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Abstract 

Verbascum (Scrophulariaceae, Lamiales), usually known as “Mullein”, is widely 

distributed in Eurasia and North Africa, but the highest taxa diversity is in Anatolia, 

the southern Balkans, the Middle East, the Caucasus and northwestern Iran and is 

represented by approximately 360 species in the World. As hybridization is very 

dense in the genus Vesbascum, the high frequency of morphological variations has 

been intricated in species delimitation. In this study, pollen and capsule morphology 

of three hybrid Verbascum taxa [Verbascum × calcicola Hub.-Mor., V. × 

kotschyoides Hub.-Mor., and V. × nusaybinense Hub.- Mor.] were investigated. They 

are hybrids wild distributed in the province of Mardin in Southeastern Anatolia. 

Pollen slides were prepared according to the Wodehouse method, pollen and capsule 

morphologies were examined with microscope. In general terms, aperture types were 

tricolporate, but also tricolpate aperture types were observed. The shapes of the 

pollen grains were determined as oblate-spheroidal and subprolate. The sculpture 

was reticulate in all cases. The seeds not developed. The capsules are pubescent, 

densely covered by branched hairs, or loosely by glandular hairs, depending on taxa. 

The results of this study showed that morphological features, such as pollen shape, 

polar axis (P), equatorial diameter (E), aperture type, exine and intine thickness, 

colpus, and por measurement, show differences that can be taken into consideration 

in the systematic discrimination within the taxa. The capsule showed that substantial 

taxonomic insight can be gained from examining the capsule characteristics of 

Verbascum, particularly at the species level. 

 

 
1. Introduction 

 

The family Scrophulariaceae, mostly known as 

“figwort”, contains about 62 genera and 1830 species 

and consists of herbaceous angiosperms and a shrub 

genus [1, 2]. Verbascum (Scrophulariaceae, 

Lamiales), usually known as “Mullein”, is widely 

distributed in Eurasia and North Africa, but the 

highest taxa diversity is in Anatolia, the southern 

Balkans, the Middle East, the Caucasus and 

northwestern Iran and is represented by 

approximately 360 species in the world [3-7]. The 

gene center of this genus is Turkey with 257 species 

and 132 hybrids divided into 13 artificial groups [8-

10]. The genus Verbascum is still not fully understood 
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and new species are regularly described, especially in 

Turkey [11]. The endemism ratio of the genus is very 

high, with 202 endemic species (80%) [8-10, 12-14]. 

As hybridization is very dense in the genus 

Verbascum, the high frequency of morphological 

variations has been intricated in species delimitation 

[8, 15]. The taxonomy of Verbascum has been a 

source of controversy because there is so much 

interspecific hybridization. The genus is biennial or 

perennial, characterized by flowers with thyrsus or 

inflorescences and yellow flowers [1, 16]. Verbascum 

extracts, decoctions and infusions have long been 

used in traditional medicine. The leaves have been 

used as a diuretic, sudorific, expectorant, sedative and 

the flowers have mucolytic and expectorant 
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properties [17-19]. Verbascum is a taxonomically 

difficult genus and the infrageneric classification is 

informal and partly artificial. Moreover, identification 

of taxa also might be problematic because of the 

difficulties of providing a workable key. For this 

purpose, studies are being carried out by many 

scientists in Turkey and around the world regarding 

the systematics and morphology of Verbascum taxa 

[20]. 

 There are many SEM studies based on the 

pollen morphology of the some Verbascum species 

taxa [15, 20-28]. SEM study based on pollen 

morphology of Verbascum hybrid taxa is only 

available on V. × splendidum by Aktas [29]. The 

capsule morphology of the genus Verbascum is 

known to have been studied only by Juan et al. [22] 

and Attar et al. [30]. Although there are studies of 

pollen morphology in Turkey, there are still 

deficiencies and unstudied taxa. In addition, studies 

on capsule morphology are not known in Turkey. 

There is no palynologıcal micromorphology and 

capsule morphology record for Verbascum × 

calcicola Hub.-Mor. (V. andrusii x V. laetum), V. × 

kotschyoides Hub.-Mor. (V. andrusii x V. kotschyi), 

and V. × nusaybinense Hub.-Mor. (V. geminiflorum x 

V. kotschyi). This study was carried out to understand 

the relationships between the three hybrid Verbascum 

taxa distributed in Mardin province, to obtain useful 

comparative information, and to show the fine 

structure of pollen surfaces and the external 

morphology of pollen and capsules. Thus, it should be 

aimed to obtain data that will help the classification 

of the genus or provide a health evaluation. 

 

2. Material and Method 

 
The specimens belonging to three hybrid Verbascum 

taxa were collected from several localities in Mardin. 

Voucher samples were stored in the herbarium of the 

Department of Plants and Animal Production of 

Kızıltepe Vocational School, Mardin Artuklu 

University, Turkey. Collection locations, collector’s 

number and the habitat of investigated samples 

studied for their morphology features are presented in 

Table 1. The taxonomic description of the plant was 

prepared according to Davis et al. [9] and 

Karavelioğulları [10].  

For palynological investigations, all the 

pollen grains for LM and SEM by the standard 

methods described by Erdtman [31]. Pollen grains for 

LM examination were prepared following the 

standard procedure of Wodehouse [32]. They were 

observed in glycerin-water using a standard Isolab 

microscope. Thirty pollen grains per specimen were 

regarded as sufficient for the palynological analysis 

[32-34]. For SEM, pollen grains were removed by 

distilled water treatment, the air-dried, pollen grains 

were directly mounted on stubs using double-sided 

adhesive tape and it was covered with gold. The 

photomicrographs were taken with a ZEISS EVO 50 

scanning electron microscope. The values of P (polar 

axis), E (equatorial diameter), Clg (colpus length), Clt 

(colpus width), Plg (porus length), Plt (porus 

latitude), Ex (exine thickness), and In (intine 

thickness) were measured, and the P/E ratio was 

calculated, Apt (aperture type), and Or 

(ornamentation) for 30 pollen grains were measured 

under light microscope. The terminology of the pollen 

follows that of Punt et al. [35]. The values are 

presented as minimum, maximum and mean, that is 

represented in Table 2. 

Capsules were examined using an Isolab 

stereo microscope. In order to determine the average 

capsule sizes, 30 unripe capsules were measured. The 

terminology of the capsule follows that of Attar et al. 

[30]. 

 
 

Table 1. Verbascum taxa used for morphology studies and collected localities 

Species Collection areas and habitat Collector Collector’s number 
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V. × calcicola Turkey, C8 Mardin: Artuklu, roadside, slopes 

area, 37°23'06"N 40°39'39"E, 1130 m. 

 

Mardin: Artuklu, Mardin-Diyarbakır road, 26 

km north of Mardin, roadside, calcareous 

slopes, 1039 m. 

 

Mardin: Kızıltepe, roadside, rocky area, 

37°16'14"N 40°38'57"E, 598 m.   

 

Mardin: Kızıltepe, roadside, rocky area, 

37°16'26"N 40°38'41"E, 620 m. 

 

Mardin: Mazıdağı, slopes area, 37°29'11"N 

40°30'35"E, 990 m. 

 

Mardin: Midyat, roadside, slopes area, 

37°26'15"N 41°18'07"E, 928 m. 

 

Mardin: Midyat, roadside, slopes area, 

37°27'54"N 41°04'59"E, 1030 m. 

 

Mardin: Midyat, roadside, slopes area, 

37°26'15"N 41°18'07"E, 928 m. 

 

Mardin: Savur, roadside, rocky area, 

37°31'18"N 40°54'26"E, 1070 m.   

F. Mungan Kılıç 

M. Kılıç 

 

 

F. Mungan Kılıç 

M. Kılıç 

 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

M.Kılıç 274 

M.Kılıç 399-2 

 

 

M.Kılıç 344-2 

 

 

      

M.Kılıç 248 

M.Kılıç 319 

 

M.Kılıç 375 

 

 

M.Kılıç 280 

 

 

M.Kılıç 314-1 

M.Kılıç 403-2 

 

M.Kılıç 405-4 

 

 

M.Kılıç 404-1 

 

 

M.Kılıç 341-2 

M.Kılıç 410-1 

V. × kotschyoides Mardin: Artuklu, roadside, slopes area, 

37°17'07"N 40°46'32"E, 742 m. 

 

Mardin: Artuklu, roadside, rocky area, 

37°13'22"N 40°58'23"E, 701 m. 

 

Mardin: Derik, Derik-Mazıdağı road, 10 km 

after Derik, roadside, rocky slope. 

 

Mardin: Kızıltepe, roadside, slopes area, 

37°16'49"N 40°32'36"E, 721 m. 

 

Mardin: Mazıdağı, Mardin-Diyarbakır road, 

24 km from Çınar, roadside, calcareous 

slopes, 929 m. 

 

Mardin: Midyat, roadside, slopes area, 

37°27'54"N 41°04'59"E, 1030 m. 

 

Mardin: Nusaybin, roadside, rocky area, 

37°12'00"N 41°01'01"E, 756 m. 

 

Mardin: Savur, roadside, 37°27'12"N 

40°51'38"E, 940 m.  

 

Mardin: Savur, roadside, rocky area, 

37°32'47"N 40°53'35"E, 833 m. 

 

Mardin: Savur, roadside, rocky area, 

37°28'28"N 41°01'49"E, 1094 m. 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

 

M.Kılıç 332 

 M.Kılıç 380-2 

 

M.Kılıç 363-1 

 

 

M.Kılıç 279 

 

 

M.Kılıç 325 

 

 

M.Kılıç 345-2 

 

 

 

M.Kılıç 405-3 

 

 

M.Kılıç 302 

 

 

M.Kılıç 333-2 

 

 

M.Kılıç 339 

 

 

M.Kılıç 343-2 
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Mardin: Yeşilli, roadside central median, 

37°22'17"N 40°51'38"E, 1158 m.  

F. Mungan Kılıç 

M. Kılıç 

 

M.Kılıç 307-1 

M.Kılıç 401-3 

V. × nusaybinense Mardin: Artuklu, roadside, rocky area, 

37°20'44"N 40°43'44"E, 834 m. 

 

Mardin: Nusaybin, roadside, creek edge, 

37°08'11"N 41°04'44"E, 536 m. 

F. Mungan Kılıç 

M. Kılıç 

 

F. Mungan Kılıç 

M. Kılıç 

M.Kılıç 371-1 

M.Kılıç 388 

 

M.Kılıç 300-3 

M.Kılıç 377-1 

 

3. Results and Discussion 

 

In this study, various features of pollen and capsule 

structure of three hybrid Verbascum taxa were stated. 

The characteristics of pollen grains are summarized in 

Table 2 and shown in Figure 1. The morphological 

characters of the capsule grains, including their size, 

shape, and color are summarized in Table 3 and 

shown in Figure 2. 

 

3.1. Pollen morphology 

 

3.1.1. Size, symmetry and shape 

 

The pollen grains of Verbascum are isopolar and 

radially symmetric. The pollens of the taxa are oblate-

spheroidal and subspheroidal with the polar axis 

10.11-16.52 μm and the equatorial diameter 5.24-

16.48 μm. Their dimensions are smaller in V. × 

nusaybinense and larger in V. × kotschyoides (Table 

2, Figure 1). 

 

 

3.1.2. Apertures 

 

The pollen grains of Verbascum are tricolporate (in V. 

× calcicola 13%, V. × kotschyoides 29%, and V. × 

nusaybinense 52% tricolpate). The colpus is length 

(7.49-12.64 μm) and width (2.21-4.94 μm), margins 

distinct, regular and ends acute. The porus is 2.77-

5.38 μm in length and 2.30-5.02 μm in width. (Table 

2, Figure 1). 

 

3.1.3. Exine, intine and ornamentation 

 

The exine thickness ranges from 0.54 to 1.50 μm. The 

intine thickness is 0.28-0.79 μm thin (Table 2). Exine 

sculpturing is reticulate in all investigated species 

(Table 2, Figure 1). 

 

 

Table 2. Pollen morphological characters in taxa of Verbascum (μm) 

 

Species P min 

(mean

) max 

E min 

(mean

) max 

P/E 

rati

o 

Shape Clg 

min 

(mean

) max 

Clt 

min 

(mea

n) 

max 

Plg 

min 

(mea

n) 

max 

Plt 

min 

(mea

n) 

max 

Ex 

min 

(mea

n) 

max 

In 

min 

(mea

n) 

max 

Apt Or 

V. x 

calcicola  

12.34 

(14.0

6) 

16.52 

6.00 

(8.85) 

11.38 

1.5

9 

Subprola

te 

8.41 

(10.7

8) 

12.51 

2.22 

(3.17) 

4.35 

3.13 

(3.93) 

5.14 

2.30 

(3.11) 

4.23 

0.64 

(0.84) 

1.06 

0.30 

(0.46) 

0.68 

87% 

Tricolpora

te 

13% 

Tricolpate 

Reticula

te 

V. x 

kotschyoid

es 

11.92 

(13.6

9) 

14.94 

12.66 

(14.6

7) 

16.48 

 

0.9

3 

Oblate-

spheroid

al 

9.42 

(10.9

2) 

12.64 

 

2.80 

(3.59) 

4.94 

3.70 

(4.52) 

5.38 

 

2.80 

(3.89) 

5.02 

0.75 

(1.09) 

1.50 

0.40 

(0.59) 

0.79 

 

71% 

Tricolpora

te 

29% 

Tricolpate 

Reticula

te 

V. x 

nusaybinen

se 

10.11 

(11.4

8) 

13.61 

5.24 

(7.24) 

8.69 

1.5

9 

Subprola

te 

7.49 

(9.39) 

11.85 

 

2.21 

(2.66) 

3.68 

2.77 

(3.43) 

4.32 

2.58 

(3.01) 

3.68 

0.54 

(0.69) 

0.87 

 

0.28 

(0.40) 

0.56 

 

48% 

Tricolpora

te 

52% 

Tricolpate 

Reticula

te 
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Figure 1. Scanning electron micrographs of pollen in taxa Verbascum. 1- General view, 2- Exine sculpturing. (a1-a2) V. x 

calcicola (M.Kılıç 248), (b1-b2) V. x kotschyoides (M.Kılıç 325), (c1-c2) V. x nusaybinense (M.Kılıç 300-3) 

 

3.2. Capsule morphology 

 

3.2.1. Capsule size 

 

According to the measurements made, the dimensions 

vary between species from 1.86 to 3.61 mm in length 

and 1.47 to 3.26 mm in width. Their dimensions are 
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smaller in V. x calcicola and larger in V. x 

nusaybinense (Table 3, Figure 2). 

 

3.2.2. Capsule shape 

 

Oblong and ovate are the shapes of capsules observed 

among the studied taxa (Table 3, Figure 2). 

 
 

 

3.2.3. Capsule colour 

 

In this study there are three different capsule colour  

observed as light brown, brown, and dark brown 

(Table 3, Figure 2). 

 

3.2.3. Apex of the capsules 

 

The capsules have acute beak in V. x kotschyoides, 

acute beak to obtuse beak in V. x calcicola or 

truncated beak in V. x nusaybinense (Table 3, Figure 

2). 

 

Table 3. Capsule morphological characters in taxa of Verbascum 

 

 

 

Species (Collecter 

number) 

Length 

(mm) min 

(mean) 

max 

Width 

(mm) min 

(mean) 

max 

Colour Shape Hair 

      

V.  x calcicola 

(M.Kılıç 375) 

 

1.86 

(2.69) 

3.61 

 

1.78 

(2.03) 

2.34 

Light 

brown 

Ovate, oblong, often with acute 

beaks, and some with obtuse 

beaks 

 

Densely stellata, 

branched, glandular 

V.  x kotschyoides 

(M.Kılıç 332) 

 

2.10 

(2.85) 

3.38 

1.47 

(2.38) 

3.26 

Brown Ovate, acute long beaks Densely stellata, 

branched, sparsely 

glandular 

 

V.  x nusaybinense 

(M.Kılıç 377-1) 

2.35 

(2.95) 

3.45 

1.95 

(2.22) 

2.72 

Brown-

dark brown 

Oblong, ovate, often with short 

obtuse beaks, and some with 

truncate beaks 

Densely stellata, 

branched, sparsely 

glandular 

      



M. Kılıç, F. Mungan Kılıç / BEU Fen Bilimleri Dergisi 12 (4), 1237-1247, 2023 

1243 
 

 

Figure 2. Stereo microscopy photographs of capsule in taxa Verbascum. 1- General view, 2- Close view. (A1-A2) V. x 

calcicola, (B1-B2) V. x kotschyoides, (C1-C2) V. x nusaybinense 

4. Conclusion and Suggestions 

 

Analyzes of pollen grains and capsules of the three 

hybrid Verbascum taxa studied for the first time in 

this study make them comparable to some of the other 

Verbascum members investigated. 

The pollen of three hybrid Verbascum taxa 

isopolar and radially symmetric, oblate-spheroidal, 

subprolate, tricolporate (there is tricolpate), the exine 

exhibits a tectate structure and reticulate 

ornamentation. Baser [28], in his study on Verbascum 

(8 species), established the pollen grains as 

tricolporate and tricolpate. Aktas et al. [27] 

determined the pollen grain as tricolpate in their study 

on the endemic Verbascum species. Aktas [29] noted 

the pollen grain as tricolpate in his study on 

Verbascum x splendidum taxa. Özturk et al. [20] 

reported that there were tricolporate and tricolpate 

aperture types in their pollen study on Verbascum. Al-

Hadeethy et al. [26] stated that the aperture types of 
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Verbascum species (20 species) were tricolporate. 

Çakir and Bagci [36] determined the tricolpate 

aperture types of Verbascum species in their study. 

Aperture type of Verbascum reported to have 

tricolporate aperture type [25, 37]. 

In the pollen of three investigated species 

determined oblate-spheroidal and subprolate shape. 

However, Aktas et al. [27] recorded the prolate pollen 

shape in the endemic Verbascum species examined. 

Aktas [29] stated that the pollen shape of the V. x 

splendidum he researched has subprolate. 

Nevertheless, Baser [28] recorded the prolate pollen 

shape in the Verbascum (8 species) taxa in the studied. 

Öztürk et al. [20] stated that pollen shapes were 

prolate-spheroidal and oblate-spheroidal in the taxa 

studied. Asmat et al. [25] determined that the pollen 

grains of V. thapsus was oblate-spheroidal. Kheiri et 

al. [37] determined that the pollen of V. mucronatum 

species was prolate-spheroidal. In addition, Al-

Hadeethy et al. [26] observed the presence of prolate-

spheroidal and oblate-spheroidal pollen in Verbascum 

(20 species). Morphological pollen traits observed 

through LM proved not very important in their 

taxonomic use, but sculpting examined by SEM was 

found to be more significant in the classification of 

taxa [28, 38]. 

Since exine thickness did not make a 

significant difference between the studied taxa, this 

character was ignored for taxonomic discrimination 

[26]. The results obtained from this study are 

compatible with studies on Verbascum [20, 25-28]. 

However, all taxa included in our study showed a 

reticulate exine sculptural pattern. 

Capsules of the three hybrid Verbascum taxa 

are densely covered with stellate, branched, and more 

or less glandular hairs. In some Verbascum species 

distributed in Spain [22] and Iran [30], the capsules 

have a similar hair indumentum. Based on the 

available findings, one of the reliable features for 

classification in Verbascum is the indumentum of the 

capsule. 

The results of this study predicted that it is the first 

study on capsule and pollen characteristics of three 

hybrid Verbascum taxa and will form a 

comprehensive taxonomic awareness, especially at 

the species level. The results of this study showed that 

morphological features, such as pollen shape, polar 

axis, equatorial diameter, aperture type, exine and 

intine thickness, colpus, and porus measurement, 

show differences that can be taken into consideration 

in the systematic discrimination within the taxa. The 

capsule showed that substantial taxonomic insight can 

be gained from examining the capsule characteristics 

of Verbascum, particularly at the species level. Based 

on the available findings, one of the reliable 

characteristics for grouping in Verbascum is the 

indumentum and shape of the capsule. 
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