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Abstract 

 

The pollen morphology of nine taxa three of which are endemics belonging to Onosma L. 

(Boraginaceae); O. orientale, O. halophilum, O. bourgaei, O. chlorotrichum, O. heterophyllum, O. 

ambigens, O. oreodoxum, O. sintenisii and O. bulbotrichum from Turkey has been investigated by 

light microscopy and scanning electron microscopy. The shape of pollen grains of Onosma is 

frequently prolate, subprolate and sphaeroidea. The outline in polar view is subrounded and 

subtriangular. The dimension for the polar length ranges between 13.01-21.57 m, equatorial width 

10.56-20.30 m, colpi length 8.19-16.58 m, colpi width 1.69-4.36 m, pori length 1.05-4.28 m 

and pori width 2.52-10.71 m. The pollen morphology of studied taxa are taxonomically of 

significant characters. The main pollen morphology differences have been found at the section 

level, especially in pollen type.  

 

Introduction 

 

The Onosma L. (Boraginaceae) genus with c.150 species having its center of 

distribution and maximum concentration of species in Iran and westwards into Syria and 

Turkey, eastwards and northeastwards to Turkestan, Altai, China, Afghanistan, Pakistan, 

Kashmir, Tibet and India to Burma (Qureshi & Qaiser, 1987; Al-Shehbaz, 1991; El-

Shazly, 2003; Naz et al., 2006). The genus of Onosma is represented by about 102 taxa 

(97 species) in Turkey and the rate of endemism among native species is 50%. Onosma 

has about 50 endemic species and one endemic variety (Riedl, 1978; Davis et al., 1988; 

Yıldırımlı, 2000; Riedl et al., 2005 and Binzet & Orcan, 2007). 

The genus has been divided into three sections: Protonosma, Podonosma and 

Onosma. Protonosma and Podonosma sections are represented by one species; the others 

Onosma specimens belong to Onosma section. This section is separated into two 

subsections according to solely indumentum types: Asterotricha (Boiss.) Gürke., and 

Haplotricha (Boiss.) Gürke.  

Some Onosma species are used as herbs, folk medicines and dyes. In folk medicine, 

these plants are employed for burns, wounds and ailments (Khajuria & Jain, 1993; Özgen 

et al., 2003). The flowers of some species are eaten (Öztürk & Özçelik, 1991). Various 

local names are used for Onosma species as emzik otu (Eskişehir), emcek (Kemaliye-

Erzincan) and yalancı havacıva, emzik (Kemah-Erzincan) in Turkey (Baytop, 1994).  

Boraginaceae is an eurypalynous family (Clarke, 1977; Diez, 1984) in which a large 

number of species can be recognized by their pollen characters (Diez & Valdes, 1991). 

The first palynological studies in the Boraginaceae were that of Geoffery (Erdtman, 

1952). Later the pollen morphology of the family Boraginaceae have been studied by 

Erdtman (1952), Marticorena (1968), Huynh (1971; 1972), Nowicke & Ridgway (1973), 

Nowicke & Skvarla (1974), Diez (1984) and Perveen, (1995). 
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The pollen morphology of the Onosma species which is the difficult genus from 

systematic and taxonomic point of view. In order to solve these problems, detailed pollen 

morphological studies of some species of the genus Onosma have been investigated. Five 

of Onosma species (O. mutabile, O. bracteosum, O. giganteum, O. roussaei and O. 

mersinana) have been examined for pollen morphology by Binzet & Orcan (2003a, 

2003b, 2009). Based upon the literature search, we could find no pollen characteristics 

about the nine taxa viz., (Onosma L. (Boraginaceae); O. orientale, O. halophilum, O. 

bourgaei, O. chlorotrichum, O. heterophyllum, O. ambigens, O. oreodoxum, O. sintenisii 

and O. bulbotrichum) from Turkey. 

In this study, we have carried out a detailed analysis of pollen size and morphology 

of nine taxa of the genus Onosma growing in the different are of Turkey in order to 

correlate the palynological characteristics with the taxonomy of the genus.   

 

Material and Methods 

 

Onosma pollen specimens were collected from field in 2002-2006. The voucher 

specimens are listed in Table 1. Pollen for light microscopy (LM) was prepared using the 

method described by Wodehouse (1935) and Acetolysis by Erdtman (1952). For light 

microscopy, the pollen grains were mounted in unstained glycerine jelly and observations 

were made with Olympus BX 40 research microscope (x10; x100). Measurements and 

taking photographs of pollens were done after allowing one month for the specimens to 

reach normal dimensions and forms. Measurements were taken on at least 30 pollen 

grains. For each of the measured pollen grains the ratio of polar to equatorial axis length 

(P/E) was determined and the mean P/E ratio was calculated from these individual values. 

For scanning electron microscopy (SEM) studies, pollen grains were first treated with 

70% alcohol and then dried before mounting on stubs with gold. The photomicrographs 

were taken with LEO 44O electron microscopes. The palynological terminology mainly 

follows Erdtman (1952), Faegri & Iversen (1964) and Punt et al., (1994). 

 

Results and Discussion 

 

The Onosma genus is a difficult group among dicotyledon plants for systematical 

and taxonomical reasons. Although a better understanding of exine sculpturing of the 

pollen of Turkish Onosma taxa studied previously with LM by Binzet & Orcan (2003a, 

2003b), some points are not clear. In order to supply more morphological data to solve 

some of systematical and taxonomical problems, a detailed pollen morphological study of 

9 species (Table 2) of the genus Onosma has been investigated by light microscopy and 

scanning electron microscopy. 

The results of light microscopy data on the pollen grains of specimens are 

summarized in Table 3 and LM images of some Turkish Onosma species are given in 

Fig. 1. The outline in polar view is subrounded and subtriangular (Figs. 1-3). The 

dimension ranges for investigated pollen are found as the polar axis is 13.01-21.57 m 

long, equatorial diameter is 10.56-20.30 m long, colpus length 8.19-16.58 m, colpus 

width 1.69-4.36 m, porus length 1.05-4.28 m and porus width 2.52-10.71 m, exine 

0.33-1.15 m thick, intine 0.57-0.80 m thick, length of polar triangular edge 4.78-7.87 

m. SEM micrographs of pollen grain (polar view, profile view and surfaces) are given 

in Figs. 2,3. The obtained pollen characteristics are summarized as: 
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O. orientale: Isopolar, pollen grains sphaeroidea in shape and tricolporatae in type, the 

exine is intectate, sculpture rugulate-granulate, colpi margin undulated. 

 

O. chlorotrichum: Heteropolar, pollen grains sphaeroidea-subprolatae in shape, the exine 

is intectate,  sculpture granule, 2-5 granule number per 1 m2 in narrow pole, sculpture of 

apertures are verrucate, colpi and pori margin are undulated and swollen which is 

characteristics.  

 

O. sintenisii: Heteropolar, pollen grains subprolatae-sphaeroidea in shape, the exine is 

intectate, sculpture granule, 10-11 granule number per 1 m2 in narrow pole, sculpture of 

apertures are verrucate, colpi and pori margin undulated. 

 

O. oreodoxum: Heteropolar, pollen grains subprolatae in shape, the exine is intectate, 

sculpture granule, 10-11 granule number per 1 m2 in narrow pole, sculpture of apertures 

are verrucate, colpi and pori margin straight-undulated. 

 

O. halophilum: Heteropolar, pollen grains subprolatae in shape, the exine is intectate, 

sculpture granule, sculpture of narrow colpies are psilat-granulate and 12-14 granule 

number per 1 m2, sculpture of apertures are verrucate, colpi and pori margin straight. 

 
Table 1. The locality of the investigated Onosma Species. 

Taxa Locality 

O. orientale (L.) L. C6 Hatay, Musa dağı, rocky slopes, 07.V.2004, 500 m 

Binzet 125. 

O. chlorotrichum Boiss. & Noe B10 Van, Doğubeyazıt-Van 40 km, stoney and volcanic lands, 

13.VI.2002, 1900 m, Binzet 80 

O. sintenisii Hausskn. ex Bornm. B7 Sivas, Divriği-Kemaliye 44 km, slopes, 26.V.2006, 1060 m, 

Binzet 99 

O. oreodoxum Boiss. C3 Antalya, Kaş around, macchie, 22.III. 2004, Binzet 123 

O. halophilum Boiss. & Heldr. C4 Konya, Konya-Aksaray 8 km, 13.VI. 2006, roadside, 1000 

m, Binzet 130 

O. bulbotrichum DC. C7 Adıyaman, Karahöyük village, slopes, 24.V.2006, 650 m, 

Binzet 85 

O. bourgaei Boiss. A5 Amasya, Akdağ, Çalardı plateau, 28.V. 2006, Binzet 128 

O. heterophyllum Griseb. A4 Bartın, Bartın entrance, roadside and slopes, 09.VI.2007, 

30m, Binzet 129 

O. ambigens Lacaita B7 Sivas, Sincan–Divriği 7 km, roadside and steppe, 

26.V.2006, Binzet 127 

 

Table 2. Section of the investigated species. 

Podonosma section 
Onosma section 

Haplotricha subsection Asterotricha subsection 

O. orientale  O. halophilum* O. bourgaei 

 O. chlorotrichum O. heterophyllum 

 O. oreodoxum O. ambigens* 

 O. bulbotrichum  

 O. sintenisii*  

* Endemic 
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O. orientale O.  chlorotrichum 

 

    
O. sintenisii O.  oreodoxum 

 

    
O. halopillum O.  bulbotrichum 

 

    
O.  bourgaei O.  heterophyllum 

 

  
O.  ambigens 

 

Fig. 1. LM images of some Turkish Onosma species, scale 6 m. 

 



RIZA BİNZET 736 

    

O. orientale 

    

O. chlorotrichum 

    

O. sintenisii 

    

O.  oreodoxum 

    

O. halopillum 
 

Fig. 2. SEM micrographs of pollen grain: polar view, profile view and surfaces. 
 

O. bulbotrichum: Heteropolar, pollen grains sphaeroidea in shape, the exine is intectate,  

sculpture granule, sculpture of apertures are verrucate, colpi and pori margin straight-

undulated. 
 

O. bourgaei: Heteropolar, pollen grains prolata in shape, the exine is intectate,  sculpture 

psilate-granulate, 6-8 granule number per 1 m2 in narrow pole, sculpture of apertures are 

verrucate, colpi and pori margin undulated. 
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O. bulbotrichum 

    

O. bourgaei 

    

O. heterophyllum 

    

O. ambigens 
 

Fig. 3. SEM micrographs of pollen grain: polar view, profile view and surfaces. 

 

O. ambigens: Heteropolar, pollen grains prolata in shape, the exine is intectate, sculpture 

psilate-granulate, 10-14 granule number per 1 m2 in narrow pole, sculpture of apertures 

are verrucate-psilate, colpi and pori margin undulated and dense granulate.  

It was previously reported that the three colpi of syncolporatae pollen in some 

members of the genus Onosma converge in one pole or even two poles (Ning et al., 

1995). However, in the present study, we found that all Onosma taxa except O. orientale 

were observed to have three colpies of syncolporatae pollen at large pole and colpies are 

joined at the only large poles (heteropolar). In addition to the colpies of O. orientale do 

not converge in one or two poles and isopolar.  

Wodehouse (1935) and Lee (1979) have reported that a direct correlation between 

flower and pollen size. However, Pandey (1971) demonstrated in the genus Nicotiana 

that there was no correlation between flower and pollen size and the species with the 

largest flowers had small pollen grains. We found that the pollen of O. sintenisii and O. 

bulbotrichum are smaller (15.25 m (N) and 14.82 m (N), respectively) but with larger 

flowers whereas, in O. heterophyllum are larger (16.32 m (N)) with smaller flowers in 

this study. These obtained results are in agreement with the results Pandey (1971).  

 



RIZA BİNZET 738 

 
Fig. 4. P/E ratio (N), 1-O. bulbotrichum, 2-O. chlorotrichum, 3-O. orientale, 4-O. sintenisii, 5-O. 

halophilum, 6-O. oreodoxum, 7-O. bourgaei, 8-O. heterophyllum, 9-O. ambigens. 

 

 
Fig. 5. P/E ratio (A). 1- O. bulbotrichum, 2- O. orientale, 3- O. sintenisii, 4- O. oreodoxum, 5- O. 

chlorotrichum, 6- O. heterophyllum, 7- O. halophilum, 8- O. bourgaei, 9- O. ambigens. 
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Fig. 6. Distribution of Onosma pollen taxa with respect to polar and equatorial axes (N). 

1- O. chlorotrichum, 2- O. bulbotrichum, 3- O. sintenisii, 4- O. orientale, 5- O. halophilum 6- O. 

heterophyllum, 7- O. ambigens, 8- O. oreodoxum, 9- O. bourgaei. 

 

 
Fig. 7. Distribution of Onosma pollen taxa with respect to polar and equatorial axes (A). 1- O. 

oreodoxum, 2- O. orientale, 3- O. heterophyllum, 4- O. chlorotrichum, 5- O. bourgaei, 6- O. 

halophilum, 7- O. ambigens, 8- O. sintenisii, 9- O. bulbotrichum 

 



RIZA BİNZET 740 

Although taxonomically significant differences, exception of the pollen size, 

between the investigated Onosma taxa for micromorphology of pollen grains were not 

found by Maggi et al., (2008), our data clearly indicated that isopolar and heteropolar 

characters are taxonomically significant differences between the Onosma sections.  

In Table 3 and Figs. 4 and 5 clearly showed that according to Wodehouse method, 

there are three different groups (sphaeroidea, subprolatae and prolata) on the basis of 

polar and equatorial axis among pollen grains belonging to the investigated taxa. Pollen 

grains are heteropolar in both Haplotricha and Asterotricha subsections. While pollen 

shape of Asterotricha subsection is prolate, pollen shape of Haplotricha subsection is 

sphaeroidea and subprolata. 

Distribution of examined pollen of taxa with respect to polar and equatorial axes are 

given in Fig. 6 and Fig. 7. 
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