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 The genus Senna Mill. is comprised of about 350 species throughout the world(1) and 
about 11 of them have been reported from Bangladesh to date(2). Most of the species of 
Senna are traditionally used as medicine for various purposes in Bangladesh and 
different parts of the world. Senna is a Food and Drug Administration (FDA) approved 
non-prescription laxative to treat constipation and also to clear bowl before diagnostic 
tests like colonoscopy. Senna bark and oil extract are used for flavoring purposes. The 
seeds and leaves are used to treat skin diseases e.g. ringworm and itch(3).  
 The taxonomy of this plant group is still puzzling because of the extreme 
morphological variability and ambiguous boundaries between taxa(4). Anatomical 
features provide characters to supplement the macro-morphological characters of plant 
species. Foliar anatomical characters such as stomata, trichomes have been found 
instrumental in solving taxonomic problems in case of Senna(5). Pollen grain 
characterization has been utilized with success in taxonomy of both living and fossil 
species(6). A number of specific pollen characteristics have been cited as useful for 
differentiation between closely related plant groups(7). The proper authentication of crude 
drug material is essential for standards of safety and quality to be maintained. Moreover, 
such studies will increase the reliability of existing knowledge of taxonomy of Senna 
species.  Therefore, among the 11 species found in Bangladesh five commonly grown 
species, namely S. alata, S. hirsuta, S. occidentalis, S. sophera and S. tora were selected for 
detailed anatomical and palynological study during the present research work. 
 To analyze anatomical structures of petiole and pollen fresh samples were collected 
from different areas of Dhaka University campus and herbarium specimens were 
deposited in Dhaka University Salar Khan Herbarium (DUSH). To study the petiole 
anatomy, third leaf from the base was chosen and petiole around 1 cm below the laminar 
base was selected. The sections were stained with safranin and mounted in 20% glycerin. 
Transverse sections of petiole were studied using a digital camera (Nikon UFY-11A, 
Japan) attached with compound light microscope (Nikon ECLIPSE E200) at different 
magnifications.  
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 For scanning electron microscopy (SEM) acetolysis technique(8) for pollen grains had 
been conducted during the present work. After the pollen grains were acetolyzed, 
gradual step-by-step dehydration of pollen grains was carried out. The dehydrated 
pollen grains were then dusted on the smooth surface of an adhesive tape pasted onto 
the stub. The stubs were then coated with platinum in a sputter coat (JEOL JSM 1100). 
The coated pollen grains were observed in the SEM (JEOL JSM 5600 LV) and photo-
graphed. To measure the anatomical traits ocular micrometer was calibrated against 1 
mm stage micrometer. Average and standard deviation for each parameter were 
calculated using Microsoft excel 2007. 
 Petiole anatomy: Petiole of S. alata was surrounded by uniseriate epidermis of radially 
elongated cells with thick cuticle outside of the epidermis. As shown in Fig. 1A the 
petiole was obovate in shape with two prominent ridges on the adaxial side and in 
between two ridges the outer area was flattened. In cortex : an outer collenchyma and an 
inner chlorenchyma, 14 layers of parenchymatous cells were found close to the abaxial 
side and 2 - 3 layers of parenchymatous cells to the lateral side. 2 - 3 layers of chloren-
chymatous cells occurred immediately below the collenchyma cells (Fig. 1A). Wide, 
parenchymatous pith was present with druse crystals inside the cells of pith. Petiole of    
S. hirsuta was surrounded by thick cutinized uniseriate epidermis of polygonal shaped     
cells. The petiole appeared as obovate with two prominent ridges on the adaxial side. In 
between two ridges the outer area was flattened as S. alata (Fig. 1B). Two types of cells 
were found in cortex : chlorenchyma and collenchyma. More chlorenchymatous cells 
occurred in the adaxial surface. 4 - 5 layers of sclerenchymatous cells surrounded the 
vascular bundles in a continuous form. Sclerenchymatous layer forming crescent like 
structure surrounded the wing vascular bundles. Wide pith composed of parenchy-
matous cells (Fig. 1B). Large amount of druse crystals were present in the pith (Fig. 1F). 
Uniseriate polygonal shaped epidermal layer with thick cuticle was present in the petiole 
of S. occidentalis. As shown in Fig. 1C shape of the petiole was obovate with two 
prominant ridges and a prominent groove on the adaxial side (Fig. 1H). Two types of 
cells were found in cortex : chlorenchyma and collenchyma. Same as S. hirsuta many 
chlorenchymatous cells occurred in the adaxial surface and 4 - 5 layers of continuous 
layer of sclerenchymatous cells surrounded the vascular bundles. Crescent shaped 
sclerenchyma layer surrounded the 2 wing vascular bundles (Fig. 1C). A few number of 
druse crystals were present in the wide, parenchymatous pith. Petiole of S. sophera was 
surrounded by tangentially elongated uniseriate epidermal cells with thin cuticle outside 
of the epidermis. The petiole appeared in the shape of obovate with two slight ridges on 
the adaxial side. In between two ridges the outer area was slightly curved (Fig. 1D). Two 
types of cells were found in cortex : an outer chlorenchyma and an inner collenchyma. 
More chlorenchymatous cells occurred in the adaxial surface.  Five - six layers of 
sclerenchymatous cells surrounded the vascular bundles. The sclerenchyma patches were 
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discontinuous (Fig. 1D). Druse crystals were present in the parenchymatous pith. As 
shown in Fig. 1E petiole of S. tora was surrounded by uniseriate epidermis of barrel 
shaped cells and thin cuticle outside of the epidermis. The petiole was obovate with two 
slight swelling on the adaxial side.  
 

 
 

Fig. 1. Transverse section of petiole of mature plant showing whole petiole of (A - E) S. alata, S. hirsuta, S. 
occidentalis, S. sophera and S. tora at 50X; (F) S. sophera pith with druses crytals at 400X; (G) S. tora vascular 
area at 400X; (H) S. occidentalis groove and vascular area at proximal side of petiole at 400X; (I) lateral 
vascular area of S. alata at 400X; (J) distal vascular area at 400X of S. sophera; (K - L) wing vascular areas of S. 
alata and S. sophera respectively at 400X; (M - O) Trichomes of S. alata, S. hirsuta and S. tora, respectively at 
400X where epi = epidermis, pi = pith, phl = phloem, xyl = xylem, cam=cambium, col = collenchyma, scl = 
sclerenchyma, cry = crystal, vb = vascular bundle, col = collenchyma, tri = trichome. Bar = 50 µm. 
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In between two ridges the outer area was more or less flattened. Two types of cells were 
found in cortex: an outer chlorenchyma and an inner collenchyma. More 
chlorenchymatous cells occurred in the adaxial surface. Sclerenchyma patches were 
observed above each vascular bundle forming a cap (Fig. 1G). Pith was wide and 
composed of parenchymatous cells. Druse crystals were absent in the pith. Symbolic 
dissimilarity observed in the types and number of vascular bundles of Senna petiole. 
Petiolar vascular bundles were generally classified in groups according to their position 
i.e. proximal/dorsal (Fig. 1H), middle/lateral (Fig. 1I) and distal/ventral (Fig. 1J). In 
addition, in the ridges of the petiolar adaxial side smaller vascular bundles denoted as 
wing vascular bundles were also observed. Fig. 1K showed 3 wing vascular bundles in S. 
alata whereas Fig. 1L showed one wing vascular bundle in S. hirsuta. Variable number of 
different vascular bundles across the species of Senna have been shown (Table 1). 
Obovate petiole with 2 ridges and an adaxial wide groove and the main petiolar 
vasculature in the form of 7 separate vascular bundles: 3 dorsals, 2 laterals and 2 ventrals 
 

Table 1. Comparative analysis of anatomical features of petiole of five species of Senna. 
 

      Features 
 

Name 
of species 

Dorsal 
vascular 
bundle 

Ventral 
vascular 
bundle 

Lateral 
vascular 
bundle 

Trichome 
type 

Wing 
vascular 
bundle 

Wing  
type 

Sclerenchyma 
thickness 
(µm) 

S. alata 4 4 4 Numerous, 
short, non- 
glandular 

6 Prominent 32.06 ± 1.22 

S. hirsuta 2 2 2 Numerous, 
both non-
glandular 
and  
glandular 

2 Prominent 42.46 ± 2.45 

S. occidentalis 1 2 6 Rare, 
glandular 

2 Prominent 55.46 ± 2.45 

S. sophera 1 4 0 Rare, non-
glandular 

2 Insignificant 82.33 ± 1.22 

S. tora 1 0 2 Rare, non -
glandular 

2 Insignificant 46.8 ± 2.12 

 

Mean value for three observations ± standard deviation. 
 

in S. occidentalis had been reported by several researches(9-12) contrary to present findings. 
Prominent ridge was observed in S. alata, S. occidentalis and S. hirsuta whereas it was 
insignificant in S. tora and S. sophera. Such structure of Senna stem had also been observed 
by others(9,12).  Earlier 2 smaller and one larger vascular bundles in each ridge of the 
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petiole of S. alata had been demonstrated(13).  However, authors observed 4 - 6 vascular 
bundles in each ridge of S. alata petiole. Presence and frequency of different types of 
trichome is another diagnostic characteristic to distinguish among different plant 
species(12). Non-glandular and unicellular types of trichome were noticed in S. alata (Fig. 
1M), S. tora (Fig. 1O) and S. sophera. Contrarily trichomes were both glandular and non-
glandular in S. hirsuta (Fig. 1N) and only glandular in S. occidentalis (Table 1). In contrast 
to present finding in S. occidentalis thin, mostly unicellular trichome had been reported by 
several other research works(9-12). 
 Pollen morphology: Different pollen morphological features are considered as 
conservative features for the taxonomic assessment of the plants. During the present 
work, different palynological features namely pollen type, equatorial axis, colpal length 
and exine ornamentation were examined (Table 2). Polar views of the samples were 
shown under light microscopy (Figs 2A, 2D, 2G, 2J and 2M) whereas equatorial view and 
surface orientation was conducted under SEM (Figs 2B-C, 2E-F, 2H-I, 2K-L and 2N-O). 
All the species showed tricolporate type pollen with difference in the measurements of 
colpal length and equatorial axis length (Table 2) parallel to other research findings(14-16). 
In case of exine ornamentation, mainly rugulate and granulate type ornamentation was 
observed across the species. Similar result in case of S. occidentalis had been reported by 
others(16). However, in S. occidentalis rugulate-fossulate arrangement was found (Fig. 2I).  
 
Table 2. Pollen parameters of the plant taxa by SEM study. 
 

Name of 
Senna species 

Pollen  
type 

Equatorial axis 
(µm) 

Length of 
colpa (µm) 

Exine  
ornamentation 

S. alata Tricolporate 15.29 ± 0.38 24.14 ± 1.14 Granulate 

S. hirsuta          ,, 26.92 ± 0.52 30.71 ± 3.11 Rugulate 

S. occidentalis          ,, 32.69 ± 0.65 43.06 ± 0.34 Rugulate-fossulate 

S. sophera          ,, 23.31 ± 0.83 40.82 ± 1.39 Granulate 

S. tora          ,, 24.55 ± 1.7 32.90 ± 2.99 Finely rugulate 
 

Mean value for three observations ± standard deviation. 
 

The pollen morphology of the subfamily Caesalpinioideae had been examined by a 
number of researchers(17-20). However, it was found that the delimitation of Fabaceae 
genera on the basis of pollen characteristics is difficult(21). In spite of this, shape, apertural 
types and exine ornamentation are often found to be significant pollen characters. 
Tricolporate pollen is the main and basic type found in most eudicots while other 
aperture types such as 5-colpate, 6-colpate, porate, colporate and pororate are also 
reported among eudicots(22).  
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Fig. 2. Under light microscope fresh pollen grains showing polar view where (A) S. alata, (D) S. hirsuta, (G) S. 

occidentalis, (J) S. sophera and (M) S. tora (Bar = 50 µm). Scanning electron micrograph showing equatorial 
view and exine ornamentation respectively (B)-(C) S. alata, (E)-(F) S. hirsuta, (H)-(I) S. occidentalis, (K)-(L) S. 
sophera and (N)-(O) S. tora. 

 

 Though a number of attempts were made to describe petiole and pollen 
micromorphology of different Senna species across the world, this is for the first time to 
compare and combine five common and important Senna species reported from 
Bangladesh. Detailed work including anatomy of other plant parts as well as other 
species of Senna should be considered in future. 
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