirevli as1 tiretim ¢aligmalar1

Patojen/Hastalik Bitki Transform
asyon Metodu eferans

Hepatit B viriisi Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [10]
Aktarilabilir gastroenterit viriis (TGEV)  Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [11]
Rinderpest virus (RPV) Fistik (Arachis hypogea L.) Agrobacterium aracili  [12]
S1g1ir ugugu viriisi Tiitiin (Nicotiana tabacum) Mekanik agilama [13]
Insan papilloma viriisii Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [14]
Aktarilabilir gastroenterit viriis (TGEV)  Misir (Zea mays) Agrobacterium aracili  [15]
Bulasic1 bronsit viriisii (IBV) Patates (Solanum tuberosum) Agrobacterium aracili  [16]
Sarbon Tiittin (Nicotiana tabacum) Biyolistik yontem [17]
Hepatit B viriisii (HBV) Patates (Solanum tuberosum) Agrobacterium aracili  [18]
Newcastle hastaligi viriis (NDV) Misir (Zea mays) Biyolistik yontem [19]
Enterotoksijenik E. coli Yonca (Medicago sativa L.) Agrobacterium aracili  [20]
Cottontail tavsan papilloma viriisii Tiittin (Nicotiana tabacum) Agrobacterium aracili  [21]
Bulagici bursal hastalik viriisii (IBDV) Celtik (O. sativa) Agrobacterium aracili  [22]
Hepatit B viriisii (HBV) Tiittin (Nicotiana tabacum) Agrobacterium aracili  [23]
H5N1 (kus grip virlisii) & HIN1 (insan) Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [24]
influenza suslar1

Enterotoxigenic E. coli Havug (Daucus carota) Agrobacterium aracili  [25]
Norwalk virus Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [26]
Kus gribi (H5N1) Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [27]
Grip virlisit Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [28]
Kus gribi (H5N1) Su mercimegi (Lemna minér) Agrobacterium aracili  [29]
Kanser (timor isaretleyici) Tiitiin (Nicotiana tabacum) Agrobacterium aracili  [30]
Kanser (timor isaretleyici) Celtik (Oryza sativa) Biyolistik yontem [31]
Kanser (timor isaretleyici) Tahil  bitkileri (Triticum, Oryza Biyolistik yontem [32]

sativa)

Insan kolorektal kanseri Tiittin (Nicotiana tabacum) Agrobacterium aracili  [33]
HIV Tiittin (Nicotiana tabacum) Agrobacterium aracili  [34]
Ebola virus Tiittin (Nicotiana tabacum) Agrobacterium aracili  [35]
Ebola virus Marul (L. sativa) Agrobacterium aracili  [36]

1.2. Bitkilerde Asi Uretimi I¢in Kullanilan Stratejiler

Bitkisel tiirevli ag1 iiretimi amaciyla kullanilabilecek ¢ok sayida yontem mevcuttur. Asi/antijen tretimi,
secilen hedef gen dizisinin bitki hiicresinde yerlestirildigi konuma bagli olarak stabil veya gegici entegrasyonunu
gerektirir. Bu amagla araci olarak gesitli plazmit vektorler, bakteriler veya bitkisel patojenler kullanilabilir. Gegici
transformasyon sisteminde ise heterolog gen, konakgr hiicrelerde gecici siire kaldiktan hemen sonra istenen protein veya
antijenin iretimi gergeklesir. Stabil transformasyon sisteminde ise, hedef genin bitki ¢ekirdek veya kloroplastina
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entegrasyonu saglanir. Bu adlandirma aktarilan gen dizisinin, bitki hiicrelerinin genetiginde meydana getirdigi kalic
degisikliklerden ileri gelmektedir. Biyolistik yontemi istenilen genin stabil transformasyonu i¢in kullanilirken, bir bitki
patojeni olan Agrobacterium sp. aracili gen transferi, gegici ve stabil gen transferi i¢in kullanilan bir yontemdir. Bu
yontem ile elde edilen stabil transgenik bitkilerde nisbeten diisiik oranda alt birim antijen {iretimi saglanabilir (toplam
¢ozlinebilir bitki protein oraninin maksimum %0.3’1) [37].

Bitkilerde As Uretimi lgin Kullarilan Stratejiler

Dofrudan Gen
Transformasyon
Y éntemi

Dolayh Gen
Transformasyon
Yéntemi

. Biyolistik (Gen Tabancas )Y dntemi . Agrobacterium Sp. Aracili Gen Transfer
. Elektroporasyon

. Palietilen Ghikol (FEG)

. Diger Yantemler { Lazer Mikroiginlar, Mikroenjeksiyon, Ultrason vb)

Sekil 1. Bitkilerde as1 iiretimi i¢in kullanilan stratejilere genel bakis

Biyolistik yontemi, yaygin kullanilan diger adlariyla gen tabancasi veya mikro mermi bombardimani
yontemi, a1 antijeninin kodlanmasini saglayacak gen dizisinin bitki hiicrelerine dogrudan dahil edilmesini temel alan en
yaygin ve vektorden bagimsiz bir yontemdir. Bu yontemle g¢ekirdek veya kloroplasta dogrudan transformasyon
saglanabilir [38]. Cekirdek transformasyonu, istenen genin homolog olmayan rekombinasyon yoluyla entegre
edilmesiyle gergeklestirilmektedir. Ancak, ekspresyon seviyesinin diisiik olmasi sebebi ile as1 iretiminde
kullanilabilmesi i¢in yiiksek miktarda bitkisel doku iiretimini gerektirir. Kloroplast transformasyonu ise g¢ekirdek
transformasyonuna kiyasla; gen susturma etkisini ortadan kaldirma yetenegi, istenilen proteinin veya antijenin yiiksek
kopya sayisinda ifadesini saglamasi (Sekil 2) ve birden fazla geni ifade etme potansiyeli, hizli ve diisiik maliyetli bir
iiretim saglamasi sebepleri ile bitkisel tiirevli as1 liretiminde tercih edilmektedir. Ayn1 zamanda kloroplastlarda saglanan
yuksek antijen verimi, asilama igin gerekli bitki materyali miktarin1 azaltmakta, dondurularak kurutulmus materyalin
kapsiillenmesini veya hap olusumunu kolaylastirmaktadir [39]. Literatiirde kolera, Lyme hastaligi, sarbon, tetanoz,
veba, kuduz, rotaviriis ve kopek parvoviriis (CPV) asilarinin {iretimi i¢in bu yontemin kullanildigi ve hayvan modelinde
immiinizasyonunun saglandig1 bitkisel tiirevli asi1 iiretim ¢alismalar1 bulunmaktadir [40, 41].

Sekil 2. (A) Dogrudan ¢ekirdege aktarilmis yesil floresans proteinleri (GFP) ile elektroporasyon yapilmig misir
protoplastlar1 (B) Kloroplasta aktarilmig Lima fasulyesinde partikiil bombardimani araciligiyla yesil floresans
proteinlerinin (GFP) ifadesi [42]. Kloroplastlarin (B) g¢ekirdege (A) kiyasla daha yiiksek seviyede ifade olmasinin
sebebi, bitki hiicresindeki yiiksek kopya sayis1 sebebiyle hedefin birden fazla geni ifade edebilme potansiyelinden ileri
gelmektedir.
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Agrobacterium sp. aracili gen transferi yonteminde, bitki hiicrelerini dogal olarak enfekte eden ve bitki
genomuna entegre olabilme potansiyeline sahip bakteriler kullanilir [43]. Agrobacterium sp. pek cok ¢ift ¢enekli bitki
tirtinde tag gal (crown gall) hastaligima neden olan bir toprak bakterisidir. Bakteri T-DNA’s1, Ti plazmid (tim6r
uyarici) olarak adlandirilan bir ekstrakromozomal plazmit lizerinde tagmir ve bitki genomik DNA’sma entegre olur. 200
kb uzunlugunda olan Ti plazmitinde essiz bir restriksiyon bolgesinin mevcut olmamasi bitkiye aktarilmak istenilen
genin (rekombinant bir antijeni kodlayan gen dizisi) dogrudan Ti plazmit igerisine konumlandirilabilmesini
siirlamaktadir. Bundan dolay1 plazmite yeni DNA’ninentegrasyonu igin stratejiler gelistirilmistir: Tkili vektor stratejisi,
T-DNA’nm fiziksel olarak Ti plazmitinin timiinii baglamas1 gerekmedigi gozlemlerine dayanir. Nispeten kiigiik bir
molekiil iizerindeki T-DNA igeren ikili plazmit sistemi ve normal sekildeki plazmitin tiimii, bitki hiicrelerini transforme
etmede etkilidir. Gergekte bazi A. tumefaciens soylar1 ve akraba agrobakteriler, dogal olarak ikili plazmit sistemine
sahiptirler. T-DNA’nin plazmiti essiz restriksiyon yerlerine sahip olacak ve standart teknikleri kullanarak manipiile
edilecek kadar kiigiiktiir [42]. Diger bir strateji ise, koentegrasyon sistemidir. Bu sistemde ise, E. coli vektorlerine
dayali, fakat ufak bir T-DNA bdlgesi tagityan tamamiyla yeni bir plazmit kullanilmaktadir. Yeni molekiil ile Ti plazmit
arasindaki homoloji, eger ikisi A. tumefaciens hiicresinde bulunursa, rekombinasyon pBR plazmitini T-DNA bdlgesine
entegre edebilir anlamma gelir. Klonlanacak gen bundan dolayr pBR plazmiti {izerinde essiz bir restriksiyon yerine
sokulup, A. tumefaciens hiicrelerine aktarilir ve dogal rekombinasyon iglemi T-DNA’sina yeni genin entegre olmasi i¢in
kendi haline brrakilir. Bitkilerin enfeksiyonu bitki kromozomlarma, T-DNA’sinm tiimiiyle birlikte, yeni genin
sokulmasini saglar [44].

Agrobacterium aracili transformasyon ¢aligmalarinda, bitkinin dogal patojeni olan viriisii modifiye edilerek
vektor gorevi gdormektedir. Rekombinant viriis, bitkilerde viral enfeksiyon sirasinda replikasyon aktivitesinin bir yan
iirtinii olarak istenen proteini veya peptidi ifade etmektedir. Yontemin avantajlar1 arasinda, enfeksiyondan kisa bir siire
sonra yiiksek seviyede protein/antijen ekspresyonu, viral partikiil ylizeyinde ¢oklu antijen kopyalar1 olusturma kolaylig1
yer almaktadir. Hepatit B, HPV(insan papiloma viriisii), HIN1 ( influenza), kus gribi, HIV gibi bir¢ok hastaliga kars1
bitkisel tiirevli a1 iiretim ¢alismalarmda yontemin bagari ile kullanildig1 ve antijen iiretimini sagladig1 goriilmiigtiir
(Tablo 1). Ancak, iiretimi saglanan antijenin as1 gibi farmasotik bir {irliniin formiilasyonunda kullanilabilmesi i¢in bitki
dokusundan saflastirilma isleminin gerekliligi, rekombinant viriis ile enfekte olan bitkinin saflagtirma islemi sirasinda
6lmesi ve yeniden kullanilamamasma neden olmaktadir. Bu sebeple enfeksiyon prosediiriiniin iiretimde siirekliligi
saglamak igin tekrar tekrar yapilmasi gereksinimini dogurmaktadir [45].

Bitkilerin dogal patojeni olan baz1t RNA viriislerinin (tiitlin mozaik viriisii (TMV), patates viriisit X (PVX),
yonca mozaik viriisii (AIMYV), salatalik mozaik viriisii (CMV) ve boriilce mozaik virlisii gibi tasarlanmig) ve DNA
viriisi  Geminiviriislerin bitki ekspresyon sistemi olarak beseri ve veteriner ast iiretiminde kullanilabilecegi
diistiniilmektedir [46]. Geminiviriislerle yapilan bir ¢alismada N. benthamiana bitkisinde Ebola bagisiklik kompleksi
(EIC) iiretimi igin kullanilmustir. Insan papilloma viriisii, influenza ve noroviriise kars1 as1 iiretmek amaci ile bitkisel
sistemler kullanilmistir. Bitki iiretim platformunun hiz ve uygulanabilirligi gbz Oniine alindiginda, viral antijenlerin
veya antiviral proteinlerin tretimine yonelik ani talebi karsilamak ve yiiksek seviyelerde rekombinant proteinler
iretmek igin kullanilabilmesi durumu bir kez daha bitkisel kokenli asilarin dnemini gozler Oniine sermistir [47].
Rekombinant iiriinlerin bitki hiicresi siispansiyon kiiltiirii ile iiretimi, geleneksel mikrobiyal veya memeli konakg1
sistemlerine gore daha giivenilir olmalari, uygun iiretim maliyetleri ve protein translasyonu sonrast modifikasyon
kapasiteleri gibi pek c¢ok avantaj sunmaktadir. Giiniimiizde, gegici ifade platformunun gelistirilmesiyle bitkilerde
protein/antijen liretimi hizli ve yiiksek miktarlarda gergeklestirilebilmektedir [48]. Bakteriyel ve memeli hiicrelerine
benzer sekilde heterolog protein {iretimi, biitiin bitkilerden ziyade bitki hiicrelerinin ayr1 ayr1 slispansiyonu yapilarak da
elde edilebilmektedir. Sivi ortamda biiyiitiilen hiicre siispansiyonu, aseptik bir ortamda biiylik dl¢ekli protein tiretimi
icin biyoreaktorlerde Olgeklendirilebilmektedir. Genetik miihendisligindeki ilerlemeler ve hiicre kiiltiirii ortaminda
iriiniin proteolitik bozunmasi ve islevsellik kaybmin en aza indirilmesi dahil olmak iizere bitki hiicreleri kullanilarak
rekombinant protein ekspresyonundaki darbogazlarin anlasilmasinda 6nemli ilerlemeler kaydedilmistir [49]. Konak¢1
bitki dokularinda bazi asilarin iretim verimliliginin arttirilmasi i¢in kimyasal uyarici ve sonikasyon yontemi gibi ek
yontemler uygulanmaktadir. Kimyasal uyarim ile DNA’nin alinimi bu ydntemlerden en yaygin kullanilandir. Bitki
protoplastlar1 tarafindan DNA alimmi hizlandirmak i¢in en ¢ok kullanilan kimyasal uyarici ise polietilen glikoldiir
(PEG). PEG, iyonik makromolekiilleri (DNA’y1) ¢okelterek, DNA'nin endositoz yoluyla protoplastlara alimimi tesvik
eder ve boylece istenen genlerin gegici ifadesini miimkiin kilar [50]. Bir diger yontem olan sonikasyon yontemi ise,
¢Ozeltiyi karistirmayi, ¢éziinme oranini artirmayi ve ¢oziinmiis gazlari sividan uzaklastirmay1 amaglayan bir tekniktir
[51]. Farmasotik uygulamalarda kullanilan rekombinant proteinlerin iiretimi belirli kalite standartlar1 gerektirir. Bitki ve
bakteri yetistirme, infiltrasyon, bitki hasadi, protein saflastrma, formiilasyon, bitmis {iriin kontrolleri vb {iretimin
uluslararas: gerekliliklerinin yerine getirilebilmesi amaci ile Iyi Uretim Uygulamalar1 (GMP) sertifikasyonuna sahip
iiretim tesisleri gereklidir [6]. Ornegin, patates yumrularinda iiretilen noroviriis kapsid protein asisi, Arizona Eyalet
Universitesi'nde gelistirilmis ve Kentucky BioProcessing GMP (Iyi Imalat Uygulamalar1) fabrikasinda iiretilmistir [52].
Japonya'da, Celtik bazli kolera asisi, Tokyo Universitesi Tip Bilimleri Enstitiisii'nde (IMSUT) gelistirilmis ve
IMSUT'taki GMP tesisinde iiretilmistir [53].
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2. Sonucg

Bitkiler, farmasotik ve farmasotik olmayan triinlerin tiretimi i¢in geleneksel ekspresyon sistemlerine gore
hem ekonomik hem de teknik avantajlara sahiptir. Cekirdek, kloroplast ekspresyonu ve viral transfeksiyon sistemleri
gibi farkli teknolojiler ile kisa siirede daha iyi iiretim ve g¢esitlendirilmis iriin hedeflerini ele almalarini saglayan
benzersiz 6zelliklere sahiptir. Ancak antijen- bitki ekspresyon konagmin uyumu ve 6zellikle dozaj tutarliligi, yontemin
smirlayic faktorleri arasinda yer almaktadir. Uretilen dozaj tek diizeligi, bitkilerin biiyiikliigii ve olgunluguna bagh
olarak, meyveden meyveye ve nesilden nesile degisiklik gosterebileceginden, giiniimiizde liretimde, bitkisel dokudan
proteinin izole edilip saflastirildigi yontemler kullanilmaktadir [54]. Bitkisel tiirevli iiretim yontemi ile aspirde insiilin
(SemBioSys, Kanada), arpada biiyiime faktorii (ORF Genetics, Izlanda), havugta taligluceraz alfa (Protalix
BioTherapeutics, Israil), tiitiinde kus gribi (Medicago, Kanada) ve Ebola asis1 vb. gibi agilarin gelistirildigi cok sayida
arastirma mevcuttur [55].

Kaynaklar

[1] Hamborsky, J., Kroger A., Wolfe S, eds. 13th ed. (2015) Centers for Disease Control and Prevention.
Epidemiology and Prevention of VVaccine-Preventable Diseases. Washington D.C. Public Health Foundation.1,4.

[2] Wang, H., Dwyer-Lindgren L., Lofgren, K. T., Rajaratnam, J. K., Marcus, J. R., Levin-Rector, A., Levitz, C. E.,
Lopez, A. D., & Murray, C. J. (2012). Age-specific and sex-specific mortality in 187 countries, 1970-2010: a
systematic analysis for the Global Burden of Disease Study 2010. The Lancet, 380(9859), 2071-2094.

[3] Ohmit, S. E., Victor, J. C., Rotthoff, J. R., Teich, E. R., Truscon, R. K., Baum, L. L., Rangarajan, B., Newton,
D. W., Boulton, M. L., & Monto, A. S. (2006). Prevention of antigenically drifted influenza by inactivated and
live attenuated vaccines. New England Journal of Medicine, 355(24), 2513-2522.

[4] Moghaddam, A., Olszewska, W., Wang, B., Tregoning, J. S., Helson, R., Sattentau, Q. J., & P. J. Openshaw
(2006). A potential molecular mechanism for hypersensitivity caused by formalin-inactivated vaccines. Nature
Medicine, 12(8), 905-907.

[5] Lobato, F. C., Lima, C. G., Assis, R. A,, Pires, P. S,, Silva, R. O., Salvarani, F. M., Carmo, A. O., Contigli, C.,
& Kalapothakis, E., (2010). Potency against enterotoxemia of a recombinant Clostridium perfringens type D
epsilon toxoid in ruminants. Vaccine, 28(38), 6125-6127.

[6] Takeyama, N., Kiyono, H. & Yuki, Y. (2015). Plant-based vaccines for animals and humans: recent advances in
technology and clinical trials. Therapeutic Advances in Vaccines. 3(5-6), 139-154.

[71  Hefferon, K. L. (2010). The mucosal immune response to plant-derived vaccines. Pharmaceutical Research,
27(10), 2040-2042.

[8]  Schillberg, S., Raven N., Spiegel, H., Rasche, S. & Buntru, M. (2019). Critical analysis of the commercial
potential of plants for the production of recombinant proteins. Frontiers in Plant Science, 10, 720.

[91 Daniell, H., Rai, V. & Xiao, Y. (2019). Cold chain and virus- free oral polio booster vaccine made in lettuce
chloroplasts confers protection against all three poliovirus serotypes. Plant Biotechnology Journal, 17(7), 1357-
1368.

[10] Mason, H. S., Lam, D. & Arntzen, C. J. (1992). Expression of hepatitis B surface antigen in transgenic plants.
Proceedings of the National Academy of Sciences, 89(24), 11745-11749.

[11] Tuboly, T., Yu, W., Bailey, A., Degrandis, S., Du, S., Erickson, L. & Nagy, E. (2000). Immunogenicity of
porcine transmissible gastroenteritis virus spike protein expressed in plants. Vaccine, 18(19), 2023-2028.

[12] Khandelwal, A., Sita, G. L., & Shaila, M. (2003). Oral immunization of cattle with hemagglutinin protein of
rinderpest virus expressed in transgenic peanut induces specific immune responses.Vaccine, 21(23), 3282-3289.

[13] Filgueira, D. P., Zamorano, P. I., Dominguez, M., Taboga, O., Zajac, M. D. M., Puntel, M., Romera, S. A,,
Morris, T. J., Borca, M., & Sadir, A. M. (2003). Bovine herpes virus gD protein produced in plants using a
recombinant tobacco mosaic virus (TMV) vector possesses authentic antigenicity. Vaccine, 21(27-30), 4201-
4200.

[14] Varsani, A., Williamson, A. L., Rose, R. C., Jaffer, M., & Rybicki, E. P. (2003). Expression of Human
papillomavirus type 16 major capsid protein in transgenic Nicotiana tabacum cv. Xanthi. Archives of Virology,
148(9), 1771-1786.

[15] Lamphear, B. J,, Jilka, J. M., Kesl, L., Welter, M., Howard, J. A., & Streatfield, S. J. (2004). A corn-based
delivery system for animal vaccines: an oral transmissible gastroenteritis virus vaccine boosts lactogenic
immunity in swine. Vaccine, 22(19), 2420-2424.

[16] Zhou, J.-Y., Cheng, L.Q., Zheng, X.J., Wu, J.X., Shang, S.B., Wang, J.Y., & Chen, J.G. (2004). Generation of
the transgenic potato expressing full-length spike protein of infectious bronchitis virus. Journal of
Biotechnology, 111(2), 121-130.

Plant-derived vaccine
Aybiike OKAY, Semra AYDIN, [lker BUYUK, Emine Siimer ARAS



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Biological Diversity and Conservation — 14 /1 (2021) 173

Koya, V., Moayeri, M., Leppla, S. H., & Danielli, H. (2005). Plant-based vaccine: mice immunized with
chloroplast-derived anthrax protective antigen survive anthrax lethal toxin challenge. Infection and Immunity,
73(12), 8266-8274.

Thanavala, Y., Mahoney, M., Pal, S., Scott, A, Richter, L., Natarajan, N., Goodwin, P., Arntzen, C. J. & Mason,
H. S. (2005). Immunogenicity in humans of an edible vaccine for hepatitis B. Proceedings of the National
Academy of Sciences, 102(9), 3378-3382.

Guerrero-Andrade, O., Loza-Rubio, E., Olivera-Flores, T., Fehérvari-Bone, T., & Gomez-Lim, M. A. (2006).
Expression of the Newcastle disease virus fusion protein in transgenic maize and immunological studies.
Transgenic Research, 15(4), 455-463.

Joensuu, J., Verdonck, F., Ehrstrom, A., Peltola, M., Siljander-Rasi, H., Nuutila, A.M., Oksman-Caldentey,
K.M., Teeri, T., Cox, E., & B. Goddeeris (2006). F4 (K88) fimbrial adhesin FaeG expressed in alfalfa reduces
F4+ enterotoxigenic Escherichia coli excretion in weaned piglets. Vaccine, 24(13), 2387-2394.

Kohl, T., Hitzeroth, 1., Stewart, D., Varsani, A., Govan, V., Christensen, N., Williamson, A.L. & Rybicki, E.
(2006). Plant-produced cottontail rabbit papillomavirus L1 protein protects against tumor challenge: a proof-of-
concept study. Clinical and Vaccine Immunology, 13(8), 845-853.

Wu, J., Yu, L., Li, L., Hu, J., Zhou, J., & Zhou, X. (2007). Oral immunization with transgenic rice seeds
expressing VP2 protein of infectious bursal disease virus induces protective immune responses in chickens.
Plant Biotechnology Journal, 5(5), 570-578.

Huang, Z., LePore, K., Elkin, G., Thanavala, Y., & Mason, H. S. (2008). High- yield rapid production of
hepatitis B surface antigen in plant leaf by a viral expression system. Plant Biotechnology Journal, 6(2), 202-
209.

D’Aoust, M. A, Lavoie, P. O., Couture, M. M. J., Trépanier, S., Guay, J. M., Dargis, M., Mongrand, S., Landry,
N., Ward, B. J. & Vézina, L. P. (2008). Influenza virus- like particles produced by transient expression in
Nicotiana benthamiana induce a protective immune response against a lethal viral challenge in mice. Plant
Biotechnology Journal, 6(9), 930-940.

Rosales-Mendoza, S., Soria-Guerra, R. E., Lopez-Revilla, R., Moreno-Fierros, L., & Alpuche-Solis, A. G.
(2008). Ingestion of transgenic carrots expressing the Escherichia coli heat-labile enterotoxin B subunit protects
mice against cholera toxin challenge. Plant Cell Reports, 27(1), 79-84.

Santi, L., Batchelor, L., Huang, Z., Hjelm, B., Kilbourne, J., Arntzen, C. J., Chen, Q., & Mason, H. S. (2008).
An efficient plant viral expression system generating orally immunogenic Norwalk virus-like particles. Vaccine,
26(15), 1846-1854.

Kalthoff, D., Giritch, A., Geisler, K., Bettmann, U., Klimyuk, V., Hehnen, H.R., Gleba, Y. & Beer, M. (2010).
Immunization with plant-expressed hemagglutinin protects chickens from lethal highly pathogenic avian
influenza virus H5N1 challenge infection. Journal of Virology, 84(22), 12002-12010.

Shoji, Y., Farrance, C. E., Bautista, J., Bi, H., Musiychuk, K., Horsey, A., Park, H., Jaje, J., Green, B. J., &
Shamloul, M. (2012). A plant- based system for rapid production of influenza vaccine antigens. Influenza and
Other Respiratory Viruses, 6(3), 204-210.

Firsov, A., Tarasenko, l., Mitiouchkina, T., Ismailova, N., Shaloiko, L., Vainstein, A. & Dolgov, S. (2015).
High-yield expression of M2e peptide of avian influenza virus H5N1 in transgenic duckweed plants. Molecular
Biotechnology, 57(7), 653-661.

Vaquero, C., Sack, M., Chandler, J., Drossard, J., Schuster, F., Monecke, M., Schillberg, S. & Fischer, R.
(1999). Transient expression of a tumor-specific single-chain fragment and a chimeric antibody in tobacco
leaves. Proceedings of the National Academy of Sciences, 96(20), 11128-11133.

Torres, E., Vaquero, C., Nicholson, L., Sack, M., Stoger, E., Drossard, J., Christou, P., Fischer, R. & Perrin, Y.
(1999). Rice cell culture as an alternative production system for functional diagnostic and therapeutic antibodies.
Transgenic Research, 8(6), 441-449.

Stdger, E., Vaquero, C., Torres, E., Sack, M., Nicholson, L., Drossard, J., Williams, S., Keen, D., Perrin, Y. &
Christou P. (2000). Cereal crops as viable production and storage systems for pharmaceutical scFv antibodies.
Plant Molecular Biology, 42(4), 583-590.

Brodzik, R., Glogowska, M., Bandurska, K., Okulicz, M., Deka, D., Ko, K., Van der Linden J., Leusen, J. H.,
Pogrebnyak, N. & Golovkin, M. (2006). Plant-derived anti-Lewis Y mAb exhibits biological activities for
efficient immunotherapy against human cancer cells. Proceedings of the National Academy of Sciences, 103(23),
8804-88009.

Floss, D. M., Sack, M., Stadlmann, J., Rademacher, T., Scheller, J., Stéger, E., Fischer, R. & Conrad, U. (2008).
Biochemical and functional characterization of anti- HIV antibody—ELP fusion proteins from transgenic plants.
Plant Biotechnology Journal, 6(4), 379-391.

Plant-derived vaccine
Aybiike OKAY, Semra AYDIN, [lker BUYUK, Emine Siimer ARAS



174

[35]

[36]
[37]
[38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

(48]
[49]

[50]

[51]

[52]

[53]

[54]

[58]

Biological Diversity and Conservation — 14 / 1 (2021)

Huang, Z., Phoolcharoen, W., Lai, H., Piensook, K., Cardineau, G., Zeitlin, L., Whaley, K. J., Arntzen, C. J.,
Mason, H. S. & Chen, Q. (2010). High- level rapid production of full- size monoclonal antibodies in plants by a
single- vector DNA replicon system. Biotechnology and Bioengineering, 106(1), 9-17.

Lai, H., He, J., Engle, M., Diamond, M. S. & Chen, Q. (2012). Robust production of virus- like particles and
monoclonal antibodies with geminiviral replicon vectors in lettuce. Plant Biotechnology Journal, 10(1), 95-104.
Laere, E., Ling, A. P. K, Wong, Y. P,, Koh, R. Y., Mohd Lila, M. A. & Hussein, S. (2016). Plant-Based
Vaccines: Production and Challenges. Journal of Botany. Article 1D 4928637

Naderi, S. & Fakheri, B. (2015). Overview of plant-based vaccines. Research Journal of Fisheries and
Hydrobiology, 10(10), 275-289.

Molina, A., Hervas- Stubbs, S., Daniell, H., Mingo- Castel, A. M. & Veramendi, J. (2004). High- yield
expression of a viral peptide animal vaccine in transgenic tobacco chloroplasts. Plant Biotechnology Journal,
2(2), 141-153.

Kanagaraj, A. P., Verma, D. & Daniell, H. (2011). Expression of dengue-3 premembrane and envelope
polyprotein in lettuce chloroplasts. Plant Molecular Biology, 76(3-5), 323.

Loza-Rubio, E., Rojas, E., Gomez, L., Olivera, M. & Gomez-Lim, M. (2008). Development of an edible rabies
vaccine in maize using the Vnukovo strain. Developments in Biologicals, 131, 477-482.

Stewart Jr, C. N. (2016). Plant biotechnology and genetics: principles, techniques, and applications, John Wiley
& Sons. Inc Publication, 10, 245-254.

Chen, Q. & H. Lai (2015). Gene delivery into plant cells for recombinant protein production. BioMed Research
International, Article ID 932161,

Liu, W., Yuan, J. S. & Stewart Jr., C. N. (2013). Advanced genetic tools for plant biotechnology. Nature
Reviews Genetics, 14(11), 781-793.

Yu, J. & Langridge, W. H. (2000). Novel approaches to oral vaccines: delivery of antigens by edible plants.
Current Infectious Disease Reports, 2(1), 73-77.

Hefferon, K. L. (2014). DNA virus vectors for vaccine production in plants: spotlight on geminiviruses.
Vaccines, 2(3), 642-653.

Shanmugaraj, B., Siriwattananon, K., Wangkanont, K. & W. Phoolcharoen (2020). Perspectives on monoclonal
antibody therapy as potential therapeutic intervention for Coronavirus disease-19 (COVID-19). Asian Pac J
Allergy Immunol, 38(1), 10-18.

Buyel, J. F. (2018). Plant molecular farming—Integration and exploitation of side streams to achieve sustainable
biomanufacturing. Frontiers in Plant Science, 9, 1893.

Huang, T.K. & McDonald, K. A. (2009). Bioreactor engineering for recombinant protein production in plant cell
suspension cultures. Biochemical Engineering Journal, 45(3), 168-184.

Jeon, J. M., Ahn, N. Y., Son, B. H., Kim, C. Y., Han, C.D., Kim, G.D., Gal, S. W. & Lee, S.H. (2007). Efficient
transient expression and transformation of PEG-mediated gene uptake into mesophyll protoplasts of pepper
(Capsicum annuum L.). Plant Cell, Tissue and Organ Culture, 88(2), 225-232.

Santarem, E., Trick, H., Essig, J. & Finer, J. (1998). Sonication-assisted Agrobacterium-mediated transformation
of soybean immature cotyledons: optimization of transient expression. Plant Cell Reports, 17(10), 752-759.
Tacket, C. O., Mason, H. S., Losonsky, G., Estes, M. K., Levine, M. M. &. Arntzen, C. J (2000). Human
immune responses to a novel Norwalk virus vaccine delivered in transgenic potatoes. The Journal of Infectious
Diseases, 182(1), 302-305.

Yuki, Y., Mejima, M., Kurokawa, S., Hiroiwa, T., Takahashi, Y., Tokuhara, D., Nochi, T., Katakai, Y., Kuroda,
M. & Takeyama, N. (2013). Induction of toxin- specific neutralizing immunity by molecularly uniform
rice- based oral cholera toxin B subunit vaccine without plant- associated sugar modification. Plant
Biotechnology Journal, 11(7), 799-808.

Sharma, M. & B. Sood (2011). A banana or a syringe: journey to edible vaccines. World Journal of
Microbiology and Biotechnology, 27(3), 471-477.

Faye, L. & V. Gomord (2010). Success stories in molecular farming—a brief overview. Plant Biotechnology
Journal, 8(5), 525-528.

Plant-derived vaccine
Aybiike OKAY, Semra AYDIN, [lker BUYUK, Emine Siimer ARAS



Biological Diversity and Conservation
Cilt / Volume 14, Say1/ Issue 1, Nisan / April 2021

Contents / icindekiler

Yaym/Page No.-Sira/Order No.

01. 1 Tabanidae (Insecta: Diptera) fauna of Kirikkale/Turkey province

02. 13 The native and non-native new record species for the ichthyofauna of Elekgi River (Turkey)

03. 24 Seed-Coat microsculpturing of some Cardamine (Brassicaceae) taxa and its systematic importance

04. 28 Determination of the effect of different drying times on yield and essential oil content of Hyssop (Hyssopus
officinalis) Plant

05. 35 Determination of genetic divergence in some bread wheat varieties by IRAP and ISSR analyses

06. 40 Medicinal properties of endemic Amanus mullein (Verbascum amanum BOISS) and Belen mullein
(Verbascum caesareum) plant

07. 45 Seasonal changes in meat yields, chemical compositions and fatty acids of endemic Antalya barb (Capoeta
antalyensis)

08. 53 Flora of Yassihdyiik (Gordion) (Polatli/Ankara/Turkey)

09. 69 Ethnobotanical features of Ula (Mugla/Turkey) district

10. 82 Cytotoxic impacts of escin via inducing apoptosis and morphological changes on human prostate cancer cells

11. 88 Contributions to the Turkish Fauna of Spider Flies (Diptera: Brachycera: Acroceridae)

12. 93 Heavy metal content screening in leaves and flowers of Hypericum origanifolium by atomic absorption
spectrometry

13. 98 Notes on biology of alfalfa weevil, Sitona humeralis Stephens, 1831 (Coleoptera: Curculionidae) in alfalfa
fields of Igdir/Turkey province

14. 105 Comparative pollen morphology studies on some species of Brassicaceae in Turkey

15. 119 The genus Moenchia (Caryophyllacae) in Turkey

16. 132 Investigation of apoptotic activities of NOE on human ovarian cancer cells

17. 138 Passiflora genus, its importance of pharmacy and investigation of the samples which 1s sold by passiflora
(carkifelek) name in the market of Turkey

18. 146 The genetic resources of Taxus baccata L. in Mustafakemalpasa and Karacabey/Turkey

19. 155 Diversity of thermophilic archaea and their biotechnological uses

20. 167 Plant-derived vaccines

Dergiyi tarayan veri tabanlar1 / Abstracted-Indexed in: Web of Science {Zoological Records Indexed] Clavariate Analytic,
CiteFactor, Turkey Citation Index, JournalSeek Database, arastirmax.

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.

Web of Science-Clarivate Analytics, Zoological Record
Bu dergi CrossRef (DOI;10.46309/biodicon) iiyesidir. (This journal is a CrossRef member (DOI;10.46309/biodicon)

Dergide yayinlanan makalelere” http:// www.biodicon.com” adresinden ulasabilir.

ISSN 1308-5301

This journal is available online at http:// www.biodicon.com
© 2021 Tim haklar1 saklidir/All rights reserved
9 "771308"530001

ISSN 1308-5301 Print / ISSN 1308-8084 Online



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

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
Submissions that do not comply with the rules of the journal will be returned to the submitting author with the requests of correction
requets.



Authors are required to submit the following
a) Copyright Transfer Form,
b)  Author Contributions Form,
¢) 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
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.

o

*

X3

¢

0
o

0,
o

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.



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;

Reference form

Reference form

No author

[1] Regional perspectives on aid for trade. (2014). Paris, FR: Organisation for Economic Cooperation and Development.

Journal article with DOI

[1] Sengiin, Y. (2012). The wild plants consumed as a food in Afyonkarahisar. Biological Diversity and Conservation, 5(2), 95-105.
https://doi:10.1242/jeb.103937

[2] Yicel, E., & Ezer, T. (2018). The bryophyte flora of Eskisehir Province (Turkey). Arctoa 27, 164-171. https://doi:
10.15298/arctoa.27.16

[3] Author, A. (year). Title of article: Title of Journal, volume(issue), page range. Doi:XX XXXXXXXXXX.

Journal article with DOI

[1] Eroglu, G., Kasik, G., & Oztiirk, C. (2015). Three new myxomycete records from Turkey. Biological Diversity and Conservation,
8(1), 16-18.

[2] Brown, L. F., Yeo, K., Berse, B., Yeo, T. K, Senger, D. R., Dvorak, H. F., & Van De Water, L. (1992). Expression of vascular
permeability factor. The Journal of Experimental Medicine, 176(5), 1375-1379.



Journal article published in a supplement

[1] Lock, M. (2015). Eclipse of the gene and the return of divination. Current Anthropology, 46(Suppl. 5), S47-S70. Retrieved from
https://www.jstor.org/stable/10.1086/432452

Books

[1] Fleer, M. (2015). Science for children. Cambridge, UK: Cambridge University Press.

[2] Berkes, F. & Kiglalioglu, M. (1990). Ekoloji ve ¢evre bilimleri. Istanbul: Remzi Kitabevi.

[3] Langlais, B., Reckhow, D. A., & Brink, D. R. (1991). Ozone in water treatment. London: UK: CRC Press.

[4] Brown, M., Shields, J., Kaine, S., Dolle-Samuel, C., North-Samardzic, A., McLean, P., ... O’Leary, P. (2016). Managing employee
performance and reward: Concepts, practices, strategies (2nd ed.). Port Melbourne, VIC: Cambridge University Press.

eBook

[1] Bull, M. (2015). Punishment and sentencing: Risk, rehabilitation and restitution. Retrieved from
http://CURTIN.eblib.com.au/patron/FullRecord.aspx?p=1985996

Chapter in an edited print book

[1] Petermann, E. (2015). Monster mash-ups: Features of the horror musical. In L. Piatti-Farnell & D. L. Brien (Eds.), New directions
in 21st century gothic: The gothic compass (4th ed., pp. 71-83). New York, NY: Taylor and Francis.

Conference paper
[1] Novak, D., & Verber, D. (2015, July 21). Assessment of the influence caused by random events within real- time strategy game

engine on a game bot gameplay. Paper presented at the 8th Annual International Conference on Computer Games, Multimedia and
Allied Technology, Singapore. https://doi.org/10.5176/2251-1679_CGAT15.27



Biological Diversity and Conservation
www.biodicon.com Biyolojik Cesitlilik ve Koruma
ISSN: 1308-8084 Online ISSN: 1308-5301 Print

Hakem Degerlendirme Formu / Reviewer Evaluation Form
Makale ad1/ Article Title:
Makale No / Article No:

Liitfen sizin i¢in uygun olan segenegi “X“ koyarak isaretleyiniz / Please indicate your answer with an “X*.

1. Makale orijinal mi? / Is the article original?
[1 Evet/ Yes
[1 Hayir / No
2. Problem uygun sekilde belirlenmis mi? / Is the problem properly stated?
[1 Evet/ Yes
[1 Hayir / No
3. Problem uygun sekilde ele alinmig mi1 veya ¢oziilmiis mii? / Is the problem adequately treated or solved?
[0 Evet/ Yes
[ Degisiklikler veya ekler gerekli /Changes or elaborations required
[J Hayir / No
4. Belgeleme / Documentation:
Tablolar / Tables:
"] 1yi/ Good
) Zor anlasilir (Tablo no: ) / Unclear (Table no: )
[ Gereksiz (Tablo no: ) / Unnecessary (Table no: )
() Dogru degil (Tablo no: ) / Incorrect (Table no: )

Grafikler / Graphs:
"1 Iyi/ Good
00 Zor anlasilir (Sekil no: ) / Unclear (Figure no: )
0 Gereksiz (Sekil no: ) / Unnecessary (Figure no: )
[0 Dogru degil (Sekil no: ) / Incorrect (Figure no: )

Diger ¢izimler / Other illustrations:
) 1yi/ Good
[1 Degisiklik gerekli (Sekil no: ) / Change needed (Figure no: )
0 Gereksiz (Sekil no: ) / Unnecessary (Figure no: )
0 Diistik kalitede (Sekil no: ) / Poor quality (Figure no: )

Istatistikler / Statistics:
1 Uygun / Suitable
00 Uygun degil / Unsuitable
5. Sonuglarin yorumu / Interpretation of results:
[0 Dogru veya uygun / Correct or appropriate
[1 Diizeltilmeli / Should be amended
U Bulunamadi / Not found
6. Literatiir alintis1/ Literature cited:
[1 Uygun / Appropriate
[0 Cok genis / Too broad
[1 Tam degil / Incomplete
7. Dil ve tslup / Language and style:
[ Tyi yazilmis / Well written
[0 Daha kisa ve 6z olmali / Should be made more concise
[ Tekrar yazilmali veya diizenlenmeli / Should be rewritten or edited
8. Makale bashgi/ Article title:
[J Uygun / Appropriate
) Cok uzun/ Too long
[1 Cok genel / Too general


http://www.biodicon.com/

10.

11.

12.

13.

Vi

Ozet / Abstract:
[0 Uygun / Appropriate
[J Cok uzun/ Too long
[1 Cok genel / Too general
[1 Makalenin igerigini yansitmiyor / Does not reflect the paper’s content
Anahtar kelimeler / Key words:
[1 Uygun / Appropriate
[0 Uygun degil / Inappropriate
Makale hakkinda genel fikir / General opinion about the paper:
[ Yeni bulgular sagliyor / Provides new findings
[ Yeni bulgular sagliyor ama az etkili / Provides new findings but is of marginal interest
7 Onceki bulgularmn gerekli bilgisini sagliyor / Provides needed confirmation of previous findings
0 Onceden bilinen ¢alismalarin tekrar1 / Repeats already known work
Oneriler / Recommendations:
[1 Degistirilmeden basilmali / Should be published without changes
[0 Degisikliklerden sonra basilmali / Should be published after changes
[ Yeniden yazim veya diizeltme sonrasinda bir karar i¢in yeniden sunulmali / Should be resubmitted for a
decision after rewriting or editing
[0 Basilmamali / Should not be published
Detayli isaretlemeler (Liitfen eger gerekliyse sayfalari ekleyin) / Detailed remarks (Please attach pages if
necessary):

Belirtmek istediginiz diger ayrmtilar (varsa) / Other details wanted to be indicated (if exist)

Hakemin ad1/ Name of reviewer:
Adres / Address:
Tel / Fax no:

e-mail:

(Hakem ad1 gizli tutulur / Reviewer name is kept secret)



vii

Telif Hakki Devir Formu/ The Copyright Agreement Form
Biyolojik Cesitlilik ve Koruma/Biological Diversity and Conservation
ISSN 1308-5301 Print; ISSN 1308-8084 Online
Prof. Dr. Ersin YUCEL, P.K. 86, iki Eyliil PTT Merkez, 26000 Eskisehir / Tiirkiye

Derginin Adi/ Journal Title: Biyolojik Cesitlilik ve Koruma/Biological Diversity and Conservation
Makalenin Ad1/ ManUSCHIPt title: ... ..

Yazarlarm Adi/ Full Names of AL AUTNEIS: ... e
Yazigmalarin Yapilacagi Yazarm Adi ve Adresi / Name, Adres Of Corresponding Author: ..........................
TC Kimlik No. / ID Number: .........coooiiiiiiiiiiieeeanes B-POSEA: ..ttt

Yazar(lar) / The Author(s) warrant(s) that:

Sunulan makalenin orijinal oldugunu; makalenin baska bir yerde basilmadigini veya basilmak i¢in sunulmadigini; diger
sahislara ait telif haklarini ihlal etmedigini taahiit eder. /

The manuscript submitted is his own orijinale work; the manuscript has not been published and is not being submitted or
considered for publication elsewhere; the manuscript do not infringre upon any existing copyright.

“Telif Hakki Devir Formu” tiim yazarlarca imzalanmalidir. / This copyright form must be signed by all authors.

Address:

Prof. Dr. Ersin YUCEL

Iki Eyliil PTT Merkez, P.K. 86; 26000 Eskisehir / Turkey
Phone: +90364189988; E-mail: biodicon@gmail.com



mailto:biodicon@gmail.com

viii

Biological Diversity and Conservation

www _biodicon.com Bivolojik Cesitlilik ve Koruma
[SSN: 1308-8084 Online [SSN:1308-5301 Print

ABONE FORMU / SUBSCRIPTION FORM

Adi/ Name
Soyadi / Surname
Adres / Address

Semt —Ilge / City- State
Posta kodu/ Postal Code

i/ Country
Telefon / Telephone
Faks / Fax
e-posta / e-mail

* Yurti¢i Abone Ucreti, Yilhk 3 Say1 150TL / Annual Subscirption Rate for Outside Turkey is

70 USD or 60 EUR for 3 issues.

* Abone olmayanlar i¢in her bir say1 100 TL 'dir (Tiirkiye i¢i) / Each volume is 50 USD or 40 EUR
for non-subscribers (Outside of Turkey).

Sadece belirttigim sayiy1 olmak istiyorum / | would like to have an issue;

Vol. 1/1.....( ), Vol. 1/2 ........ ()

Vol.2/1 oo ), Vol.2/2 ... (), Vol.23uevci ()
Vol 3/1. .....( ), Vol.3/2...... ( ), Vol3/3...cc.... ( )
Vol4/1. ... ), Vol.4/2....... (), Vol4/3........... ()
Vol 5/1......( ), Vol.5/2....... (), Vol 5/3. ... ()
Vol 6/1......( ), Vol.6/2....... (), Vol.6/3...c....... ()
Vol 8/1......( ), Vol.8/2....... (), Vol 8/3...cco..... ()
Vol 9/1. .....( ), Vol.9/2....... (), Vol.93...cc..... ( )
Vol 10/1. ....( ), Vol.10/2.....( ), Vol .10/3.......... ()
Vol 11/1. ... ), Vol. 1122.....( ), Vol .11/3....co.. ( )
Vol 12/1. ... ), Vol.12/2....( ), Vol.12/3............ ( )
Vol 13/1. ... ), Vol.13/2.....( ), Vol .13/3.....o..... ( )

Abone olmak istiyorum / I would like to have an annual subscription;
.......................................... ( )2020.......cccceee(C ) 2022

Dergi aboneliginiz ile ilgili ticreti
“AKBANK, Ersin Yiicel, IBAN: TR24 0004 6011 0088 8000 0256 06 numarali hesaba
yatirdiktan sonra bu formu “biodicon@gmail.com” adresine ulastiriniz. Dergi adresinize posta ile
adresinize gonderilecektir.

The payment of the article offering, please transfer total amount to the following bank account:
“AKBANK, Ersin Yiicel, IBAN: TR24 0004 6011 0088 8000 0256 06”. After that, this form is
going to be sent the following address “biodicon@gmail.com”. The journal with cash on delivery
will be sent your address.

Tarih / Date: ....../....../2020 Imza / Signature:

(Abone formunu Word belgesi olarak génderiniz/Please send subscription form as a Word document)



S{isS BIiTKILERI B8 GARACAIN
(Pinus nigra ssp. pallasiana var. senerians)
(AQaglar ve Cal][ar) HIYOLOSLE YE R ULOITS DZEULTELRIA

EHRAMI KARAC/
DOGAL YAYILIS ) [BCULUGICAL M U UL OB AL HUOPELTIES
Ornamental Plants = U:"lbﬁb‘..;.*’.’iﬁﬂ’xm

EKOLOJIK OZELLIKLERI || | heesand Shrubs ! e O

Ersin YOCEL

ERSIN YUCEI IKINCI BASKI

ERSIN Y{CEL
FAIK YALTIRIK
MANIR OZTIRK

s a0
Beg®. 8 o eom R

ANADOLU UNIVERSITESI

Austos 2000
Eskisehir/ TURKIYE

= 4]
RN Pres TN WNES [ TP T S

MIH QLIGGIK il QISSININ
GIFTELER iLCESINDE GIDA OLARAK TIBBI BITKILERI

TUKETILEN YABANI BITKILERIN TUKETIM
BICIMLERI VE BESIN OGESi DEGERLERI

1A-1)

Prof: Or. Ersin YUCEL

- EKOLOJI (,'EVRE BIYOLOJISI

LABORATUVARI

(Arazi ve Laboratuyar Uygulima Kilavuzs)

(DERS NOTLART)
(ers Notlarr)

Prof. Dr. Ersin YUCEL

Prof. Dr. Ersin YUCEL

ESKigEHIR, 2012

REde o

: Tiirkiye’nin
Cayir, Mera ve Ormanlarinin
Zehirli Bitkileri

FRATS

TURKIYE’DE YETISEN

- TIBBI BITKILER

TANIMA KILAVUZU

Toplarn 416 Tt Bkt
W Frken Maddeles, Halk Arasnda Kullanim Bigioni
Taonains Orifial $16 Renldi Fouhgsat

Bu kitabi okudugunuzda;
yakin gevrenizde bulunan bazi zehirli bitkileri
taniyabilecok,  zehirli  organik bilegikleri
| Sgrenecek, zehirlenme belirtileri hakkinda bilgi

sahibi olacaksiniz.

Prof. Dr. Ecsin YOCEL

iletisim Adresi: bltkl mall com
http://www.bitkilerim.com


mailto:ebitki@gmail.com

	0. Cover, Description, Editorial Board, Rewiever-14-1
	00. Ön  Kapak, 14-1.pdf
	0. Description, Editorial Board, Rewiever-14-1

	01. 927-1120, Ferhat, Tabanidae- 821015
	02. 921-0920, Serkan,The NewRecord- 798644
	03. 899-0320, Emrah, Seed-Coat, 767018; 807455
	04. 901-0320, Duran, Determinat--743654
	05. 936-1120, Serap, Determinat---818510
	06. 938-0121, Selim, Medicinal--851353
	07. 891-0220, Soner, Seasonal ---753383
	08. 824-0319, 949-0221, İnc, Yassıhöyük--830260
	09. 905-0420, Serdar, Ethnobotanical, 768665
	10. 959-0321, Canan, Cytotoxic---888000
	11. 943-0121, Derya, Contribut--856250
	12. 952-0221, İsmuh, Hypericum--881775
	13. 958-0221, Celalettin, Notes--877438
	14. 896-0220, Ayşe, Comparative--773419
	15. 910-0620, Mustafa, The Genus Moen-762842
	16. 964-0321, Mustafa, Investigati--898960
	17. 933-1120, Ayşegül, Passiflora-- 814383
	18. 955-0221, Seren, The genetic-883497
	19. 915-0820, Rümeysa, Termafilik--781524
	20. 940-0121, Aybüke, Plant-- 850360
	21. Content, Authors, Reviewer Form, Copyright Form, Subscription Form, 14-1
	21. Contents , İçindekiler,+Arka kapak 14-1.pdf
	22. Authors, Reviewer Form, Copyright Form, Subscription Form, 14-1
	23. Kitap kapakları, 14-1


