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Abstract

In order to examine the systematic application of seed-coat characters in Erysimum (Brassicaceae) distributed in 

Northeast of Iran (Khorassan provinces), the seeds of nine species (14 populations) were examined using the light 

microscope (LM) and the scanning electron microscope (SEM). According to results of the LM, diagnostic characters at 

the specific level are seed shape, wing width, epidermal cell-wall shape, and seed-surface sculpture. The SEM 

investigation at high magnifications reveals that seven types of seed-surface sculpture pattern are distinguishable, 

including 1) reticulate, the basic type; 2) ocellate; 3) papillate; 4) reticulate-papillate; 5) scalariform; 6) ribbed; and 7) 

reticulate-ocellate. The seed coat typically consists of four layers, including the epidermis layer, the subepidermis layer, 

the sclerotic (or palisade) layer, and the parenchymatous layer. Some of the layers may be absent in some species. 

Finally, an identification key to the investigated taxa is provided based on the seed-coat characters used in this research.
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Introduction

The genus Erysimum Linnaeus (1753a: 660) (Brassicaceae) which belongs to the unigeneric tribe Erysimeae 

consists of more than 200 species worldwide (German & Al-Shehbaz 2008, Couvreur et al. 2010, Al-Shehbaz 

2012). 

Generally, members of the family Brassicaceae have small seeds with mostly less than 4 mm long (Al-

Shehbaz 1986). Seeds can have wings or not; when present, the wings may surround the entire seed or limited 

to one or both ends. Seed sculpture may be smooth, reticulate, scalariform, ribbed, papillate, ocellate, or 

foveolate that can be useful for identifying taxa (Vaughan & Whitehouse 1971). The seeds vary in color and 

may be white (Pringlea W.Anderson ex Hook.f. (1845: 239)), yellow, orange, and green to brown or black 

(Appel & Al-Shehbaz 2003). In Brassicaceae, micro- and macroscopic characters of seeds are useful to 

determine the taxonomic boundaries among taxa, especially genera and species, and to realize their 

relationships (Zhang 2003, Tantawy et al. 2004). Based on previous studies (e.g. Davis & Heywood 1963, 

Latowski 1975), in this family, traits related to seeds, together with features of the fruit, nectarines, and type of 

hairs are very efficient and reliable for divisions at the generic and tribal levels. Many studies on the seed coat 

in this family have been done on the taxa with economic value (e.g. Brassica Linnaeus (1753a: 666), Sinapis

Linnaeus (1753a: 668), and Raphanus Linnaeus (1753a: 669)) (e.g. Barton 1967, Mulligan & Bailey 1976). 

The importance of scanning electron microscope (SEM) in solving of systematic problems has been 

considered by Heywood (1971). In Brassicaceae, exo- and endomorphic traits of seeds have been studied by 

many people such as Fayed and El-Naggar (1988, 1996), El-Naggar & El-Hadidi (1998), and Abdel Khalik 

(2002). In addition, the ultrastructural pattern acts as a reliable criterion for study of phenetic relationships and 

classification problems in the family (Koul & Ranjna 2000, Moazzeni et al. 2007).
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Vaughan & Whitehouse (1971) investigated the relationships between seed structure and existing 

classification using macro and micromorphological traits of about 90 genera and 200 species of Brassicaceae. 

They showed that seed traits distinguish some genera and species. Jonsell (1986) and Koul & Ranjna (2000) 

studied the seed-coat morphology and microsculpturing of seed coat in some genera of Brassicaceae. They 

provided evidence for the close relationships among various genera. More recently, Kasem et al. (2011) 

studied the seed morphology and seed-coat sculpturing of 32 taxa in the family Brassicaceae.

Seed-coat anatomy has been also studied in various families. Generally, in Brassicaceae, seed coat 

consists of four layers, including the epidermis layer, the subepidermis layer, the sclerotic (or palisade) layer, 

and the parenchymatous layer (Appel & Al-Shehbaz 2003).

With the exception of the SEM data regarding pollen, fruit, and seed coat of endemic Erysimum 

hungaricum Zapalowicz (1913: 49) (Maciejewska-Rutkowska et al. 2007), until now, the morphology of the 

seed in relation to taxonomy has not been studied in Erysimum. The present work concerns with the study of 

morphology and anatomy of seed of certain Erysimum species distributed in Northeast of Iran using the light 

microscope (LM) and the SEM. The aim of the current study is to investigate the utility of seed morphological 

and anatomical features in the identification and taxonomic relationships among the Erysimum species and 

ultimately, to provide a simple and convenient identification key for studied species.

Materials and methods

The mature seeds were collected from different localities in Northeast of Iran (Khorassan provinces) and 

deposited in Ferdowsi University of Mashhad Herbarium (FUMH) (Table 1). The materials belong to nine 

species of the genus Erysimum including E. repandum Linnaeus (1753b: 17), E. griffithianum Boissier (1854: 

28), E. crassicaule (Boissier 1842: 45) Boissier (1867: 199), E. stocksianum (Boissier 1854: 19) Boissier 

(1867: 199), E. badghisi (Korshinski 1898: 413) Lipsky ex N.Busch (1939: 123), E. ischnostylum Freyn and 

Sint. in Freyn (1903: 570), E. kerbabaevii Kurbanov and Gudkova (1983: 236), E. crassipes Fischer and 

C.A.Meyer (1836: 88), and E. sp. (an unknown and very similar species to E. crassicaule, but with some 

trichomes on the stem and flowers with long pedicels). 

TABLE 1: List of species, collection information, and voucher number used in the present study. The voucher specimens with an 

asterisk are kept in the FUMH (Ferdowsi University of Mashhad Herbarium) and others are deposited in Herbarium of Faculty of 

Science, Ferdowsi University of Mashhad.

Species Localities Voucher No.

E. badghisi Razavi Khorassan: Mashhad to Torbat heydariyeh, 1655 m, Ghaempanah and Basiri; 

Sarakhs, Bazangan lake, 1500 m, Ghaempanah and Basiri.

1006, 1010

E. crassicaule South Khorassan: Ghaen to Birjand, 1683 m, Ghaempanah and Basiri. 1000

E. crassipes North Khorassan: South of Dargaz, 1800 m, Joharchi. 18655*

E. griffithianum South Khorassan: Birjand, Sarbisheh, 1800 m, Joharchi; Birjand, Sehhat abad, 1700 m, 

Rashed and Zangouei.

17250*, 15169*

E. ischnostylum Razavi Khorassan: Fereyzi, 1800 m, Ghaempanah and Basiri; Northern Khorasan: 

Ashkhaneh, 1200 m, Ghaempanah and Basiri.

1005, 1003

E. kerbabaevii North Khorassan: South of Dargaz, Dorbadam, Ghaempanah and Basiri; Palkanlu olya, 

1601 m, Ghaempanah and Basiri.

1015, 1014

E. repandum North Khorassan: Southwest of Bojnord, Reein, 1693 m, Memariani and Zangouei and 

Arjmandi.

37246

E. sp. South Khorassan: south of Birjand, Ghaempanah and Basiri; Nehbandan, Joharchi. 1022, 21472*

E. stocksianum Razavi Khorassan: Sabzevar, Baghjar, 2145 m, Ghaempanah and Basiri. 1013
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Five to six seeds per species from different populations were taken to cover the range of intraspecific 

variations. For the LM study, dried seeds were wet cleaned. Then, different exomorphic parameters such as 

shape, dimensions, and presence of wing were examined using stereo microscope (dino-lite digital 

microscope). 

For the SEM study, the seeds were first cleaned and dried. Then, they were fixed on specimen stubs with 

an adhesive and were placed on the revolving discs of Joel fine coat ion sputter (Joel, JFC 1100) where each 

seed was uniformly coated with 20–30 nm thick gold. These specimen stubs were then fixed to the specimen 

holder of scanning electron microscope (Joel JSM 350) maintained at accelerating potential voltage of 15 KV. 

Photomicrographs were taken at different magnifications (seed in whole mount with x=100 and seed scan 

with x=1000). The seed-surface microsculpture characters were measured using these photomicrographs. For 

studying the seed-coat anatomy, the dried mature seeds were first softened by equal proportions of glycerin, 

ethanol, and distilled water. Then, the seeds were fixed in FAA (equal proportions of formaldehyde, acetic 

acid, and alcohol). Cross sections were made by hand. The best specimens were examined without staining by 

using light microscope (Olympus microscope model BX–50) and were photographed with a camera 

(Olympus DP71) from permanent slides. All measurements were repeated three times independently.

Altogether 21 qualitative and quantitative characters (Table 2) were measured or scored on the materials. 

The quantitative traits were measured in millimeter and the qualitative ones were scored by using character 

coding. The distribution of all quantitative traits was examined using the Kolmogorov-Smirnov test. Results 

of this test revealed that all quantitative characters were normally distributed; therefore for these characters, 

parametric methods were employed in later steps. To determine which characters significantly differentiate 

the species under study, qualitative and quantitative data were analyzed separately. For this purpose, we used 

the Kruskal-Wallis test and the ANOVA for qualitative and quantitative characters, respectively. These 

analyses were performed using the SPSS software 16.0 (SPSS, Chicago, IL, USA). Two multivariate analyses, 

the principal component analysis (PCA) and the cluster analysis (CA), were performed using the CANOCO 

ver. 4.5 (TerBraak & Smilauer 2002) and NTSYS ver. 2.0 (Rohlf 2000) softwares, respectively.

TABLE 2: Qualitative and quantitative seed characters used in this study. The name of characters is abbreviated in the symbol 

column.

Results

Statistical analysis via Kruskal-Wallis and ANOVA indicated that all of the seed characters were significantly 

Symbol Qualitative character Symbol Quantitative character

SHSE Shape of seed LESE Length of seed

SESE Seed surface WISE Width of seed

WING Wing (presence=1, absence=0) WIWI Width of wing

PRCA Presence of cellular arrangement LECO Length of cotyledons

ANCW Anticlinal cell wall NSCL Number of seed coat layers

PECW Periclinal cell wall THSC Thickness of seed coat

PATT Pattern LEEC Length of epidermal cell

SHEC Shape of epidermal cells WIEC Width of epidermal cell

OSEC Osteosclereid in epidermal cells  

(presence=1, absence=0)

NSUL Number of subepidermis layers

SULA Subepidermis layer (presence=1, absence=0) PALA Parenchyma layer  (presence=1, absence=0)

COLA  Collenchyma layer (presence=1, absence=0) - -
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differentiated the species under study. Therefore, all of them were used in the multivariate analyses (Figs. 5 

and 6).

Generally, the seeds of the species were small ranging from 1.1 to 2.2 mm in length and from 0.07 to 0.92 

mm in width (Table 3). The shape of the seeds was elliptic-oblong, and ovate-linear to kidney-form. Seeds of 

the species under study (except E. kerbabaevii, Fig. 1g) had wing with width up to 0.74 mm. When present, 

the wing could completely surround the seed or it was confined to one or both of the seed ends (Fig. 1). 

Cotyledon length of the embryos varied from 0.9 to 2 mm (Table 3). Among the species, E. kerbabaevii had 

the biggest seeds and cotyledon.

TABLE 3: Seed qualitative and quantitative traits evaluated in the study using the stereo microscope. Measurements of the 

quantitative characters are in millimeters. The abbreviated symbols are named in Table 2.

FIGURE 1: Seed images of nine species of the genus Erysimum using the stereo microscope. a: E. badghisi, b: E. crassicaule, c: E. 

sp., d: E. crassipes, e: E. griffithianum, f: E. ischnostylum, g: E. kerbabaevii, h: E. repandum and k: E. stocksianum.

In all the species, the seed surface was glabrous and seemed to be unusable criterion at the specific level. 

The epidermal cells were well-developed in the majority of the species investigated. In some species such as 

E. badghisi (Fig. 2–1A, 1B) and E. crassipes (Fig. 2–4A, 4B), the seeds had undeveloped epidermal cells. 

Anticlinal walls could be raised, smooth or sunken, and periclinal walls varied from convex, flat to concave in 

different species (Fig. 2). 

Taxa LESE WISE SHSE WING WIWI LECO

E. badghisi 1.651 0.755 elliptic - oblong 1 0.1764 1.3226

E. crassicaule 1.75 0.6592 elliptic - oblong 1 0.203 1.5131

E. sp. 1.119 0.4546 elliptic - oblong 1 0.7425 0.895

E. crassipes 2.036 0.5065 Ovate - linear 1 0.2405 1.619

E. griffithianum 1.1088 0.44 kidney 1 0.1003 0.9756

E. ischnostylum 1.757 0.7288 kidney 1 0.2208 1.4468

E. kerbabaevii 2.251 1.0784 kidney 0 0 2.0558

E. repandum 1.4478 0.6645 elliptic - oblong 1 0.0965 1.2581

E. stocksianum 1.7981 0.922 kidney 1 0.0758 1.6381
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FIGURE 2: Pictures of seed microsculpture of nine species of the genus Erysimum using the scanning electron microscope. 1: E. 

badghisi, 2: E. crassicaule, 3: E. sp., 4: E. crassipes, 5: E. griffithianum, 6: E. ischnostylum, 7: E. kerbabaevii, 8: E. repandum, 9: E. 

stocksianum (A: scale bar = 100 µm, B: scale bar = 10 µm).
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The seed coat typically consisted of four layers; the outer three layers were derived from the outer 

integument, and the fourth from the inner integument (Bouman 1975, Vaughan et al. 1976). The layers were 

(1) the epidermis (one cell layer), (2) the sub epidermis (occasionally lacking, one, two or rarely more cell 

layers), usually parenchymatous, but rarely collenchymatous or even sclerotic, (3) the sclerotic (or palisade) 

layer (one cell layer), representing the main mechanical layer of the seed coat, often with lignified thickenings 

on the inner and radial walls, but usually it is not sclerotic in species with indehiscent fruits, and (4) the 

parenchymatous layer (usually with several cell layers), often pigmented and/or collapsing. An aleurone layer 

was affiliated with the seed coat that represented remnants of the endosperm. The seeds were thus almost 

exalbuminous. In epidermal cells of some species, we could also identify the osteosclereids (Figs. 3 and 4f, g, 

h, k). The results obtained from the study of seed-coat anatomy are presented in Table 4.

TABLE 4: Seed coat characters evaluated in this study using the scanning electron microscope. The abbreviated symbols are named in 

Table 2.

FIGURE 3: Different layers in cross sections of seed coat of E. repandum using light microscope. Os: Osteosclereids, Ep: Epidermis 

layer, Se: Subepidermis layer, Pal: palisade layer, Par: Parenchymatous layer, Al: Aleurone.

Taxa PRCA SHEC ANCW PECW SESE PATT

E. badghisi cell-free arrangemant unknown raised–tubercle concave papillate papillate

E. crassicaule cellular 4-6 polygon raised flat to convex papillate reticulate - papillate

E. sp. cellular oblong sunken flat to convex rugose scalariform

E. crassipes cell-free arrangement unknown raised concave papillate papillate

E. griffithianum cellular 4-6 polygon sunken convex rugose ribbed

E. ischnostylum cellular 4-6 polygon raised concave smooth reticulate

E. kerbabaevii cellular unknown flat to raised convex ocellate ocellate

E. repandum cellular oblong sunken flat to convex rugose scalariform

E. stocksianum cellular 4-6 polygon raised convex ocellate reticulate - ocellate
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FIGURE 4: Seed coat anatomy in cross section of nine species of the genus Erysimum using the light microscope (200x). a: E. 

badghisi, b: E. crassicaule, c: E. sp., d: E. crassipes, e: E. griffithianum, f: E. ischnostylum, g: E. kerbabaevii, h: E. repandum, k: E. 

stocksianum.

According to result of the cluster analysis on seed characters of nine species of genus Erysimum in 

Northeast of Iran, at the beginning, E. kerbabaevii was distinguished from the other species (Fig. 6). The most 

important characters resulting in fast and clear separation of this species were related to the largest width of 

seed (WISE) and the longest cotyledon (LECO) (Table 3). This separation could also be observed in result of 

the PCA (Fig. 5B) as the vectors of these characters were oriented toward this species. Other members of 

the genus were divided into two subgroups (Fig. 6) based on differences in the number of seed-coat layers 

(NSCL), the length of epidermal cells (LEEC), the presence of subepidermal layer (SULA), the number of 

subepidermal layers (NSUL), and the presence of parenchymal layer (PALA). In subgroup 1, E. badghisi was 

distinguished from the two annual species, E. griffithianum and E. repandum, by difference in width of wing 

(WIWI). Complete similarity observed in the presence of wings (WING), the presence of cellular arrangement 

on the seed surface (PRCA), and the presence of osteosclereids in the epidermal cells (OSEC) led to the 

placement of these species close together. In subgroup 2, variation in the shape of seeds (SHSE), the seed-

surface sculpturing (SESE), the pattern of sculpturing (PATT), and the length of epidermal cells (LEEC) 

caused separation of this subgroup into two smaller entities 4 and 5 (Fig. 6). In category 5, a complete 

similarity due to such characters as presence of wings (WING), anticlinal walls (ANCW), identical seed-

surface sculpturing (SESE), presence of osteosclereids in epidermal cells (OSEC), presence of subepidermal 

layer (SULA), and the number of subepidermal layers (NSUL) led to grouping of E. crassicaule with E. 

crassipes (Fig. 6). The close position of these species was also evident in the results of the PCA (Fig. 5).
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FIGURE 5: The diagram resulting of the PCA of nine species of Erysimum. A: Position of species based on the first and second 

principal components. B: Position of species based on the first and third principal components. C: Position of species based on the 

second and third principal component (number in the parenthesis indicates the percentage of variation along each axis). black 

square=E. crassicaule, white triangle=E. ischnostylum, black triangle =E. badghisi, diamond =E. stocksianum, star =E. sp., white 

square =E. kerbabaevii,  white circle =E. repandum, black circle =E. griffithianum, and rectangle =E. crassipes. 
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FIGURE 6: UPGMA analysis of the species of the genus Erysimum in Northeast of Iran based on seed characters. The numbers above 

the branches are the groups discussed in the text. The species are labeled by the following symbols. cr: E. crassicaule, st: E. 

stocksianum, is: E. ischnostylum, ba: E. badghisi, ke: E. kerbabaevii, re: E. repandum, gr: E. griffithianum, cra: E. crassipes, : cr*: E. 

sp.

Discussion

According to the significantly differetiating characters related to the seeds, the traits such as the length of 

epidermal cells (LEEC), the presence of osteosclereids in the epidermal cells (OSEC), the presence of 

subepidermis and the number of its layers (NSUL and SULA), the width of seed (WISE), the width of wing 

(WIWI), and the length of cotyledon (LECO) are diagnostic and suitable in distinguishing the species of 

Erysimum.

The epidermal characters demonstrate high structural diversity and seem to be the most valuable traits in 

the current study (Fig. 2, Table 4). From the SEM results, it was found that the seed-surface sculpture and 

aspects of the anticlinal and periclinal walls could be served as good diagnostic parameters at the specific 

level (Table 4). This is in accordance with the works of Barthlott (1981), Fayed & El-Naggar (1996) and 

Abdel Khalik & Maesen (2002). The seed-surface sculpture may be smooth, reticulate, scalariform, ribbed, 

papillate, ocellate, or foveolate (Murley 1951, Vaughan & Whitehouse 1971) and may be useful for 

identification purpose and providing key. 

Although, in many sources, including a modified version of Flora Iranica (Akhani 2003), the plant list 

(The plant list 2010), and Polatschek (2011), E. stocksianum has been mentioned as a synonym of E. 

crassicaule, the results of this study (Figs. 1 and 2, Tables 3–5) showed that there are distinct differences 

between the seed characteristics of these two species. Thus, it seems that these species are closely related but 

distinct taxa. It should be noted that the initial version of Flora Iranica (Polatschek & Rechinger 1968) and 

Flora of West Pakistan (Jafri 1973), used to identify the species of the current study, have introduced these two 

species as two distinct taxa. The characters such as the width of wing, the seed-surface sculpture and its 

pattern, the number of seed-coat layers, and the presence of osteosclereids in epidermal cells, are the most 

important traits differentiating these species (Figs. 1, 2, and 4, Tables 3–5). However, the characters such as 

the presence of wing, the presence of cellular arrangement, the anticlinal cell wall situation, and the presence 

of the subepidermis and collenchyma layers are the traits that represent the close relationship between these 

two species (Figs. 1, 2, and 4, Tables 3–5). In addition, morphological characters such as the leaf length, the 
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ratio of inflorescence length to the plant height, the length of peduncle and other floral components, and the 

fruit length are some of the main distinguishing characters between the two species E. crassicaule and E. 

stocksianum (Ghaempanah et al. 2012). It seems reasonable, therefore, that final decision concerning the 

taxonomic position of these two species should be undertaken based on further studies.

TABLE 5: Qualitative and quantitative traits evaluated for seed coat anatomy of the studied species using the light microscope. 

Measurements are in millimeters. Qualitative traits are coded as presence=1 and absence=0. The abbreviated symbols are named in 

Table 2.

Such characters as the shape of epidermal cells, anticlinal cell wall orientation, seed-surface sculpture and 

its pattern, and the number of seed-coat layers differentiated the specimens of E. crassicaule from the 

unknown species E. sp. (Figs. 1, 2, and 4, Tables 3–5). On the other hand, the presence of wing and cellular 

arrangement, periclinal cell wall position, and presence of the subepidermis layer are the shared characters 

between these two species (Figs. 1, 2, and 4, Tables 3–5). This close relationship is also visible in the result of 

the PCA (Fig. 5). Ghaempanah et al. (2012) showed that morphological traits such as the trichome density on 

the plant, the size of floral components, the length of peduncle, and the fruit tail are the distinguishing 

characters between these two species. However, additional data are needed to confirm the exactly taxonomic 

position of this unknown taxon. 

It seems that among the species under study, the three taxa, E. crassicaule, E. stocksianum, and E. sp. are 

to be a complex in Northeast of Iran. The understanding of taxonomic relationships within this complex will 

require additional data sets, in particular the ones come from comparative morphology, anatomy, and 

molecular studies. 

Identification key to the genus Erysimum among the species distributed in Northeast of Iran based on the 

seed characters:

1. Seed-coat layers 3–4 in cross section; subepidermis layer absent or up to one layer .................................................. 2

- Seed-coat layers 5–7 in cross section; subepidermis layers 3–4 .................................................................................. 5

2. Seeds winged, wing width 0.09–0.17 mm; seed-surface sculpture papillate or folded; sculpture pattern papillate, 

ribbed or scalariform; cotyledon length less than 1.5 mm............................................................................................ 3

- Seeds without wing; seed-surface sculpture ocellate; sculpture pattern ocellate; cotyledon length more than 2 mm ..

......................................................................................................................... E. kerbabaevii Kurbanov and Gudkova

3. Seed surface without cellular arrangement; anticlinal wall raised; seed-surface sculpture papillate; epidermal cell 

with osteosclereids ..........................................................................................E. badghisi (Korsh.) Lipsky ex N.Busch

- Seed surface with cellular arrangement; anticlinal wall sunken; seed-surface sculpture folded; epidermal cell without 

osteosclereids ................................................................................................................................................................ 4

Taxa THSC NSCL LEEC WIEC OSEC SULA COLA NSUL PALA

E. badghisi 0.4473 3 0.2498 0.1408 0 0 0 0 1

E. crassicaule 0.4737 7 0.0985 0.0566 0 1 1 4 1

E. sp. 0.466 6 0.1114 0.0772 0 1 0 4 0

E. crassipes 0.4357 6 0.091 0.0732 0 1 0 4 0

E. griffithianum 0.4204 3 0.1831 0.0978 1 0 0 0 1

E. ischnostylum 0.4679 6 0.1707 0.1546 1 1 1 4 0

E. kerbabaevii 0.3913 4 0.1365 0.1232 1 1 0 1 1

E. repandum 0.5252 4 0.3311 0.2505 1 1 0 1 1

E. stocksianum 0.3732 5 0.1477 0.0976 1 1 1 3 0
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4. Seeds kidney-shaped; epidermal cells 4–6 sided; periclinal wall convex; sculpture pattern ribbed; seed coat without 

subepidermal layer in cross section ............................................................................................E. griffithianum Boiss.

- Seeds elliptic-oblong; epidermal cells rectangular; periclinal wall flat to convex; sculpture pattern scalariform; seed 

coat with one layer of subepidermal cells in cross section ................................................................... E. repandum L.

5. Seeds kidney-shaped; seed-surface sculpture smooth or ocellate; sculpture pattern reticular or reticular-ocellate; 

epidermal cell with osteosclereids ............................................................................................................................... 6

- Seeds elliptic-oblong or ovate-linear; seed-surface sculpture papillate or folded; sculpture pattern papillate, 

reticular-papillate or scalariform; epidermal cell without osteosclereids .................................................................... 7

6. Periclinal wall convex; seed-surface sculpture smooth; sculpture pattern reticular; seed coat with 6 layers in cross 

section; subepidermis with 4 layers ............................................................................. E. ischnostylum Freyn and Sint.

- Periclinal wall concave; seed-surface sculpture ocellate; sculpture pattern reticular-ocellate; seed coat with 5 layers 

in cross section; subepidermis  with 3 layers ................................................................. E. stocksianum (Boiss.) Boiss.

7. Seeds elliptic-oblong; seed surface with cellular arrangement; periclinal wall flat to concave .................................. 8

- Seeds ovate-linear; seed surface without cellular arrangement; periclinal wall convex ...............................................

...................................................................................................................................E. crassipes Fisch. and C.A.Mey.

8. Epidermal cells 4–6 sided; anticlinl wall raised; seed-surface sculpture papillate; sculpture pattern papillate; 

subepidermis layer with collenchymal cells; seed coat with epidermal layer in cross section.......................................

.........................................................................................................................................E. crassicaule (Boiss.) Boiss.

- Epidermal cells rectangular; anticlinl wall sunken; seed-surface sculpture folded; sculpture pattern scalariform; 

subepidermis layer without collenchymal cells; seed coat without epidermal layer in cross section ................... E. sp.
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