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Abstract 

Morphological characterization is important in the identification of duplicate accessions, unique traits and the 
accessions to be conserved. The present study attempts to elucidate inter and intra specific diversity using 
micro morphological characters of seed and epidermis. Scanning Electron Microscopic (SEM) analysis of seed 
surface characters and epidermal trichome analysis six species of Sesamum (S. indicum, S. radiatum, S. 
malabaricum, S. laciniatum, S. prostratum and S. alatum) were studied in the investigation. SEM analysis 
of seed surface showed granulate to lophate type of ornamentation. The trichome analysis pointed out the 
evolved nature of the species, S. indicum and S. alatum. Foliar study revealed anisocytic stomata in all 
species with high stomatal index in S. radiatum and S. malabaricum. The study identified the significance of 
ultrasryctural characters of seed and trichome characters for the delimitation of the species of Sesamum. The 
present investigation revealed both inter and intra specific relationships in Sesamum. The evolved characters 
noticed in S. indicum highlighted the evolutionary path of the species. 
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Introduction 

Morphological variations in relation to genetic 
diversity and their implications in taxonomy have 
been well established (Brandolini and Brandolini 
2001; Dumlupinar et al., 2012; Jiang et al., 2012; Di 
Gristina et al., 2013; Osawaru et al., 2013; Sundar et 
al., 2014). Proper knowledge on genetic variability, 
heritability and correlation studies of plant traits are 
vital for the effective use of germplasm in 
breeding program (Ganesh and Thangavelu 
1995). Researchers have noticed the significance of 
morphology in deducing species relationship and 
phylogeny (Duminil and Di Michele, 2009; 
Loewenstern et al., 2013). Micromorphological 
features are of much significance in taxonomy of 
angiosperms along with macromorphology 
(Ogundipe and Akinrinlade, 1998; Parveen et al., 
2000). According to Esau (1977), Bhatia (1984), 
Jones (1986), Zhang et al. (2005), Gontcharova et 
al. (2009) and Albert et al. (2013) the ultrastructure of 
seed and foliar epidermis are highly noteworthy in 
biosystematics. Aniszewski et al. (2001) had of the 
opinion that seed morphology 

 
is an evolutionary trait that contributes to genetic 
diversity. Importance of SEM ultra structural 
analysis of seed coat in the identification of taxa 
and for assessing phenetics was stressed by 
Barthlott (1981), Tobe et al. (1987), Koul et al. 
(2000), Yoshizaki (2003) and Javidi and Yamaguchi 
(2004). Foliar epidermal characters, a source of 
evidence for taxonomy and evolution can be used 
along with the morphological features  to find out 
species relationships. Significance of foliar 
epidermal features such as stomata and leaf 
variation have been well established in taxonomy 
and phylogeny (Ogundipe and Akirinlade, 1998; 
Tripathi and Mondal, 2012; Devi et al., 2013). 
According to Spring (2000) structure and 
distribution of trichomes, and its exudation pointed 
out its importance in plant taxonomy to distinguish 
closely related species. 

The genus Sesamum belongs to the family 
Pedaliaceae (Pedalium family) includes both the 
cultivated and wild species. S. indicum is one of 
the important and oldest oil seed crop with great 
economic importance in cooking and religious 
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ceremonies. Sesame seed contained a significant 
amount of minerals with the highest concentration of 
Potassium, followed by Phosphorus, Magnesium, 
Calcium and Sodium (Loumouamou et al., 2010). 
Cooney et al. (2001) reported that the 
consumption of sesame seed enhances the 
activity of Vitamin E by increasing the plasma 
gamma tocopherol, which are believed to prevent 
cancer and cardiovascular diseases. Wild species 
are generally resistant to different types of pest and 
diseases. 

The genetic diversity studies carried out in  the 
genus, Sesamum was mostly based on 
morphology and was limited to the cultivated taxa 
(Ram, 1930; Hiltebrandt, 1931; Mohammad and 
Alam, 1933; Sengupta and Payne, 1947). Bedigian 
(1984) and Bedigian et al. (1986) observed 
variations in the domesticated sesame and 
variations in the phenotypes as well as genotypes of 
S. malabaricum and S. latifolium from Nuba 
mountains (Bedigian, 1981). According to 
Bedigian (2003) the focus on sesame research was 
little and no international agency such as CGIAR 
(Consultative Group on International Agricultural 
Research) has been assigned work on sesame 
crop. Bisht et al. (1998) reported diversity of Indian 
sesame from all eco-geographical regions based on 
agro-morphological characters. Genetic diversity in 
sesame landraces and morphometric analysis of 
the accessions of S. indicum were carried out by 
Akbar et al. (2011) and Zhigila  et al. (2015). 
Ercan et al. (2002) and Pham et al. (2010) studied 
seed morphological characters like number of 
seeds / capsule, 100 seed weight and seed coat 
colour along with other vegetative and reproductive 
morphocharacters in sesame landraces. 

However, detailed studies were not yet undertaken to 
find out the interrelationships between the wild 
and cultivated taxa of Sesamum except that of 
Akhila and Beevy (2011) who have assessed the 
genetic diversity in the accessions of S. 
occidentale (7) by morphological and seed protein 
characterization. The present study analysed the 
micro morphological characters including seed and 
epidermal features of the wild (5 species) and the 
cultivated species of Sesamum from Kerala to 
assess the inter and intra specific diversity among 37 
accessions. The study stressed the significance of 
seed morphology in the systematics of Sesamum. 

Materials and Methods 

The present study has concentrated on the 
cultivated (S. indicum) and five wild species 

(S. radiatum, S. malabaricum, S. laciniatum, S. 
prostratum and S. alatum) from the state of Kerala, 
India. 

Seed morphology 

Scanning Electron Microscopic (SEM) analysis of 
seed was carried out to find out the 
ultramicroscopic structures. Seeds of all the six 
species were washed using double distilled water 
and 95% ethanol. The dried seeds were mounted 
on aluminum stubs using double sided conductive 
tape. The seeds were then sputter coated for 45 
seconds with gold-palladium in a sputter coater 
(JFC-1200, Jeol, Japan) analysed and 
microphotographs were taken with SEM (JSM-
5600LV, Jeol, Japan) at a voltage ranging from 
8kv to 15kv. 

Epidermal morphology 

Micromorphological features included the 
characters of the stomata and the trichomes of the 
six species. Trichomes of stem, leaf, corolla and 
capsule were examined with the help of 
stereomicroscope (Olympus SZ, Japan). Stomatal 
studies were done from the leaf epidermal peel, 
stained in 1% safranin and mounted in glycerol. 
Photomicrographs were taken using Image 
Analyser (Leica, Germany). Length and width of 
stomata, length of stoma and stomatal index in 
ten replicates were calculated for all the six 
species. Stomatal index was calculated by the 
formula 

 

 
Where, S-Number of stomata/ unit area and E- 
Epidermal cells in unit area 

Results 

The seed micro features showed variations at inter 
specific level. The Scanning Electron Microscope 
(SEM) view (Fig. 1) of seeds showed smooth 
surface with hilum at the terminal region in S. 
indicum and rough surface without hilum in the 
accessions of wild species. Seeds of S.alatum 
were characterized by the presence of winged 
appendages. Seed surface ornamentation by 
SEM revealed granulate, reticulate, foveolate and 
lophate type (Fig. 1). Reticulate type 
ornamentation showed homobrochate in S. 
radiatum and heterobrochate in S. malabaricum. 
The lophate type was found in S. alatum. 



 
 
 

The data on trichome analysis of stem, leaf, corolla 
and capsule and the stomatal features are given in 
Table 1&2. The trichome analysis of stem and 
leaves showed spike hairs and mucilage glands in all 
the species of the genus except S. alatum (Fig. 2: 
1a-6b). The spike hairs were short in S. indicum (2-
3 celled) whereas that were long in (7-8 celled) 
S. malabaricum and S. laciniatum. The leaf margin 
of S. alatum showed unicellular small outgrowth. 
The species showed different types of trichomes in 
the corolla, such as spike hairs, throat hairs, 
glandular hairs, mucilage gland and oil gland (Fig. 2: 
1c-6c). Number of cells in the spike hairs varied from 
2 (S. laciniatum) to 5 (S. malabaricum). Throat 
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hairs were long in S. malabaricum (10-12 celled), 
whereas in S. radiatum it was 4-5 celled. Glandular 
hairs showed variations in the number of cells 
ranging from 2-3 (S. radiatum) to 6-7 (S. indicum, 
S. malabaricum, S. laciniatum and S. prostratum). 
The spike hairs were less dense in the capsule of S. 
indicum (1-2celled) compared to the other species 
(Fig. 2: 1d-6d). Trichomes with a maximum of 8-9 
cells were observed in S. malabaricum, whereas in 
S. alatum, trichomes were absent. The species 
exhibited anisocytic stomata (Table 2). Variations in 
the stomatal index and length and width of 
stomata are given in Table 2. 

 

Table 1. 

Trichome details of stem, corolla and capsule 
 

Trichomes S. indicum S. radiatum S. malabaricum 
S. 

laciniatum 
S. 

prostratum 
S. alatum 

Stem spike hairs 2-3 celled 5-6 celled 7-8 celled 7-8celled 4-5 celled Absent 

 
Leaf spike hairs 

 
3-4 celled 

 
3-4 celled 

 
5-6celled 

 
4-5 celled 

 
6-7 celled 

1-celled 
small 

outgrowth 

C
o
ro

lla
 

Spike hairs 4 celled 4 celled 5 celled 3 celled 3 celled 2 celled 

Throat 
hairs 7-8 celled 4-5 celled 10-12 celled 7-8 celled 

10-11 

celled 
8-9 celled 

Glandular 
Hairs 6-7 celled 2-3 celled 6-7 celled 6-7 celled 6-7 celled 5-6 celled 

Capsule spike 
hairs 1-2 celled 6-7 celled 8-9 celled 7-8 celled 7-8 celled Absent 

 

Table 2. 

Stomatal characters in the genus Sesamum 
 

 

Taxa 
 

Type of stomata Length of stomata 
(µm) 

Width of 
stomata 

(µm) 

Length 
of stoma 

(µm) 

Stomatal 
index 

S. indicum Anisocytic 18.545 12.052 9.426 18.375 

S. radiatum Anisocytic 23.956 19.949 11.503 
26.363 

S. malabaricum Anisocytic 20.054 13.358 10.333 
26.772 

S. lacinaitum Anisocytic 19.829 13.644 9.604 
24.356 

S. prostratum Anisocytic 19.941 14.149 10.063 
25.690 

S. alatum Anisocytic 24.878 15.929 11.722 21.322 
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Fig.1 SEM view of the seeds of Sesamum species. 

1& 7- S. indicum; 2&8- S. radiatum; 3&9- S. malabaricum; 4&10- S. laciniatum; 

5&11- S. prostratum; 6, 12 &13- S. alatum 
 

Fig.2 Trichomes in Sesamum Species. 1a-6a:Stem trichomes; 

1b-6b:Foliar trichomes; 1c-6c: Corolla trichomes; 1d-6d: Capsule trichomes 

1- S. indicum; 2- S. radiatum; 3- S. malabaricum; 4- S. laciniatum; 5- S. prostratum; 
6- S. alatum. a-Throat hair; b- Glandular hair; c- Spike hair; d-Oil gland; e- Mucilage gland. 



 

 
Discussion 

Morphology forms the basis of taxonomic 
descriptions and generally constitutes the most 
important data in delimiting and circumscribing taxa. 
The seed morphology surface characteristics 
observed in the species of Sesamum revealed 
that they differed in the shape and texture of 
seeds. The study identified four types of seeds 
viz., oval with concave side (S. indicum and S. 
radiatum), oval with convex side (S. malabaricum), 
elongated (S. laciniatum and S. prostratum) and 
winged (S. alatum). Smooth seed coat texture 
with hilum at the terminal region was also 
distinguished the cultivated species. Variations in 
the surface texture categorized the species into 
four groups viz., radially rough (S. radiatum), 
reticulately rough (S. malabaricum), partially 
rough (S. prostratum and S.laciniatum) and rough 
with deep furrows (S. alatum) (Fig.1). Moreover, 
presence of winged appendages, the unique 
identifying feature distinguished S. alatum from the 
remaining species. The study revealed the 
significance of seed morpho characters in the 
systematic of Sesamum. Taxonomic significance of 
seed morphological characters at species level was 
suggested by Arman and Gholipour (2013) in the 
genus Silene. According to Bayrakdar et al. 
(2010), complex and high morphological diversity 
in shapes, colour and sizes of seeds can be of high 
systematic significance. Barthlott (1981) 
suggested that the rough surface seeds can help 
to control the temperature in sunlight. The rough 
seed surface noticed in the present investigation 
suggests that it may help to prevent water loss and 
control temperature. Juan et al. (2000) also have 
the opinion that the presence of seed surface with 
more or less developed protuberances as an 
adaptive advantage for heat and water 
preservation. 

Scanning Electron Microscopic analysis exhibited 
variations in the ornamentation of seed surface 
(Fig.1). The species, S. indicum was distinct by 
granulate ornamentation whereas, S. radiatum 
(homobrochate) and S. malabaricum 
(heterobrochate) with reticulate ornamentation 
revealed their close relationship. The study pointed out 
the significance of seed surface pattern in the 
taxonomy of Sesamum. Systematic significance of 
seed coat sculpturing was suggested by Tantawy et 
al. (2004), Gohary and Mohammed (2007) and 
Khalik (2013) in the family Brassicaceae and in the 
genera Acacia and Ipomoea respectively. Attar et 
al. (2007) emphasized the micro morphological 
seed surface features of the genus Verbascum in 
discriminating at species level. Archaeobotanical 
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studies in sesame seed from Xinjiang showed 
varied surface ornamentations such as spherical, 
trimly arranged warty ornamentation, regular 
polygonal honeycomb–like depressions and fine 
granules (Qiu et al., 2012). Araii et al. (2011) 
attributed seed surface ornamentation as a useful tool 
in species separation. Present study suggests easy 
dispersal of seeds of S. alatum due to winged 
appendage. However, the dispersal distance was 
seemed to be less in S. indicum, as they have high 
seed weight when compared to the wild one. 

Analysis of trichomes in the stem, leaves, corolla 
and capsule of the wild and cultivated species of 
Sesamum revealed structural variations, though 
they were characterized by the presence of 
mucilage and oil glands (Table 1). Variations in the 
distribution and structure of trichomes suggest its 
taxonomic significance at the intra as well as inter 
specific level. However, the trichomes in the capsule 
showed variations in their distribution. All the species 
had densely arranged trichomes in the capsule 
except in S. indicum and S. alatum. Less dense 
non-glandular hairs (spike hairs) present in 
S.indicum (1-2 celled) pointing out its evolved 
nature. Trichomes were absent in the stem and 
capsule, but single spike hair like outgrowths were 
seen in the leaf margin. Absence of trichomes in 
S. alatum suggests the evolution of the species. 
Weiss (1983) reported that hairiness in stem, leaf, 
corolla and capsule are typical sesame character. 
External appendages were reported by Sayeedud -
Din (1939), in different plant parts of 
S. lanciniatum. Furat and Uzun (2010) reported 
large variations in stem, leaf and capsule hairiness 
among the accessions of Sesame. Kothari and 
Shah (1975) found uniserate glandular and club 
shaped glandular trichomes on vegetative and 
floral organs in the family Papilionaceae. 

The stomata were anisocytic in all the taxa studied. No 
variations were observed in the structure of 
stomata between the species as well as among the 
species. It was revealed that (Table 2) S. indicum 
had small sized stomata with low stomatal index. But 
the stomatal index observed in S. radiatum 
(26.363) and S. malabaricum (26.772) was high. 
Variations in the distribution and structure of 
trichomes suggested its taxonomic significance at 
the intra as well as inter specific levels. Devi et al. 
(2013) suggested the taxonomic importance of 
diversity of stomata and trichomes in Euphorbia. 

The study suggests the significance of micro 
morphocharacters in the delimitation of the 
species of Sesamum at the inter and intra specific 
levels. The investigation also identified 
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the relationship of the species S. malabaricum 
with. S. radiatum rather than with S. indicum, an 
evolutionarily advanced species, as per trichome 
characterization. 
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