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1. Introduction
Onosma L. is one of the largest genera, with 98 species 
in the family in Turkey. �e endemism rate for the 
genus in Turkey is 50% (Yıldırımlı, 2000; Riedl et al., 
2004; Binzet & Orcan, 2007; Kandemir & Türkmen, 
2010; Aytaç & Türkmen, 2011). Metcalfe and Chalk 
(1979) explained the general characteristic properties 
of the family Boraginaceae, including some details of 
the genus Onosma. Karyological (Teppner, 1981, 1988), 
chemical (Mellidis & Papageorgiou, 1987; Khajuria & 
Jain, 1993; El-Shazly et al., 2003; Özgen et al., 2004), and 
micromorphological (Akçin, 2007a) studies have been 
conducted on Onosma species. �ere are a number of 
studies on the anatomy of the genus. �e leaf anatomy 
of some of the taxa studied in this paper was observed 
by light microscope (Akçin & Engin, 2001, 2005; Binzet 
& Orcan, 2003; Akçin, 2004, 2007b). Nevertheless, none 
of these studies had the structure of the epidermal cells 
as their primary focus. Some species of Onosma are 
di�cult systematically. Riedl (1978) pointed out that the 
classi�cation appears to be partly arti�cial and in need 
of re-investigation and new data may provide useful 
reference points in a future classi�cation. Some Onosma 
species were examined to determine nutlet surface 
patterns using scanning electron microscopy (SEM) 
(Akçin, 2007a; Binzet & Akçin, 2009; Akçin & Binzet, 
2011). �e importance of leaf and epidermis morphology 

for classi�cation has been recognised and studied by 
many authors (Baranova, 1972; Metcalfe & Chalk, 1979; 
Baranova, 1992; Ma et al., 2004; Yang & Lin, 2005; Mavi et 
al., 2011; Szymura & Wolski, 2011). �ese characteristics, 
which probably are taxonomically valuable, have not yet 
been investigated in Onosma taxa. 

�e micromorphological and morphological characters 
of the epidermis and stomata of Onosma species were 
studied to determine their taxonomic signi�cance and 
implications.

2. Materials and methods
�e plant specimens used in the present study were collected 
from di�erent localities in Turkey. �e plant materials were 
identi�ed and deposited at Ordu University Herbarium. 
Collection data for the studied species are given in Table 1. 
Taxonomic descriptions of the specimens were performed 
according to Riedl (1978). Anatomic materials were �xed 
in 70% alcohol. Surface sections were cut freehand and 
they were covered with glycerine–gelatin (Vardar, 1987). 
�e permanent slides were photographed with a Nikon 
FDX-35 microscope including so�ware (NIS - Elements, 
Version 3.00 SP5) (Figures 1, 2). All measurements and 
observations were performed on the �gures. Stomata were 
measured from 15 mature leaves. �e terminology mainly 
follows Baranova (1972), Metcalfe and Chalk (1979), and 
Yang and Lin (2005). 
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For scanning electron microscopy, dried mature leaves 
were mounted on stubs using double-sided adhesive tape. 
Samples were coated with 12.5–15 nm of gold. Coated 
leaves were examined and photographed with a JMS-6060 
LV scanning electron microscope (Figures 3, 4).

For statistical analyses, one-way analysis of variance 
(ANOVA) and the general linear model were applied using 
SPSS 15.0 (Table 2; Figure 5). 

3. Results
Morphological characteristics of leaf epidermal cells such 
as shape, structure of the anticlinal walls, stomatal sizes, 
outer stomatal rims, peristomatal rims, and apertures are 
summarised in Tables 2 and 3. It was found that these 
characters vary among the examined taxa.       

3.1. Epidermal cells

�e epidermal cells on both the adaxial and abaxial 
surfaces of Onosma are polygonal, elongated, or irregular. 
�e pattern of anticlinal walls of cells may vary among the 
examined taxa. �e anticlinal walls of the epidermis cells 
are generally straight to curved and repand. Straight to 
curved anticlinal wall is the dominant type in the adaxial 
epidermis and repand is the dominant type in the abaxial 
epidermis in the examined taxa. �ere are sinuous types in 
2 taxa (Table 2; Figures 1, 2). 

3.2. Stoma features

Stomata are present on both adaxial and abaxial sides 
in the studied species (Figures 3, 4). SEM observations 
showed that the stomata are sunken (Figures 3, 4) or 
slightly sunken (Figures 3, 4) among the examined taxa.

Stoma types for the examined taxa are staurocytic, 
anisocytic, and anomocytic. Anomocytic stoma is the 
dominant type in both the adaxial and abaxial epidermis 
in some of the examined taxa. Anizocytic stomata occur 
more densely on the abaxial and adaxial surfaces of the 
rest of the investigated taxa.  

Stomatal sizes vary from species to species. All detailed 
measurements are presented in Table 2. It is seen that the 
outer stomatal rims are generally raised in the examined 
taxa. Although some investigated species have hardly 
visible raised rims, a few taxa have double outer stomatal 
rims (Figures 3, 4). 

Peristomatal rims are raised, overlapping, stout, or 
smooth in the examined taxa. In some species, peristomatal 
rims are barely perceptible (Figures 3, 4).

�e outer stomatal ledge aperture may vary in di�erent 
species. Long, ellipsoidal, and narrow apertures are present 
in the studied species. Long apertures are generally present 
in Onosma taxa but ellipsoidal and narrow apertures are 
also seen (Figures 3, 4).    

�e cuticular membrane is striate in all the examined 
taxa. Wax granules, �akelets, and thick layers wax are 
observed in some species. 

Table 1. Collection data for the Onosma species.

Taxa Locality

O. ambigens A7 Gümüşhane: Around Bayburt, 1200 m, Akçin 992.

O. albo-roseum A5 Amasya: Around castle, 450 m, Akçin 1038.

O. araraticum A5 Amasya: Ak Dağ, 1600 m, Akçin 1037.

O. armenum A4 Ankara: Around Çubuk 2 Dam, 1150 m, Barbaros 1007.

O. bornmuelleri A5 Kastamonu: Ilgaz, 890 m, Akçin 1031.

O. bourgaei A4 Çankırı: Ilgaz, 2000 m, Akçin 996.

O. bracteosum A6 Samsun: Ladik, 950 m, Akçin 1016. 

O. intertextum A6 Tokat: Around Niksar, 350 m, Akçin 1047.

O. isauricum A5 Amasya: Akdag, 1150 m, Akçin 1015. 

O.  mutabile A6 Ordu: Mesudiye, 1500 m, Akçin 1035. 

O. roussaei A6 Samsun: Çakallı, 350 m, Akçin 1049.

O. sericeum A4 Ankara: Around Çubuk 2 Dam, 110 m, Barbaros 1008.

O. stenolobum A5 Amasya: Vermiş village, 1200 m, Akçin 1010. 

O. tauricum var. tauricum A5 Kastamonu: Tosya, 900 m, Akçin 1048.
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Figure 1. Surface sections of the examined taxa (LM): A, B- Onosma ambigens, C, D- O. albo-roseum, E, F- O. 

araraticum, G, H- O. armenum, I, J- O. bornmuelleri, K, L- O. bourgaei, M, N- O. bracteosum. (A, C, E, G, I, K, M: 
abaxial surface; B, D, F, H, J, L, N:  adaxial surface). Scale bar: 20 µm. 
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Figure 2. Surface sections of the examined taxa (LM): A, B- Onosma intertextum, C, D- O. isauricum, E, F- O. 

mutabile, G, H- O. roussaei, I, J- O. sericeum, K, L- O. stenolobum, M, N- O. tauricum var. tauricum. (A, C, E, G, 
I, K, M: abaxial surface; B, D, F, H, J, L, N:  adaxial surface). Scale bar: 20 µm. 
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Figure 3. SEM images of stomata: A- Onosma ambigens, B- O. albo-roseum, C- O. 

araraticum, D- O. armenum, E- O. bornmuelleri, F- O. bourgaei, G- O. bracteosum, 
H- O. intertextum.
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4. Discussion
�is paper presents a comparative anatomical study 
of the leaf epidermis of 14 Onosma species, carried out 
using light microscopy and SEM. �e results of the study 
show that the micromorphological characters used vary 
among the investigated taxa. Szymura and Wolski (2011) 

determined that micromorphological characters of the 
leaves of Solidago L. species are taxonomically useful. 
We found that some micromorphological characters 
such as structure of the anticlinal walls, outer stomatal 
rims, peristomatal rims, and apertures are important 
characters. 
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Figure 4. SEM images of stomata: A- Onosma isauricum, B- O. mutabile, C- O. roussaei, 
D- O. sericeum, E- O. stenolobum, F- O. tauricum var. tauricum.

Figure 5. A- Error bar of the stoma length in examined taxa; B- Error bar of the width in examined taxa. 
1: Onosma ambigens; 2: O. albo-roseum; 3: O. araraticum; 4: O. armenum; 5: O. bornmuelleri; 6: O. bourgae; 
7: O. bracteosum; 8: O. intertextum; 9: O. isauricum; 10: O. mutabile; 11: O. roussaei; 12: O. sericeum; 13: O. 
stenolobum; 14: O. tauricum var. tauricum.
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�e leaf epidermis and leaf anatomy provide 
comprehensive taxonomic data (Dasti et al., 2003). In 
the present study, the pattern of anticlinal walls of cells 
varies among the examined species. �e anticlinal walls 
of the epidermis cells are generally straight to curved and 
repand. Sinuous types are observed only in O. intertextum 
Hub.-Mor. and O. mutabile Boiss. (Figures 3, 4). Yang 
and Lin (2005) reported that anticlinal walls of cells show 
some di�erences in Schisandra Michaux. �ey found that 
characters of the leaf epidermis are constant in the genus. 
In the present study, we found that outer stomatal rims, 
peristomatal rims, outer stomatal ledge aperture, cuticular 
membrane, and wax ornamentation are useful characters 
for delimiting the examined taxa. Outer stomatal rims 
are generally raised in the examined taxa. O. albo-roseum 
Fisch. & C.A.Mey., O. armenum DC., and O. bourgaei 
Boiss. have double outer stomatal rims. Single rims 
prevail in the other species. �e outer stomatal rims were 
double in evergreen groups of Schisandra, in contrast to 
single rims seen in deciduous groups of this genus (Yang 
& Lin, 2005). �e term peristomatal rim was proposed 

for low ridges of the cuticle. �e shape of peristomatal 
rims can show di�erences in plants (Wilkinson, 1979). 
�e examined Onosma species have raised, overlapping, 
stout, or smooth peristomatal rims. Peristomatal rims are 
surrounded by curved ridges of cuticle on the subsidiary 
cells in O. tauricum var. tauricum Pallas ex Willd. (Figure 
4). Stout peristomatal rims are present in O. armenum, 
O. bracteosum Hausskn. & Bornm., and O. roussaei DC. 
(Figures 3, 4). Sunken stomata depressed below the leaf 
surface may be due to the thickness of the cuticle, the height 
of the epidermal cells, or the presence of a hypodermis 
that may be up to several layers thick (Wilkinson, 1979). 
It was found that O. isauricum Boiss. & Heldr., O. sericeum 
Willd., O. tauricum var. tauricum, O. araraticum H.Riedl, 
and O. bracteosum have sunken stomata (Figures 3, 4). 
Slightly sunken stomata were seen in O. bornmuelleri 
Hausskn. and O. mutabile (Figures 3, 4). 

Some authors consider that stomatal size is too 
variable to be of diagnostic value (Davis & Heywood, 
1963; Abdulrahaman et al., 2011). Most authors agree 
that stomatal size is usually su�ciently stable to be used 

Table 3. Leaf epidermal properties of studied Onosma taxa with SEM.

Taxa Outer stomatal rim Peristomatal rim Aperture
Membrane and wax 
ornamentation

O. ambigens raised overlapping long and wide  striated and granular

O. albo-roseum double and raised barely perceptible long and narrow densely striated

O. araraticum raised raised ellipsoidal striated and granular

O. armenum double stout and raised long striated

O.bornmuelleri raised overlapping and raised long
striated, thick layered, and 
granular

O. bourgaei double overlapping long striated

O. bracteosum raised stout and raised ellipsoidal hardly visible, striated 

O. intertextum raised smooth long and narrow striated

O. isauricum raised raised long
striated, �aked, and 
granular

O. mutabile raised raised ellipsoidal striated

O. roussaei overlapping stout long
striated, �aked, and 
granular

O. sericeum hardly visible raised raised long striated, �aked

O. stenolobum hardly visible raised barely perceptible long
striated, �aked, and 
granular

O. tauricum var. 
tauricum

raised
Surrounded by curved 
ridges of cuticle on the 
subsidiary cells

ellipsoidal striated and granular
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as a diagnostic character (Pant & Gupta, 1966; Wilkinson, 
1979; Dasti et al., 2003). In the examined Onosma species, 
stomatal size is 12.39 ± 0.1–28.94 ± 0.36 × 10.32 ± 2.9–
26.76 ± 1.17 µm. According to the results, stomatal size 
is longest in O. roussaei and O. bracteosum. O. bourgaei 
has the shortest long and short axes. Statistically, there 
are signi�cant di�erences between species in terms of 
stomatal size. Stomatal size is found to be a signi�cant 
character in the studied Onosma taxa (Figure 5). Stomata 
are located on both adaxial and abaxial surfaces in all 
the leaves. Stoma types are anomocytic, staurocytic, and 
anisocytic. Metcalfe and Chalk (1979) pointed out that 
there were both anomocytic and anisocytic stomata in this 
family. �e same results were determined by Akçin and 
Engin (2001) and Akçin (2004), who performed some 
anatomical studies on Turkish Onosma taxa. Dasti et al. 
(2003) studied the foliar stomata of 32 species belonging 

to 3 tribes of the family Boraginaceae. �ey indicated 
that the prevalent type of stoma was anomocytic. Other 
types such as paracytic, diacytic, helicocytic, actinocytic, 
and cyclocytic were rare. �ey also explained that, 
although anomocytic was a dominant type, helicocytic, 
hemiparacytic, staurocytic, and brachyparatetracytic 
stomata were seen in the examined Onosma taxa. 

We also found that the cuticular membrane of the leaf 
epidermis of all the taxa has striae. Wax granules, �akelets, 
and thick layers wax were observed in some species. O. 
albo-roseum, O. bourgaei, O. intertextum, and O. mutabile 
do not have wax structures. 

In this study, we report that micromorphological 
characters such as structure of the anticlinal walls, 
outer stomatal rims, peristomatal rims, apertures, and 
wax ornamentation are important characters. �ey are 
taxonomically useful for discriminating Onosma taxa.
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