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BEYTEPE KAMPUsiJ (Ankara) FLORASI 

Gelii Iarihi (received): 21.4.1994 

s. Erik. (1) 

= 

Hacettepe Oniversitesine bath Be~pe KampUsll, §ehrin 12 kIn kadar 
ballsmda yer almaktadtr. B8flan~ta korunmllf bir t~ Anadolu bozkm 
gOrilnOmOndeki kamplls sahaslll\n, sonraki YIUarda yapllan aAa~landtrma 
~yJa yansmdan fazIast ormanltk alana dGnOpnfl3tOr. 

Cal~ma sonunda 55 familya ve 243 dnse ait 425 tUr saptanm~t.tr. 
Bitkilerin 61 tanesi (% 14) endemiktir. Fitocotrafik elementlerin daIthmt ise 
Iran-Toran 120 (% 29), Avrupa-Sibirya 21 (% 5) ve Akdeniz 15 (% 4) 
,eJdinded.ir. Tehlike smlfian ~1S1Ddan 48 tqr 01.:6 tOr R. kategorisine 
girmektedir. 71 Uir B4 karesi ~ yeni Dytt durumundadtr. 79 bitki ise Ankara 
ilinden ilk kez top~ olmaJctadJr. 

ARabtar KeUmeler: Flora. Kamplls florast. 

FLORA OF THE BEYTEPE CAMPUS (ANKARA) 

SUMMARY 

Beytepe campus of lJaceUepe University is located at 12 kIn west of 
Ankara. Formerly. the campus an:a had the appearence of 8 protected Centtal 
Anatolian step but in the following years, more than half part of the an:a 
changed into forest land with the affOIesIation. 

At the end of the study, 425 species are established belonging to 5S family 
and 243 genem. '61 of the toIal plants (14c)') are eddemie to Tmkey The number 
and the nWo of the phytogeograpbical dements ale Irano-Turanion 120 (29%), 
Em:o-Siberian 2i(S") and the MeditemmeaD 15 (4c)'). 48 plant species are in At 
and 6 species ate B. categories according to the Red-Data Book categories. 71 
plant species are new for the B4 square and 79 plant species are new for the 
proviIu ofAnkara. 

Key Words: Flora. Campus flora. 

(1) Hacettepe Oniversitcsi,Fen Fakllltesi,BiyoJoji BGlflmIl,Beyt.epe-ANKAR..A/fORKlY 

http:eJdinded.ir
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GlRlS 

Ulkemizde 1960'h yillardan bu tarafa ~ok saytda lokal floristik 

~ah§malann yapllmAun gorUyoruz (Demiriz, 1993). Uike FloraslQa 

katloda bulunmak amac1yla bu ~al1§malar ~oAunlukla msal alanlarda I 

floras1 bilinmeyen veya az bilinen dalthk alanlarda yiirUtUliiyordu. Ancak 

son ylliarda bu tip ~ah§malar incelendiltinde inceleme alanlannlQ daha 

farkh boyutlara kaymltlD1 gormekteyiz. Omeltin bir park florasl, gol 

florasl, §ehir florasl, Ozel ~evre Koruma bolgesi florasl, ~araj florasl, 

Milli Park floralan, Tarihi ve Turistik alanlann florasl. ada florasl ve 

nihayet kampus floralan gibi farkh "'boyutlardaJd floristik ~ah§malar ~e§it1i 
dergilerde yaytnlanmt§tlr ve baztlan da heniiz sonu~lanmamt§t1r. 

Son ytllarda yeni a¢an iiniversitelerin, kampiis halinde ve §ehrin 

dt§lQda, doltal alanlarda in§a edilmesi, kampiis alanlar1D1n korunrilU§ alan 

niteliltinde o1masl 0 yorenin doltal vejetasyonunu, floristik kompozis­

yonunu tam olarak inceleme fusaunl dolturmu§tur. Omeltin Beytepe 

kampilstl tipik t~ Anadolu stepinin gilniimilzdeki korunmu§ bir kesiti olup 

kampils floraSlQl tam olarak inceleme olanaltt yaratm1§t1r. Diler taraftan 

bir taksonomistin ~evresindeki dolal bitki ortiisilntl hemen tamma arzusu 

ve aynca ~all§llmaslmn kolayhltt taksonomistleri boyle bir ~all§maya 

itmektedir. Beytepe kampilsil MaytS ve Haziran aylannda zengin bir step 

mozayilti ol\J§tUmlakta ve 6pci1eri~ diler ilniversite kampiislerinde de 

oldultu gibi canb bir laboratuvar olu§turmaktadIr. Bu nedenle eltitim 

amaclyla da ~ florastmn tespiti bir zorunluluk haline gelmi§tir. Bu 

konuda halen yaytnlanmt§ durumdaki 2 ~all§madan birisi Sivas 

Cumhuriyet Oniversitesi kamptlsU [18]. dileri de 19 Mayts Universitesi 

Kurupelit Kamptls Alanl [16] i1e i1gi1idir. y~ bir gelecekte bunlara 

yenileri de eklenmi§ olacaktJ.r. 
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Arqbrma AJanmln TanlDII 

Ara§tnma alaru Ankara il smm i~inde. belediye miicavir alant 

SJ1J,]Ilan i~de. §ehrin ban kesiminde yer almaktadlr. FitocoArailk yOnden 

han-Turan. bOlgesinde bulunan alan kareleme sistemine gOre B4;presinde 

yer almaktadlrt6]. KampUs, Ankara-Eski~hir karayolunun 11. km'sinden 

itibaren 4 km giineyde yer almak.t:adtr. ~uzeyinde Toprak-Su':baraj gOleti 

ve deneme tanm alanlan, giineyinde Lodumlu kOyU ve Ank~ ~ento 

fabrikasl tal ocaklan. bansmda askeri alanlar ve OmitkOy-Cay yolu 

yerle§im~alanlan ve ~e§it1i kooperatif arazileri. do~sunda ise Bilkent 

Oniversitesi kampUs alanl Yeralmaktadir. lnceleme alammn boyutlan 

kuzey-giiney yliniinde 6 km, doAu-ban yliniinde ise 4 km kadardir. 12 

km2 geni~liltindeki alamn doAal bitki lirtiisii step olup seyrek olarak Pyrus 
elaeagnifolia, Elaeagnus angustifolia, lasminum fruticans, 

Crataegus orientalis, Rosa canina gibi aAa~ ve ~ahlar yer 

almaktadir. Bu odunlu bitki kalmnlan. Kara~am ormanmm regressif 

ge1i~im basamaklan gliz ijniine almdlltInda ~am ormanmm deAi§ik 

boyutlardaki tahrip evrelerini yansumaktadlr [4]. Sayllan odunlu 

elementlerin ~ok seyrek olu§u, buna kar§m Astragalus angustifolius 

ba§ta olmak ilzere diAer step bitkilerinin baskm ~urumda Olmasl regressif 

ge1i§imin son safhalanm ortaya koymaktadlf. 

KampUs alanmm ba§langl~ta, 1970t 1i yillarm bqmda yakla§1k 

olarak 3/4t iinU step bitkileri olultul'U1icen bugUn bu oran gerek Universite 

yaplla§lD3s1DJD artmasl ve gerekse Orman :tdaresi tarafmdan at~landirrna 

.~hpna]anyla biiyUk ijl~iide delipniftir. YerlC§imin ilk yillarda kampiisiin 

bansJDdaki MasIak Vadisi ve ~evresi, kuzeyde ise Toprak-Su smmna 

kadar olan alan ~landmlnn§ken 1990 yIlmda kampusun do~sundaki 

Otlaz vadisi ve ~vresi "Gen~1ik Ormamn ad1 alunda aA~land1nlnu§tlf. 

BOylece dotal step florasl biiyUk Ol~U:de ortadan kalkma durumuna 

gelmi§tir. 
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incoleme elanln,n AnkftrB'deakl konumu 
01,ek : 1/300.000 

: C;all$mo alanl Slnlrt 
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Kampiis kuzey-giiney dolrultusunda meyilli olup en du§Uk 

yOkseklik gUneyde 850 m, en 90k y8kseldik ise Lodumlu kOyii 

tepelerindeki ta§ ocaklannda 1100 m'yi bulmaktadIr. Ana kaya tiimiiyle 

kaIker olup pliosen ya§bdJr. Bu anakayamn arasma yer yer katJ.lan grovak 

ve §istik yapl dere y~lannda gOriilebilir. Bu yaptlann en iistiinde ise 

gen9 aliivyon serileri kil, kum ve 9aktl halinde yer ahr (Akdo~an. G. 

1975). Topo~afya olarak giineyden kuzeye do~ % 5-15 arasmda 

de~§en bir meyile sahip olan alan kampiisiin do~undaMaslak. battsmda 

ise oflaz vadileriyle yine gUney-kuzey yoniinde PaT9alanmt§t1r. Bu 

vadilerde ise vejetasyon baktmmdan galeri ormant ad! verilen ve sadece 

vadi tabamndaki sulak alanda gOrillen bir vejetasyon ge§idi yer a1tr. Bu 

vejetasyonun elemanlan Salix babyJonica, S. nigra, S. caprea, 
Populus alba, P. tremula gibi tiirler olup bunlarm arasma yer yer 

Elaeagnus angusUfolia, Crataegus monogyna, Berberis 
vulgaris gibi 9all tiirleri kan§maktadn'. SOz konusu mezofil tUrler do~al 

olmaytp. sonradan dikilen ve zamanla doJal vejetasyonun bir P&r9as1 

haline gelen bitkilerdir. 

Alanm iklimi incelenirse. Martonne ve Gottman tarafmdan 

geli§tirilen kurakbk indisinin 1=8,41 oldup g6rUlUr (Cetik. 1985). Buna 


g6re alanda Van kurak bir iklim tipi mevcuttur. Ya~§ rejimi incelendi~e 


ise tKSY tipi bulunur yani en90k ya~h mevsimler Straslyla llkbahar. 


Kt§, Sonbahar ve Yazdtr. Bu aym zamanda 19 Anadolu bOlgesinin de tipik 


ya~§ rejimi olup Akrnan'a g6re Dolo Akdeniz yait§ rejimi 2 tiptir [3]. 


. Emberger yait§-Slcakltk emsali (Q) 38.3 olup biyoiklim tipi olarak Yan 


Kurak alt 90k SoPk ~niz iklimOpine girmektedir. Bu nedenle bOlgede 


alrOpojen karakterli sekonder step vejctasyonu baslandJr [3], 

A1andaki ya~ ile ilgili baD delerler 


Mevsimsel 1alll: 

llkbahar 142 mm En yiiksek yalt§: 510 mm (1983) 


Kl§ 111 mm En dUfOk yalt§: 330 mm (1990) 
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Sonbahar 92mm 10 yilltk yap~ 
yaz .80mm ortalamasl : 371 mm 

Alandaki slcakhkla UgiU baZl delerler 
On ytlbk SICakhk ortalamaSl : 12.3°C 

En yiiksek orta1ama slcakhk : 120C 

En dii~Uk: orta1ama SICakhk : 10,3°C 

En yUk:sek SICakhk :39OC 

En dii~Uk: SICakhk :-21,5°C 

Ara§brmamn Amacl: 

Kampiis alamndan bitki toplama ~ah§Ill81an ilk yerle§imi takip eden 

ytllarda yani 1975 yumdan itibaren ba~Iam1~ ve 1980 Ylhna kadar da 

si1rmii~tiir. Aynca son ylllara kadar da gozlem1erde bulunup farkh bitkiler 

~steye ahnml~nr. Boylece alan florasmm bqlangt~taki durumu ile ~imdiki 

durumu veya gelecekteki durumu arasmdaki farkhhp saptama ol8Oall 

dolmu~tur. Omelin bqlangt~taki dolal step florasl ile §u andaki 

yaptla~ma ve ala~I8Odmna ~ah§malm sonunda biiyiik: ol~iide deli§en 

floristik yaplYl katltlqtuma olanap dolmu~ olma.ktadtr. Dile:r taraftan 

~evredeki bitkilerin tanmmaslyla oirencilere Uygulamall laboratuvar 

~~:tnaSl yapma olanap elde edilmi~. buna ek olarak oArencilere ~i~ek 

sevgisi. dola sevgisi ve giderek ~ billnci olu~turulmasma ~ah§tlun~tlr. 

Floristik yonden diler bir ~ ise. TUrkiye Florasma gerek: yeni yaYIh~ 

alanlan bulmak gerekse yeni taksonlar kazanduma:kt:lr. Zira en uIDuJrnadlk 

alanlardan yeni bulgular ~tkabnmektedir (Erik ve Akaydm. 1994). Son 

olarak da a:Ianda yer alan endemik tilrlerin tchlike smtflanmn saptanarak 

bu gibi tiirlerin durumlanmn belirlenmesi ~l8DJlU§ttr. 
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MATERYAL VE METOT· 

Ara§tumamn materyalini alandan toplanan toplam 1000 civanndaki 

bitki 6meAi olu§turma.k:tadtr. Bu6melder, vejetasyon devresi ba§langlcl 

olan Mart ayt ba§lDdan itibaren KaslDl aytna kadar olan d6nem i~inde 

toplanIDl§tIr. Her ne kadar alan smm olarak. kampiis smm esas almdtysa 

da dolada bitki yaytll§l bu Slmnn dt§lDa datqnlt i~in toplamalann 

noksan Olmamasl i~in ya da siireldililin olabildiAi kadar bozulmamasl i~ 

kampiis SlDm dl§ma da ~tktlnn§tIr. Kampiis sahasmlD incelenmesi 

olduk~a kolay oldulundan top)ama1ar araziden haftaltk olarak. yaptlmt§ ve 

b6ylece rum bitkilerin toplanm1tsma ~ah§tlIDl§tIr. Toplama ~all§malan 

1975 ytlmda ba§laytp son ytllara kadar devam etti~nden ba§langl~ta 

florada yer almayan ve sonradan ~§itli §eldllerde alana yaytlan b3Z1 ruderal 

bitkiler de floraya eldenmi§ olmaktadtr. Cah§marun amaCl doAal florayt 

tespit etmek olduAundan dolalhAm bozulmamasl ve spektrumlarda 

oranlann etkilenmemesi i~ kiiltiir bitkileri deAerlendirmeye altnmamt§ 

ancak toplu olarak son ktsunda liste halinde verilmi§tir. 

Toplanan 6rneklerin adlandmlmasmda ba§ta Tiirkiye Florasl [6] 

olmak iizere Avrupa Florasl [15], ttalya Florasl (pignatti, 1982) ve Irak 

Florasl [17] gibi eserlerden yararlamlIll1§tIr. Bitki listesinde familyalar, 

kullaruIDln daba pratik Olmasl amaclyla alfabetik olarak SJralanIDl§tIr. 

Familya i~deki cinsler ve cins i~ tiirler de yine alfabetik straya gOre 

v~tir. Ara§nrma alam B4 ka:resinde ve Ankara ilinin Cankaya il~si 

slDrrlannda, Beytepe kampiisiinda yer aldtlmdan her defasmda bu 

bilgilerin yeniden yaztlmasl yerine ve aynca incelenen alan ~ok kii~iik 

oIduAundan yiikse~ ve habitat bUyiik 6I~ fatkhhk gOstermedilinden 

habitat bilgisinin de aynnuh olarak yazdmasl yerine tOrlerin yanma sadece 

toplama tarihinin ve toplaytCl numarasunn be1irti1mesi yeterli g6rii1mil§tUr. 

AlanlD endemiZm durumunun ve bitkilerinin fitocoAraf'tk dalthmlanmn 

deAerlendirilebilmesi amaetyla en sanda endemi2m durumu ve fitocoArafik 

element ~tleri ekle~tir. 
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Horada yer alan tiirlerin tiir ve ems anahtarlan aynea o~nciler i¢n 

laboratuvar kIlavuzu §eldinde hamlandt~dan burada verilmesine gerek 

duyulmann§tJ.r. TartJ.§ma lasmmda floristik analiz yap1lnu§ bulgular yalan 

yoredeki ~ah§malarla layaslannn§tll". Aynca tehlike smlflan ~lsmdan 

kritik durumdaki bitkiler liste halinde veri1mi§tir. 

Metinde kullamlan b8Zllasaltmalar: 
End . : Endemik: 

1r.-Tur. :han-Turan elementi 

Av.-Sib. : A vrupa-Sibirya elementi 

Akd. : Akdeniz elementi 

E : Erik 

A1Y : Ankara i~ yeni 

BULGULAR 

Divisio: PTERIDOPHYTA 

EQUISETACEAE 

Equisetum hyemale L. 

Golet kenarlm, 20.4.1993, Ylldmmh 15708 

Divisio: SPERMATOPHYTA 

ACANTHACEAE 

Acanthus dioscoridis L.. var. perringii (Siehe) E. Hossain 

step, 15.6.1990, E 5185. Endemik 

A. hirsutus Boiss. 


Maslak vadisi, 29.5.1985. E 5186. Endemik. tr-Tur. 
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AMARANTHACEAE 

Amaranthus refroftems L. 

Maslak: vadisi, 19.7.1975, B. 1993. 

APIACEAE 

Artedia squamata L. 


step, 30.6.1975. B 1334 


Astrodaueus orientale (L.) Drude 

step, 30.6.1975, B 1332.lr-Tur.'" 


Bifora radians Bieb. 

step, 20.6.1980, B 1476. 1980. 


Bupleurum sulphureum Boiss. et Bal. 

step, 14.7.1980. B 1493. Bnd.lr-Tur. AlY 

B. eroceum Fenzl 

step. 9.6.1975. B 1273. lr-Tur. AlY 

B. rotundifolium L. 

step, 9.6.1975, E 1223, 31.5.1975. 

Cauealis platycarpos L. 

step., 9.6.1975. B 1224. 

Daucus carota L. 
step, 30.6.1975, B 1333. 

Eehinopbora tenuifoJia L. subsp. sibthorpiana (Guss.) Tutin 


Maslak vadisi, 11.8.1975. B 1369,lr-Tur .• AlY 


E. toumefortii Jaub. et Spacb 

Maslak: vadisi, 11.8.1975, B 1399,lr-Tur. 
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Eryngium campestre L. var. virens Link 

Maslak vadisi, 11.8.1975, E 1397. 

E. falcatum Delar 

step, 18.8.1988. E 5190, Akdeniz, A1Y 

Falcaria vulgaris Bemh. 

step, 10.7.1975, E 1382, 140L 

Lisaea strigosa (Banks et SoL) Eig. 

step, 9.6.1975, E 1277, lr-Tur. 

Malabaila secacul Banks et Sol. 

step, 16.6.1975, E 1315. 

Orlaya daucoides (L.) Greuter 

Yol kenarlan. 30.5.1975. E 1084. Akdeniz 

Pastinaca sativa L. subsp. urens (Req. ex Godron) Celak: 

Maslak vadisi, ~ayxr, 11.8.1975, E 1412 AN 

Turgenia IatifoJia (L.) Hoffm. 

step. 17.6.1986, E5191 

ARISTOLOCHIACEAE 

Aristolochia maurorum L. 

step. 14.5.1975, E 1100, lr-Tur. 

APOCYNACEAE 

Vinca herbacea WaIst. et Kit 

Maslak vadisi;, 13.5.1975. E 1012 
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ASTERACEAE 

Achillea biebersteinii Afan. 

step, 30.6.1975, E 1362, lr-Tur. 

A. phrygia Boiss. et Bal. 

step, 14.7.1980, E 1521, End, tr-Tur. 

A. setacea Waldst et Kit 

~ayrr, 16.6.1975, E 1311, Av-Sib. 

A.wilhelmsii C. Koch 

Yol kenan, 30.5.1975, E 1072, lr-Tur. 


Acroptilon repens (L.) DC. 

step, 16.6.1975, E 1290, lr-Tur. .. 


Anthemis armeniaca Freyn et Sint. 


maslak vadisi, 13.5.1975, E 1004, End.lr-Tur. 


A. austriaca Jacq 

step, 22. 5. 1975, E 1130 


A. fumariifolia Boiss. 


Baraj ~vresi, 14.5.1975, E 1092, End.lr-Tur. 


A. tinctoria L. var tinctoria 

step, 30.6.1975, E 1339 


A. tindoria L. var. palliela DC. 

yol kenarlan, 15.6.1986, E 1232 


A. wiedemaniana Fisch. et Mey. 


step. 14.7.1976, E 1469, End. 
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Arctium minus (Hill)Bemh. subsp. pubens (Babington) Arenes 

yol kenarlan, 15.9.1983, E 1530, Av-Sib, A1Y 

Artemisia $Coparia Waldst et Kit 
step, 9.10.1987, E 3886 

Bidens tripartita L. 

~aytr, 10.7.1975, E 1367 

Carduus nutans L. var.nutans 

yol kenarlan 30.5.1975, E 1058 

C. pymocepbalus L. subsp albidus (iUeb.) Kazmi 

yol kenarlan,·16.6.1975, Erik 1307 

Carlina oligocepbala Boiss. et Kotschy subsp oligocepbala 

Maslak vadisi, 11.8.1975, E 1398 

Centaurea carduiformis DC. subsp. carduiformis 

~aytr, 30.6.1975, E 1349. 

C. depressa Bieb. 
step, 28.5.1975, E 1206 

C. drabifolia Sm. subsp.drabifolia B (Bomm.) Wag. 
step, 14.7.1980, E 1516 

C. iberica Trev. ex Sprenge1 
step. 14.7.1980, E 1506 

C. pichleri Boiss. subsp. pichleri 

~aytr. 14.5.1975, E 1098 

C. solstitialis L. subsp. solstitialis 
yot kenarlan, 11. 8. 1975. E 1418 
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C. triumfetti All. 


yol kenarlan. 16.6.1975. E 1327 


C. urvillei DC. subsp. urvillei 


Maslak vadisi, 4.6.1975. E 1256 


C. virgata Lam. 

Maslak vadisi, 11.8.1975. E 1402 


Cbardinia orientalis (L.) O. Kuntze 

~ay1r, 16.6.1975. E 1318. lr-Tur. c.. 

Chondrilla junc:ea L. var. acantholepis (Boiss.) Boiss. 

step, 11.8.1975, E 1413 

Cic:horium intybus L. 

yol kenarlan, 9.6.1975, E 1270 

Cirsium arvense (L.) Scop. usbsp. B (Wimmer et Grab.) Petrak 

~ayrr, 30.6.1975. E 1348 

C. alatum (Grnelin) Bobrov subsp.pseudoc:retic:um Davis et 

panis 

su arldan, 14~7.1980, E 1508. End. lr-Tur. 

Conyza canadensis (L.) Cronquist 

step. 27.11.1987, E 5195 A:tY 

Crepis foetida L. subsp. rboeadifolia (Bieb.) Celak 

step, 9.6.1975, E 1272 

C. foetida L. subsp. c:ommutata (Spreng.) Bobrock. 

step, 9.6.1975, E 1129 
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C. macropus Boiss. et Heldr. 


Beytepe koyll 6.8.1994 Donmez 4136, End., lr.-Tur. 


Crupina crupinastrum (Moris) Vis. 


step, 20.6.1980, E 1483 


C. vulgaris Casso 


step, 28.5.1975, E 1177 


Echinops pungens Trautr. var. pungens 


step, 23.7.1986, E 5196, lr-Tur. MY 


E. ritro L. 


step, 20.7.1986, E 5197 


E. viscosus DC. subsp. bithynicus (Boiss.) Rech. fil. 

. Maslak vadisi, 11.8.1975, E 1400, A1Y 

Helichrysum arenarium (L.) Moench subsp aucheri (Boiss.) 


Davis et Kupicha 


step, 10.9.1975, E 1374, End, lr-Tur. 


Jurinea pontica Hausskn et Freyn ex Hausskn. 


step. 14.7.1980. E 1515. End, lr-Tur. 


Inula montbretiana DC. 


step. 14.7.1980. E 1517. lr-Tur. 


I. oculus-christi L. 


step. 11.8.1975. E 1406. Av-Sib.· 


I. salicina L. 


step. 11.8.1975. Ytldmmh 4522. Av-Sib. 
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Laduca aculeata Boiss. et Kotschy ex Boiss. 
step, 8.9.1983, E 1527, tr-Tur. 

L. serriola L. 


step, 8.9.1983, E 1526, Av-Sib. 


Leontodon hispidus L. var. hispidus 

Maslak vadisi, 4.6.1981, E 1246, Av.Sib. 

L. oxylepis Boiss. et Heldr. var. oxylepis 

step, 14.7.1980, E 1520, Akd: AlY 

Onopordum turcicum Danin 

yol kenarlan, 8.9.1983, E 1529, tr-Tur. 

Pulicaria dysenteriea (L.) Cus 

Maslak vadisi, 11.8.1975, E 1406 

Scariola viminea (L.) F.W. Sch. 
Masiak vadisi, 11.8.1975, E 1403 

Seolymus hispanieus L. 

yol kenarlan, 30.6.1975, E 1330, Aled. 

Scorzonera cana (C.A. Mayer) Hoffm. var. eana 

step, 22.5.1975, E 1118 

S. eriophora DC. 
step, 31.5.1975, E 1230, End. 

S. suberosa .C. Koch subsp. suberosa 

step, 22.5.191;5, E 1120, tr-Tur. 

Senecio vernalis Walst. et Kit 
Masiak vadisi, 13.5.1975, Erik 1007 
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Sonchus asper (L.) Hill subsp. glaucescens (Jordon) Ball 
step, 14.7.1980, E 1519 

Taraxacum buttleri Van Soest 

yayu-, 4.7.1976, E 1443 

T. oliganthum Schott et Kotschy 
yayu-, 11.8.1975. E 1414 A1Y 

T. scaturiginosum G. Hagl 
yayu-, 29.4.1976, E 1434 MY 

Tragopogon aureus Boiss. 

yaylI'. 28.5.1975, E 1200. End. 

Tr. coloratus C.A. Meyer 
step. 22.5.1975, E 1119.1r-Tur. A1Y 

Tr. dubius Scop. 

step, 4.7.1976, E 1476 

Tripleurospqmum parviflorum (Willd.) Pobed 
step, 30.5.1975, E 1085 AlY 

T. sevanense (Manden) Pobed 
step, 16.6.1975. E 1300 

Xanthium spinosum L. 
step. 15.10.1986. B 5198. A1Y 

X. strumarium L. subsp. cavanillesii (Schouw) D. USve 

step. 7.7.1980, E 1490 

Xeranthemum annuum L. 
step. 11.8.1975. E 1405 
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BORAGINACEAE 

Anchusa ourea Miller Vir. azurea 
step. 13.5.1975. E 1039 

A. leptophylla Roem. et Sch. subsp. leptophylla 
step. 30.6.1976, E 1358 

A. pusilla Gusul 

step. 13.5.1975. E 1039 

Asperugo procuOlbens L. 
step, 4.7.1976, E 1477, Av-Sib. A1Y 

Buglossoides arvensis (L.) Johnston 

step, 13.5.1975, E 1008 

Cerinthe Dlinor L. subsp. auriculata (Ten.) Domac 

step, 14.5.1975. E 1107 

EchiuOl italicUOl L. 
step, 4.6.1975. E 1234, Akd. 

HeliotropiuOl dolosUOl De Not. 

step, 11.8.1975, E 1411 A1Y 

H. europeuOl L. 
step, 30.6.1975, E 1359 Akd. 

Lappula barbata (Bieb.) Gurke 

step, 28.5.1975, E 1203, fr. Tur. 

Moltkia aurea Boiss. 


step, 13.5.1975, E 1003. End.lr-Tur.. 
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M. coerulea (Willd) Lehm. 

step, 13.5.1975, E 1031, tr-Tur. 

Nonea macrosperma Boiss. et Heldr. 

step, 21.6.1987, Erik 5199, End tr-Tur. 

Onosma isauricum (Boiss.) Giirke 


step, 13.5.1975, End. tr-Tur. 


O. lycaonicum Hub.-Mor. 


step, 23.4.1994, D6nmez 4086, End. tr.-Tur. 


O. roussaei DC. 


kayahk, 28.5.1975, E 1150, A1Y 


Paracaryum incanum (Ledeb.) Boiss. 

step. 15.6.1976. E 5200, tr-Tur. 

Rochella disperma (L. fill C. Koch var. disperma 

step, 31.5.1975, E 1221 

BRASSICACEAE 

Alyssum huetii Boiss. 

step, 14.5.1975, E 1109, End. tr-Tur. 

A. linifolium Steph. ex Willd. 


step, 29.4.1976 E 1452 


A. minus (L.) Rothm. var. micranthum (Meyer) Dudley 

step. 29.4.1976 E 1448 

A. murale Waldst. et Kit var. murale 


step. 15.6.1986. E 5200 
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A. pateri Nyor subsp. pateri 
step. 14.7.1980, E 1502 End, tr-Tur. A1Y 

A. sibirieum Willd. 

step, 22.5.1975 E 1133 

Barbarea triehopoda Haunkn. ex Bornm. 

step. 29.4.1976 E 1438. End. 

B. plantaginea DC. 

Masiak vadisi, 13.5.1975. E 1m1 


Boreava orientalis Jaub. et Spacb. 

step, 13.5.1975. E 1207. tr-Tur. 

Brassiea elongata Ehrh. 

step, 14.7.1980. E 1497, tr-Tur. A1Y 

Camelina hispida Boiss. var. ~grandinora (Boiss.) Hedge 

step. 20.6.1980, E 1479. End, AN 

C. rumelica Vel. 
step. 13.5.1975. E 1094 

Capsella bursa-pastoris (L.) Medik 
step. 29.4.1976. E 1451 

Cardaria draba (L.) Desv. subsp. draba 
Maslak vadisi. 13.5.1975. E 1028 

Chorispora tenella (Poll.) DC. 

step, 29.4.1976. E 1446, tr-Tur. 

Conringia or.ientalis (L.) Andn:. 
Maslak vadisi, 13.5.1975, E 1064 A1Y 
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Crambe orientalis L. var. orientalis 
step. 28.5.1975 E 1204. tr-Tur. 

Descurainia sophia (L.) Webb. ex Prantl 

Maslak vadisi, 13.5.1975, E 1027 A1Y 

Diplotaxis tenuiColia (L.) DC. 
Yaygm. E 3884, AN 

Erophila vema (L.) Chevall. subsp. verna 
yaygm, 13.3.1986, E 1450,,-

Ernca sativa Miller 
step, 14.7.1980, E 1529 

Erysimum diffusum Ehrh. 
step, 20.6.1980, E 1478, Av-Sib. 

E. hamosum Blache ex Post 

Maslak vadisi. 13.5.1975. E 1033, tr-Tur. A1Y 

E. repandum L. 

Kampus ~evresi. 16.5.1987. E 1453 


Iberia taurica DC. 

Yurt ~i, kalkerli y~. 10.6.1987, E 4065. A1Y 


Isatis glauca Aucher ex Boiss. subsp. glauea 

Yol kenan. 9.6.1975. E 1271. tr-Tur. 


Lepidium perfonatum L. 

step. 29.4.1976, E 1432 MY 
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Mathiola longipetala (Vent.) DC subsp. bicornis (Sibth. et 

1m.) P.W. Ball. 

step. 20.5.1975. E 1086 

Malcolmia arricana (L.) R. Br. 

step. 20.5.1975. E 1078, A1Y 

Neslia apiculata Fisch. et Mey. et Ave-Lall. 

Masiak vadisi, 13.5.1975, E 1006 

Rapbanus raphanistrum L. -

Masiak vadisi, 13.5.1975, E 1060, AlY 

Rapistrum rugosum (L.) All. 

step, 20.6.1980 E.1486 A1Y 

Sinapis arvensis L. 

step, 14.7.1980, E 1528 

Sisymbrium altissimum L. 

Kampiis ~vresi, 14.5.1985, E 5201 

S. loeselii L. 
step. 14.7.1980, E 1498 

Thlaspi perroUatum L. 

step. 29.4.1976. E 1452. 

CAMPANULACEAE 

Asyneuma lobelioides, (Willd.) Hand. Mazz. 

step. 22.6.1987, E 5206, tr-Tur. A1Y 

A. virgatum (Labill.) Bornm. 

·Masiak vadisi, 29.7.1993. E 5171 
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Campanula argaea Boiss. et Heldr. 


K6y yevresi, kalker kayahk, 6.8.1994, D6nmez 4135 End., 


lr.,Tur. 


CARYOPHYLLACEAE 

Dianthus zonatus Fenzl var. aristatus (Boiss.) Reeve 

step, 30.6.1975, E 1341 

Gypsopbyla pilosa Hudson 

step 20.6.1980, E 1487, tr-Tur. 

G. venusta Fenzl. 

step, 15.6.1976, E 5208, tr-Tur. 

Holosteum umbellatum L. var. umbellatum 

yayrr, 29.4.1976, E 1445 


Minuartia a~atolica (Boiss.) Woron vat. aracbnoidea Mc 


Neill. 


Maslak vadisi, 26.5.1975, E 1154, End. tr-Tur. 


Saponaria prostrata Willd. subsp. prostrata 

step, 7.7.1980, E 1488, End, tr-Tur. 


SHene cappadocica Boiss. et Heldr. 

step, 22.5.1975, E 1137, tr-Tur. 

S. dichotoma Ehrh. subsp. dicbotoma 
step, 14.5.1975, E 1102 

S. vulgaris (Moench) Gorcke var. vulgaris 

Maslak, 26.5.1975, E 1161, A1Y 
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Stellaria media (L.) Vin. subsp. media 

step, 13.3.1986, E 5209 

Vacaria pyramidata Med.i.k 

yol kenan, 9.6.1975, E 1274. 

CISTACEAE 

Fumana procumbeDs (Dun) Oren. et Gudr. 

Maslak vadisl, 25.6.1986, E 4067 - . 

HeJiaDthemum caDum (L.) Baumbg. 

step. 29.9.1975, E 1085, A1Y 

H. Dummularium (L.) Miller subsp. Dummularium 

step, 22.5.1975, E 1113, A1Y 

CHENOPODIACEAE 

Atriplex laevis C.A. Mayer . 
step, 16.6.1975, E 1304, A1Y . 

A. DitCDS Sct-kuhr 

yol kenan, 14,,10.1986, E 3693 

Beta lomatogoDa Fisch. et Mey. 

yol kenan 28.5.1975, E 1209, lr-Tur. 

B. trigyua Waldst. et Kit 

step, 10.6.1987, E 4068, AtY 

CheDopodium botrys L. 


yol kenan, 1.10.1986, E 3690 


C. foliosum (Moench) Aschers. 


step, 20.6.1980, E 1482 
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C. sosnovskyi Kapp. 

step, 10.7.1975, E 1383, tr-Tur. 

C. album L. subsp. album var. microphyllum (Boenn.) 
Ae1len 

Maslak vadisi, 10.7.1975, E 1392, AlY 

Kochia scoparia (L.) Schrad. 

Maslak vadisi, 10.7.1975, E 1390 

Salsola rutheniea Iljin 

yol kenan, 1.10.1986, E 3691 

CONVOLVULACEAE 

Convolvulus arvensis L. 

Maslak vadisi, 13.5.1975, E 1069 


C. ·lineatus L. 


Maslak vadisi, 4.6.1975, E 1251 


c. holosericeus Bieb. subsp. holoserieeus 


Maslak vadisi, 13.5.1975, E 1073 


C. galatiens Rostan ex Choisy 


yol kenan, 28.5.1975, E 1191 


CRASSULACEAE 

Sedum acre L. 

kayahk, 30.6.1975, E 1342 

CUSCUTACEAE 

Cuscuta eampestris Vuncker 

step, 8.9.1983, E 1528 AlY 
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DIPSACACEAE 

Cephalaria syriaca (L.) Schr. 

~ayrr, 16.6.1975, E 1299 

Dipsacus laciniatus L. 

step, 3O.6.1975,E 1347 

Scabiosa rotata Bieb. 

step, 28.5.1975, E 1205.1r-Tur. AlY 

ELAEAGNACEAE 

Elaeagnus angustirolia L. 

step. 31.5.1975. E 1214 . 

EUPHORBIACEAE 

Euphorbia aleppica L. 

step, 10.7.1975, E 1370 

E. chamaesyce L. 


Kampiis ~vresi, 7.9.1989. Sambill 3410 


E. macroclada Boiss. 


step. 14.7.1980. Erik 1525.1r-Tur. 


E. plathyphyllos L. 


Maslak vadisi. 11.8.1975. E 1409 


E. stricta L. 


~ayrr. 30.6.1975. E 1336. Av-Sib. 
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FABACEAE 

Alhagi pseudoalhagi (Bieb.) Desv. 

step, 7.10.1980, E 1489. tr-Tur. 

Astragalus angustifolius Lam. subsp. angustifolius 

Maslak: vadisi, 26.5.1975, E 1156 

A. acicularis Bunge 


Maslak: vadisi, 4.5.1975, E 1255. tr-Tur. End. 


A. anthylloides Lam. 


step, 9.6.1976. E 1281, End. tr-Tur. 


(Kalikste suyah wyler de var) 


A. oxytropifolius Boiss. 


Kay ~evresi, 3.8.1994, DOnmez 4124. End., tr.-Tur. 


A. campylosema Boiss. subsp. campylosema 


Maslak: vadisi, 13.5.1975. E 1054, End. tr-Tur. 


A. christianus L. 


step, 22.5.1975, E 1149 


A. pseudo • triger Grosch 


slep, 22.5.1975, E 1139, tr-Tur, A1Y 


A. lydius Boiss. 


Maslak: vadisi, 28.5.1975, E 1211, End. tr-Tur. 


A. Iycius Bohs. 


Maslak: vadisi~ 13.5.1975, E 1053, End. 


A. macroscepus Boiss. 


Maslak: vadisi, 13.5.1975, E 1051, End. tr-Tur. 
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A. micropterus Fischer 


step, 10.9.1975, E 1369, End. tr-Tur. 


A. nitens Boiss. et Heldr. 


ktiy ~evresi, step, 9.6.1975. E 1284. End, tr-Tur, AlY 


Astragalus oxytropifolius Boiss. 


Lodumlu ~evresi, 3.8.1994, A. DOnmez 4124, End., tr-Tur. 


A. odoratus Lam. 
step, 16.6.1975, E 1307, AlY 

A. plumosus Willd. var. plumosus 

KampUs ~evr~si, 26.5.1975. E 1155 

(Standart daha Jasa, 16 mm) 

A. strictifolius Boiss. var. kutepovii Sirj. 

step, 30.6.1975, E 1329,tr-Tur. 

A. vulnenaria DC. 
step. 14.7.1980, E 1501, End. 

Colutea cilicica Boiss. et Bal. 

Maslak vadisi. gtizlem 

Coronilla scorpioides L. 
step, 14.7.1980, E 1500 

C. varia L. s~bsp. varia 
Maslak vadisi. 31.5.1975, E 1226 

Genista albida Willd. 

yurt ~evresi. 28.5.1986, E 5215, AlY 


G. sessilifolia L. 

~ayJ.r, 31.5.1975, E 1202, tr-Tur. 
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Glycyrrhizaglabra L. var. glandulifera (Waldst. et Kit.) 


Boiss. 

Kampfis ~evresi 22. 9. 1994. Mutlu. 1110 


Hedysarum cappadocieum Boiss. 


Kay ~evresi. step. 9.6.1975. E 1287. End. Er.-Tur. 


Hedysarum varium Willd. 


Maslak vadisi. 31.5.1975. E 1231, lr-Tur. 


Lathyrus cieera L. 


step, 13.5.1975. E 1082 


Lotus aegeus (Gris.) Boiss. 

Maslak vadisi. 26.6.1986. E 5216.lr-Tur; 


L. eomieulatus L. var. eornieulatus 

Maslak vadisi, 28.5.1975. E 1181 

Melilotus officinalis (L.) Desr. 


step. 13.5.1975, E 1068 


Medicago sativa L. subsp. sativa 


~aY1l, 16.6.1975, E 1317 


Medicago x varia Mortyn. 


Maslak vadisi, 4.6.1975. E 1240 AlY 


Onobrychis,oxyodonta Boiss. 


Maslak vadisi, 28.5.1975, E 1185, AlY 


O. toumerortii (Willd.) Desf. 


step, 18.6.1981, GOner 3787, End. 
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O. viciifolia Seop. 


Maslak vadisi, 4.6.1975, E 1239 


Ononis arvensis L. 

~aytr, 10.7.1975, E 1380. AV-Sib. 

O. spinosa L. subsp. leiosperma (Boiss.) Sirj. 

~aytr, 30.6.1975, E 1346 

Trifolium ambiguum Bieb. 

Maslak vadisi, 13.5.1975, E 1043 

T. pratense L. var. pratense 
Maslak: vadisi, 14.5.1975, E 1044, A1Y 

T. nigrescens Vivo subsp. petrisavii (Clem.) Holmboe 

Maslak vadisi, 14.5.1975, E 1046 

Trigonella monantha C.A. Meyer subsp. noeana (Boiss.) 


Hub.-Mor. 


Maslak vadisi, SilmbUl, 1980 


(pedonkill 2 em'e kadar) 


Trigonelle lunata Boiss. 


Maslak vadisi, 23.5.1985, E 5217,lr-Tur. 


Tetragonolobu8 maritimus (L.) Roth. 
~aytr, 28.5.1975, E 1178 

Vida caesarea Boiss. et Ball. 

step, 14.5.1975, E 1083, End, tr-Tur. 

V. villosa Roth. subsp. ericocarpa (Haustkn.) P.W. Ball· 

step, 28.5.1975, E 1201 
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V. peregrina L. 

step. 4.7.1976. E 1466 


V. noeana Routh. ex Boiss. 


Maslak vadisi, 13.5.1975, E 1016,lr-Tur. 


GENTIANACEAE 

Centaurium erythrea Rafn. subsp. erythrea 
Maslak vadisi, g6zlem '­

GERANIACEAE 

Erodium absinthioides Willd. subsp. absinthioides 
koy ~evresi, kayahk. 9.6.1975, E 1285, End, lr-Tur. 

E. cicutarium L. Herit subsp. cicutarium 

Maslak vadisi. 13.5.1975. E 1022 


Geranium asphodeloides Birm. rd. subsp. asphodeloides 
Maslak vadisi. 10.7.1975. E 1375. Av-Sub. 

G. tuberosum L. subsp. tuberosum 

Maslak vadisi, 13.5.1975. E 1002 


GLOBULARIACEAE 

Globularia orientalis L. 

Maslak vadisi, gozlem, Ir-Tur. 


G. trichosanPla Fisch. et Mey. 

Maslak vadisi, 13.5.1975, E 1011 
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HYPERICACEAE 


Hypericum aviculariifolium Jaub. et Spoch subsp. 
depilatum (Preyn. et Bomm.) Robson var. depilatum 
Maslak vadisi.30.5.1985. E5218. End.1r-Tur. AN 

D..LECEBRACEAE 

Paronychia kurdica Boiss. subsp. kurdica var. kurdica 
kayahk. 30.6.1975. E 1363 

LAMIA€EAE 

Acinos rotundifolia Pers. 
Maslak vadisi. 4.6.1975. E 1250 

Ajuga salicifolia (L.) Schreber 
Masiak vadisi, 26.5.1975. E 1163.1r-Tur. 

A. chamaepitys (L.) Schreber 
Masiak vadisi. 13.5.1975, E 1005 

Lamium garganicum L. subsp. reniforme (Montb. et Aucher 
ex Benth.) R.Mill. 

~aytr, 20.4.1976. E 1439 

Marrubium parviftorum Fisch. et Mey. subsp. parviftorum 
Maslak vadisi. 13.5.1975, E 1035 

M. parviftorum Fisch. et Mey. subsp. oIigodon (Boiss.) 
Seybold 
Masiak vadisi. 13.5.51975, E 1035 it 

Mentha spicata L. subsp. spicata 
Maslak vadisi, 11.8.1975, E 1407 
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Nepeta nuda L. subsp. albiftora (Boiss.) Gams 

Maslak vadisi, 25.6.1986, E 5214 

N. racemosa Lam. 

yol kenarlan, 24.8.1983, E 1522, fr-Tur. 


Phlomis pungens Willd. var. pungens 
step, 20.6.1980, E 1481 

P. sieheana Rech. fit. 

Maslak vadisi, 4.6.1975. E 1260. End, fr-Tur. 


P.pungens Willd. var. laxinora Velen 


step. 16.6.1975. E 1297 


Prunella vulgaris L. 

~ayrr, 30.6.1975, E 1361, Av-Sib. 


Salvia bracteata Banks et Sol. 


Maslak vadisi, 4.6.1975, E 1257, lr-Tur. 


S. cryptantha Montbr. et Auch. ex Bentham 


Maslak vadisi. 13.5.1975. E 1030, End, fr-Tur. 


S. hypargeia Fisch. et Mey. 


step, 17.6.1986. E 1530. fr-Tur. 


S. tcbihatcbemi (Fisch. et Mey.) Boiss. 


Maslak vadisi. 26.5.1975. E 1166, End, fr-Tur. 


S. viridis L. 

step. 14.7.1980. E 1510; Akd. 


S. frigida Boiss. 


step. 5.7.1994. ])(Snmez, 4118. fr.-Tur. 
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S. virgata Jacq. 

yol kenarlan, step, 30.6.1975, E 1352, lr-Tur. 


S. sclarea L. 

step. 16.6.1975. E 1325. 

S. syriaca L. 


step. 14.5.1975. E 1103. lr-Tur. 


Satureja hortensis L. 

step, 1.10.1986, E 3691 

Scutellaria orientalis L. subsp. pinnatifida Edm. 
Maslak vadisi, 13.5.1975, E 1057 

Sideritis montana L. subsp. montana 
step. 16.6.1975, E 1286. Akd. 

Stachys annua (L.) L. subsp. annua 
Maslak vadisi. 26.5.1975. E 1171 

S. cretica L. anatotica Recb. fil. 


Maslak vadisi. 4.6.1975. E 1513, Ebd, lr-Tur. 


Teucrium parviftorum Scbr. 
step. 16.6.1975. E 1294. lr-Tur. 

T. polium L. 
step. 16.6.1975. E 1297 

T. chamaed;ys L. subsp. chamaedrys 
Maslak vadisl. 30.6.1975, E 1357. Av-Sib. 

T. scordium L. subsp. scordioides (Sbr.) Maire et Petit 

Maslak vadisi. 11.8.1975, Av-Sib. 
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T. orientale L. var. orientale 

step, 30.6.1975, E 1350, lr-Tur. 


Thymus longicaulis C. Presl subsp. longicaulis var. 


subisophyllus (Barbas) Jalas 


step, 31.5.1975, E 1222. 


Wiedemannia orientalis Fisch. et Mey. 


step, 16.6.1975. E 1324. End, lr-Tur. 


Ziziphora capitata L. 

Maslak :vadisi. 4.6.1975. E 1256 A.lr-Tur. 


Z. tenuior L. 

step. 30.6.1975. E 1364. lr-Tur. 


LINACEAE 

Linum hirsutum L. subsp. anatolicum (Boiss.) Hayek var. 


anatolicum 

Maslak vadisi. 26.5.1975. E 1169. End, lr-Tur. 


L. mucronatum Bertol. subsp. armenum (Bordz.) Davis 


.Maslak vadisi, 4.6.1975, E 1247. lr-Tur. 


LORANTHACEAE 


Viscum album L. 

g6zlem. Pyrus elaeagnifolia iizerinde 


MALVACEAE 


Abutilon theophrastU Medik 

step. g6zlem 




83 

Alcea apterocarpa (Fenzl) Boiss, 

step, 30.6.1975, E 1345, End, lr-Tur. 

A. heldrechii (Boiss.) Boiss. 

yol kenarlan, '15.7.1989, E 4070, AlY 

Malva neglecta Wallr. 

step, 22.5.1975, E 1141, AlY 

M. sylvestris M. 


Nizamiye, 7.10.1980, E 1490 A 


MORINACEAE 

Morina persica L. 

Maslak vadisi, 4.6.1975, E 1238, lr-Tur. 


OLEACEAE 

Jasminum fruticans L. 


kayabk:, 22.5.1975, E. 1147, Akd. 


ONAGRACEAE 

Epilobium hirsutula L. 

su arldan, 16.6.1975, E 1291 


OROBANCHACEAE 

Orobanche anatolica Boiss. et Reuter 

step, 10.6.1986, E 1157 

O. nana NOeex G. Beck 


~aytr, 16.6.19=75, E 1319, AlY 
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PAPAVERACEAE 

Fumaria asepala Boiss. 

Blok ~evresi, 22.5.1975, E 1142, lr-Tur. 


F. vailantU Loiss. 


Maslak vadisi, 13.5.1975, E 1013 


Hypecoum procumbens L. 

step, 20.5.1975, E 1081, Akd. 

Glaudum grandiOorum Boiss. et Huet var. grandiOorum 


Maslak vadisi, 13.5.1975, E 1014, lr-Tur. 


G. comiculatum (L.) Rud. subsp. refractum (Nab.) Cullen 


step, 13.5.1975, E 5210, lr.Tur. 


Papaver argemone L. 


Maslak vadisi, 13.5.1975, E 1010 


P. dubium L. 


step. 8.5.1986, E 5212 


P. macrostomum Boiss. et Huet ex Boiss. 


Yun ~evresi, 28.5.1986, E 5211 


Roemeria by~rida (L.) DC. subsp. bybrida 

Maslak vadisit 13.5.1975, E 1015 

POLYGALACEAE 

Polygala anatolica Boiss. et.Heldr. 

step, 9.6.1975, E 1287 

P. papiUonacea Boiss. 


Maslak vadisi, 13.5.1975, E 1052, lr-Tur. 
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P. pruinosaBoiss. 


Maslak vadisi, 4.6.1975, E 1241 


PO LYGONACEAE 

Polygonum bellardii All. 
step, 16.6.1975, E 1304 

P. cognatum Meissn. 

step, 20.5.1975, E 1070 

P. lapathifolium L. 
step, 12.9.1989, E 4062 

Rumex crispus L. 
so arIa kenan, 4.7.1976, E 1296 

PLANT AGINACEAE 

Plantago lanceolata L. 
Maslak vadisi, ~ay:tr, 4.5.1975, E 1242. 

PLUMBAGINACEAE 

Plumbago europaea L. 

step, 10.7.1975. E 1372, Av-Sib. 


Acantholimoo acerosum (Willd.) Boiss. var. acerosum 

KOy ~vresi, g<szlem. 

PRIMULACEAE 

AnapUis a"eosis L. var caerulae (L.) Gouan 

Maslak vadisi. 14.7.1980. E 1497 a 



Androsace maxima L. 

step, 22.5.1975, E 1135 

RANUNCULACEAE 

Adonis aestivalis L. subsp. aestivalis 

Maslak: vadisi, 13.5.1975, E 1010 

A. annua L. 


Maslak: vadisi. goziem 


A. ftammea Jacq. 


Masl8k vadisi. 20.5.1975, E 1061 


Ceratocephalus falcatus (L.) Pers. 

step, 29.4.1976, E 1449 

Consolida orientaUs (Gay) SchrOd. 
step, 31.5.1975. E 1229, lr-Tur. 

C. regalia S.F. Gray subsp. paniculata (Host) Soo 

step, 16.6.1975.• E 1312 

C. raveyi (Boiss.) SchrOd 

step, 14.7.1980, E 1513. End. tr-Tur. 

C. hellespontica (Boiss.) 'Chater 

step. 14.7.1980. E 5205, tr-Tur. 

C. thirkeana (Boiss.) ScrOd 


step. 31.5.1975. E 1229 a, End. 


Nigella segetalis Bieb. 

step. 9.6.1975. E 1278 
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Ranunculus arvensis L. 
step. 20.6.1980. E 1484.lr-Tur. 

R. constantinopoIitanus (DC.) d'Urv. 

~ayrr. 29.4.41976. E 1442 

R. damascenus Boiss. et Ball. 


~ayrr. 13.5.1975. E l000.lr-Tur. 


R. iIIyricus L. subsp. illyricus 

step. 31.5.1975. E 1228 


R. polyanthemos L. 


step. 14.5.1975. E 5207. A1Y 


R. repens L. 


Maslak vadisi. 13.5.1975. E 1000 a 


R. sericeus Banks et Sol. 

~aytr, 4.7.1976, E 1472, lr-Tur. 


Thalictrum lucidum L. 
~ayrr. 16.6.1975. E 1298. Av-Sib. 

RESEDACEAE 

Reseda lutea L. var. lutea 
Maslak. vadisi. 13.5.1975. B 1024 

ROSACEAE 

Agrimonia eupatoria L. 

Maslak. vadisi, 20.7.1993. E 5170 


Crataegus curvisepala Lind. 

step, 22.5.1997. E 1112 
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C. orientalis Pallas. ex Bieb. var. orientalis 


step, 31.5.1975, E 1212 


Potentilla recta L. 


Maslak vadisi; E 1252 


P. reptans L. 


Maslak ~aym, 28.5.1975, E 1180 


Rosa canina L. 


Lojman ~evresi, kayahk, 22.5.1975, E 1146 


Sanguisorba minor Scop. subsp. minor 


Maslak vadisi, 26.5.1975, E 1170 


Prunus spinosa L. subsp. dasyphylla (Schur) Domin 


Kay ~evresi, 23.4.1994, Danmez 4081, Av.-Sib. 


RUBIACEAE 

Asperula ar~ensis L. 


step, 31.5.1975, E 1227 a, Akd. 


A. liIaciftora Boiss. subsp. liIaciftora step, 30.5.1975, E 


1335, End, Akd, AIY 


(¢~lderlasa, 4 nun1ye kadar) 


Cruciata articulata (L.) Ehr. 


step, 31.5.1975, E 1220, lr-Tur. 


C. taurica (pallas ex Willd.) Ehr. 


Maslak vadisi, 13.5.1975, E- 1029.lr-Tur. 


Galium elongatum C. Presl. 


~aytr. 13.5.1975, E 1029, Av-Sib, A1Y 
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G. incanum Sm. subsp. elatius (Boiss.) Ehrh. 

step, 31.5.1975, E 1218, End, Ir-Tor. 

G. verum L. subsp. verum 
Maslak vadisi, 16.6.1975, Av-Sib., A1Y 

G. verum L. subsp. glabrescens Ehr. 

step, 16.6.1975, E 1293, a-Tor. 

RUTACEAE 

Haplophyllum thesioides (Fisch. ex DC.) G. Don 
step, 9.6.1975, E 1276, End, a-Tor, A1Y 

SANTALACEAE 

Thesium arvense Horv. 

Maslak vadisi, 13.5.1975, E 1018, Av-Sib. AN 

SCROPHULARIACEAE 

Antbirrhinum majus L. subsp. majus 
su aria kenan, 16.6.1975. E 1308, A1Y 

Bungea trifida (Vahl) C.A. Mey. 

kayabk y~, 22.5.1975, E 1134 a, a-Tor. 


Linaria corifolia Desf. 


step, 28.5.1975, E 1175, End, tr-Tor. 


L. iconia Boiss. et Heldr. 

~ayrr. 16.6.1976. E 1313, End,lr-Tor. 

L. kurdica Boiss. et Hohen subsp. kurdica 
yol kenarlan. 30.6.1975. E 1344. a-Tor. 
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Pedicularis comosa L. var. acmodonta (Boiss.) Boiss. 


step, 28.5.1975, E 1183 


Scrophularia xanthoglossa Boiss. var. decipens (Boiss. et 


Kotschy) Boiss. 


step, 14.5.1975, E 1106, lr-Tur. 


Veronica anagallis-aquatica L. 


su aria kenarlan, 16.6.1976, E 1326 


V. hederirolia L. 


Kampiis ~evresi, 13.3.1986, E 4070 


V. multifida L. 

Maslak vadisi, 13.5.1975, E 1033, End, lr-Tur. 


V. polita Fries 


yol kenarlan, 13.5.1975, E 1077 


V. pectinata L. var. pectinata 


Maslak vadisi, 13.5.1975, E 1047 


Verbascum ancyritanum Bomm 


Maslak vadisi, 28.5.1975, E 1065, End, lr-Tur. 


V. stachydirolium Boiss. et Beldr. var. adspersum (Freyn et 


Sint.) Murb. 


yol kenarlan, 14.7.1980, E 1522, End. lr-Turt AlY 


V. vulcanicum Boiss. et Heldr. var. viridans Hub.-Mor 


step, 23.4.1994, DLSnmez 4133, End., lr.-Tur. 
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SOLANACEAE 

Hyoscyamus niger L. 

step, 13.5.1975, E 1066. 

Lycium barbarum L. 

Maslak vadisi, 15.9.1994, gozlem. 


URTIACEAE 

Parietaria judaica L. 
Koy ~evresi, 3.8.1994, Donmez 4125. 

V ALERIANACEAE 

Valerianella coronata (L.) DC. 
step, 14.5.1975, E 1088 

V. dufresnia Bunge ex Boiss. 


Maslak vadisi, 13.5.1975, E 1034, lr-Tur. AtY 


VERBENACEAE 

Verbena officinalis L. 
step, 10.5.1975, E 1379 

VlOLACEAE 

Viola oeculta Lehm. 

yurt ~vresi, ~aytr, 10.6.1987. E 4071 

ZYGOPHYLLACEAE 

Tribulus terrestris L. 
step, gozlem. 
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MONOCOTYLEDONES 

CVPERACEAE 

Carex distans L. 

Mas1ak vadisi, ~aytr. 15.5.1987. E 1534. Av-Sib. 


Scirpoides holoschoenus (L.) Sujak: 


Mas1ak vadisi. ~ayU'. 20.7.1993. E 5172 

DIOSCORACEAE 

Tamus communis L. subsp. communis 

~aytr. 15.6.1983. YtldJ.nnili 5835. MY 

IRIDACEAE 

Crocus ancyrensis (Herbert) Maw 

step. 28.2.1977. E 1475. End;tr-Tur. 

C. danfordiae Maw. 

Maslak vadisi. 29.4.1976. E 1421. End. 


C. graveolens Boiss. et Reut. 


Yurt ~evresi. 15.3.1990. E 4075 


C. olivieri Gay subsp. olivieri 


g«S1et ~evresi. 13.3.1986. E 5219 


Gladiolus atroviolaceus Boiss. 

step. 13.5.1975. E 1l01,.tr-Tur. 

JUNCACEAE 

Juncus inftexus L. 


Maslak ~ym. 20.7.1993. B 5173 
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LILIACEAE 

Allium atroviolaceum Boiss. 

step, 30.6.1975, E 1365 

A. myrianthum L. 

step, 30.6.1975, E 1366. tr-Tur. 

A. scorodoprasum L. subsp. rotundum (L.) Stearn 

step, 31.5.1975, Akd. 

Bellevalia cIusiana Griseb. 

~aytr, 31.5.1975, E 1087, End, tr-Tur. 

Colchicum triphyllum G. Kunze 

Maslak vadisi, 23.3.1976, E 1420, Akd. 

Fritillaria fteischeriana Steudel et Hochst. ex Sch. 

kay ~evresi, kayahk, 15.5.1985, E 5225, End, tr-Tur. 

Gagea peduncularis Pascher 

step, 29.4.1976, E 1426, Akd. 

Muscari aucheri (Boiss.) Baker 

Maslak ~aym, 13.5.1975, E 1021 

M. neglectum Guss. 

step, 14.7.1980, E 1523 

M. tenuinorum Tausch. 

~aytr, 28.5.1975, E 1173 . 

Merendera sobolifera C.A. Mey. 

Maslak ~aym, 5.4.1990, E 5226 
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Ornithogalum narbonense L. 

step, 22.5.1975, E 1086 a, Akd, MY 

O. sphaerocarpum Kerner 

Mas1ak vadisi, 4.6.1975, E 1267 

O. ulophyllum Hand-Mazz. 

step, 22.5.1975, E 1131 

O. umbellatum L. 
step, 30.5.1975, E 1086 C AN 

POACEAE 

Aegilops caudata L. 


step, 4.7.1976, E 1463, Aled. 


A. biuncialis Vis. 


step, 4.7.1976, E 1459. 


A. umbellul~ta Zhukuvsky subsp. umbellulata 


Mas1ak vadisi, 14.7.1980, E 15SO b, lr-Tur. 


Agropyron cristatum (L.) Garertn. subsp. pectinatum 

Tzve1ev var. pectinatum 

step, 20.7.1984, E 1533 

Alopecurus arundinaceus Poir. 


step, 26.5.1975, E 1048, Av-Sib. 


A. myosuroides Hurls. var. myosuroides 


s~P. 26.5.1975, E 1159, Av-Sib. 


Amblyopyrum muticum (BoisS.) Eig var. muticum 

yo1 kenar1an,f11.8.1975, E 1333 
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Alopecurus var. loliaceum (jaub. et Spacb) Eig 


step, 11.8.1975, E 1333 a. AN 


Phragmites australis (Cav.) Trin 


su arldan. 10.7.1975, E 1385 . 


Avena fatua L. var. fatua 

step, 14.7.1980, E 1532, A1Y 


Bromus tectorum L. 


Maslak vadisi~ 28.5.1975, E 1\12 


B. japonicus Thumb. subsp. japonicus 

step, 4.6.1975, E 1261 

B. tomentellus Boiss. 

step, 31.5.1975, E 1454, h-Tur. 

Chrysopogon gryllus (L.) Trin. subsp. gryllus 
Maslak vadisi, 4.6.1975, E 1262 a, AlY 

Cynodon dactylon (L.) Pers var. villosus Ragel 

~aytr. 23.9.1987, Erik 5227 

Dactylis gloinerata L. subsp.hispanica (Roth.) Ny~. 

step, 4.6.1975, E 1262 

Elymus hispidus (Opiz) Meld. subsp. barbulatus (Schur) 
Meld 

yol kenarlan, 15.7.1975. E 1455 a 

Festuca anatolica Markgr. subsp. anatolica 
step, 4.7.1976, E 1279 End. 
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Hordeum bulbosum L. 

step, 22.5.1975, E 1462 


H. distichon L. 


Beytepe esld yol kenarlan 16.6.1994 


H. murinum L. subsp. glaucum (Steudel) Tzvelev 

step, 28.5.1975, E 1198 


Melica ciliata L. subsp. ciliata 

step, 30.6.1975, E 1343 


Poa bulbosa L. 


step, 28.5.1975, E 1184 


P. trivialis L. 


step, 30.5.1975, E 1062 


Puccinella distans (Jacq.) ParI subsp. distans 

Teknoloji ~evresi, 28.5.1975, RJ187 


Setaria verticillata (L.) P. Beauv. var. verticillata 
step, E 20.9.1989, E 4061 AlY 

Stipa pontica P. Smimov. 


step. 31.5.1975. E 1215 


S. capiJIata L. 


Maslak vadisi. 4.6.1975. E 1265. AlY 


Taeniatherum caput-medusae (L.) Nevski subsp. crinitum 
(Schr.) Mel. 

yol kenarlan, 2.6.1994. E 6010 


Triticum aestivum L. 


Maslak vadisi. 4.7.1975, E 1461, MY 
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TYPHACEAE 

Typha domingensis Pers. 

su arklan. 15.6.1976. E 5228 


TAENATHERUM 

T.caput-medusae (L.) Nevski subsp. cirnitum (Schr.) 
eski yol kenarlan. 16.6.1976. E 6010 

KAMPUS ALANINDAKt KULTUR BiTKtLERt 

AGA(;LAR 

Herdem YeJil Ab£lar 
Abies bornmiilleriana 

I 
Cedrus Iibani 
Cedrus deodara 
Cupressus arizonica 
Picea pungens 
Pinus nigra 
Pinus cembra 
Pinus sylvestris 

Yaprab» DOten Ab~lar 
Acer campestre 
Acer negundo 
Acer platanoides I 

Acer pseudoplatarius 
Ailanthus altissima 
Aesculus hipocastanum 
Betula verrucosa 
Catalpha bignonioides 



98 

Fraxinus excelsior 
Fraxinus americana 
Koelreuteria paniculata 
Malus ftoribunda 
Platanus orientalis 
Prunus cerasifera 
Salix babylonica 
Salix nigra 
Salix caprea 
Salix alba 
Sophora japonica 
Populus alba 
Populus nigra 
Populus canadensis 
Quercus pedunculata 
Gleditsia triacanthos 

Abri ve ~ablar 

Thuja orientaIis 
Taxus baccata 
Juniperus sabina 
Juniperus horizontalis 
Berberis vulgaris 
Berberis thunbergii 
Mahonia aqiufolium 
Euonymus japonica 
Cotoneaster multiftorus 
Cotoneaster horizontalis 
Pyracanth a coccinea 
Crataegus monogyna 
Cydonia japonica (Chaenomeles japonica) 
Cornus mas 
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Sambucus nigra 

Viburnum opulus 

Lonicera tatarica 

Lonicera caprifolium 

Ampelopsis quinquefolia 

Symphoricarpos racemosus 

Symphoricarpos vulgaris 

Syringa vulgaris 

Ligustrum vulgaris 

Ligustrum . japonicum 

Forsythia intermedia 

Lycium barbarum 

Eleagnus angustifolia 

Buxus sempervirens 

Buddleia davidii 

Deutzia gracilis 

Philadelphus coronarius 

Tamarix tetrandra 

Laburnum vulgare 

Ribes aureum 

Hibiscus syriacus 

SONUe VE TARTISMA 

Alandan toplanan bitki omeklerinin de~erlendirilmesi sonucunda 55 

familya ve 243 cinse ait 425 tOr saptamm§trr. Bu bitkilerin endemizm oram 

ve fitocogaflk bOlgelere da~ qaPfaki gibidir: 

'Endemik tOr sftYlSt oram (%) 
61 14 

~lmft1( element saytSt 
-Turan :126 29 

Avrupa-Sibirya : 22 5 
Akdeniz : 15 4 
Bilinmeyenler veya ~k 
bOlgeli : 262 62 
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FitocoArafik element daA11lml incelendiAinde lran-Turan 

elementlerinin diAerlerine oranIa olduk~a farla olduAu gorulmektedir. Bu 

sonu~ alamn han-Turan bolgesinde olu§uyla doAru orannhdlr. Bu 

sonu~lan Ankara ill dahilinde ve yakm ~evresinde yapllan baZl floristik 

Qah§ma1arla kar§llqttnrsak sonu~lann genelde birbirine olduk~a yakm 

olduAu gOriilUr: 

Oili§ma Alaru 

% olarak ewleroizm ve fitocoArnfik 
elementlerin oranlan 

End. h.-Tur. Av.-Sib. Akd. 

Beytepe 14 29 5 4 

Ankara ~ehir 14 26 
, 

4 9 

Karagol 12 13 14 7 

:Kara§ar-Beypazan 4 17 9 20 

Beynam 10 29 8 7 

Karagiiney 12 24 7 8 

Yukardaki tablodan gortildiiAU gibi §ehir florasl [13], 

Xaragiineydap florasl [7] ve Beynam floralarmm [1] sonu~lan hemen 

hemen aymdlr. Zira bu alanlar gerek konum olarak gerekse gerekse ~evre 

§artlan y6nUnden benzer 6zeIliklere sahiptir. Karag61 [9] ise ilin en 

kuzeyinde A vrupa-Sibirya b6lgesine yakm oIu§u ve mikroklimasl 

nedeniyle Avrupa-Sibirya elementleri.y6nUnden daha zengindir. Kara§ar­

Beypazan [2] ise diA~lerine oranla Akdeniz eIen)enderi y6nUnden zengin 
. j . 

g6rUnmektedir. NedeJ1i ise alanda KtZ1l~ammvarbAt ile belli olduAu gibi 

daha etkili bir Akdeniz ikliminin alanl coArafi konumu nedeniyle 

etkilenmesidir. Bu temel nedenlerin w§mda subjektif olarak arqtlncllann 

alandaki ~al1§ma teknikleri ve eide ettikl¢ toplam Wr saytsmm farlcbbp 

da sonuca etki etmektedir. 



101 


Alandaki tiir SaY1Sl yoniinden en zengin familyalar ve di~er 

c;ah§malarla layaslamaSl: 

11k Strayt hemen hemen tUm floristik ~§malarda oldu~ gibi iilke 

florasmlD en zengin familyaslOlan Asteraceae almaktadU". 64 tiire sahip 

olan bu familyaYl. snaslyla 44 tiir He Fabaceae, 36 tiir ile 

Brassicaceae, 36 till" fie Lamiaceae ve 26 tOr fie Poaceae izlemektedir. 

Bu stralama baZl de~§ikliklerle 1X>lgede yaptlan tUm C;ah§malarda birbirine 

benzemektedir. Ortaya ~ farldlhklar C;ah§1lan alanlarm kendine ozgU 

vejetasyonundan. mikroklimasmdan'-'ve ara§tlnctnm metodundan 

kaynaklanmaktadU". Tabloda dikkati c;eken nokta birbirinin devaml 

niteli~nde olan ve benzer ko§ullara sahip olan §ehir florasl He Beytepe 

florasmm aym slfalamaYl gostermesidir. Karagol ve Karagiiney 

Da~da.ki kendine ozgU §art1ar az da olsa bu sualamayt de~tinni§tir. 
.. 

Familyalar 

Cab§ma Alanlan 

Beytepe Ank·lehir KaragOney KaragOl 

Asteraceae 65 94 . 80 50 

Fabaceae 44 85 92 34 

Brassicaceae 36 53 41 19 

Lamiaceae 36 50 45 28 

Poaceae 26 38 48 28 

Ranunculaceae 18 , . 28 18 -
Boraginaceae 18 31 - 17 

Apiaceae 18. 41 28 25 

Liliaceae 16 32 23 -
Scrophulariaceae 14 27 - 17 

http:Da~da.ki
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TOr yonUnden en zengin einslerin kar§lla§tmlmasl ise §oyledir. 

C;;ah,dan Alan 

CinsAdl Beytepe ~ehir Karagol KaragUney 

Astragalus 

Centaurea 

Salvia 

16 

9 

9 

31 

12 

13 
'"­

6 

,5 

5 

22 

-

11 

GorUldU!U gibi en bUyUk cinsler suaslyla Astragalus, 

Centaurea ve Salvia §eklindedir. Astragalus cinsi TUrkiye 

Florasmdaki en bUyUk eins olup aynea t~ Anadolu'nun kurak step 

§artlarma iyi uyum gosteren bir eins oldu!u i~in en ba§ta ge1mektedir. 

Di!er ~ah§malarda da niteIdm aym sonu~ gOrUlmektedir. Di~er einslerdeki 

sll'alama de~§iklikleri daha once belirtilen nedenlerden kaynaklanmak:tadrr. 

Alandaki endemizm incelendiPlde, olduk~a kU~Uk olan inceleme 

alanmda endemizm oram 61 tUr He % 14 olarak bulunmu§tur. Bu oran 

tablodan da gorUldU!U gibi. yerle§me alanlarmm ~ok uzapnda yani daha 

do!al ve daha geni§ alanlarda bulunan orandan daha fazladlr. Bu sonu~ ta 

KamptisUn ozellikle korunmu§ olmasmm yam srra Maslak vadisi gibi 

mikroklima alanlanmn bulunu§u etkisi olmu§tur. Bu ozellikleri ile ~ah§ma 

alam stepin qalI yukan tUm 6zelliklerini yansttan kii~iik bir ome~ini ya 

da bqka bir de~i§le bitki sosyolojisi ~ah§malarmda kullamlan en kU~Uk 

alam olu§tunnaktad:a. 

Endemik bitkiler tehlike SlDlflan a~smdan incelendiPlde 48 bitki 

tiitii nt kategorisinde (% 89) ve 6 bitki ttirU de R kategorisinde (% 11) yer 

almaktadlr. nt kategorisindek:i bitkiler zaten populasyonlan olduk~a bo1 ve 

yayili§lan geni§ olan bitkilerdir ve kamptis alanl aynea koruma altmdadtr. 

R kategorisindeki bitkiler ise 
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Hedysarum cappadocicum Doiss. 

Circium alatum subsp. pseudocreticum 

Asperula liIaciflora subsp. liIaciflora 

Verbascum ancyritanum 

V. stacbydirolium var. adspersum 

Fritillaria fleisberiana 

Daha once de belirtildi~ gibi her nekadar kampiis alam koruma 

all1nda ise de son yIlIM'da ba§lanlan biiyiik t;aptaki a~at;landlrma 

~ah~malan step florasmm yaplsml biiyiik Olt;iide de~§tirip monoton bir 

flora olu§masma neden olmaktadrr. ~Bu arada step i~indeki yukmda 

sayllan bitkiler ilerde olu~acak ekosistem de~~ikli~i nedeni ile ortadan 
kalkabilecektir [12]. Bu nedenle kampiis ~evresindeki alamn yani geni~ 

step alammn tiimiiyle a~at;landrrllmasl. biyolojik zenginli~ azaluci bir 

etmen olarak kendini gostermektedir. Ormancllar veya orman idaresi 

tarafmdan adeta ye~il ~im olarak deAerlendirilen a~a~lama alanlan bu 

sonuca yol ~mayacak §ekilde daha kontrollu yapIlabilir. Orne~n belirli 

Iokalitelerde belirli m~iide It Step Dab~esi" halinde buakdacak bo~ 

alaniar floramn yanl srra faunamn da siireklili~ i~in ~ok yararb olacaktlr. 

~ok onceleri slk bir ~ekilde aAat;Iandrrllan Maslak Vadisinde giiniimiizde 

1970'li yillarm mozaik goriinii§ii artlk yoktur. 

Kampiis alanlarmm 2. bir §anslzh~l da Oniversitenin sUrekli 

geli§mesine baAh olarak yeni yapIla§malann oimasi. Yeni yaplla§ma 

beraberinde t;im sahalanm, otoparb ve ~e§itli sosyal yerle§meleri 

beraberinde getirdi~ i~ geni~ bir alan doAal floraslm kaybetmektedir. 

Bu geli~im s~eci altmda bau bitki t~Ierinin yeni vejetasyon 

donemlerinde bulu~mda olduk~ zorluk ~ekilmektedir. Tehlike Smtfl 

balommdan nt kategorisinde oiduAu halde endemik Ankara ~iAdemi 

Crocus ancyrensis sekiim sonucu kampUs alanmda populasyonu iyice 

azaInu§tlr 
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Cah§ma sonunda 79 bitki tiirii Ankara ilinden ilk kez toplanID1§ 

olmaktadtr. Aynea ~ah§mamn i~inde yer aldlAt B4 karesi i~in yeni toplam 

71 yeni kaytt tespit edilmi§tir. Bu bulgulardan 66 tanesi ~e§itli yaymlarda 

(Erik, 5-10) yaytnlanID1§tlr. Di~er 5 tm ise §unlardtr: 

-Erodium absinthoides WIlld. subsp. absinthoides 

-E. leueanthum Diagn. 

·Aeanthus diosearidis L. vai. peregrini (Siehe) 

.Astragalus pseudo- triger Grossh. E. Hosaain 

.Puliearia dysenteriea Bemh. 

Sonu~ olarak, yukanda da de~ildi~ gibi tUm iiniversite kampus 

alanlannda uygulanan a~a~landmna ~all§malanrun biyolojik zenginlikleri. 

ozellikle de floristik yaplyl bozmamasl i~in belirli yerlerin step bah~esi 

olarak aynlmasl ~ok yararh olaeaktlr. Boylece floranm bir ~ok elementi 

Y8§aID1ru burada devam ettirebilecek ve boyl~e bir gen havuzu da 

olu§8Caktlr. 

Cah§uan alanm geni§lik olarak ~ok ki1~Uk olmasma kar§lhk bu 

denli ilgin~ sonu~lar ve katlalar elde edilmesi §uphesiz alarun korunmu§ 

OlmaSl ile yakmdan ilgilidir. En aztndan alarun tanma a~1maS1run veya 

yapda§maya a~lmaslrun bu §ekilde engellen.mi§ olmasl bu yondan bir 

avantaj yaratID1§t1r. Bu avantaj miimkun oldu~ kadar en iyi §ekilde 

de~erlendirilip Tiirkiye Florasm8 belli lil~de katlalarda bulunulmu§tur. 
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Poaceae tUrlerini adlandtran Prof.Dr. Musa Do~an'a (D.D.T.D. 

E~itim Fakii1tesi), paZ! taksonlan toplaYlp adlandtrarak eksiklerin 


giderilmesinde yarrumcl olan Anabilim Dalumzdaki meslekda§lanma 


te§ekldir ederim. 
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SUMMARY 

Solutions containing equimolar concentration!; of protein (BSA or 
fibrinogen) and Eu(pDAh3-show maximum extrinsic fluorescence at 

AextlAem of 282 / 615 nm. The stability constant of [BSA: Eu(PDAh]3­
complex is found to be 4.75 (± 0.94) x 106 •The new 1R peak centering on 
1230 em'! and a less intense one on 1504 em-I show that there is a second­
sphere coordination of the carboxylate terminals in Eu(pDAh3- with the polar 
terminals of BSA forming new amide bonds. Following the extrinsic and 
intrinsic protein fluorescences in piperazine buffer pH =6.5 at 37OC, adsorption 
of BSA is studied onto the poly(HEMA) membranes and beads. 

Key Words: Bovine serum albumine (BSA). Europium(IIl)-pyridine 2,6 
dicarboxylic acid, Fluorimetric method for calculating binding constants, BSA 
adsorption onto poly(HEMA). 

BSA ve FtBRtNOJEN ile Eu (m) P1RtDtN - 2,6 -

DtKARBOKStLtK AStT KOMPLEKSLERtNtN 


ETKtLEStMt 


OZET 
Elit derilimde protein (BSA veya fibrinojen) ve Eu(pDAh3- i~eren 

~Ozeltilerde protein maksimum ekslrinsik fluoresaIlS1 AextlAem = 282/615 nm 
de izlenir. [BSA: Eu(PDAhl 3- kompletsi i~in balJanma sabiti 4.75 (± 0.94) 
x 106 olarak bulunmUitur. 1230 em-1 de wenen yeni 1R piki ile daha az 
pddetli 1504 em-I poo. Eu(PDAh3- yapasmdaki polar karboksilat U\tlann BSA 
run polar ~Ianna yeni amid baIlart olU§turacak ~de ballanllU§br. 37 °c 
ve pH= 6.5 piperazin tamponunda proteine ait ekslrinsik ve inlrinsik fluoresans 
,iddetlerl Uzerinden BSA nm poli(HEMA) membran ve partikUllerine 
adsorpsiyonu incelenmip. 

Anahtar Kellmeler: BSA, Europium (D1)-pifjdiri 2,6 dikarboksilik asit. 
Ballanma sabitlerinin fluorimetrik yOntemle hesaplanmasl, Poli(HEMA) 
f1zerine BSA adsprpsiyonu. 

(1)Haccl1epc University.Faculty of Scicncc,DcpartmcntofChemistry.BeytCpe-ANKARA/IURKEY 
(2)Haceuepc University.Faculty of Engineering,Depanmcnt of Chemistry,Bcytepe-ANKARA/lURKEY 
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INTRODUCTION 


The use of fluorescence-based analysis is becoming increasingly 

popular in many branches of the chemical and biological sciences. The 

principal advantages of this technique, which encourage its use, are its 

high sensitivity which . allows the measurements of low analyte 

concentrations, its selectivity which is , in part , due to the two 

characteristic wavelengths (excitation and emission) or emission lifetimes 

ofeach fluorescent species and the variety of sampling methods available. 

Europium and terbium complexes have"recently received more attention in 

clinical biochemistry because of their potential application as markers in 

immunoassays and their exceptional sensitivity in microsecond time­

resolved fluorimetry [3,7,9,14}. 

The fluorescent Eu(llI) complexes form attractive labels because : 

(a) They have exceptionally large Stokes shifts (250 - 300 run as compared 

to -28 run for. fluorescein, a conventional flubrescent label). (b) The 

emission spectrum consists of narrow lines characteristic of metal ion 

emission whose band-width at 50% emission is less than 10 nm. (c) Their 
fluorescence are long-lived with lifetimes on the order of 500-1000 J.1s 

compared with 5-100 ns for most organic probes. The excitation radiation 

absorbed by the ligand is transferred to the central europium ion by an . 

internal energy transfer process, leading to a large enhancement in its 

"~ypersensitive" band intensity at 615 ± 5 nm. 

A number of investigators have studied the possibilities ofusing the 
" favourable characteristics of the europium complexes for labelling 

biological molecules such as proteins [4,5,7,11,13] and time-resolved 

fluorescence teChniques for quantitation of ~em in solution [6,12]. 

,Europium chelates With EOTA and isothiocyanotophenyl EOTA [6], 4,7­

bis(chlorosulfophenyl) - I, 10 - phenanthroline - 2,9 - dicarboxylic acid 

(BCPOA) [6,7], 2-naphthoyltrifluoroace-tone (NTA) and trioctylphospbine 
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oxide (TOPO) [12] are all used as labels, some of which fulfill the 

desirable chelator characteristics. 

Europium and terbium aquo-ions form very stable mono, bis and 

tris complexes with pyridine 2,6-dicarboxylic acid (PDA) and the 
calculated stability constants for Eu3+-PDA complexes, as log 131, 13:2 and 

133 values [2] are 8.83, 15.98 and 21.03 respectively in pH = 5.8 aqueous 

solutions having total ionic strength of 0.5 mol dm-3. Essentially all PDA 

are in anionic form at this pH before the complex formation (the acidic 

dissociation costants forPDA being pKI =2.22 and pK2 =5.29). 

In our preliminary experiments, some sensitization and 

enhancement of pure Eu3+ aquo-ion emission is observed by ligand-to­

Eu3+ nonradiative energy tranfer processes when Bovine Serum Albumine 

(BSA) is added in stochiometric amounts, probably because of a resonant 

coupling between the donor (tryptophan luminescence at 342 nm of BSA 

chromophore) and the acceptor (Eu3+ ion, that has multitude of absorption 

bands within 280-500 nm) [1,15]. As mentioned for parvalbumine and 

many other proteins by Richardson [15] and Horrocks et al [10], BSA­

sensitized Eu3+ emission in our preliminary experiments are not significant 

enough to carry out any quantitative work. In latter experiments, when 
PDA is bound initially to Eu3+ aquo-ion forming very Slable Eu(pDAh3­

complex, the sensitization of the metal ion emission is over 102 times with 

solutions having stochiometric amounts of BSA compared to solutions 

having no protein. To understand whether this enhanced fluorescence is a 

result of intermolecular or intramolecular energy transfer, a published work 

on adsorption of BSA onto the poly(HEMA) surfaces [1] is repeated with 
addition of Eu(pDAh3- complex to the system choosen as a quantitative 

model. If there is bonding between BSA and the Eu(pDAh3- in solution, 

they must be adsorbed together onto the polimer surfaces, data of adsorbed 

BSA being significantly similar, calculated from BSA intrinsic 

fluorescence or from extrinsic Eu3+ fluorescence, denoting intramolecular 
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energy transfer. But if it is only a resonant coupling between the donor 

(BSA molecule) and the acceptor (Bu(POAh3- complex) denoting a simple 


intermolecular energy transfer. the sensitized fluorescence of the complex 


must decrease back to its initial values showing only BSA adsorption 


onto the polymer surfaces. This fluorimetric approach with new IR peaks, 


helped us to elucidate the mechanism of energy transfer and its use as a 


complementary method in BSA adsorption studies: 


MATERIAL AND METHODS 

Apparatus 

All fluorimetric measurements are made on Jasco Model FP-550 

Spectrofluorimeter using 1 cm2 quartz cells. Monochromatic readings are 

taken from digital display with 0.25 sec time constant and with 3 nm .. 
bandwidth on excitation side, 5 nm on the emission side. 

A Hitachi Model 100-60 and Shimadzu 8101 FTIR 


Spectrophotometers are also used for UV-visible and IR absorbance 


measurements. The pH adjustments are made with (Hanna Inst.) Model 


ID-8521 Micro-processor pH-meter in an accuraCy of ::I:.().05 pH unit. 


Reagents and Solutions 

Pyridine-2,6-dicarboxylic acid (Aldrich Chern.) is used without 


further purification. The purity (>99%) is checked potentiometrically. A 


stock solution of the disodium salt is prepared by dissolving an accurately 


weighed amount of the acid in a solution containing 99% equivalence of 


sodium hydroxide. The solution is filtered through a Millipore ftlter paper 


and stored. in polyethylene bottle. 


Europium perchlorate stock solution, 0.2 mo1.dm-3• is prepared 


from its oxide; EU203 (99.9 %, BOH). A weighed amount of the oxide is 


suspended in hot water (20 cm3) and the mixture is added slowly with 
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stirring to a dilute solution (30 cm3) containing slightly less than 

equivalent amount of percbloric acid (BDH) to dissolve ca 98 %> of the 

oxide and kept near boiling point The mixture is' left ·boiling until the 

reaction is complete (PH>6). The solution is then filtered to remove 

unchanged oxide and evaporated to 25 cm3 . The solution is acidified with 

dilute perchloric acid to pH 2.8 ±0.1. f'Iltered and boiled for 20 min. If the 

pH showed an increase. more acid is added and the procedure is repeated. 

The final solution. 25 cm3• is f'Iltered and transfered to a volumetric flask. 

Europium stock solutions showed no precipitation or concentration change 

for a period of more than a year once they JlIe standardised by titration 

against 0.01 mol.dm-3 EDTA solution using xylenol orange as an indicator 

with the reaction buffered (by acetate) to pH 5.8 . 

Eu (JIl) - 2,6 - dicarboxylic acid tris complex solutions. A series 

of solutions of Eu(Ill) and PDA ions containing 1:3 mol ratio of metal-to­

ligand are prepared by mixing the appropriate volumes of metal perchlorate 

and PDA solutions. carefully adjusting pH to 5.8 with dilute NaOH and 

total ionic strength to 0.5 mol.dm-3 with 2.0 mol.dm-3 NaCI04' Final 

concentrations of the metal ion varied from 1.0 x 10-7 to 1.0 x 10-4 

mol.dm-3 in the series studied. Essentially all the PDA is in the anionic 

form at pH 5.8 before complex formation (p function of the acidic 

dissociation constants for PDA being pKl =2.22 and pK2 = 5.29). 

Protein Solutions. All measurements are made with the freshly 

prepared 1-200 ppm solutions of BSA (Sigma Chem .• MW=66.000, 

Fraction V. 99% albumin. remainder mostly globulins). Phosphate buffer 

(PH =7.0) and piperazine buffer (pH=6.5) are used for preparing protein 
solutions, the latter being choosed for mixtures with Eu3+or Eu(PDAh3­

solutions. Some of the fluorimetric experiments are also repeated with 

fibrinogen (BDH. MW=360.0oo,70% fibrinogen, 18% sodium chloride 

and 12% sodium citrate) as well as BSA following the similar procedures. 
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EumD ; BSA and EuCPDA)3. 3-; BSA solutions. All adsorption 

studies onto the poly(hydroxyethyl methacrylate). poly(HEMA), natured 

polymer membranes and beads are carried out with 1:1 mol ratio of BSA 

with Eu3+ or Eu(PDAh3- but with different initial concentrations (1.0 x 

10-7 to 1.0 x 10-5 mol.dm-3). To determine the differentiation of BSA 

complexing from the pure tryptophan. also cont:rOl solutions with 1:1 mol 

ratio of tryptophan and Eu(pDAh3- are studied. 

Poly(HEMA) Based Membranes. Hydrophilic poly(HEMA) 

membranes are prepared by bulk pelymerization of 2-hydroxyethly 

methacrylate (HEMA. Aldrich Chem. Corp.USA.) monomer in the 

presence of initiator (2,2-azobisiso-butyronitrile. AIBN, BDH, UK) and 

crosslinker (ethyleneglycol dimethacrylate. EODMA. Merck, FRO). In 

order to obtain anionic and cationic Poly(HEMA) membranes, acrylic 

comonomers, i.e., acrylic acid (AA, BDH ) and dimethyl­

aminoethylmethacrylate (DMAEMA, BDH) are also added to the 

polymerization mixture, respectively. The casting solutions that contained 

proper amounts of the comonomers ( 25%; 30% vlv HEMA ). the 

crosslinker (0.4 ml EODMA/I0 ml HEMA) and the initiator ( 0.02 g 

AIBN 110 ml HEMA) are casted between flat polypropylene plates using a 

Teflon spacer to adjust the membrane thickness and are heated for 24 

hours at 6()0 C for bulk polymerization and crosslinking. 

Poly<HEMA) Based Beads. Crosslinked polyacrylate beads are 

prepared by a suspension polymerization technique and are carried out in 

an aqueous dispersion phase containing magnesidm oxide, to decrease the 

solubility of hydrophllic monomers (especially HEMA) in the dispersion 

medium. HEMA is used as the basic monomer. The binary mixtures of 

other comonomers (AA and DMAEMA) with HEMA including also the 

crosslinker (EODMA) and the initiator (AIBN) are added into the 

suspension medium within a laboratory type reactor (500 ml volume,three 

necked flask) provided with an anchor type stirrer. In order to have 
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spherical beads about 400 mm in diameter with a narrow size distribution; 

the comonomer / HEMA ratio, the monomer phase / dispersion phase ratio, 

the amounts of EGDMA and AmN, and the agitation speed are all 

adjusted to 1/3 (v/v), 1/10 (v/v), 0.33 mole EGDMNmole HEMA, 0.015 

mole AmN/mole HEMA,380 rpm respectively. The mixture is maintained 

at 70 °C for 3 hours and then at 90 oC for 1 hour. After cooling, the 

polymeric beads are separated from the bulk, washed with dilute HCI 

solutions to remove residual MgO and several times with water and 

ethanol, dried in vacuum dessicator at room temperature. 

General Procedure 

Initial calibrations are carried out with standard solutions of BSA 

and fibrinogen in phosphate buffer, pH=7.0 and with 282 run excitation 

& 342 run emission wavelenghts. The intrinsic tryptophan fluorescence 

observed from protein solutions at given excitation wavelength, 

concentrations up to 25.0 mg/ml are linear and qbey a simple linear curve 

fit. The method is accurate to O.lmg/ml with a regression coefficient of 

0.99 (-100 readings each). Minimum detectable concentration (S/N=3) is 

0.6 mg/ml for BSA and 0.9 mg/ml for fibrinogen. 

Adsorption of BSA onto the pyrex-glass, polypropylene and 

poly(HEMA) surfaces are shown to be temperature, pH and buffer 

dependent [11]. Time-dependent inactivations of BSA initially obey fast 

adsorption (-20 minutes) process followed by a slow concentration 

dependent second step. Besides poly(HEMA) membranes, results of a 

further study on BSA and fibrinogen uptake of poly(HEMA) beads is 

presented in Table 1 in order to compare those figures that are calculated 

from protein intrinsic fluorescence statistically with the two methods of 

calculations suggested below using the extrinsic auorescence of protein in 
the presence of Eu3~1 or Eu(pDA>33-. ,; 
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Calibration of BSA extrinsic fluorescence 

-10 % quenching of the intrinsic BSA fluorescence intensity at 

342 nm and relative sensitization of pure Eu3+ aquo-ion emission at 590 

nm is observed byligand-to-Eu3+ nonradiative energy tranfer processes 

when BSA is added in stochiometric amounts. It is probably because of a 

resonant coupling between the BSA tryptophan luminescence with the 

acceptor Eu3+ ion, that has multitude of absorption bands within 280-500 

. nm. BSA-sensitized Eu3+ emission in our preliminary experiments are not 

significant enough tocany out any detailed calibration work. 
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Fig. 1. Excitation spectra of solutions at A.em = 615 run in 
piperazine buffered solutions, pH =6.5 and 37°C, all having 
same concentration, 8.33 x 10-1 mol.dm-3, (A) BSA, (B) Eu3+, 

(C) Eu(pDA>33- and (0) 1:1 mole ratio of BSA: Eu(pDA>3?' 
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When the same experiments are repeated with Eu(pDAh3­

complex, the enhancement of BSA- sensitized Eu3+ emission is very 

significant as given in Fig. 1. It shows a maximum I F in every 1: 1 

mole BSNmole complex ratio (m) and a decrease when m > 1.0 , a linear 

increase when 0<m<1.0. No such increase in I F is recorded when 

Eu(PDAh3- and pure tryptophan solutions are mixed, Fig 2-B. 

Two different calibrations for BSA extrinsic fluorescence are carried out: 

Method A : All relative fluo:escence intensities read from the 

calibration solutions that contain always 1 : 1 mole ratio of BSA: 
Eu(pDAh3- or fibrinogen: Eu(PDAh3- are plotted against the protein 

concentration (mol.dm-3) giving a linear regression (r 2 =1.0) ; 

IF = - 45.7950 + 46.58 x 10 7 C for BSA and 

IF = -139.2248 + 266.42 x 10 7 C for fibrinogen 

all in piperazine HCI buffer, pH= 6.8. Excitation at 280 nm and emission 

at 615 nm are recorded up to concentration of 1.700 x 10-5 mol.dm·3 for 

BSA and up to 5.00 x 10-6 mol.dm-3 for fibrinogen with equimolar 

concentrations of Eu(PDA)33- complex. Detection limits are 1.11 x 10-7 

mol.dm-3 for BSA and 5.45 x 10-8 mol.dm-3 for fibrinogen with a 

precision of I F ± 1.0. 

If inactivation of BSA or fibrinogen fluorescence shows statistical 

match to above given calibrations within the presence of poly(HEMA) 

membranes or beads. it means that there is chemical bonding between the 
protein and Eu(PDAh3- complex, both being canied to the surface of 

polymer and being adsorbed together so that 1: 1 ratio in solution is never 

changed. Thus the enhancement of solution fluorescence of 
BSA:Eu(pDAh3- complex comes from the intramolecular energy transfer 

from the donor protein molecule to acceptor Eu3+ metal ion within the 

same complex. 
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Fig. 2. Fluorescence intensity change measured at "-ext = 280 

nm and Aem = 615 run in piperazine buffered solutions. pH=6.5 

and 370C for constant Eu(pDAh3- mole number (1 ml of 3.33 

x 10-6 mol.dm-3). 

(A) Eu(PI?Ah3- + BSA solutions. compared to equivalent BSA 

solutions. 
(B) Eu(PDAh3- + tryptophan. solutions, compared to equivalent 

tryptophan solutions. 
(C) Eu(PDAh3- + fibrinogen solutions"compared to equivalent 

fibrinogen solutions. 

(For this case, Eu(PDAh3- mol number is 5.56 x 10-7 


milimoles and constant) 


Method B ; All relative fluorescence intensities read from the 

calibration solutions that contain varying mole ratios of BSA against the 
known and flXed Eu(pDAh3- concentration (0 < m < 1.0) also give a 
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linear regression (r2 = 1.0) as shown in Fig. 2. AIF values show an 

intensity increase measured in piperazine Hel buffer (pH=6.8) at 

Aex = 280 nm and Aem = 615 nm. 

AI F = - 4.55 + 313.62 m for BSA and 

AI F = - 9.09 + 557.58 m for fibrinogen. 

If inactivation of BSA or fibrinogen fluorescence show statistical 

match to the above given calibrations within the presence of poly(HEMA) 

membranes or beads, it means that there is no chemical bonding between 

the protein and Eu{PDAh3- complex, only protein being carried to the 

surface of polymer and Eu(PDAh~- concentration being unchanged in the 

solution. Then the enhancement of solution fluorescence of BSA: 

Eu(PDAh3- complex probably comes from the intermolecular energy 

transfer from the donor protein molecule to acceptor Eu3+ central ion either 

by resonance or exchange mechanism. 

Calculation of protein adsotption onto the polymer beads and 
membranes . 

The BSA and fibrinogen adsorption onto the fixed (2 or 3 cm2) 

surface area of membranes or onto the fixed amount (1 or 2 g) of beads are 

calculated for 20 minute and 60 minute periods using fluorimetric 

detection.Two series of solutions are prepared; BSA and equimolar BSA I 
Eu(PDA}J3- and relative fluorimetric intensities are recorded at Aero =342 

nm and at Aem = 615 nm respectively for protein's intrinsic and extrinsic 

fluorescence using Aex = 280 nm. The time dependent inactivation of both 

proteins are already known [12,15]. For this study 30%,25% DMAEMA 

and 30%, 25% AA poly(HEMA) membranes and particulates are selected. 

All results are given in Table 1. 



Table 1. Statistical Comparison of Protein Adsorption onto Poly(HEMA) Membranes and Particulates 

Using Intrinsic and Extrinsic Fluorimetric Data 


-----------lB~A----------------------------------------------------------------------------------------

Adsorption 30% DMAEMA membranes 25% DMAEMA particula&e 30% AA membranes 25% AA particulate 
Period -
~ iot·· A··· B··· jot A B iot A B iot A B 

4.03 4.18 16.38 1.15 1.88 8.13 0.92 1.30 5.65 0.29 0.29 1.14 
20minute N=5 N=5 N=5 N=5 N=5 N=5 N=4 N=4 N=4 N=5 N=5 N=5 
Statistical (-) (+) (-) (+) (-) (+) (-) (+) 
Com.**** 

5.16 536 16.70 1.80 2.02 10.40 1.02 2.80 9.05 0.74 0.82 2.13 
60minute N=6 N=6 N=6 N=5 N=6 N=6 N=4 N=4 N=4 N=5 N=5 N=5 
Statistical (-) (+) (-) (+) (-) (+) (-) (+) 
Com.***· 

FIBRINOJEN 

Adsorption 30% DMAEMA membranes 25% DMAEMA particulate 30% AA membranes 25% AA particulate
;eeriod 
~ iot·· A.·· B··· jut A B iot A B iDt A B 
20minute 4.70 4.70 7.30 1.23 1.22 5.64 1.99 2.46 4.47 0.96 1.07 2.30 
Statistical N=5 N=5 N=5 N=5 N=5 N",,5 N=4 N=4 N=4 N=5 N=5 N=5 
Comparison (-) (+) ( -) (+) (-) (+) (-) (+) 

60minute 5.41 5.60 11.04 4.03 4.24 8.30 2.25 2.89 6.28 1.91 2.16 3.41 
Statistical N=4 N=4 N=4 N=5 N=5 N,,,5 N=4 N=4 N=4 N=5 N=5 N=5 
Comparison (-) (+) ( -) (+) (-) (+) (-) (+) 

* Adsorbed BSA and fibrinogen is calculated as mg Icm2 . 
** Calculated from Intrinsic protein fluorescence (lex =280. Aem =342 nm) in piperazine--HCl buffer pH=6.5 . 

*** Calculated from calibrations in method A and B (from extrinsic protein fluorescence Aex= 280. Aero = 615 nm), in same buffer pH=6.S . 
**** 	 Statistical comparison of intrinsic method with method A and method B. 

For 952fL confidence levels: (+)~hows a real difference and (-lshows indeterminate errors. 
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RESULTS AND DISCUSSIONS 

The results in Table 1 shows that the initial fast adsorption of 

proteins are significantly bigher on positively charged DMAEMA surfaces 

than negatively charged AA or neutral poly(HEMA) surfaces as reported 

before [12]. In the presence ofDMAEMA the adsorption process is driven 

by electrostatic interaction of the amino groups and the net negative charge 

of the BSA molecules. 60 minutes of incubation, the steady increase of 

BSA uptake in both the DMAEMA and AA comonomer surfaces are 

partially dependent on swelling of polymers too. Therefore, 

interpenetration (absorption in addition to.surface adsorption) into the bulk: 

structure of surfaces can explain the larger quantities of protein uptake. 

Modified poly(HEMA) surfaces with DMAEMA may have a basic use in 

the widely applied separation of BSA and other blood proteins by ion 

exchange chromatography and further work is under process. Comparison 

of experimental means within 95% confidence levels of t-values ( ± t s V 
Nl + N2! Nl . N2) show that there is small indeterminate errors in 

method A but significant differences in method B. This proves that both 
BSA and fibrinogen form complexes with Eu(PDAh3- in equimolar 

concentrations and sensitize the metal ion fluorescence by intramolecular 

energy transfer. 

Before giving FfIR results of this new lcomplex, it is better to 

mention the work: dd~e on calculating the apparent stability constants of 
Eu(PDA}J3- and Eu(PDAh- with BSA. If there is an association of 

Eu(pDA}J3- and BSA, reaction (1) is valid but if there is a displacement of 

PDA2- when BSA is bound, then reaction (2) is valid. The equilibrium 

constant for reaction (2) can be found from the product of lIK3 with ~ : 

K3 being the third step complex formation constant of Eu3+ with PDA2­

(reaction 3)2 and equals to 1.12xlOS ,~ being the apparent stability 

constants ofEu(pDAh- with BSA. 

Eu(pDAh3- + BSA <::) {Eu(PDA)3: BSA} 3- (1) 
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or 
Eu(PDAh3- +.BSA <=> {Eu(PDA)2: BSA} - + PDA2- (2) 

Eu(PDA)2 + PDA2- <=> Eu(PDAh 3- (3) 

Eu(PDAh- + BSA <=> {Eu(PDAh: BSA} - (4) 

A recent paper of our group for the determination of stability 

constants using fluorescence spectroscopy [2], is applied for the above 

cases. Increase in the extrinsic fluorescence intensity is measured at 
AextlAem of 280/615 om for Eu(PDAh3- or Eu(PDAh- associated with 

BSA up to 1: 1 mole ratio. AF = f ( c L ) , c L being the actual total 

concentration of the ligand, BSA for this case. The best agreement, for the 

relatively large concentration range of BSA. is found to be the function 

given below: 

(5) 


where: a j and b j are constants for this ligand and for a particular cM­

total metal ion concentration, Eu(PDAh3- or Eu(PDAh- for this case. 

From these data, c F - free ligand concentrations are calculated assuming 

that AF = f (c F) and obeys the equation 6 : 

In(AF)= aO IncF + b o (6) 

ao and bo values are evaluated by the extrapolation of a and b 

coefficients for different cM concentrations to the cM = 0, a and b 

functions ofcM concentrations obey the equations: 

a j = P'CMj + a 0 (7) 

b J= q CMj + b 0 (8) 
where: a j and b j are the same values found from equation 5. 

Plotting In ( AF) versus In ~ graphics the constants bj equal to 

bo when c M = 0 from equations 5, 7 and 8. The computed values; a, b, 

ao ,bo and r (regression coefficients) are presented in Table 2. 
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Table 2. The cM ,at' b, 80, bo values for Eu(PDA)3 3- and Eu(PDA)2­
: BSA systems and r2 values (regression coefficient of each 
line plotted, for a, b - equation 5 and for 80, bo equations 7 
and8*). 

---------------E;~1)Af31~~BSA--~~~~-------------

CMx10 6 

( mol.dm - 3) a b r2 

0.00 1.1232 20.597 0.93 - 0.98* 
0.90 0.9348 ;-.17.914 0.99 
1.00 0.9139 17.616 0.99 
2.00 0.7046 14.635 0.98 
2.50 0.6099 13.144 0.99 
3.00 0.4954 11.654 0.98 
3.75 0.3384 9.418 0.98 
4.00 0.2861 8.673 0.99 

Eu (PDA) 2 - BSA system 

0.00 0.9324 16.843 0.94 - 0.88* 
0.90 0.8397 15.065 0.99 
1.00 0.7859 14.868 0.98 
2.00 0.6390 12.890 0.98 
2.50 0.5661 11.320 0.99 
3.00 0.4928 10.918 0.98 
3.75 0.3829 9.437 0.99 
4.00 0.3646 8.442 0.98 
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Table 3. The computed c L. c F • K 1 and K4 values of 
Eu(PDA)3 3- and Eu(PDA)2 - : BSA complexes for selected 
two different initial metal ion concentretion, c M . 

------------------Eu-(P15A33-3~:-B§A -systeDi----------------­
-------------------~------~-----------------------~-----~~ 

C M = 1.0 x 10 mol.dm C M = 4.Ox 10 mo1.drn 

CJ. x 10 7 cF x 10 7 Kl x 10 -6 cL x 107 C F x 10 7 K}XI0- 6 

1.25 0.289 3.68 5.00 0.455 2.82 
2.50 0.455 5.65 10.00 1.354 2.36 
3.75 0.614 7.44 15.00 0.844 6.49 
5.00 1.120 5.66 20.00 1.066 8.43 
6.25 0.919 1.24 25.00 3.112 4.05 
7.50 1.682 8.29 30.00 5.633 2.77 
8.75 1.3-50 2.11 35.00 6.424 3.89 

10.00 	 1.564 4.02 40.00 10.858 2.47 

mean 4.76 mean 4.16 


Eu (PDA) 2 - : BSA system 

--------------~-------!------------------------~------~--
C M = 3.0 x 10 mol.drn-	 C M = 4.0 x 10 mo1.dm­

cL x 10 7 CFx10 7, K4 x 10-6 cL x 10 7 C F x 10 7 K4 x 10.6 

3.75 1.507 0.54 5.00 1.869 0.45 
7.50 2.606 0.75 10.00 5.481 0.23 

11.25 2.980 1.28 15.00 6.466 0.42 
15.00 4.314 1.28 20.00 7.063 0.68 
18.75 4.895 1.75 25.00 8.467 0.83 
22.50 6.268 1.88 30.00 8.871 1.26 
26.25 8.758 1.60 35.00 8.265 2.44 
30.00 	 11.022 1.56 40.00 8.669 4.17 


mean 1.33 mean 1.31 


Overall results ** : K 1 = 4.75 (± 0.94) x 10 6 and K4 = 1.79 (± 0.35) x 10 6 

** Values are given for 95% confidence level 



125 

Knowing the 30 and bo values, the free ligand concentration (cp) 

are computed from equation 6. Some of these data are collected in Table 

3. The calculated c p values are used for the computation of stability 

constants, Kl and ~ from the equation given below: 

Kl (C; + cM ep - CI. ep) + c p - c L = 0 (9) 

It is possible to write equation 9 for each computed value of c L . 

Such set of equations are used for the evaluation of stability constants, by 

simultaneous iteration of apparent stability constant values. For above two 

cases, the computation is applied to - 50 equations. We have taken only 

the cp values in the concentration region, in which equation 6 is obeyed. 

The apparent stability constants calculated for reaction(l) is (4.75 ± 
0.94) x 1()6 and for reaction (4) is (1.79 ±0.35) x 1()6 (log Kl = 6.68 ± 
0.08 and log ~ = 6.25 ± 0.07 respectively). Comparison of two 

; , 

experimental means ( at 95% confidence level) show existence of a real 
difference between th'e calculated binding constants of BSA to Eu(pDAh3­

and to Eu(PDAh-. The equilibrium constant of reaction (2); PDA2­

displacement with BSA coordination, is calculated to be ~ IK3 = 1.79 x 

1()6/ 1.12x1OS = 15.98 which is impossible compared to experimental 

K1 . Thus there is no displacement of PDA when BSA is bound and 

reaction (2) is invalid. It also means that the association of BSA is not to 

fIrst-sphere coordination of metal ion but rather to the PDA ligands around 

it The second-sphere coon:lination is true and can be explained with the aid 
of FfIR results. FfIR spectra of BSA, Eu(PDAh3- and 1: 1 Eu(pDAh3- : 

BSA (-10-3 mol.dm-3 solutions dried on KBr disc) are given in Fig. 3 . 

There is a nevy IR peak: centering on 1230 em-I (1280-119Ocm-l ) 

known as the ami~e-(ln) band of C-N-H bonding because of N-H 

bending and C-N streching. It only appears in Eu(PDAh3- that is bonded 

to BSA. Compared to Eu (PDA>33- itself, there is also a weaker new 



126 

t·.. 

IV 

'"... 
., 
" 

.'" 
o 

u" 
C•I' ,...: 

(\ 
~ u; 
;:~ 

I 

.. I"" , " r\'v'
J
Ic 

, OJ.... ,... I v 
IV I., 

I 
10., 
10 

ru.. 

~ 1 

~~I____*I____~' ~I ____41____~'____~I----~'____~,~--_+!----~i 


1 ... 03.4 1 ,If)!,!.!", lf~.:t:-J.::;' 1518.'; ,4C:;:J.t. \:-i:J!A.? 1.r:!'::1.=.."l 11;qS.EI 10~3.A SlI~8,~!5 

\.,.lv'''IH''nIH~''/ (-:::1\- 11 

Fig 3. FITR spectra of 1x10-3 mol.dm-3 solutions dried on 
KBrdiscs. 

A) BSA, B) Eu(PDA)33- and C) {Eu(PDA)33-:BSA} complex. 

absorption peak: at 1504 em- l which is known as the amide-(II) band of ­

C (=0) - NH - R bonding because ofN-H bending too, A less pronounced 

increase can be seen on C-N strech at 1425 cm- l , Although the amide-(l) 

band of BSA carbonyl at 1640 cm- l is nearly the same, the absorption of ­

C (=0) - at 1628 cm- l is decreased in Eu(pDAh3-. The new peaks and 

other IR data indicate an amide bonding in the new molecule. It is possible 

if the carboxylate terminals ofPDA ligands in Eu(PDAh3- that are ionic in 

nature, coordinate with polar terminals of amino acids in BSA as shown 

below: 

Eu(PDAh3- + BSA ~ {Eu(PDAh: BSA }3- K ... 4.75 (± 0.94) x 106 

3 {-CO(Y + H3W-CH(R)-CC)(Y } -+ 3 {-CO-NH-CH(R)-C<XY}+ 3H20 

http:11;qS.EI
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BSA : Eu(PDA}JJ.. 

The binding of Eu(pDAh3- to BSA must be somehow close to 

tryptophan unit or so that intramolecular energy transfer is prefered to 

central metal ion to fluorescence. The enhancement of Eu(PDAh3­

fluorescence at 615 nm also depends onto the increased rigidity too. This 

work may lead to new alternative methods of labelling BSA or fibrinogen, 

following their luminescence in visible region, making analysis based on 

time-:resolved fluorimetry and much more. 
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