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Pollen morphology of the genu®/erbascum L. (Group A) in Turkey
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*Gazi University Science and Art Faculty DepartmariBiology Teknikokullar, 06500 Ankara, Turkey

Abstract

Pollen morphology of 30 taxa belonging WerbascumlL. of the family Scrophulariaceae from Turkey has
been investigated using light microscope and secanmiicroscope. It is an eurypalynous family Erdtni®52). Pollen
grains usually radially symmetrical, isopolar, dblapheroidal to spheroidal, tricolpate. Tectunttate and coarsely

reticulate.
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Ozet

Scrophulariaceae familyasindan Turkiye'de yaydosterenVerbascumL. cinsine ait 30 taksonun polen
morfolojisi, 51k ve elektron mikroskobu kullanilarak galmistir. Scrophulariaceae eurypalynous bir familyadir
Erdtman (1952). Polen taneleri genellikle radyahedrili, isopolar, oblate-spheroidal’den spherdidacolpate’a

kadar. Tectum reticulate ve kabaca reticulate.

Anahtar Kelimeler: VerbascumPolen, Turkiye

1. Introduction

This family is represented by 280 genera and aBo00 species in the world and 30 genera and 468espm
Turkey (Watson & Dallwitz, 1991; Huber-Morath, 1978erbascunis represented by 360 taxa in the world and 241
taxa in Turkey (Huber--Morath 1978, Daws al 1988, Vural & Aydg@du 1993, Karaveligullari et al 2004, 2006,
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2008, Sutory 2001, 2004 Ozhatay 2006, Kayeiasl. 2006, Parolly, G. & Tan, K. 2007, 2008Yerbascungroup A, is
could be separated with having 4 stamens from thers groups. This group members are representelb ligixa in
Turkey and others neighbouring countries (Ferqué®ii2; Fedchenko, 1955; Huber-Morath, 1981; Feimidothan,
1978a, 1978b; Meikle, 1985; Tackholm, 1974).

Pollen morphology of the family Scrophulariaceas haen examined by a number of workers such a Brdtm
(1952), Moore & Webb (1978). Inceoglu (1982), Vdrgse (1986). Argue (1986) Karim & EL-Oqglah (198d)nki &
Eshbaugh (1989). Karavefiallari et al., (2005)

2. Materials and methods

Material used for study was collected from 30 wildpulations in Turkey which belong to 30 taxa in 28
species. Collectors and localities are shown inAppendix. The list of voucher specimens of thentdaare deposited
in the herbarium of GAZI. The pollen grains wereegared for light (LM) by the standard methods descr by
Erdtman (1952). For light microscopy, the pollemigs were mounted in unstained glycerine jelly abdervations
were made with a Prior microscope under (125, 0&% oil immersion (E100, 1.25), using 10x eye @ie€or
scanning electron microscopy investigations, thiempgrains were put on stubs, stutter-coated witll glate. The
S.E.M examination was carried out on a Jeol mi@pscJSM-6060. The measurements were based on 8ihgsa
from each specimen. Polar axis, equatorial diamewt ratio, exine, colpi long axis, colpi shorisspapocolpium and
Amb diameter were also measured. The terminology issin accordance with Erdtman (1952), Kremp §)96aeqgri
& lversen (1964), Walker & Doyle (1976) and Wil([i$973).

3. Results

3.1. General pollen characters of the genus Verbas@Group A)

Verbascum natolicurfFisch. & C.A.Mey.) Hub.-Mor. Figure. 1. A, B, Table 1.

Measurements: Polar axis P (22.56-) 23.44+0.96 (04} um, and equatorial diameter E (18.22-) 20135 (—22.56)
pum, P/E ratio: 1.15. Colpi (16.49-) 19.82+2.05 (433 um long. Amb diameter (21.70-) 23.14+1.27 (82p um.
Apocolpium (1.73-) 2.794£0.65 (—4.34) um. Exine -8 1.01+0.17 (-1.73) um thick, ornamentation isarsely

reticulate.

Verbascum spodiotricuifiHub.-Mor) Hub.-Mor. Figure. 2. A, B, Table 1.

Measurements: Polar axis P (14.75-) 16.23+0.83.86) um, and equatorial diameter E (12.15-) 14.20A41{-15.62)
pm, P/E ratio: 1.14. Colpi (11.45-) 13.37+£1.17 {B}.um long. Amb diameter (13.88—) 14.52+0.60 (62p.um.
Apocolpium (1.73-) 2.09+0.38 (-2.60) um. Exine 63-80.94+0.11 (-1.08) um thick, ornamentation {&wate.
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Verbascum oriental@..) All. Figure. 3. A, B, Table 1.

Measurements: Polar axis P (27.77-) 29.97+1.56(853 um, and equatorial diameter E (24.30-) 27128k (—32.94)
pum, P/E ratio: 1.10. Colpi (19.96-) 25.43+2.22 (529 um long. Amb diameter (25.17-) 27.11+1.42 (529 um.
Apocolpium (3.47-) 5.09+0.73 (-6.07) um. Exine (=B1.47+0.21 (-1.73) um thick, ornamentation {swate.

VerbascunbrachysepalunfFisch.& Trautv.) O. Kuntze Figure. 4. A, B, Table 1.

Measurements: Polar axis P (24.30-) 25.87+1.3@(64} um, and equatorial diameter E (21.70-) 23168 (—25.17)
um, P/E ratio: 1.09. Colpi (19.96-) 22.48+1.71 (629 um long. Amb diameter (23.43-) 25.84+1.56 (628 um.
Apocolpium (2.60-) 3.64+0.70 (—4.34) pm. Exine 63-80.97+0.11 (-1.08) um thick, ornamentation {&uate.

Verbascum ciliciunfBoiss. & Heldr.) O. Kuntze Figure. 5. A, B, Tal.

Measurements: Polar axis P (19.96-) 22.54+1.13.86241m, and equatorial diameter E (18.2—) 20.3P41--22.56)
pm, P/E ratio: 1.11.Colpi (15.62-) 17.70+£1.55 (989.um long. Amb diameter (18.22-) 19.75+0.96 (83p.um.
Apocolpium (1.73-) 2.47+0.30 (-2.60) pm. Exine @38 0.94+0.10 (-1.08) pm thick, ornamentation isiwrsely

reticulate.

Verbascum flabellifoliunfHub.-Mor.) Hub.-Mor. Figure. 6. A, B, Table 1.

Measurements: Polar axis P (20.83-) 22.85+1.35.{A2%m, and equatorial diameter E (17.36-) 20.1®4{-22.56)
pm, P/E ratio: 1.11. Colpi (16.49-) 19.76+1.47 (582 um long. Amb diameter (19.96-) 21.35+0.34 (58P um.
Apocolpium (1.73-) 2.34+0.38 (-2.60) um. Exine §3:50.90+0.14 (-1.08) um thick, ornamentation s wate.

Verbascum trapifoliun{Stapf.) Hub.-Mor. Figure. 7. A, B, Table 1.

Measurements: Polar axis P (18.22-) 22.74+0.73.%6321m, and equatorial diameter E (16.49-) 20.535:-{-20.83)
um, P/E ratio: 1.11. Colpi (15.62-) 19.44+1.12 (#B) um long. Amb diameter (17.4-) 21.01+1.06 (969.um.
Apocolpium (2.60-) 3.73+0.70 (—3.90) um. Exine @B 0.96+0.11 (-1.08) um thick, ornamentation isareely

reticulate.

Verbascum pyroliforméoiss. & Heldr.) O. Kuntze Figure. 8.A, B, Table 1.

Measurements: Polar axis P (21.70-) 23.89+1.52.0426um, and equatorial diameter E (18.22-) 20.6231{-21.70)
pm, P/E ratio: 1.16. Colpi (16.49-) 20.16+1.47 (433 um long. Amb diameter (18.2—) 21.78+1.37 (4231m.
Apocolpium (1.73-) 1.97+0.36 (-2.60) pm. Exine §3-50.81+0.08 (-0.86) um thick, ornamentation {&uate.
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Verbascum dudleyanu(hlub.-Mor.) Hub.-Mor. Figure. 9. A, B, Table 1.

Measurements: Polar axis P (15.6-) 21.57+1.30 (5&22um, and equatorial diameter E(13.88—) 20.193-(-19.96)
pm, P/E ratio: 1.03. Colpi (12.15-) 18.14+1.39 (969 um long. Amb diameter (16.49-) 20.63+0.75 (S6P um.
Apocolpium (1.73-) 2.80+0.22 (-3.47) pm. Exine B3-50.86+0.22 (-1.08) um thick, ornamentation (& utate.

Verbascum coronopifoliurfBoiss. & Balansae) O. Kuntze Figure. 10.A, B, Table 1.

Measurements: Polar axis P (19.96-) 24.38+2.14.0426um, and equatorial diameter E (17.36-) 19.214:{-20.83)
pm, P/E ratio: 1.27. Colpi (15.62-) 17.13+0.85 (228 um long. Amb diameter (17.36—) 19.73+1.14 (#Q} um.
Apocolpium (2.60-) 3.98+0.60 (—4.34) um. Exine §3:50.80+0.09 (-0.86) um thick, ornamentation s uate.

Verbascum serratifoliurHub.-Mor.) Hub.-Mor. Figure. 11.A, B, Table 1.

Measurements: Polar axis P (19.96-) 22.07+1.08.48231m, and equatorial diameter E(18.22-) 20.582122.56)
um, P/E ratio: 1.08. Colpi (16.49-)18.19+1.10 (83.@m long.. Apocolpium (2.60-) 3.80+0.68 (-5.20h.upAmb
diameter(16.49-) 20.02+1.08(-22.56) um. Exine (©)86.93+0.10 (—1.08) um thick, ornamentation is rsely

reticulate.

Verbascum basivelaturub.-Mor. Figure. 12.A, B, Table 1.

Measurements: Polar axis P (17.36-) 19.21+1.321(#® um, and equatorial diameter E(15.6—) 17.7331-19.09)
pm, P/E ratio: 1.08. Colpi (13.88-) 15.79+1.22 (228 um long. Amb diameter (16.49-) 18.93+1.04 (96D um.
Apocolpium (2.60-) 2.80+0.33 (-3.47) um. Exine 63-80.86+0.24 (-1.08) um thick, ornamentation (g utate.

Verbascum bourgeauanurub.-Mor. Figure. 13.A, B, Table 1.

Measurements: Polar axis P (19.09-) 21.87+1.30.88241m, and equatorial diameter E (18.22-) 20.192-(0-22.56)
pm, P/E ratio: 1.08. Colpi (16.49-) 18.14+1.39 (#2) um long. Amb diameter (19.96-) 20.63+0.75 (#Q)L um.
Apocolpium (2.60-) 2.80+0.22 (—-3.03) um. Exine §3:50.86+0.22 (-1.08) um thick, ornamentation s wate.

Verbascum serpenticoldub.-Mor. Figure. 14.A, B, Table 1.

Measurements: Polar axis P (21.70-) 21.13+1.14.0426um, and equatorial diameter E (19.96-) 21.31t(-22.56)
um, P/E ratio: 0.99. Colpi (16.49-) 18.33+1.03 (:83) um long. Amb diameter (21.70-) 22.91+0.83 (3@% um.
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Apocolpium (2.60-) 2.78+0.29 (-3.47) um. Exine B3P 0.86+0.22 (—1.08) pm thick, ornamentation iswrsely

reticulate.

Verbascum sorgerag@iub.-Mor.) Hub.-Mor. Figure. 15.A, B, Table 1.

Measurements: Polar axis P (19.96-) 21.67+0.92.43331m, and equatorial diameter E (17.36-) 19.583{-20.83)
um, P/E ratio: 1.11. Colpi (16.49-) 18.14+1.01 (989 um long. Amb diameter (18.22-) 19.84+1.27 (@)L um.
Apocolpium (1.73-) 2.14+0.40 (-2.60) um. Exine §3:$0.89+0.15 (-1.08) um thick, ornamentation & wate.

Verbascum nudicaul@Vydler) Takht. Figure. 16.A, B, Table 1.

Measurements: Polar axis P (19.96-) 20.97+0.69.5821m, and equatorial diameter E(18.22-) 19.163(-19.96)
um, P/E ratio: 1.09. Colpi (16.49-) 17.53+0.95 (089 um long. Amb diameter(17.36-) 19.78+1.13 (¥Q)L um.
Apocolpium (2.60-) 3.14+0.26 (—3.47) um. Exine -6 0.81+0.10 (-0.86) um thick, ornamentation igareely

reticulate.

Verbascum suworowianu(K.Koch) O. Kuntze. varsuworowianuntigure. 17.A, B, Table 1.

Measurements: Polar axis P (18.22-) 20.69+0.10.821um, and equatorial diameter E (19.09-) 20.8541-22.56)
pm, P/E ratio: 0.99. Colpi (14.75-) 18.17+1.72 (83) um long. Amb diameter (17.36—) 19.73+£1.42 (#Q} um.
Apocolpium (1.73-) 2.69+0.67 (—4.34) um. Exine -6 0.91+0.14 (-1.08) um thick, ornamentation igareely

reticulate.

Verbascum suworowianu(i.Koch) O. Kuntze. vampapillosum(Murb.) Hub.-Mor. Figure. 18. A, B, Table 1.

Measurements: Polar axis P (19.96-) 21.35+0.90.66221m, and equatorial diameter E (18.22—) 190288 (—20.83)
pm, P/E ratio: 1.11. Colpi (15.62-) 17.16+0.71 (228 um long. Amb diameter (17.36—) 19.06+£0.93 (83D um.
Apocolpium (2.60-) 2.67+0.16 (-3.03) um. Exine 83p 0.86+0.22 (—1.08) um thick, ornamentation iswrsely

reticulate.

Verbascum luciliag(Boiss.) O. Kuntze Figure. 19. A, B, Table 1.

Measurements: Polar axis P (17.36-) 18.89+1.36.73 um, and equatorial diameter E (16.49-) H058. (-
22.56) um, P/E ratio: 1.08. Colpi (13.88-) 15.68#1(-18.22) um long. Amb diameter (17.36-) 17.881(0—19.96)
pm. Apocolpium (1.73-) 1.99+0.36 (—2.60) um. Ex{8et3—) 0.65+0.19 (—0.86) pum thick, ornamentat®caarsely

reticulate.

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey



6 Biological Diversity and Conservation + 2 (2008)

Verbascum rupicola(Hayek & Siehe) Hub.-Mor. Figure. 20. A, B, Table 1.

Measurements: Polar axis P (19.09-) 20.37+1.01.4331m, and equatorial diameter E(14.75-) 16.38x0-17.36)
pm, P/E ratio: 1.25. Colpi (15.62—) 20.08+0.80 (582 um long. Amb diameter (13.88-) 16.40+1.679(69) pum.
Apocolpium (1.73-) 2.30+0.50 (-=3.03) pm. Exine 63-81.05+0.14 (-1.30) um thick, ornamentation {&wuate.

Verbascum agrimoniifoliur(K.Koch) Hub.-Mor. subspagrimoniifoliumFigure. 21. A, B, Table 1.

Measurements: Polar axis P (17.36-) 18.74+0.98.833Qum, and equatorial diameter E (15.62-) 17033 (—18.22)
pm, P/E ratio: 1.08.. Colpi (14.75-) 15.74+0.937-36) um long. Amb diameter (14.75-) 17.07+1.089(96) pm.
Apocolpium (1.73-) 2.92+0.78 (-3.47) um. Exine B3P 0.86+0.22 (—1.08) pm thick, ornamentation isiwrsely
reticulate.

Verbascum levanticuiK. Ferguson Figure. 22.A, B, Table 1.

Measurements: Polar axis P (19.96-) 21.60+1.14.43331m, and equatorial diameter E (16.49-) 181453 (—20.83)
um, P/E ratio: 1.17. Colpi (14.75-) 18.55+0.83 (:83) um long. Amb diameter (17.36—-) 18.25+0.83 (96P um.
Apocolpium (1.73-) 1.974+0.33 (—2.60) um. Exine @:p 0.86+0.22 (-1.08) um thick, ornamentation igareely
reticulate.

Verbascum bugulifoliurham. Figure. 23. A, B, Table 1.

Measurements: Polar axis P (16.49-) 18.60+£1.02.96)9um, and equatorial diameter E(16.5-) 16.683-¢-18.22)
pum, P/E ratio: 1.12. Colpi (13.88-) 15.59+1.06 (-36] um long. Amb diameter (16.49-) 17.82+0.81 (62 um.
Apocolpium (2.60-) 3.48+0.60 (-5.20) um. Exine @:p 0.83+0.07 (—1.08) um thick, ornamentation igarsely

reticulate.

Verbascum ponticurgBoiss.) O. Kuntze Figure. 24.A, B, Table 1.

Measurements: Polar axis P (17.36-) 18.57+£0.98.96)9um, and equatorial diameter E (14.75-) 1843 (—
17.36) um, P/E ratio: 1.13. Colpi (13.88-) 15.0820(-16.49) um long. Amb diameter (15.62—) 16.6341(—21.70)
pm. Apocolpium (1.73-) 2.22+0.48 (—3.03) pum. Exj@é5—) 0.79+0.10 (—0.86) um thick, ornamentat®reticulate.

Verbascum bornmuellerianuktub.-Mor. Figure. 25.A, B, Table 1.
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Measurements: Polar axis P (17.36-) 19.53+0.99 (#® um, and equatorial diameter E (16.49-) 18182 (—19.96)
pm, P/E ratio: 1.07. Colpi (13.88-) 16.43+1.07 (223 um long. Amb diameter (16.49-) 18.34+1.169(96) pum.
Apocolpium (1.73-) 2.424+0.49 (—3.03) um. Exine @:p 0.88+0.10 (—1.08) um thick, ornamentation isarsely

reticulate.

Verbascum oreophiluid.Koch. var. oreophilumFigure. 26. A, B, Table 1.

Measurements: Polar axis P (19.09-) 20.71+1.11.56221m, and equatorial diameter E (17.36-) 181902 (—22.56)
pm, P/E ratio: 1.09. Colpi (15.62-) 17.36+0.75 (228 um long. Amb diameter (19.96-) 21.52+1.10 (433 um.
Apocolpium (1.73-) 2.54+0.40 (-3.03) um. Exine 63-80.96+0.11 (-1.08) um thick, ornamentation & wate.

Verbascum oreophiluid.Koch. var. joannis(Bordz.) Hub.-Mor. Figure. 27. A, B, Table 1.

Measurements: Polar axis P (19.96-) 21.49+0.90.43231m, and equatorial diameter E (15.62-) 170154 (—18.22)
um, P/E ratio: 1.25. Colpi (17.36-) 19.17+0.97 (83) um long. Amb diameter (16.49-) 17.70+0.12 (62 um.
Apocolpium (2.60-) 3.41+0.01 (—4.34) um. Exine §3-50.79+0.09 (-0.86) um thick, ornamentation & wate.

Verbascum gaillardotiBoiss. Figure. 28. A, B, Table 1.

Measurements: Polar axis P (15.62-) 18.92+1.43.83Qm, and equatorial diameter E(14.75-) 17.8Pk¢1{-19.09)
pum, P/E ratio: 1.06. Colpi (13.02-) 15.01+1.04 (:36] um long. Amb diameter (16.49-) 18.19+1.01 (83p um.
Apocolpium (2.60-) 3.18+0.50 (—4.34) um. Exine -8 1.19+0.17 (-1.73) um thick, ornamentation igarsely

reticulate.

Verbascum freyni{Sint.) Murb. Figure. 29.A, B, Table 1.

Measurements: Polar axis P (19.09-) 21.52+0.92.66221m, and equatorial diameter E (18.22-) 2018&%* (—21.70)
pm, P/E ratio: 1.03. Colpi (16.49-) 17.79+0.87 (969 um long. Amb diameter (19.96-) 21.15+0.98 (58P um.
Apocolpium (2.60-) 3.41+0.34 (-5.20) um. Exine 63-81.01+0.10 (—1.08) um thick, ornamentation s wate.

Verbascum transcaucasicwiulf. Figure. 30. A, B, Table 1.

Measurements: Polar axis P (17.36-) 20.36+1.80.66221m, and equatorial diameter E (13.88-) 1717B&(—19.96)
pm, P/E ratio: 1.15. Colpi (15.62-) 16.95+0.74 (228 um long. Amb diameter (17.36—) 18.13+0.69 (829 um.
Apocolpium (1.73-) 2.31+0.41 (-3.03) um. Exine §3-50.74+0.11 (-0.86) um thick, ornamentation s wate.
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3.2. Key to the species

1- Pollen shape oblate ................................. V..Suworowianunvar. suworowianum
1- Pollen shape prolate, subprolate
2- Pollen shape subprolate
3-Exine diameter 0.79 to 0.86um
4- Polar axis 21pm

5- Colpi short axis 2um...........c.oui e e eenenes V.oreophilumvar.joannis
5- Colpi short axisS 4pmM ... ... e V. levanticum

4- Polar axis 23 to 24um
6- Colpilong axis 17HMmM.......ccooviviiiiiiee i cenen, V. coronopifolium
6- Colpilong axis 20UM.......oeiiiiiiie e e e e V. pyroliforme

3- Exine diameter 1um

7- Amb diameter L6HM......oovvie i e e e V. rupicola
7- Amb diameter 23UmM......coie i e V. natolicum

2- Pollen shape prolate
8- Polar axis 16 to 19um

9- Equatorial diameter LApUm.......c.ooi i iceieieeee e V. spodiotricum
9- Equatorial diameter 16 to 20 pum
10- Colpi short axis 2 M ... e et e e V . ponticum
10- Colpi short axis 3 to &
11- Exine diameter L m.....c.oveviiiieie e e veneas V. gaillardotii

11- Exine diameter @®t9 um
12- Amb diameté&ridm
13- Apocolpium 1to 2 um
14- Colpi short axis 3.66 UM.............cvevnn . V.. luciliae
14- Colpi short axis 3.85 pm
creeerneneee e Vo agrimoniifoliumssp.agrimoniifolium

13pdcolpium 3 pm..........c.oeeeeieeenn ... V. bugilifolium
12- Amiadieter 18 pm

Welpi short axis 3 PmM.......cooceeiiieie V. basivelatum

Belpi short axis 4 pm................... V. bornmuellerianum

8- Polar axis 20 to 29um
16- Amb diameter 18 to 20 um
17- Colpi short axista23 um
18- Colpi longigx16 pm..................o.vv.e....... V. transcaucasicum
18- Colpi longi&x18 um........... V. borgeauanunandV. dudleyanum
17- Colpi short axisto4s5 um
19- Colpi longisxd7 pm

20- Apocioim 3 PM.......coceiiiiiiiiiii e e e2 Ve nUdicaule
20- Apocolpium 2 pm
Holar axis 21 pm.......... \/. suworowianunvar. papillosun
Holar axis 22 Moo veeie i e e V. cilicicum
19- Colpi IoNgISXL8 M....oviee v e e eeee e V. sorgerae

16- Amb diameter 21 to 2w pu
22- Polar axis 21 um
23- Colpi loagis 17 um
24- Agodpium 2 pm..............V. oreophilumvar. oreophilum
24- Apocolpium 3 pum.......ooviivvviienneeenen. 2 Vo freynii
23- Colpi long axis 18 to 19 um

25- Aqodpium 2 pm

26- Exine diameter 0.86 um............. \..serpenticola

26- Exine diameter 1 pm.....................L V. flabellifolium
25- Aqodpium 3 pm

27- Colpi long axis 18 pm............. \. serratifolium

27- Colpilong axis 19 um..............c.ceeee . \. trapifolium
22- Polar axis 228um

28- Exine diameter 0.97 um............. V..brachycephalum
28- Exine diameter 1.47 Um..........coeevveennnns V.orientale
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A

Fig. 1. SEM photos of the pollen grain\éf natolicum(A) polar view and (B) detail of pollen grain. Mafjcation: (A)

x 4300, (B) x 14000.HAK 3008)

Fig. 2. SEM photos of the pollen grain\f spodiotrichun{A) polar view and (B) detail of pollen grain. Mdfjcation:

(A) x 5000, (B) x 16000.HAK 3318).

5. KIRIKKALE

A

Fig. 3. SEM photos of the pollen grain\forientale(A) equatorial view and (B) detail of pollen graMagnification:

(A) x 3500, (B) x 11000.FAK 3175)

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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Fig. 4. SEM photos of the pollen grain\éf brachysepalurf®) equatorial view and (B) detail of pollen grain.

Magnification: (A) x 3700, (B) x 13000FAK 3184).

A

Fig. 5. SEM photos of the pollen grain\éfcilicium(A) equatorial view and (B) detail of pollen graMagnification:

(A) x 4300, (B) x 13000FAK 3262).

A

Fig. 6. SEM photos of the pollen grain\éfflabellifolium(A) polar view and (B) detail of pollen grain. Mafjcation:

(A) x 3700, (B) x 13000FAK 3238).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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Fig. 7. SEM photos of the pollen grain\ftrapifolium(A) polar view and (B) detail of pollen grain. Mafjcation:

(A) x 3700, (B) x 11000RAK 3321).

'm BEE8E8 KIRIKKALE

A

Fig. 8. SEM photos of the pollen grain\éf pyroliforme(A) equatorial view and (B) detail of pollen grain.

Magnification: (A) x 4300, (B) x 16000~AK 3359).

i

', BEEE KIRIKKALE

AP - L R :

Fig. 9. SEM photos of the pollen grain\éfdudleyanungA) polar view and (B) detail of pollen grain. Mafication:

(A) x 4500, (B) x 13000FAK 3323).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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v BE88 KIRIKKALE

Fig. 10. SEM photos of the pollen grain\afcoronopifolium(A) polar view and (B) detail of pollen grain.

Magnification: (A) x 5000, (B) x 13000~AK 3388).

A

Fig. 11. SEM photos of the pollen grain\afserratifolium(A) polar view and (B) detail of pollen grain. Mafication:

(A) x 3500, (B) x 11000FAK 3002).

Fig. 12. SEM photos of the pollen grain\dfbasivelatun{A) equatorial view and (B) detail of pollen grain.

Magnification: (A) x 3700, (B) x 1200FAK 3386).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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B K IR IKKALE % om BEEE KIRIKKALE

A

Fig. 13. SEM photos of the pollen grain\éfbourgeauanurf@) polar view and (B) detail of pollen grain.

Magnification: (A) x 4500, (B) x 15000FAK 3429).

Al

Fig. 14. SEM photos of the pollen grain\fserpenticoldA) polar view and (B) detail of pollen grain. Mafication:

(A) x 4300, (B) x 13000FAK 3247).

BEeE KIRIKKALE

Al

Fig. 15. SEM photos of the pollen grain\afsorgeragA) polar view and (B) detail of pollen grain. Mdfjcation: (A)

x 4300, (B) x 16000FAK 3253).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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.

N

Sum BEBEE 15-0CT- 032 28kl XK13. B lpm BE8E KIRIKKALE

Fig. 16. SEM photos of the pollen grain\éfnudicaulg(A) polar view and (B) detail of pollen grain. Mafjcation:

(A) x 4300, (B) x 13000FAK 3046).

Al

Fig. 17. SEM photos of the pollen grain\éfsuworowianumvar. suworowianunfA) equatorial view and (B) detail of

pollen grain. Magnification: (A) x 4300, (B) x 130@FAK 3362).

Fig. 18. SEM photos of the pollen grain\éfsuworowianumvar. papillosum(A) equatorial view and (B) detail of

pollen grain. Magnification: (A) x 4300, (B) x 130@FAK 3392).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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o BEEE KIRIKKALE

A

Fig. 19. SEM photos of the pollen grain\éfluciliae (A) equatorial view and (B) detail of pollen gramMagnification:

(A) x 5500, (B) x 15000 (HD 7178).

Fig. 20. SEM photos of the pollen grain\afrupicola(A) equatorial view and (B) detail of pollen graMagnification:

(A) x 3700, (B) x 12000 ($3025).

A

Fig. 21. SEM photos of the pollen grain\afagrimoniifoliumsubsp.agrimoniifolium(A) equatorial view and (B)

detail of pollen grain. Magnification: (A) x 370(B) x 13000 FAK 3031).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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;
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A

Fig. 22. SEM photos of the pollen grain\éflevanticun(A) polar view and (B) detail of pollen grain. Mafication:

(A) x 4000, (B) x 13000FAK 3158).

Al

Fig. 23. SEM photos of the pollen grain\afbugulifolium(A) equatorial view and (B) detail of pollen grain.

Magnification: (A) x 4300, (B) x 11000FAK 3411).

Al

Fig. 24. SEM photos of the pollen grain\afponticun(A) polar view and (B) detail of pollen grain. Matjcation: (A)

x 5500, (B) X 20000FAK 3110).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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Fig. 25. SEM photos of the pollen grain\éfbornmuellerianunfA) equatorial view and (B) detail of pollen grain.

Magnification: (A) x 4300, (B) x 13000FAK 3025).

v BEEE 1S -0CTA B3

Fig. 26. SEM photos of the pollen grain\aforeophyllunvar. oreophyllum(A) equatorial view and (B) detail of pollen

grain. Magnification: (A) x 4300, (B) x 160064AK 3043).

B 15.-0CT.

Al

Fig. 27. SEM photos of the pollen grain of&feophyllumvar.joannis(A) equatorial view and (B) detail of pollen

grain. Magnification: (A) x 4500, (B) x 160064AK 3036).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey



18 Biological Diversity and Conservation + 2 (2008)

A

Fig. 28. SEM photos of the pollen grain\afgaillardotii (A) polar view and (B) detail of pollen grain. Mafjcation:

(A) x 5000, (B) x 14000RAK 3145).

i BEB88 KIRIKKALE

Al

Fig. 29. SEM photos of the pollen grain\affreynii(A) polar view and (B) detail of pollen grain. Mafjcation: (A) x

4000, (B) x 11000FAK 3425).

KIRIKKALE

Fig. 30. SEM photos of the pollen grain\aftrascaucasicurfA) polar view and (B) detail of pollen grain.

Magnification: (A) x 4300, (B) x 13000FAK 3137).

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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Appendex

V. natolicumB5 Kayseri: Talas, 20.06.2001, 1230-1270RAK 3008.

V. spodiotrichunC3 Antalya: Tekirova, 27.08.1993, 1-400 FAK 3318.

V. orientaleAdana: Kozan-Feke 35. km, Akkaya village, 850 th08.2002FAK 3175.

V. brachysepalunC5 Mersin: Tarsus-Namrun (Camliyayla) 35. km, &7,(21.05.2002FAK 3184.

V. ciliciumC5 Nigde: Uluksla-Ciftehan, 1050 m, 25.08.2002AK 3262.

V. flabellifoliumC2 Burdur: Dirmil-Fethiye, 18.06.2002, 1650 RAK 3238.

V. trapifoliumC2 Burdur: Dirmil-Gélhisar 3,5. km, 1250 m, 07.0802, FAK 3321.

V. pyroliformeB4 Konya: Konya-Kayacik, 06.09.200#AK 3359.

V. dudleyanun€2 Burdur: S. shore of Salda, 1150 m, 11.07.260K 3323 .

V. coronopifoliunB2 Kitahya: Murat mountain, above Gediz, Kesilgi8%1700-1900 m, 21.06.200BAK 3388.

V. serratifoliumB3 Eskiehir: Saricakaya, valley of Sakarya, Gok¢ekaya d&i0;500 m, 08.05.1994AK 3002.

V. basivelatumB3 Eskiehir: Porsuk dam, Tirkmen Ba 930 m, 23.07.200F,AK 3385.

V. bourgeauanur@2 Antalya: Elmali, Akdg, Kizlarsivrisi, 2000-2300 m, 02.08.2003AK 3429.

V. serpenticolaC2 Burdur: Dirmil, Dirmil passage, 1450-1650 m,d22003 FAK 3247

V. sorgeraeC3 Isparta: Cicekda, Gedikli village, Sindeli, 31.05.2002, 1350 FAK 3253.

V. nudicauleB9 Van: Erek mountain, GemGoli, 2200 m, 20.09.200BAK 3046.

V. suworowianunvar. suworowianumA9 Kars: Kaizman-gdir, 26 km W. of Tuzluca, 1080 m, 03.07.19%AK
3362.

V. suworowianumvar. papillosumB10 Agri: d. Dgzubeyazit, Topcatan village, 1550 m, 09.06.2FNK 3392.

V. luciliae B2 Usak: EEme, Gumigkol, Edertepe, 900-1050 m, 20.07.2002, HD 7178.

V. rupicolaC1 izmir: Gumiildiir, 100-200 m, 26.06.20@R Senol 3025.

V. agrimoniifoliumsubsp.agrimoniifoliumB6 Malatya: Malatya-Puttrge 17. km, 990 m, 03.06 26-AK 3031.

V. levanticunC4 Antalya: Alanya, Derince stream, 800 m, 31.0826AK 3158.

V. bugulifoliumAl (E) Kirklareli: Demirkdyigneada, Avcilar, 20 m, 13.06.200BAK 3411.

V. ponticumA5 Kastamonu: llgaz mountain, 1000 m, 19.06.200%< 3110.

V. bornmuellerianun€9 Sirnak: Sirnak, 1450 m, 10.06.200EAK 3025.

V. oreophyllunvar. oreophyllumKars: Akcay to Cumacay E. of Keman, 2200 m, 17.07.2008AK 3043.

V. oreophyllumvar.joannisA9 Kars: Ka&izman, Pasli-Cilehane, 1600 m, 13.07.2004K 3036.

V. gaillardotii C6 Hatay: Harbiye S.W. of Antakya, 300-400 m, 0001,FAK 3145.

V. freyniiA5 Kastamonu: Tosya, Y. Dikmen, Kilkuyu village,16100-1600 m, 12.06.200BAK 3425.

V. trascaucasicum9 Kars: Akcay-Cumacgay, 14 km, 1950 m, 20.07.208K 3137.

4. Results and discussion

The Scrophulariaceae is a more or less stenopayfamuily Erdtman, (1952). When examined unither light
microscore (Table 1) the taxa Werbascunshow a more or less uniform pattern of the polerphology. At first

sight it seems that the pollen characters in #ngilfy are of little value for taxonomic studies.

The morphological characteristics of the pollerirggaf 30 taxa oVerbascun{group A) are shown in Table I.
The pollen of all species is radially symmetricabpolar, tri-colpatezonoaperturate, prolate or subprolate, oblate
spheroidal in shape and in the P/E ratio (polas &dquatorial axis), ectoaperture — colpus lorgraw, not sunken
Erdtman, (1952). The size of the pollen grains eginfjom 16.23-29.97 um min length (polar axis)20427.28 um in
width (equatorial axis), P/E ratio 0.99-1.27, cdipig axis 13.37-25.43 um, colpi short axis 2.38t5.1m, apocolpium
1.97-5.09 um, Amb diameter 14.52-27.11 um. Eximektiess from 0.65-1.47 um. Examination of the exindace of
all the species under the SEM gave very good dstgneharacters. Two sculptures of exine showed eod

diagnostic characters for separating the taxagntaops based on the sculpturing type: reticulatecaarsely reticulate.

In our study, some remarkable dimensional diffeeengere observed between taxa. Polar axXis epodiotrichum

is the smallest (16.23 pumy, orientaleis the largest (29.97 um). Equatorial diameteY o$podiotrichumis the smallest

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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(14.20 pum)V. orientaleis the largest (27.28 pm). Exine Wf luciliaeis the smallest (0.65 pmy, orientale is the largest
(1.47 pm). Colpi long axis of/. spodiotrichunis the smallest (13.37 umy, orientaleis the largest (25.43 um). Colpi short
axis of V. transcaucasicums the smallest (2.39 um¥, natolicumis the largest (5.81 pm). Apocolpium ®f levanticum
and V. pyroliformeis the smallest (1.97 un¥, orientale is the largest (5.09 um). Amb diameteMofspodiotrichunis the
smallest (14.52 um)/. orientaleis the largest (27.11 umy. orientaleandV. brachcephalunis only colpal membrane

densely granulated.

In Flora of Turkey, these two species were sepdratan each other as follows;
1. Pedicel thickness, equal or shorter than capsule......................... V. orientale

1. Pedicel weak, 2-3 times longer than capsule.........ccc.......... V. brachysepalum

Also, these two taxa have some differences in tihescription in the Flora of Turkey. These are lotveact
pinnatisect, upper bracts linear corolla with bmogpots inside iV. orientale.Bracts oblong-linear, linear; corolla

without spots inside iW. brachysepalum.

As a result of the field studies and investigationsherbaria materials it seen that, the usinglizof@ving
brown inside, is not a good character. The speciafdh orientale(FAK 3260) collected from Erzurum had no brown
spots and the specimen \¢f brachysepalungollected from MersinKAK 3185) had a few obscur brown spots inside
the corolla (Karaveligullari &Aytag 2008).

Using other charachters, length of pedicels andgttre of bracts. IV. orientale pedicels are 1.5-5 mm long,
and lower bracts are pinnatisect; pedicels are B¥@0and all bracts oblong-linear to linearv. brachysepalumOnly

upper bracts are linear \h orientale(Karaveligsullari &Aytac 2008).

The morphological characteristics of the polleniga/erbascum suworowianumar. suworowianumis

oblate,Verbascum suworowianuwar. papillosumis prolate.

These two variaties are growing same area, thel beemzes very important for separation. Otherwissms

hairness is not good charachters, to given in Fdébieurkey, because two of them have glandularezgtandular hairs.

The morphological characteristics of the pollenirggd/.oreophilumvar. joannisis subprolate)/. oreophilumvar.

oreophilumis prolate.

In Flora of Turkey, these two species were sepdifaten each other as follows;

1. Filaments with purplish-violet hairy; infloresume stellate-short stalked glandular
NAINY .. var.oreophilum

1. Filaments with whitish-yellow hairy; inflorescem stellate-eglandular hairy
........................................................................................... varjoannis

S. Pehlivan et al., Pollen morphology of the geviesascum L. (Group A) in Turkey
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Shown in key to the specids borgeauanunmandV. dudleyanunthe morphological characteristics of the
pollen grains is similar but In Flora of Turkeye#e two species is differe. borgeauanunis filament with whitish-

yellow hairs up to anther¥.. dudleyanunis filament with whitish-yellow wool 2 anterior #rers glabrous near apex

The determination of the taxa pollen morphologistalicture in the results has led us to think betfethe

usefulness of pollen studies in distinguishingdharacteristics possessed by the taxa.
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Table 1 The morphological characteristics of thégpograins ofVerbascun{Group A)

Taxa P (um) E (um) P/IE Exine (um) Colpi long axigColpi short axigApocolpium Amb diameter (um) | Ornamentation
(um) (um) (um)

V. natolicum 23.44+0.90 20.35+1.57 1.15 1.01+0.17 19.82+2.05 1885 2.79+0.65 23.14+1.27 Coarsely reticulate

FAK 3008

V. spodiotrichum 16.23+0.83 14.20+£1.17 1.14 0.94+0.11 13.37+1.17 08)RB8 2.09+0.38 14.52+0.60 Reticulate

FAK 3318

V. orientale 29.97+1.56 27.28+1.82 1.10 1.47+0.21 25.43+2.22 9071 5.09+0.73 27.11+1.42 Reticulate

FAK 3155

V. brachysepalum 25.87+1.30 23.63+1.09 1.09 0.97+0.11 22.48+1.71 9432 3.64+0.70 25.84+1.56 Reticulate

FAK 3185

V. ciliciumFAK 3421 22.54+1.13 20.39+1.14 111 0.94+0.13 Q¥1755 4.48+0.60 2.47+0.30 19.75+0.96 Coarselguddie

V. flabellifolium 22.85+1.35 20.19+1.04 1.11 0.90+0.14 19.76+1.47 84)B4 2.34+0.38 21.35+0.34 Reticulate

FAK 3238

V. trapifolium 22.74+0.73 20.54+1.05 111 0.96+0.11 19.44+1.12 4453 3.7310.70 21.01+1.06 Coarsely reticulate

FAK 3321

V. pyroliforme 23.89+1.52 20.62+1.13 1.16 0.81+0.08 20.16+1.47 54049 1.97+0.36 21.78+1.37 Reticulate

FAK 3359

V.dudleyanunfrAK 3323 (21.87+1.30 20.19+0.99 1.03 0.86+0.22 18.14+1.39 48)46 2.80+0.22 20.63+0.75 Reticulate

V. coronopifolium 24.38+2.14 19.21+1.04 1.27 0.80+0.09 17.13+0.85 880860 3.98+0.60 19.73+1.14 Reticulate

FAK 3388

V. serratifolium 22.07+1.08 20.50+1.50 1.08 0.93+0.10 18.19+1.10 4.75+0.62 3.80+0.68 20.02+1.77 Coarsely reticulate

FAK 3001

V. basivelatum 19.21+1.32 17.73£1.20 1.08 0.86+0.24 15.79+1.22 280633 2.80+0.34 18.93+£1.04 Reticulate

FAK 3386

V. bourgeanum 21.87+1.30 20.19+0.99 1.08 0.86+0.22 18.14+1.39 48046 2.80+0.22 20.63+0.75 Reticulate

FAK 3429

V. serpanticola 21.13+1.14 21.32+0.81 0.99 0.86+0.22 18.33+1.03 84055 2.78+0.29 22.91+0.83 Coarsely reticulate

FAK 3320

V. sorgerae 21.67+0.92 19.53+£1.16 1.11 0.89+0.15 18.14+1.01 082 2.14+0.40 19.84+1.27 Reticulate

FAK 3253
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Table 1.The morphological characteristics of the pollenmgaofVVerbascun{Group A) (Continue)

Taxa P (um) E (um) P/E Exine (um) Colpi long ax|s Colpi short Apocolpium Amb diameter | Ornamentation
(Hm) axis (um) (Hm) (Hm)

V. nudicaule 20.97+0.69 19.18+0.66 1.09 0.81+0.10 17.53+0.95 7439 3.14+0.26 19.78+1.13 Coarsely

FAK 3046 reticulate

V. suworowianunvar. 20.69+0.10 20.86x1.24 0.99 0.91+0.14 18.17+1.72 74358 2.69+0.67 19.73+1.42 Coarsely

suworowianum reticulate

FAK 3075

V. suworowianunvar. 21.35+0.90 19.29+0.78 1.11 0.86+0.22 17.16+0.71 14209 2.67+0.16 19.06+0.93 Coarsely

papillosum reticulate

FAK 3328

V. luciliaeHD 8755 18.89+1.36 17.55+0.71 1.08 0.65+0.19 15.68+1.54 68062 1.99+0.36 17.87+0.81 Coarsely
reticulate

V. rupicola 20.37+1.01 16.35+0.76 1.25 1.05+0.14 20.08+0.80 580%0 2.30+0.50 16.40+1.67 Retikulat

FAK 3030

V.agrimoniifoliumssp. 18.74+0.98 17.36+0.68 1.08 0.86+0.22 15.74+0.93 580878 2.92+0.78 17.07+1.08 Coarsely

agrimoniifoliumFAK 3125 reticulate

V. levanticum 21.60+1.14 18.45+1.18 117 0.86+0.22 18.45+1.64 74167 1.97+0.33 18.25+0.83 Coarsely

FAK 3158 reticulate

V. bugulifolium 18.60+1.02 16.66+0.70 1.12 0.83+0.07 15.59+1.06 98775 3.48+0.60 17.82.+0.81 Coarsely

FAK 3028 reticulate

V.ponticumFAK 3110 18.57+0.98 16.46+0.83 1.13 0.79+0.10 @50092 2.84+0.35 2.22+0.48 16.61+1.34 Retikulat

V. bormuellerianum 19.53+0.99 18.19+0.87 1.07 0.88+0.10 16.43+1.07 84040 2.43+0.49 18.34+1.16 Coarsely

FAK 3025 reticulate

V. oreophilurvar. 20.71+1.11 18.92+1.19 1.09 0.96+0.11 17.36x0.75 940312 2.54+0.4 21.52+1.10 Retikulat

oreophilum

FAK 3044

V.oreophilumvar.joannis 21.49+0.90 17.16+0.54 1.25 0.79+0.09 19.17+0.97 12084 3.41+0.01 17.70+1.12 Reticulate

FAK 3351

V. gaillardotii 18.92+1.43 17.82+1.11 1.06 1.19+0.17 15.01+1.04 44563 3.18+0.50 18.19+1.01 Coarsely

FAK 3145 reticulate

V. freynii 21.52+0.92 20.86+1.52 1.03 1.01+0.10 17.79+0.87 680914 3.41+0.34 21.15+0.98 Reticulate

FAK 3425

V.transcaucasicum 20.36+1.80 17.78+1.77 1.15 0.74+0.11 16.95+0.74 948039 2.31+0.41 18.13+0.69 Reticulate

FAK 3137
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