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Bauhinia vahlii has been reported for several medicinal properties, such as tyrosinase inhibitory, immunomodulatory and 

free radical scavenging activities. Bauhinia tomentosa and Bauhinia racemosa also possess anti-diabetic, anticancer, 

antidiabetic, anti-obesity and antihyperlipidemic activities. Therefore, the correct identification of these plants is critically 

important. The aim was to investigate the comparative morpho-micrometric analysis of 3 species of Bauhinia belonging to 

the family Leguminosae (Fabaceae) by using conventional as well as scanning electron microscopy to support species 

identification. In B. racemosa, epidermal cells are polygonal with anticlinical walls; whereas wavy walled cells are found in 

B. tomentosa and B. vahlii. Anisocytic stomata are present in B. racemosa, while B. tomentosa shows the presence of 

paracytic stomata and anomocytic stomata in B. vahlii. Stomatal numbers and stomatal indices were found to be more in  

B. vahlii than B. tomentosa and B. racemosa. On the other hand, uniseriate, unicellular covering trichomes are found in  

B. racemosa and B. tomentosa but B. vahlii contains only uniseriate, multicellular covering trichomes. Based on these 

micromorphological features, a diagnostic key was developed for identification of the particular species which helps a lot in 

pharmaceutical botany, taxonomy and horticulture, in terms of species identification. 

Keywords: Bauhinia racemosa, Bauhinia tomentosa, Bauhinia vahlii, SEM, Standardization 

IPC code; Int. cl. (2015.01)- A61K 36/00, A61K 36/48 

Introduction 

The taxonomical status of angiosperms is very 

much complex, which is not only due to the enormous 

number of species distributed worldwide but also to 

the lack of distinguished morphological characters. 

Hence, micromorphological characters play a crucial 

role in the proper recognition of different species of 

medicinal plants
1
. 

The leaf epidermal cells are employed as one  

of the most noteworthy taxonomical characters to 

identify the systematic phylogeny of several major 

families
2
. Among all of the flowering families, 

Leguminosae (Fabaceae) is the third-largest family, 

mainly famous for its eye-catching ornamental 

flowers. It contains approximately 720 genera and 

more than 18,000 species distributed globally
3
. 

Besides other parameters, the micromorphological 

parameter serves as an important diagnostic tool for 

the recognition of various leguminous plants
4
. 

The determination of shape, size, length, and width 

of various parts of the plant are also necessary to 

compare the similarities and dissimilarities, along 

with taxonomical relationships of different species 

within the same genus
5
. Trichomes and epidermal 

cells of leaves have also been used as diagnostic aids 

for the identification of a particular taxon
6,7

. On the 

other hand, size, the pattern of distribution, and types 

of stomata present in leaves have also taxonomic 

significance for a better understanding of phylogeny
8
. 

Fayed et al. studied trichomes and stomata using 

scanning electron microscopy (SEM) for a better 

understanding of the systematics of Teucrium L. 

(Lamiaceae)
9
. 

Bauhinia is an extremely auspicious genus of small 

trees, shrubs or climbers comprising more than 300 

species belongs to the large flowering family 

Leguminosae, distributed throughout Africa, Asia, 

and South America
10

. The genus named after its 

discoverer Bauhin brothers is characterized by its 

special cow‘s hoof-like lobed leaves and showy 

flowers
11

. Though an important genus, Bauhinia has 

not been studied taxonomically worldwide. Therefore, 
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a detailed taxonomic revision of this genus is urgently 

required as it has a wide range of traditional claims 

for the treatment of various types of ailments, such as 

diabetes, skin infections, inflammation, wounds and 

diarrhea
12

. 

B.vahlii is the largest creeper of India commonly 

called as siyali (Odia), malu (Hindi), madapu 

(Telugu), and camel‘s foot creeper (English) and is 

frequently used by tribal sovereignty of Odisha, 

Andhra Pradesh, and Madhya Pradesh
13

. The leaf 

decoction of this species Bauhinia has been used for a 

long time in the folk traditions of Indian populations 

to cure diarrhea and dysentery. Moreover, the pods 

are cooked as vegetables, and leaves are used for 

fodder, making of mats, food plates and as tobacco 

wrappers
14

. Besides these holistic uses, methanolic 

extract of B. vahlii leaves possesses tyrosinase 

inhibitory, antioxidant, immunomodulatory, 

antimicrobial, and free radical scavenging activities
10

. 

B. racemosa L. (Caesalpiniaceae), a small crooked 

wild tree, commonly known as Jhinjeri in Odia and 

Sonapatta tree in English. It is widely distributed all 

over India, Ceylon, China, and Timor
15

. Traditional 

healers in India have used this species for many 

ailments including headache, fever, skin diseases, 

tumors, blood diseases, dysentery, and diarrhea. 

Recently, the leaf extract has also been reported to 

have antidiabetic, anti-obesity and antihyperlipidemic 

activities
16

. 

B. tomentosa is another ornamental medicinal 

species, commonly called as yellow bell orchid.  

It is also known as haldiakanchan (Odia), 

adavimandaramu (Telugu), kanchini (Tamil), and 

phalgu (Sanskrit). It is distributed along the coastal 

strip from southern Kwazulu-Natal to Maputoland, 

tropical Africa, India, and Sri Lanka
17

. Literature 

findings suggest that different indigenous systems of 

therapies for the treatment of skin abscesses, the paste 

of leaves have been used. The leaf buds and flowers 

are reported to have activity against dysentery and 

microbial infections
18

. The gold and silver 

nanoparticles of methanolic extract of leaves have 

also been validated in recent pharmacological studies 

such as anticancer and free radical scavenging 

properties
19

. 

Despite numerous pharmacological properties, 

studies on leaf anatomy, and micromorphology,  

only a few Bauhinia species have been investigated 

systematically so far. The Pharmacognostical  

and Physico-chemical studies on the bark of  

B. tomentosa were reported previously. Elbanna et al. 

standardized the leaves of B.vahlii of Egypt 

emphasizing their morphological and histological 

parameters
20

. Very recently, numerous research works 

have been carried out to standardize different species 

of Bauhinia of taxonomical importance. To the best of 

the author‘s knowledge, there has been no systematic 

information on the micro-morphology of the 

pantropical taxa of Bauhinia. Therefore, in this study, 

micro-morphology of the leaf of three Bauhinia 

species from the ecoregion of Odisha, India was 

investigated for the first time by the process of 

conventional microscopy as well as scanning electron 

microscopy. It is expected that the results of this  

study attribute a better understanding of interspecific 

and geographical variations as well as systematic 

study among these species. 
 

Materials and Methods 
 

Collection and authentication of plant sample 

The fresh leaves of B. racemosa, B. tomentosa and 

B. vahlii were collected from the Chandaka Reserve 

Forest, Bhubaneswar in April 2015. The plants were 

identified by Dr P. C. Panda, Principal Scientist, and 

authenticated by comparison with the herbarium 

specimens at the herbarium of Regional Plant 

Resource Centre, Bhubaneswar, Odisha, India. The 

voucher specimens SPS/SOAU-06, SPS/SOAU-20, 

and SPS/SOAU-21 were deposited in the Department 

of Pharmacognosy, School of Pharmaceutical 

Sciences, Siksha ‗O‘Anusandhan University, 

Bhubaneswar, Odisha. 
 

Micro-morphological studies 
The detailed morphological studies of leaves of all 

these test species B. racemosa, B. tomentosa and  

B. vahlii were carried out according to the standard 

methods. The first-hand transverse section of  

leaves was taken, stained, and mounted following 

reported micro techniques
17

. The study of the  

stomatal morphology, venation pattern, and trichome 

distribution, peridermal section as well as clearing of 

the leaf was done with 5% sodium hydroxide or 

epidermal peeling by maceration employing Jeffrey‘s 

maceration fluid
21

. The diagrams were taken with the 

help of an inverted microscope. Photomicrographs of 

all the sections were taken with Nikon Lab photo  

2 microscopic units at different magnifications. 
 

Scanning electron microscopy 
For scanning electron microscopy (SEM), the 

material was desiccated in a graded ethanolic series 
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and carbon (IV) oxide critical point apparatus called 

Balzers CPD-030. Finally, they were coated with gold 

by Balzers Sputtering SCD-030. The scanning 

microscope MIRA 3 TESCAN was used to capture 

electron micrographs
22

. 
 

Physico-chemical study 

Physico-chemical parameters such as ash values, 

extractive values, and loss on drying were carried  

out according to the standard procedure mentioned  

in the WHO guidelines. The Powder behavior and 

fluorescence study of powder materials were 

performed by following standard methods
23

. 
 

Preliminary phytochemical screening  

Preliminary phytochemical analyses of methanol 

extract of leaves of all these plant species were carried 

out using standard procedures
23

. 

 

Results 
 

Morpho-micrometric analysis 

Qualitative and quantitative macromorphological 

features such as shape, size, stomata, trichomes, 

venation pattern, vein termination, vein-islet, palisade 

cell of all the species of Bauhinia leaves are shown in 

Table 1. 

The leaves of all the species are pulvinus bifoliate 

in shape. The lamina has an entire margin with a 

cordate base and emarginated apex which is found to 

be the same in all the three species. The length and 

width of the leaves of B. racemosa were found to be 

5-7 cm in length and 7-9 cm in width, while the 

length of B. tomentosa leaf was recorded 5-9 cm and 

width was found 7-10 cm. The length and width of the 

leaves of B. vahlii were 14-48 and 12-45 cm, which is 

found quite larger than that of these species. Leaf 

surfaces of B. racemosa and B. tomentosa were less 

hairy with prominent protruding midribs (7-9 in 

number per leaf) whereas the leaf surface of B. vahlii 

was found to be densely hairy with a greater number 

of midribs (11-13) as mentioned in (Fig. 1 a-o). 

In B. racemosa, epidermal cells are polygonal with 

anticlinical walls, whereas wavy walled cells are 

found in B. tomentosa and B. vahlii. Epidermal cell 

number was found comparatively more in  

B. racemosa than that of B. vahlii and B. tomentosa 

(Fig. 2 a-c). 

On the other hand, uniseriate, unicellular covering 

trichomes are found in B. racemosa and B. tomentosa 

but B. vahlii contains only uniseriate, multicellular 

covering trichomes. The length and width of 

trichomes are found to be increasing in these species 

Table 1 — Leaf features that allow separation of the studied Bauhunia species 

Leaf features 

External  

Morphology  

Margin 

Apex 

Base 

Size (Length & width) 

Number of protruding midribs 

Epidermal cell walls 

Surface (Adaxial & abaxial) 

Trichomes 

Length of entire trichomes 

Width of trichomes 

Stomata type 

Stomata frequency 

Epidermal cell frequency 

Stomatal index 

Length of stomata 

Width of stomata 

Palisade cell 

Veination pattern 

Vein termination 

Vein-islet 

Lamina 

Midrib 

Vascular bundle 

Xylem 

B. racemosa 

Pulvinous bifoliate 

Entire 

Emarginate 

Cordate 

5-7 cm 

7-9 cm 

9 

Straight walled polygonal cells 

Less hairy, Uniseriate, unicellular 

coveringtrichomes 

42.18 µm-74.51 µm-154.66 µm 

3.56 µm-6.43 µm 

Anisocytic 

20/mm2 

823.33/mm2 

1.25-2.35-3.33 

17.62 µm-19.59 µm-24. 64 µm 

14.82 µm-14.43 µm-15.84 µm 

3.75-6.25-5.12 

Reticulate 

350-450-540 

290-392-430 

Dorsiventral 

Plano-convex 

Conjoint and collateral 

Centrifugal 

B. tomentosa 

Pulvinous bifoliate 

Entire 

Emarginate 

Cordate 

5-9 cm 

6-10 cm 

7 

Wavy walled cells 

Less hairy, uniseriate, unicellular 

covering trichomes 

246.72 µm-382. 22 µm-432.25 µm 

8.45 µm-12.32 µm 

Paracytic 

76.66/mm2 

503.33/mm2 

8.77-13.16-15.38 

14.08 µm-18.89 µm-21.12 µm 

7.56 µm-8.11 µm-10.56 µm 

5-5.47-7 

Reticulate 

150-193.33-230 

150-218.33-260 

Dorsiventral 

Heart shape 

Conjoint and collateral 

Centrifugal 

B. vahlii 

Pulvinous bifoliate 

Entire 

Deeply lobed emarginate 

Cordate 

14-48 cm 

12-45 cm 

13 

Wavy walled cells 

Densely hairy, uniseriate, 

multicellular covering trichomes 

281.2 µm-372.12 µm-463.98 µm  

10.56 µm-11.73 µm-14.08 µm 

Anomocytic 

288.33/mm2 

526.66/mm2 

25.67-30.20-33.33  

17.6 µm-18.53 µm-21.12 µm 

10.56 µm-11.73 µm-14.08 µm 

1.75-2.35-2.75 

Palmate reticulate 

40-55-80 

320-383.33-440 

Dorsiventral 

Heart shape 

Conjoint and collateral 

Centrifugal 
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in the order of B. racemosa <B. tomentosa <B. vahlii 

(Fig. 2 d-f). 

Anisocytic stomata are present in B. racemosa, 

while B. tomentosa shows the presence of paracytic 

and anomocytic stomata in B.vahlii. Stomatal 

numbers, as well as stomatal indices, were found to be 

more in B. vahlii than B. tomentosa and B. racemosa. 

No significant variation in length and width of 

stomata was found in these three species (Fig. 2 g-i). 

In this micrometric analysis, it is also found  

that palisade cells are varied from 3.75–6.25–5.12 in 

B. racemosa, 5–5.47–7 in B. tomentosa and 1.75–

2.35–2.75 in B. vahlii. The highest number of palisade 

cells are found in B. tomentosa (Fig. 2 j-l). 

Reticulate venation pattern was found in all these 

three species. Mid veins and veinlets are thick in  

B. racemosa in comparison to other species. The vein-

termination number was found to be less (40–55–80) 

but a greater number of vein-islet (320–383.33–440) 

were recorded in B. vahlii than that of two other 

species (Fig. 2. m-o). 

Transverse sections of leaf lamina 

In the transverse section of the lamina,  

epidermal layers are found to be composed of 

polygonal parenchymatous cells and more  

numbers of palisade cells are found on the  

adaxial surface as mentioned in (Fig. 3 a-i).  

The epidermal surface of the lower epidermis  

of the lamina in B. racemosa showed the  

presence of anisocytic stomata, while B. vahlii and 

B. tomentosa showed anomocytic stomata and 

paracytic stomata, respectively. The covering 

trichomes of uniseriate, unicellular are found  

in B. racemosa and B. tomentosa but B. vahlii 

consists of uniseriate, multicellular covering 

trichomes followed by the presence of mesophyll 

region containing two-layered palisade cell  

at the adaxial side and embedded by spongy 

parenchyma. Conjoint and collateral vascular 

bundles embedded by lignified sclerenchymatous 

tissues are common in all these three species as 

shown in Fig. 4(a-f), 5(a-h), and 6(a-j). 

 
 

Fig. 1 — Macroscopic characteristic of B. racemosa, B. tomentosa and B. vahlii. (a)-plant of B. racemosa, (b,c)-adaxial epidermis and 

abaxial epidermis of B. racemosa, (d)-fruit of B. racemosa, (e)-plant of B. tomentosa, (f,g)-adaxial epidermis and abaxial epidermis of B. 

tomentosa, (h)-fruit of B. tomentosa, (i)-plant of B. vahlii, (j, k)-adaxial epidermis and abaxial epidermis of B. vahlii, (l)-fruit of  

B. vahlii. 
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Fig. 2 — a) Epidermal surface of B. racemosa, b) epidermal surface of B.tomentosa c) epidermal surface of B. vahlii, d) trichomes of  

B. racemosa, e) trichomes of B. tomentosa, f) trichomes of B. vahlii, g) stomata of B. racemosa, h) stomata of B. tomentosa, i) stomata of 

B. vahlii, j) palisade cell of B. racemosa, k) palisade cell of B. tomentosa, l) palisade cell of B. vahlii, m) venation pattern of  

B. racemosa, n) venation pattern of B. tomentosa, o) venation pattern of B. vahlii. 
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Transverse section of leaf passing through the midrib 
The transverse section of the midrib of all these 

investigated species showed cuticle, epidermis, 

ground tissue, endodermis, pericyclic fiber, 

centrifugal xylem, and conjoint type of collateral 

vascular bundles. But it was found that the shape of 

the midrib varies from species to species, i.e., plano-

convex outline on the abaxial side in B. racemosa, 

and heart shape in B. tomentosa and B. vahlii. The 

epidermis of B. racemosa consists of a single layer of 

rectangular cells covered with a thick cuticle. Below 

the upper and lower epidermis few layers of 

parenchymatous cells are present. A single-layer of 

endodermis is covering the vascular bundle. The 

vascular bundle is present at the center, whereas the 

phloem is more developed towards the dorsal side. 

Phloem tissue consists of sieve tubes, companion cells 

and phloem parenchyma. Xylem comprises vessels, 

tracheids and thin-walled parenchyma. Growth of 

xylem is centrifugal as protoxylem lies towards center 

and metaxylem towards the periphery. Vascular 

bundle is an arc-shaped, conjoint, and collateral as 

phloem is present outside of the xylem. There are no 

significant differences in distribution patterns and 

types of vascular bundles in B. tomentosa and  

B. vahlii except a distinctive pith and few calcium 

oxalate crystals in the phloem region of B. vahlii. 

Apart from these vascular bundle characters, 

numerous numbers of uniseriate and multicellular 

covering trichomes are present on the lower epidermis 

of the midrib of B. vahlii than that of two other 

species (Fig. 4-6). 
 

Powder microscopy 
The detailed powder microscopic characteristics of 

B. racemosa leaves revealed the presence of 

uniseriate, unicellular covering trichomes, fragments 

of anisocytic stomata, fragment of straight-walled 

polygonal epidermal cells, prismatic calcium oxalate 

crystals, non-lignified phloem fibres, and yellow 

coloured pollen grains (Fig. 7). The powder 

characteristics are evaluated against different 

chemical reagents as shown in Table 2, and other 

experimental    data   such   as    fluorescent   nature,  

 
 
Fig. 3 — Schematic diagram of leaf constant of three Bauhinia species. a) stomata of B. racemosa, b) stomata of B. tomentosa, c) stomata 

of B. vahlii, d) venation pattern of B. racemosa, e) venation pattern of B. tomentosa, f) venation pattern of B. vahlii, g) palisade cell of  

B. racemosa, h) palisade cell of B. tomentosa, i) palisade cell of B. vahlii. 
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Physico-chemical characteristic, and phytochemical 

investigation data are being elaborated in the feature 

are shown in Table 3-5. B. tomentosa leaf powder 

showed the presence offragments of palisade cells, 

elongated uniseriate, unicellular covering trichomes, 

fragments of numerous paracytic stomata and non-

lignified phloem fibers (Fig. 8). Similarly, the 

anomocytic stomata, elongated multicellular covering 

trichomes, non-lignified phloem fibers, and both  

types of xylem vessels, i.e., pitted and spiral types  

are found to be scattered throughout leaf powder of  

B. vahlii (Fig. 9). 
 

Scanning electron microscopic study 
Scanning electron microscopy mainly works under 

higher magnifications. Hence, it may be used as a 

gold standard for whole or surface screening of any 

plant part. In the leaf surface study, reticulate 

venation pattern, vein-islets, and vein terminations are 

demarcated in the species level. The SEM study of the 

powdered leaf showed uniseriate, unicellular covering 

trichomes in B. racemosa and B. tomentosa, while a 

huge number of multicellular covering trichomes 

were observed in B. vahlii. Besides this, there are 

three different types of stomata like anisocytic, 

paracytic and anomocytic stomata are visible in  

B. racemosa, B. tomentosa, and B. vahlii, respectively 

(Fig. 10). 
 

UPGMA statistical analysis 
UPGMA statistical analysis showed the micro-

morphological similarities among these investigated 

species ranged from 0.10 to 0.80 (Fig. 11). 

 

Discussion 
In the present research work, micromorphological, 

physicochemical, and fluorescence analysis of all these 

three species were  performed,  as  well  as  scanning  

 
 

Fig. 4 — B. racemosa Transverse (a)-transverse section of midrib at magnification 5X, 5X, (b)-transverse section of lamina at 

magnification 5X, 10X, (c, d, e, f)-transverse section of midrib at magnification 5X, 40X.  

Abbreviation-U. epi-Upper epidermis, L. epi-Lower epidermis, Per. fib-Pericyclic fibre, Gt-Ground tissue, Pal-Palisade cell, Xy-Xylem, 

Phl-Phloem, C. Tr-Covering trichomes, V.B-Vascular bundle, Pa-Parenchyma, M. Xy-Meta xylem, P. Xy-Proto xylem. 
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Fig. 5 — B. tomentosa (a) transverse section of midrib at magnification 5X, 5X, (b, c)-transverse section of midrib at magnification 

5X,10X, (d-g)-transverse section of midrib at magnification 5X, 40X, (h) transverse section of lamina 5X, 10X. 

Abbreviation-U. epi-Upper epidermis, L. epi-Lower epidermis, Per. fib-Pericyclic fibre, Gt-Ground tissue, Pal-Palisade cell, Xy-Xylem, Phl-

Phloem, Scl-sclerenchymatous, V. B-Vascular bundle, Pa-Parenchyma, M. Xy-Meta xylem, P. Xy-Proto xylem, Sp.pa-Spongy parenchyma. 
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Fig. 6 — B. vahlii (a)-transverse section of midrib at magnification 5X, 5X, (b, c)-transverse section of midrib at magnification 5X, 10X, 

(d-i)-transverse section of midrib at magnification 5X, 40X, (j) transverse section of lamina 5X,10X.  

Abbreviation-U. epi-Upper epidermis, L. epi-Lower epidermis, Per. fib-Pericyclic fibre, Gt-Ground tissue, Pal-Palisade cell, Xy-Xylem, 

Phl-Phloem, C. Tr-Covering trichomes, Scl-sclerenchymatous, P-Pith, Col-Collenchyma, V.B-Vascular bundle, Pa-Parenchyma,  

M. Xy-Meta xylem, P. Xy-Proto xylem, Sp.pa-Spongy parenchyma. 

 

 
 
Fig. 7 — Diagnostic characteristic of B. racemosa leaf powder (a) epidermal surface, (b,c) stomata, (d) trichomes, (e) pollen grains,  

(f) lignified phloem fibres, (g) crystals. 
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electron microscopy for further confirmative studies 

of micro-morphological characters. Physico-chemical  

studies of crude drugs are helpful to find out the 

genuineness of the crude drug by detecting 

adulterants
24

. The ash values of the drug  

usually provide information about the earthy 

materials, whereas acid insoluble ash is a part  

of total ash which measures the presence of  

silica especially sand or siliceous earth. Similarly, 

water-soluble ash predicts the amount of  

water-soluble portion of total ash. Thus, all these  

ash values are thought to be important quantitative 

standards for the evaluation of any type of crude drug. 

Extractive values are also very useful for the 

determination of chemical constituent of the drug 

along with the determination of exhausted drugs. The 

moisture content should not be more than the 

permissible range as per WHO guidelines. Few plant 

species seem to be very complicated to be 

distinguished from each other. In that case, 

fluorescence analysis might be used as a rapid 

diagnostic and useful tool for the resolution of 

doubtful specimens to differentiate the adulterants
25

. 

Except for the limited type of chemical constituents of 

plants do not exhibit fluorescence in daylight  

in the visible range. The non-fluorescent compounds 

may often be converted into fluorescent derivatives or 

decomposition products by applying different 

chemical reagents. Hence, fluorescence analysis may 

contribute to its incredible role to identify crude drugs 

qualitatively and to enhance its credibility in the 

indigenous system of medicine. 

 
 

Table 2 — Behavior of powder with different chemical and reagents 

Chemicals/Reagent 

Powder as such 

Powder+ Picric acid 

Powder + Conc. HNO3 

Powder + Conc. HCL 

Powder + Conc.H2SO4 

Powder +Glacial acetic acid 

Powder + 5% FeCL3 

Powder + NaOH (5N) 

Powder + KOH (5%) 

Powder + Iodine/20 

B. vahlii 

Green 

Light yellow 

Orange 

Brown 

Dark brown 

Faint green 

Dark green 

Faint yellow 

Dull green 

Light blue 

B. racemosa 

Green 

Light yellow 

Light orange 

Greenish brown  

Dark brown 

Green 

Dark green 

Yellow 

Green 

Greenish blue 

B. tomentosa 

Green 

Light yellow 

Light orange 

Dark green 

Dark brown 

Green 

Dark green 

Faint yellow 

Dull green 

Greenish blue 
 

Table 3 — Fluorescence analysis of powder drug 

 B. vahlii B. racemosa B. tomentosa 

Chemicals/Reagent Day light Short wave Day light Short wave Day light Short wave 

1N NaOH in methanol Deep green Green Light green Green Deep green Deep green 

1N NaOH Brown Light brown Reddish brown Greenish brown Greenish brown Green 

Ethanol Light green Green Deep green Green Green Green 

HNO3+NH3 Light orange Whitish green Orange Green Greyish brown Faint Green 

50 % HNO3 Light brown Dull green Deep grey Greenish grey Light brown Faint Green 

I N HCL Watery Dull green Watery Dull green Deep brown Deep green 

H2SO4 Dark brown Brown Dark brown Dark brown Dark brown Green 

50% H2SO4 Light green Green Dull green Brownish green Yellowish brown Green 

Glacial acetic acid Green Faint green Light brown Light green Greenish brown Light green 

HNO3 Light orange Green Brownish green Green Green Green 

Powder as such Green Green Green Green Green Green 
 

Table 4 — Physico-chemical properties of powder of Bauhinia species 

Plant name Ash value (%w/w) Extractive values (% w/w) Loss on drying  

(% w/w) 
Total ash Water-soluble ash Acid-insoluble ash Alcohol-soluble Water-soluble 

B. vahlii 7.53±0.98 2.78±0.11 1.19±0.06 19.07±0.14 22.75±0.03 9.31±0.12 

B. racemosa 6.34±0.44 2.35±0.12 0.98±0.13 17.00±0.32 20.31±0.07 8.31±0.34 

B. tomentosa 4.93±0.30 2.01±0.45 0.82±0.26 15.91±0.42 17.42±0.04 7.21±0.09 
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Table 5 — Preliminary phytochemical screening of methanolic 

extract of leaves of different Bauhinia species 

Test for B. vahlii B. racemosa B. tomentosa 

Carbohydrates 

(Molish‘s test) 

+ + + 

Protiens 

(Biuret test) 

_ _ _ _ 

Steroid 

1. Salkowski reaction 

2. Liebermann-

Burchard reaction 

+ + 

 

+ + 

Cardiac Glycoside 

 (Keller-killiani test) 

+ + + + 

Flavonoids  

1. Shinoda test 

2. Lead acetate test 

+ + ++ + + 

Phenolic  

1. Fecl3 

2. Dil. iodine 

+ + + + + + 

Alkaloid  

1. Dragendorff‘s 

reagent 

2. Mayer‘s reagent 

3. Hager‘s reagent 

4. Wagner‘s reagent  

+ + - + 

Terpenoids + + + + + + + 

-Absent, + Mild, ++ Moderate, +++ Frequent  
 

 
 

Fig. 8 — Diagnostic powder characteristic of B. tomentosa leaf 

powder (a) palisade cells (b) trichomes (c) fibres (d) stomata. 
 

According to Bass et al., some species of Cassia 

show significant differences in leaf epidermis based 

on the shape of the cells or structure of the cell 

walls
26

. This matches with our results, in which the 

leaf epidermal cells are polygonal and straight in 

shape in B. racemosa while wavy shaped epidermal 

cells are found in B. tomentosa and B. vahlii. 

Additionally, epidermal cell frequency was found to 

be higher in B. racemosa than that of B. tomentosa 

and B.vahlii. 

On the other hand, the qualitative and quantitative 

characteristics of the stomata are considered as a 

highly informative parameter of the leaf epidermis. 

The stomatal shape, size, frequency and indices have 

great taxonomic significance for the recognition of 

different species in the same taxa
27

. 

According to Carpenter and Smith, variations in 

stomatal frequencies offer a valuable diagnostic clue 

for the identification of particular species in generic 

level
28

. In the present study, B. vahlii, B. tomentosa, 

and B. racemosa showed huge differences in stomatal 

frequencies. 

The Stomatal index is also considered an important 

diagnostic parameter for species delimitation
25, 27

.  

The wide range of stomatal size in these three  

species is in agreement with the observations of 

Wilkinson in 1971
29

. 

Albert and Sharma reported the presence of 

anisocytic and anomocytic stomata in B. racemosa 

 
 

Fig. 9 — Diagnostic characters of B. vahlii are (a,b) stomata, 

(c,d,e) vessels, (f) fibres, (g,h) trichomes.  
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and paracytic stomata in B. tomentosa leaves, which 

were collected from Gujarat, western India
30

. 

Recently, Elbanna et al., published his research article 

on Egyptian species of B. vahlii mentioning that this 

leaf is devoid of stomata
20

. In our present study, we 

recorded anisocytic stomata present in B. racemosa, 

paracytic type of stomata in B. tomentosa and 

anomocytic stomata in B. vahlii leaves, collected from 

eastern Odisha, India, which is not in agreement with 

the above report on this plant. 

Different environmental conditions like light, 

temperature, and habitats greatly affect the shape  

size and types stomata
31

. Further, it was found  

that the stomatal distribution, frequency, index, shape, 

and sizes in the leaves of different species can be  

used for the discrimination of different taxa within  

the genus
32

.  

Trichomes are epidermal hairs that are highly 

variable in plants. According to Bano et al., in the 

morphological diversity and distribution of trichomes 

in the particular plant species affect taxonomic 

identification of plant
33

. Types of trichome varied 

from species to species, which is agreed with the 

report of Albert and Sharma, who found that both 

unicellular and multicellular covering trichomes  

 
 
Fig. 11 — UPGMA dendrogram of studied taxa based on simple-

matching similarity coefficients derived from morpho micrometric 

results. B R (B. racemosa), B T (B. tomentosa), B V (B. vahlii). 

 

 
 
Fig. 10 — Scanning Electron Microscopy photography of leaf surface of three Bauhinia species. a) Trichomes of B. racemosa,  

b) Trichomes of B. tomentosa, c) Trichomes of B. vahlii, d) Venation pattern of B. racemosa, e) Venation pattern of B. tomentosa,  

f) Venation pattern of B. vahlii, g) Stomata of B. racemosa, h) Stomata of B. tomentosa, i) Stomata of B. vahlii. 
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are present in Bauhinia blakeana and Bauhinia 

malabarica, while only multicellular covering 

trichomes are present in Bauhinia purpurea
34

. The 

presence or absence of trichomes can also play a 

crucial role in taxonomic studies. 

In the present study, trichomes of all these  

three species of Bauhinia possess both long and  

short hairs, but the size and the morphology  

of the hair differ from each other. Uniseriate, 

unicellular covering trichomes are detected in  

both B. racemosa and B. tomentosa, but uniseriate, 

multicellular covering trichomes are restricted  

to B. vahlii. Thus, different species of the same  

genus may also be identified by their distinct  

trichome characters. 

Scanning electron microscopy (SEM) is a powerful 

diagnostic method for the investigation of surface 

structures of herbal drugs, i.e., leaves, pollen grains 

and seeds. On the other hand, SEM has also the 

advantage over the compound microscope that the 

range of magnification is relatively more to easily 

focus the specimen and for three-dimensional image 

views. Moreover, SEM also plays an important role to 

abolish taxonomic conflicts within various species of 

particular genus
35

. 

Three different types of stomata like anisocytic, 

paracytic and anomocytic, were found in  

B. racemosa, B. tomentosa and B. vahlii, respectively. 

For more confirmation of the types of these stomata, 

scanning electron microscopy was thought to be 

carried out. Various types of trichomes, patterns of 

venation, and frequency of venation were also 

confirmed using SEM. 

In the present study, SEM showed excellent 

morphological and structural details of the trichomes, 

stomata and venation of leaves of these species. 

Hence, the observation of leaf surface by using SEM 

could be considered to measure the significant 

separation of taxonomic units. 

High similarity in the form of trichomes, shape, 

texture, margin, venation pattern, lamina, vascular 

bundle, and xylem between B. racemosa and  

B. tomentosa leaves. was seen from the comparative 

morpho-micrometric study of these investigated taxa 

(Table 1). But B. vahlii differs from both of these two 

species mainly by having larger leaves, multicellular 

trichomes, and anomocytic stomata. It was found to 

agree with UPGMA cluster analysis in which  

B. racemosa and B. tomentosa are more closed  

with a similarity coefficient value of 0.23 whereas  

B. vahlii having a similarity coefficient value of  

0.18. (Fig. 11). Further, the matrix of the Leaf 

features that allows separation of the studied Bauhinia 

species collected from the East coast region,  

Odisha, India is mentioned in Table 6. Thus, the 

findings of this study showed significant taxonomic 

similarities among the species. 
 

Table 6 — Presence (1) and absence (0) matrix of Leaf features 

that allows separation of the studied Bauhinia species collected 
from East coast region, Odisha, India 

S. 

No. 

Analyzed 

characteristics 

B. racemosa B. tomentosa B. vahlii 

1 Pulvinous bifoliate 

leaves 

1 1 1 

2 Entire margin 1 1 1 

3 Emarginate apex 1 1 0 

4 Deeply lobed 

emarginated apex 

0 0 1 

5 Cordate base 1 1 1 

6 Length of leaves 

between 5-7 cm 

1 0 0 

7 Length of leaves 

between 5-9cm 

0 1 0 

8 Length of leaves 

between 14-48 cm 

0 0 1 

9 Width of leaves 

between 7-9 cm 

1 0 0 

10 Width of leaves 

between 6-10 cm 

0 1 0 

11 Width of leaves 

between 12-45 cm 

0 0 1 

12 Number of protruding  

midribs 9 

1 0 1 

13 Number of protruding  

midribs 7 

0 1 0 

14 Number of protruding  

midribs 13 

0 0 1 

15 Straight walled 

polygonal epidermal 

cell walls 

1 0 0 

16 Wavy walled 

epidermal cell walls 

0 1 1 

17 Less hairy surface  1 1 0 

18 Densely hairy surface 0 0 1 

19 Uniseriate, unicellular 

covering trichomes 

1 1 0 

20 Uniseriate, 

multicellular covering 

trichomes 

0 0 1 

21 Length of entire 

trichomes from  

42.18 µm-154.66 µm 

1 0 0 

   (Contd.) 
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Table 6 — Presence (1) and absence (0) matrix of Leaf features 

that allows separation of the studied Bauhinia species collected 

from East coast region, Odisha, India (Contd.) 

S. 

No. 

Analyzed 

characteristics 

B. racemosa B. tomentosa B. vahlii 

22 Length of entire 

trichomes from  

246.72 µm-432.25 µm 

0 1 0 

23 Length of entire 

trichomes  

281.2 µm-463.98 µm 

0 0 1 

24 Width of trichomes 

3.56 µm-6.43 µm 

1 0 0 

25 Width of trichomes 

8.45 µm-12.32 µm 

0 1 0 

26 Width of trichomes 

10.56 µm-14.08 µm 

0 0 1 

27 Anisocytic stomata  1 0 0 

28 Paracytic stomata 0 1 0 

29 Anomocytic stomata 0 0 1 

30 Stomata frequency 

20/mm2 

1 0 0 

31 Stomata frequency 

76.66/mm2 

0 1 0 

32 Stomata frequency 

288.33/mm2 

0 0 1 

33 Epidermal cell 

frequency 823.33/mm2 

1 0 0 

34 Epidermal cell 

frequency 503.33/mm2 

0 1 0 

35 Epidermal cell 

frequency 526.66/mm2 

0 0 1 

36 Stomatal index  

1.25-3.33 

1 0 0 

37 Stomatal index  

8.77-15.38 

0 1 0 

38 Stomatal index  

25.67-33.33  

0 0 1 

39 Length of stomata 

17.6 µm-24. 64 µm 

1 0 0 

40 Length of stomata 

14.08 µm-21.12 µm 

0 1 0 

41 Length of stomata 

17.6 µm-21.12 µm 

0 0 1 

42 Width of stomata  

14.8 µm-15.84 µm 

1 0 0 

43 Width of stomata  

7.56 µm-10.56 µm 

0 1 0 

44 Width of stomata 

10.56 µm-14.08 µm 

0 0 1 

45 Palisade cell  

3.75-5.12 

1 0 0 

46 Palisade cell 5-7 0 1 0 

47 Palisade cell  

1.75-2.75 

0 0 1 

   (Contd.) 

Table 6 — Presence (1) and absence (0) matrix of Leaf features 

that allows separation of the studied Bauhinia species collected 

from East coast region, Odisha, India (Contd.) 

S. 

No. 

Analyzed 

characteristics 

B. racemosa B. tomentosa B. vahlii 

48 Reticulate veination 

pattern 

1 1 0 

49 Palmate reticulate 0 0 1 

50 Vein termination  

350-540 

1 0 0 

51 Vein termination  

150-230 

0 1 0 

52 Vein termination  

40-80 

0 0 1 

53 Vein-islet 290-430 1 0 0 

54 Vein-islet 150-260 0 1 0 

55 Vein-islet 320-440 0 0 1 

56 Dorsiventral lamina 1 1 1 

57 Plano-convex midrib 1 0 0 

58 Heart shape midrib 0 1 1 

59 Conjoint and collateral 

vascular bundle 

1 1 1 

60 Centrifugal xylem 1 1 1 

 

Conclusion 
In conclusion, all the investigated plants of 

Bauhinia genus are medicinally important and 

attributed to the traditional drugs in the Indigenous 

system of medicines. Different species of  

Bauhinia are locally known by the name  

Kanchan in Odisha. In comparison, the leaves of 

both species look similar (camel's foot or cow's 

hoof), which tends to be misleading for herbal 

formulas and various testing purposes during  

the processing of these leaves. Since it is a 

problematic genus in terms of its local name and 

morphological characteristics, especially in form, 

well-established quality control is therefore 

extremely necessary. The macroscopic and 

microscopic observations in the present 

correspondence will set the criteria that will be 

useful for detecting the identity and validity of 

various species of Bauhinia. In this analysis  

for the taxonomic differentiation of Bauhinia 

species, the leaf features including the scale,  

the number of protruding midribs, epidermal cell 

walls, styles of stomata and trichomes, along  

with the arrangement of vein-islets and vein 

terminations are carried out. Thus, at the species 

level of the genus Bauhinia in India, these 

characteristics might serve as strong diagnostic 

characteristics. 
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