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Abstract 
Epidermal cells, hair and stomatal characters studied in the leaves of 15 Egyptian Bauhinia species using both light and 
scanning electron microscopes. Variations in epidermal shapes, periclinal and anticlinal walls investigated. Hair density, type 
and wall ornamentation are considerably varied between the studied taxa. Type of stomata, stomatal index and density gave 
valuable variations between the studied taxa. The results have been discussed according to the taxonomic opinions and support 
the division of the Bauhinia species into two subgenera with five sections. Identification key according to hair density, type 
and wall ornamentations beside the type of stomata has been constructed. 
 
Keywords: bauhinia, epidermal cells, stomata, taxonomy, trichomes 
 
 

Introduction 
Study of the micro-morphological features in plant 
taxonomy gained great attention in the last decades. Stace 
(1965 & 1989) [19, 20], Shah and Gobal (1969), Ghose & 
Banerji (1981), Rao & Ramayya (1983) [12], Kotresha and 
Seetharam (1995) [10], and Taia (1996, 2004 & 2006) [21, 22, 

23] are from the most noticeable works in this concern.  The 
neglect of the vegetative morphological characters in the 
identification and grouping of taxa delayed plant taxonomy. 
These characters can be of help in taxonomical conclusions. 
From the most important micro-morphological characters 
are the type of stomata, epidermal cells and hair type, 
presence and density. Albert and Sharma (2013) [1]  
mentioned that the interest in leaf trichomes is based on 
their functions which include lowering of leaf temperature, 
increase in tolerance to freeze, storage of phytochemicals, 
protection of the inner tissues from UV radiations from sun, 
water retention, , and a keystone in delimitation of species 
in taxonomic studies. Beside this interest, leaf trichomes 
have important role in taxonomical works. 
Genus Bauhinia L. belonging to tribe Bauhinieae, subfamily 
Cercidoideae, family Fabaceae as given by the Legume 
Phylogeny Working Group (LPWG, 2017: 68; formerly 
tribe Cercideae Bronn 1822: 131). This genus has been the 
subject of a number of taxonomical treatments in which it 
has been recognized either as a single genus with several 
subgenera or as several distinct genera (Wunderlin et al. 
1987, Lewis & Forest 2005, Sinou et al. 2009 and 
Wunderlin 1983, 2006 & 2009) [24, 25, 26]. These taxonomical 
arguments about the classification of the species under this 
genus are according to the dissimilarities between the 
species. In fact the micro-morphological studies within the 
Bauhinia species are scanty, and when done they are 

considering few species. Step forward to understand the 
relations between the Egyptian Bauhinia road trees, fifteen 
species studied in this work. Type of stomata, epidermal 
cells and hair characters variations investigated using both 
light microscope (LM) and scanning electron microscope 
(SEM). 
 
Materials and Methods 
Fifteen species and two forms commonly cultivated in the 
Egyptian roads and gardens were subjected in this study. 
Herbarium sheets examined from the mentioned botanical 
gardens in Cairo, Egypt (table 1). Leaf peels from the 
abaxial surfaces, at least five leaves, stained with safranin, 
mounted in few drops of water and glycerol on clean 
microscopic slides and examined carefully by10X40x 
compound light microscope to observe the stomatal type, 
shape of epidermal cells and hair density. The stomata index 
(I) and density (D) were calculated by the expressions: I (%) 
= SN/(SN + EC) x 100 and D (stom. mm2) = SN/A, 
respectively, where SN = stomata number; EC = epidermal 
cells number; A = area (mm2). Terminology used in the 
description of the morphological characters is that of 
Dilcher (1974).  
 
SEM investigation 
Parts of the dry leaves were stuck onto the Aluminum stubs 
using double cello tape. The stubs were coated with 30 nm 
gold in a polaron JFC-1100E coating unit, then examined 
and photographed under 15Kev, with JEOL JSM-IT200 
SEM in the electron microscopes unit, Faculty of Science, 
Alexandria University, Egypt, For more detailed structures 
of both the stomata and hairs. 

 
Table 1: Studied species, information of the herbarium sheets, source of materials, confirmation of nomenclature and synonyms. 

 

Synonyms Confirmation of nomenclature Source of materials Collectors & date of 
collection Taxa No 

B. linnaei Ali 
B. acuminata Vell. 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Giza:Mazhar botanical 
garden 

Reham Mahdy 
5/7/2021 B. acuminata L. 1 
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Program; "The Plant List entry 
for Bauhinia",IPNI 

No The national flowers of Hong Kong. Lau et al. 
(2005). 

Giza:Mazhar botanical 
garden Reham Mahdy 5/12/2021 B. blackeana 

Dunn.(hybrid) 2 

B. candicans Benth. 
B. breviloba Benth. 

B. forficata subsp. forficata 
Basionym Pauletia 

forficata (Link) A. Schmitz 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 13/9/2020 B. forficata J.H.F. 3 

B.galpinii var. galpinii 
Perlebia galpinii (N.E.Br.) 

A.Schmitz 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Al-Abeed Agriculture 

Farm 
Reham Mahdy and Al-
Shaarawy 12/7/2021 B. galpinii N.E. Br. 4 

B.heterophylla Kunth      
 Schnella glabra (Jacq.) 

Dugand 
Catalogue of life check list, The NY Bot. Gard. Giza:Mazhar botanical 

garden Reham Mahdy 12/3/2021 B.glabra Jack 5 

No 
"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar Bot.Gard. Reham Mahdy 5/7/2021 B. grandidieri Baill 6 

No 
"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 5/7/2021 B. grevei Drake 7 

Lysiphyllum 
hookeri (F.Muell.) Pedley IPNI-The International Plant Names Index. Al-Abeed Agriculture 

Farm 
Reham Mahdy and Al-
Shaarawy 12/7/2021 

B. hookeri  F. 
Muell. 8 

B.commersonii Scott-Elliot 
 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 5/7/2021 B.madagascariensis  
Desv. 9 

No 
"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 

Giza: Orman botanical 
garden 

 
Reham Mahdy 22/11/2020 B.monandra Kurz 10 

B.platyphylla Zipp. ex 
Span. 

B.triandra Roxb. 
B.castrata Blanco 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 7/3/2021 B. purpurea L. 11 

B.emarginata G.Don 
 

IPNI (International Plant Names Index). Govaerts 
(1996) World Checklist of Seed Plants. 

Giza:Mazhar botanical 
garden Reham Mahdy 15/9/2021 B.roxburghiana 

Voigh 12 

No 
"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 5/7/2021 B. tomentosa  L. 13 

 
B.racemosa Vahl 

Phanera vahlii (Wight & 
Arn.) Benth. 

"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Giza:Mazhar botanical 

garden Reham Mahdy 8/3/2021 B. vahlii Wight & 
Arn 14 

Phanera varigata (L.) 
Benth. Plants of the world on line Giza:Mazhar botanical 

garden Reham Mahdy 7/5/2021 B.variegata (L.) 
Benth. 15 

No 
"ILDIS LegumeWeb entry for Bauhinia"; 
USDA, ARS, National Genetic Resources 

Program; "The Plant List entry for Bauhinia" 
Doki: near Russian 

Center Reham Mahdy 8/3/2021 B.variegata (L.) 
alba 16 

 
Results (Table 2) 
1. Epidermal cells 
The photomicrographs of both the light and scanning 
electron microscope of the studied  Bauhinia  leaf surfaces 
revealed that the leaves have elongated or isodiametric 
polygonal, tetragonal or triangular epidermal cells with 
straight, wavy or undulate anticlinal walls. The periclinal 
walls are mostly convex, as appeared from the SEM 
examinations (plate 2), while only few species, B.forficata, 
B.monandra and B.vahlii   have flat periclinal walls (Plate 2, 
photos. 6,17 & 23). The secondary ornamentations of the 
periclinal walls were unclear due to either the dense hairs or 
wax depositions. In the SEM photographs, the convex 
epidermal cells appear as globular in B.glabra, 
B.grevii,B.hookeri, B.hookeri and B.purpurea (Plate2, 
Photos. 9, 13, 14, 19 & 21) 
 
2. Trichomes 
Most of the studied taxa covered by hairs in both the adaxial 
and abaxial leaf surfaces with different densities and types, 
except both B.hookeri and B.roxyburghiana they are 
glabrous (Table 2 and Photos. 14 & 20). The hairs are 
distributed on all the leaf blades, except in B.galpinii, 
B.glabra and B.grevei they are restricted on the leaf blade 
margins only (Plate 1, photo 4 and Plate 2, Photo 7). The 

hairs are very dense in B.acuminata, B.blakeana, 
B.forficata, B. monandra and B.variegata (Plate 2, Photos.1, 
3, 5, 16 & 24) and multicellular uniserriate tabular or 
pointed (Plate 1, Photos. 4 & 5, and Plate 2, Photos. 4, 11, 
17, 19 & 21). Cavitated hairs reported in B.forficata, 
B.madagascariensis and B.vahlii (Plate 1, photo 6, Plate 2, 
Photos. 6, 15 & 23). 
The hair walls are either smooth, or ornamented with 
external sculptures. These sculpture are either echinate in 
both B.monandra and B.tomentosa, or granulates in the two 
forms of B.grevei or scales in both B.grandidieri and 
B.purpurea (Plate 2, Photos. 4, 11, 17, 19, 21 & 25). 
 
3. Stomata 
The leaf surfaces are mostly covered by epicuticular wax 
secretions which make the stomata unclearly noticed in the 
SEM. For that the observations of the stomatal characters 
were according to light microscope investigation. The 
photomicrographs of the light and scanning electron 
microscope revealed a paracytic, anisocytic and anomocytic 
types of stomata. They are hypostomatic except in B. 
blakeana they are amphistomatically distributed. They are 
randomly arranged and mostly covered by a mass of 
trichomes in B. acuminata, B. blakeana, B. forficata, B. 
galpinii, B.monandra, B.vahlii and B.varigata alba (Plate 2, 
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photos.1,3,5,17,22 & 24). Some of the studied species of 
Bauhinia; B. blakeana, B. grandidieri and B. purpurea; 
have two types of stomata, paracytic and anisocytic. The 
paracytic type, the two guard cells are surrounded by two 
parallel epidermal cells (Plate 1, photos.2, 3 & 8). The 
anisomocytic stomata, the two guard cells surrounded by 
three epidermal cells (Plate 1, photos 1& 12). The 
anomocytic stomata, reported in in B.grevii,B.hookeri, 
B.madagascariensis and B.vahlii, where the two guard cells 
surrounded by four epidermal cells ( Plate 1, photos. 7,9,10 

&  12). The stomata are mostly small and in the same plane 
of the epidermal cells, except in both B.glabra and B.grevei, 
the guard cells are sunken.  
The guard cells are of small size in all the studied taxa. The 
stomatal index and density is relatively few, while the 
stomatal density gives bigger number for the division of the 
stomatal index over the area which is 0.1 mm (table 2). The 
stomata in all the studied taxa were nearly shut and the 
stomatal openings were very small.  

 
Table 2: Vegetative morphological characters of the studied species examined by SEM 

 

No. TAXA↓ Char.→ Epidermal cells Hairs Stomata 
SH PW AW Or P D T W T P D I 

1 B.acuminata L. Is Cv St Gr Al +++ MUP Sm Par S 116.3 11.2 
2 B. blakeana Dunn Is Cv St Gr Al +++ MUP Sc Par& Ani S 183.2 18.1 
3 B.forficata Link El Fl St Gr Al +++ MUP& Gl Sm Par& Ani S 201.3 19.1 
4 B.galpinii N.E.Br. Is vC St tS M + GUM Sm Ani S 173.2 16.7 
5 B.glabraJacq. El vC Wy Sm M + TMM Sm Ani Su 129.3 13.2 
6 B grandidieri Baill. Is Cv St Pi Al ++ UT Sc Par S 174.5 16.3 

7 B. grevei Drake Is vC St Gr M + UP Gr Ano Su 110.8 10.3 
Is Cv St Gr M + UP Gr Ano Su 165.2 14.6 

8 B. hookeri F. Muell. El Cv Wy Sm --- -- --- --- Ano S 198.3 15.8 
9 B.madagascariensis Desv. El Cv Si Sm Al ++ Gl Sm Ano S 210.8 19.8 

10 B.monandra Kurz El Fl Wy Ec Al +++ UT Ec Ani S 235.2 21.6 
11 B. purpurea L. Is Cv Si Gr Al ++ UP Sc Par& Ani S 197.2 19.5 
12 B.roxburghianaVoigt Is Cv Wy Sm --- -- --- --- Ani S 151.3 13.5 
13 B.tomentosaL. El Cv Wy Gr Al ++ UP Ec Par S 191.8 18.3 
14 B. vahlii Wight &Arn. Is Fl Wy Sm Al +++ MUP& Gl Sm Ano S 172.3 17.9 
15 B.variegata L. Is Cv Si Sm Al +++ UP Sm Ani S 194.3 20.1 
16 B. variegata alba Is Cv St Sm Al +++ UP Sm Ani S 202.8 19.2 

Abbreviations: Al=All over the surface, Ani=Anisocytic, Ano=Anomocytic, AW=Anticlinal wall, Cv=Convex, D= Density, DH=Densely 
hairy, Ec=echinate, El=Elongated, Fc=flakes, Fl=Flat, Gl=Globular, Gr=Granulate, I=Index, Is= Isodiametric, M=Margin, MMT= 
Multicellular multiserriate tabular, MMU=Multicellular multiseriate glandular, MUG=Multicellular uniseriate glandular, MUP=Multicellular 
uniserriate pointed, Or=Ornamentation, P=Position, Par=Paracytic, PW=Periclinal wall, S=Superficial, Sc=Scally, St=Straight, Sm=Smooth, 
Su=sunken, T=type, Uc=unicellular, UT= unicellular tabular, W=Wall Wy=Wawy. 
 

 
 

Plate 1: Light microscope photographs of leaf peels, 1B.glabra ( anisocytic stomata & wavy pW), 2- B.monandra ( anisocytic stomata & 
wavy pW),3 & 4- B.acuminata ( paracytic stomata & straight pW), 5-B.forficata (hair), 6- B.vahlii (Cavitated hairs), 7- B.grevei (anomocytic 

stomata & straight pW), 8- B.purpurea (both paracytic and anisocytic stomata & slightly sinuate pW),9-B.variegata (sinuate pW), 10-
B.madgascariensis( anomocytic stomata & sinuate pW), 11-B.hookeri (anomocytic stomata & straight pW), 12-B.roxyburghiana (anisocytic 

stomata & straight pW), 
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Identification key to the studied taxa 
1. Densely hairy leaves all over the leaf blade 
II-Unicellular pointed hairs with smooth walls-----
B.variegata 
II- Unicellular pointed hairs with echinate walls---
B.monandra  
II-Multicellular uniserriate hairs with smooth walls only---
B.acuminata  
II-Multicellular uniserriate hairs with smooth walls only--- 
B.Blakeana 
II- Both Multicellular uniserriate hairs with smooth walls 
and globular excavated hairs  
III-Both paracytic and anisocytic stomata--------------
B.forficata 
III-Anomocytic stomata only---------------------------B.vahlii 

2. Hairs on the margins only  
II-Unicellular pointed hairs with granulated walls-----B 
grevei. 
II-Multicellular uniserriate glandular hairs with smooth 
walls ----- B.galpinii  
II-Multicellular uniserriate tabular hairs with smooth walls--
------ B.glabra 
 
3. I-Glabrous leaves 
III-Anisocytic stomata only--------------B.roxyburghiana 
III-Anomocytic stomata only---------------------B.hookeri 
 
4. I-Moderately hairy 
II- Unicellular pointed hairs with ornamented walls 
III-Both paracytic and anisocytic stomata----B.purpurea  
III-Paracytic stomata only------------------- B.tomentosa  
II-Cavitated globular hairs only------B.madagascariensis 

 

 
 

Plate 2: SEM photographs for the studied taxa, 1&2 B. acuminata, 3&4B.blakeana, 5&6B.forficata, 7&8B.galpinii,9- B. glabra,10,11&12 
B.grandidieri,13- B. grevei,14-B.hookeri,15-B.madagascariensis,16&17B.monandra, 18&19B.purpurea, 20- B. roxburghiana,21-

B.tomentosa,22&23 B.vahlii, 24&25 B. varigata alba. 
 
Discussion 
Leaf macro-and micro-morphological characters have been 
used in many taxonomical works and help in solving 
identification uncertainties.  Within genus Bauhinia, the 
differentiation between the belonging species is confused 
and their taxonomic history and classification is long and 
complicated. Analyses based on morphological characters 
done (Wunderlin et al. 1987; Zhang 1995) [27] and molecular 
characters (Bruneau et al. 2001, 2008; Hao et al. 2003; 
Lewis, Forest 2005 and Sinou et al 2009) [13, 18] suggest 
contrasting relationships within the genus.  Albert and 
Sharma (2013) [1] indicated to the importance of using 
variations in frequency, types, distribution, and arrangement 

of stomata in taxonomy and classification. Boodle and 
Fritsch (1908) [3] mentioned that the epidermal cells shape as 
well their walls of significance value in the classification of 
Cassia species. In this work the epidermal cells are either 
isodiametric, with different shapes and sizes, or 
longitudinally elongated. The anticlinal cell walls varied 
between straight, undulate and wavy. These observations 
confirm those obtained by Albert and Sharma (2013). 
Secondary sculpture on the periclinal walls can be used in 
distinguishing some closely related species and considered 
important character in taxonomical confusion (Zou et al. 
2008). Within the majority of the studied Bauhinia species, 
the secondary sculpture of the periclinal walls lie within two 
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categories; smooth and granulate.  Striate periclinal walls 
recorded in B.galpinii, pitted walls in B.grandidieri and 
echinate walls in B.monandra. 
From the most important character in taxonomy are those 
related to the trichomes (Stace, 1965 and Leelavathi & 
Ramayya, 1983) [12]. Hair type, density, position and wall 
ornamentations considered valuable in constructing the 
taxonomical keys. In this study the density, type and 
position of hairs varied greatly within the studied taxa. 
These variations used in constructing the identification key 
of the taxa. Even the lengths of the hairs varied between 
them, B.acuminata and B.forficata have very long hairs, 
while B. monandra has short hairs, while both B.hookeri 
and B.roxyburghiana have glabrous leaf surfaces. This 
observation coincide that obtained by Bannerje et al. (2002) 
on their study on the leguminous trees. According to hair 
characters, the studied taxa can be grouped under three 
groups; glabrous, moderately hairy and densely hairy. Under 
the later two groups subgroups can be obtained according to 
the type of hairs and hair wall characters. Cavitated globular 
hairs obtained in three species only B.forficata, 
B.madagascariensis and B.vahlii, this type of hairs have 
been reported by Marinho et al. (2016). Stomatal type and 
guard cell size have long been regarded as one of the 
diagnostic features for different taxa and has well been 
utilized by many workers to establish the groups or to 
eliminate the controversy about the taxonomic group 
(Dilcher 1974; Stace 1989; Carpenter 2005). Carlquist 
(1961) [4] and Praveen et al. (2007) pointed to the 
importance of stomatal characters in the delimitations 
between the species under the same genus. The studied taxa 
have three types of stomata; paracytic, anisocytic and 
anomocytic; in Bauhinia; B.blakeana, B.grandidieri and 
B.purpurea; have two types of stomata, paracytic and 
anisocytic. The occurrence of different types of stomata in 
the same species is rare, but it reported by Inamdar et al. 
(1969).  
The guard cells are small and the opening is narrow in all 
the species. The stomatal index and density are considerably 
few in the leaf lamina, but near the margins they are slightly 
increased. This finding coordinates that obtained by Albert 
and Sharma (2013) [1], where they found the increase in the 
stomatal density near the margins of the leaves. These 
characters are due to the adaptation of the plants to reduce 
the water lost through transpiration as pointed by Dalin et 
al. (2008). 
 
Conclusion 
This study has highlighted detailed descriptive information 
of the micromorphological structures of Bauhinia species. 
The presence of the cavitated secretory trichomes, the 
stomata type, density, distribution, and epidermal cells 
characters could be useful in providing taxonomic 
information and could also serve as a database for future 
references of the species.  The key provided can facilitate 
the identification of the studied taxa. 
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