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ABSTRACT On the basis of a study of 22 of 30 sp~cies representing 12 sections of 
Silenc in Jordan. we find that the seed coats exhibit considerable anatomical 
diversity. particularly the exotesta and mesotesta . Equivocal relationships arc 
demonstrated for species with essentially identical seed features and seed coat 
sculpturing. Outer layers of the seed appear to be more open to adaptive 
modifications than inner ones. 

The genus Silene (Caryophyllaceae) has traditionally been' considered to consist 
more or less of about 35 species in Jordan, Palestine and Syria. As long ago as the 
Flora Oriental is (Boissier 1967) as well as the monographic works of Rohrbach 
(1968) and Williams (1896) recommended to botanists in search of the 
relationships within the genus Silene. The floras of Halacsy (1900) and Hayek 
(1924) mainly contain remarks on the shape, size of petals and corona, as well as 
other floral characters. Description of seed coat structure in Silene species is only 
summarized in floras at the end of generic descriptions and in Melzheimer (1987). 
This type of statement is to give first information for taxonomic or diagnostic 
purposes. It has been found satisfactory to examine the seed at high magnifica­
tions with the scanning electron microscope (SEM), as well as the seed coat 
anatomy, by light microscope, in order to obtain sufficient characters on seed coat 
layers or surface sculpturing. 

Materials and Methods 

1. Seed of 22 different species of 12 sections of Silene were collected on field 
trips and from Herbarium specimens (Department of Biological Sciences, 
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Yarmouk University and the Jordan Natural History Museum Herbarium, 
Yarmouk University. (Table 1). 

2. Median longitudinal microtome sections (10-14 11m) of seed coats were 
studied by paraffin method (Berlyn and Miksche 1976). 

3 . Scanning electron micrographs (SEM) of many seeds of Silene species 
were examined using "Cambridges S 100" Scanning Electron Microscope 
provided by the Department of Systematic Botany, Freie Universitat, Berlin, 
West Germany. 

Results 

The data described in Table 1 indicate a range of variation in colour of 
mature seeds from brown through grey to black. Shape ranges from reniform to 
ear-shaped or ovate to rounded . The seed coasts ranged in thickness from 6-14 
11m to 36-47 11m. The number of cell layers within seed coats range from 1-2,2 , 2-3 
to 2-4. 

In median longitudinal sections of mature seeds, the mature embryo is 
mostly enclosed by many rows of endospermal cells (Plate 8 , Fig. 2c) whose 
accumulated product is mainly starch (staining deeply blue in safran in-fast green 
stain) . The whole is surrounded by a seed coat which mostly covered by a thin 
film of colourless mucilage layer and other resistant layers (Plates A-J) , consisting 
of thick-walled, lignified , collapsed or sclerenchyma cells . 

Finally, from previous data (Table 1) very good taxonomic evidence has 
emerged to recognize and differentiate the species of Silene as well as the studies 
of the seed coat surface under the scanning electron microscope . Various types of 
sculpturing can be detected from smooth in S . succu/enta to granulate ­
tuberculate or papilla - like in S . fuscata (Plate D, Fig. 2, and Plate G, Fig. 2) . 

Discussion 

The seed characters listed in Tables are helpful for recognition of some 
related species of Silene. 

The seeds examined were in general reniform to ear-shaped or ovate­
rounded and brown to black in colour , with the hard external surface varying 
from rough to smooth also indicating a display of (2-4) rows or cells at grooved 
back of the seed and (3-5) rows of tubercles at the convex face of the seed. 
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In median longitudinal sections of mature seed coats of species of Silene, 
(Table I) composed of the tegment and testa (developed inner and outter 
integuments), exhibit considerable diversity in anatomy, particularly in features 
of the meso testa and exotesta . Most of these species shearing variable features of 
1. seed coat thickness, 2. seed coat number of layers, 3. presence or absence 
(collapsed) of mesotesta cells and 4. irregular swollen of exotesta cells. (Plate A). 

Additional significant characters related to seed coat sculpturing are revealed 
by scanning electron microscopy and indicate that 1. Silene apetala, S. colorata, 
S. colorata spp . oliveriana and S. vivianii are more or less similar in their 
ear-shaped seeds and closely related in their sculpturing of seed coat (testa cells) 
(PI. B & PI. C). 2. S. palaestina, S. succu/enta, S. vil/osa, and S. vil/osa var, 
vi/losa have the same type of smooth reticulation (PI. D & PI. E). 3. S . 
a egyptiaca , S. conoidea and S. crassipes, have more or less the same type of 
ovate-rounded shape of seeds and sculpturing of the seed coat (testa cell) (PI. F). 
4. S. damascena, S. fuscata, S. gallica and S. Iinearis they have nearly reniform 
shaped seeds and the same type of reticulation and striation of seed coat (testa 
cells) (PI. G, & PI. H). Finally, S. longipetala, S. trinervis, S. arabica, S. conifjora 
and S. vulgaris, have different seed shapes but they have more or less the same 
tuberculate-colliculate seed coat sculpturing pattern , (PI. I & PI. J). 

In addition to the flora features seed characters of Silene species were used to 
separate the taxa from each other. Melzheimer (1987) used the characters of seed 
testa cells which where investigated under SEM to segregate the taxa. In this 
study we agree with Melzheimer's point of view but we add that these characters 
are not valid in delimating the genus into different sections because some of the 
species from two different sections show the same seed character. These various 
types of seed surface sculpturing mentioned above are pressumed to be due to 
hybridization or an ecological factor. 
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Table 1. Comparison of anatomical and morphological features of the seed coat of Silene species from Jordan N­
"" 

Seed coat I Seed coat 
Section and species thickness No. ceU Mesotesta cells I Exotesta cells Seed Seed shape and sculpturing 

IlIII Jayen colour 

Sect. Lasiostemones 
Silene longipetala Vent. 31-40 2-3 I Present, collapsed I Irregularly swollen Brown Reinform-tuberculate , flat to furrowed on 

or collapsed back . 

Sect. Inflatae 
Silene vulgaris (Moench) Garcke ~7 3-4 Present, collapsed I Flattened or Brown Orbicular-rein form, finely tuberculate, 

collapsed flat to furrowed on .-back . 

Sect. suffruticosae 
Silene succu/enta Forssk. Brown Rounded smooth with nearly flat on back . 

Sect. Rigidulae 
Silene reinwardtii Roth 25-33 2-4 Present, 2-3 rows Irregularly swollen Deep brown' 

Silene linearis Decne 31-41 1-2 Present , collapsed 
or collapsed 
Papilla-like to Deep brown I Reinform finely wrinkled , nearly flat 
flattened back. 

Sect. Actocion 
Silene aegyptiaca (L.) L. f. 22-45 2 Absent Undulate, Light brown Rounded, finely tuberculate with concave 

dome-shaped faces and nearly plane back. 
Silene [uscata Link. ex Brot. Light brown Reinforrn deeply concave faces, wrinkled­

tuberculate not furrowed back. 
Silene rubella L. 8-19 2 Absent Radially enlarged, Brown 

papilla-like 

Sect. Behenantha 
Silene behen L. 9-17 2-3 Absent Undulate Brown 

dome-shaped 

Sect. Lasiocalycinae 
Silene crassipes Fenzl et Pulgill. Brown Rounded, wrinkled with deeply concave 

faces at center. 

Sect. Dichotomae 
Silene trinems Banks et Sol. 29-37 3-4 Present, 1-2 rows I Radially enlarged, Deep brown I Reinform , tuberculate with slightly con­

papilla-like cave faces and grooved back. 
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Table I. (Conld.) 

Seed coat 
SectIon and species thickness 

I'm 

Sect. Scorpioideae 
Silene villosa Forssk. 

Silene damascena Boiss et Gaill. 


Silene palaeslina Boiss. 


Silene vivianii Steud. 


Silene arabica Boiss. 


Sect. Silene 
Silene gallica L. 

Sect. Dipterospermae 
Silene colorala Poir. 

Silene colorala Poir. subsp. 
oliveriana (Otth.) Rohrb 

Silene apelala Willd. 

Sect. Conoimorpha 
Silene coniflora Nees ex. Otth. 

Silene conoidea L. 

11-23 

8-19 

20-33 

19-31 

8-22 

()'14 

18-32 

12-29 

Seed coat 

No. ceU 
layen 

2 

2-3 

2 

2 

2 

2 

2-3 

2-3 

I Mesotesta cells Ellotesta cells I 


I Absent RadiaUy enla rged, 
papiUa-like 

I Absent 

I Absent 

RadiaUy enlarged, 
papiUa-like 

Swollen, papilla-like 

I Absent RadiaUy enlarged, 
papilla-like 

IAbsent 	 I rregularly swollen 
or collapsed 

IAbsent 	 RadiaUy enlarged, 
papiUa-like 

I Present, collapsed IIrregularly swollen 
to flattened 

I Present, collapsed Irregularly swollen 
to flattened 
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Deep brown 

Brown 

Brown 

IBlack 

Light brown 

Light brown 

Deep brown 

Brown 


Black 


Seed Seed shape and sculpturing 
colour 

Deep brown I Reinform, smooth with faces, concave, 
and straight rows of wrinkles, not grooved 
back. 

Deep brown I Reinform, finely wrink.led deeply grooved 
on back. 


Reinforrn , smooth wrinkled, slightly 

grooved on back. 


Ear-shaped with undulate margins, reg­
ulose, deeply grooved back. 


Reinform with widely deeply concave 

faces, finely straight and grooved back. 


Reinforrn, tuberculate, faces deeply con­
cave and plane back. 


Ear-shaped with undulate wings acutely 

tuberculate on faces and deeply grooved. 


Ear-shaped with undulate wings tubercu­
late on faces and deeply grooved. 


Ear-shaped with undulate margins, 

tuberculate. 


Reinforrn, tuberculate-wrinkles, slightly 

concave and shaUow grooved. 


Rounded to ovate slightly tuberculate, 

nearly flat on back. 
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Table 2. Seed characters and type with related Silene species 

Seed-shape, coat-structure 
Exotesta-sculpturing 

I. Rounded, smooth with nearly thick on back 

2. Ear-shaped with undulate wings, tuberculate 

3. Rounded to ovate exotesta. Swollen to nattened, or 
tuberculate. exotcsta dome like. 

4. Reniform. smooth. wrinklcd cxotesta, papilla like. 

5. Reniform tuoerculutc. wrinkled slightly concave, exotesta, 
papilla Iikc or swollen to nattcndcd. 

Species 

S. palaeSlini/, S. succuleIlla. 
S. vil/osa, S. vil/osa, 
var. vil/osa. 

S. apetala. S. colorata. 
S. colorata var. oliveriana. 
S. viviani;. 

S. aegyptiaca. S. conidea. 
S. crassipes. 

S. damasciana. S. [uscata. 
S. gal/ici/. S. linearis. 

S. arabica , S. conil7ora. 
S. longipeta/a. S. trinervis , 
S. vulgaris. 
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Plate A. 	Cross sections of seed coats of Silene . 
(extg: exotegmen; entg: endotegmen ; exts: exotesta; ms : mesotesta). 

Fig. 1. Silene behen, (x 360). 	 Fig. 2. Silene reinwardii. (x 360). 

Fig. 3 & 4. SiJene rubella , (x 360, x 240) . 
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Plate B. Cross sections of seeds of Silcnc. 

Fig. I. (a,b,e) Silene apetala Fig. 2. (a,b,e) Silene colorata 
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Plate C. Cross sections of seeds of Silcnc. 


Fig. 1. (a,b) Si/ene c%riJ ta VaL 

oJiven'ana Fig. 2. (a,b,c) Si/ene vivianii 
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Plate D. Cross sections of seeds of Silene. 

Fig. 1. (a,b,c) Si/enc palllcstinll Fig. 2. (a,b) Silcnc succulcnta 
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Plate E. Cross sections of seeds of Silene. 

Fig. I. (a,b,c) Silene vill4sa Fig. 2. (a,b) Silenc villosa vaT. villosa 
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Pill te F. Cross sections of seeds 0 SiJcIJc. 

5' . ,~ UtI. wO 1...... , ..... . "I'.
S0t" .--__ 

Fig. I. (d ,b .c) Siicnc "cgypliacD Fig. 2. (a,h,c) Silcnc canaide" 

.'111:. 3. (~ . h) Siit.:nc ~·ras.~ipc · 



133 Morphological and Anatomical Studies of.. 

Plate G. Longitudinal secti o ns of seeds of Silene. 

Fig. 1. (a,b ,c) Si/enc damascena Fig. 2. (a,b ,c) Sil 'n.: [USCllt<1 



Plate H. Cross sections of seeds of Silenc. 

Fig. I. (a) Silcnc gallica Fig. 2. 
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Plate I. Cross sections of seeds of Silene. 
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Plate J. Longitudinal sections of seeds o f Silene. 

Fig. I. (a,b,c) Silene trinervis FiN· 2. (a,b,c) Silenc vulgaris 
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