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1. REVISÃO DE LITERATURA 

 

1.1. Fabaceae 

 

A família Fabaceae demonstra a diversidade geral das angiospermas, 

abrigando 8% das espécies de plantas vasculares, encontradas nos mais variados 

habitats. Além disso, demonstram funções particulares nos ecossistemas, como na 

fixação de nitrogênio (YAHARA et al., 2013). É a terceira maior família de 

angiospermas e a segunda maior família de importância econômica, proporcionando 

produtos na indústria alimentícia, usos como forrageira, planta ornamental e usadas 

como fontes de madeira, gomas e resinas. Estão distribuídas em 630 gêneros e 

18.000 espécies, ocorrendo em diversos habitats, onde as principais espécies estão 

contidas nos gêneros Astragalus L., Acacia Mill., Indigofera L., Bauhinia L., entre 

outras (JUDD et al., 2009). 

Tradicionalmente eram reconhecidas três subfamílias pertencentes à 

Fabaceae: Mimosoideae, Papilionoideae e Caesalpinioideae (JUDD et al., 1999). 

Porém, atualmente, baseada em análises filogenéticas de sequências de genes de 

plastídios, o LPWG (2017), realizou uma nova classificação da família de 

leguminosas, principalmente devido a não monofilia da subfamília 

caracteristicamente conhecida: Caesalpinioideae, na qual foram reconhecidas seis 

subfamílias monofiléticas robustamente suportadas. O novo agrupamento que 

expressa estrutura filogenética, reconhece e consiste de seis subfamílias da família 

Fabaceae: Caesalpinioideae, Cercidoideae, Detarioideae, Dialioideae, 

Duparquetioideae, Papilionoideae. Dentre as novas seis subfamílias, Cercidoideae é 

um dos clados mais basais, com 12 gêneros e 335 espécies principalmente 

tropicais. Contém representantes como árvores, arbustos e lianas, portando 

nectários extraflorais, folhas unidas ou bifolioladas e na flor a pétala adaxial é 

regularmente diferenciada, como em Bauhinia. 

Várias espécies da família Fabaceae são citadas como importantes plantas 

apícolas, Barros (1965) citou Leucaena Benth., Mimosa L. e Bauhinia, Ramalho et 

al., (1990) citou, tanto para abelhas Apis mellifera L. como as abelhas sem ferrão em 

habitats neotropicais, Aeschynomene L., Bauhinia, Desmodium Desv., Leucaena, 

Mimosa, Sesbania Adans. e Zornia J.F.Gmel. 
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1.2. O gênero Bauhinia L. 

 

O gênero Bauhinia é pre-lineano, descrito em 1703 por Charles Plumier. Ο 

vocábulo genérico foi considerado uma homenagem aos irmãos Bauhin, devido a 

forma das folhas bilobadas das espécies desse gênero. Linnaeus validou o gênero a 

partir de 1753 e descreveu 8 espécies, das quais 3 pertencentes ao continente 

americano (VAZ 1979). É o maior gênero de Cercidoideae, abrigando quase todos 

os representantes dessa subfamília (LPWG, 2017), e compreendem cerca de 300 

espécies que são cultivadas em locais tropicais de todo o mundo (LEWIS, 1987; 

MIYAKE et al., 1986).  

São espécies nativas da Índia, Sri Lanka, sudoeste da China e África tropical 

e suas árvores distribuem-se pela zona tropical do mundo inteiro e podem ser 

utilizadas para lenha e carvão. A madeira é empregada em caixotarias e obras 

leves, têm caráter medicinal, são usadas como plantas ornamentais, na arborização 

de ruas estreitas e sob rede elétrica por ser de pequeno porte e rápido crescimento, 

além de serem empregadas no reflorestamento (LORENZI, 1992). 

As folhas do gênero Bauhinia são características, por apresentarem 

estruturas inconfundíveis, como a nervação palmatinérvea associada ao pecíolo com 

duas articulações: uma basal denominada de pulvino proximal, e uma outra 

articulação apical junto ao mesofilo, o pulvino distal. Além disso, apresentam uma 

articulação na base da lâmina foliar, chamada de almofada motora, que é 

responsável pelos movimentos nictinásticos singulares de abertura e fechamento do 

limbo. E ainda um prolongamento apical ou situado entre os folíolos, no caso de 

separação total destes (VAN DER PIJL, 1952). 

São árvores pequenas ou arbustos eretos com flores grandes, vistosas, 

perfumadas, púrpuras, rosas, brancas ou amarelas, protegidas por duas brácteas, 

formando racemos terminais ou axilares. Cálice curto, em forma de tubo, 

campanulado ou alongado, 5 pétalas, 10 estames ou menos, alguns reduzidos a 

estaminóides, livres ou concrescentes; filete linear carregando anteras ovadas, 

oblongas ou lineares, longitudinalmente deiscentes; ovário grande, livre ou unido ao 

receptáculo, bi ou multi ovulado, estilete curto, estigma pequeno. A ocorrência de 

raízes pretas ou escuras é típica de espécies não noduladoras de Caesalpinia L. e 

característica das espécies de Bauhinia (ALLEN e ALLEN, 1981).  
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Uma particularidade do gênero Bauhinia é sua representatividade por 

espécies de destaque no uso medicinal, como a B. monandra Kurz (MENEZES, 

2007; ARGOLO, 2004). Muitas destas plantas são empregadas como remédio na 

medicina popular em várias regiões do mundo, incluindo a África, Ásia, América do 

Sul e Central (ACHENBACH et al., 1998) e são frequentemente usadas no 

tratamento de várias doenças, incluindo diabetes (COELHO e SILVA, 2000; LINO et 

al., 2004; THIRUVENKATASUBRAMANIAM, 2010). Com o aumento da incidência 

de diabetes no mundo, a busca por essas plantas aumentou consideravelmente 

(VASCONCELOS et al., 2004; ALJOBOURI et al., 2015)  

As propriedades terapêuticas de Bauhinia foram sustentadas por estudos 

usando os extratos aquosos, etanólicos e hexânicos (LINO et al., 2004; 

VASCONCELOS et al., 2004) de folhas de B. forficata Link, que induziram 

hipoglicemia em ratos. Estudos fitoquímicos e farmacológicos realizados com estas 

plantas indicam que elas são constituídas basicamente de glicosídios esteroídicos, 

triterpenos, lactonas e flavonoides, terpenos, esteroides e lactonas (SILVA e FILHO, 

2002; ARGOLO et al., 2004).  

As folhas, caules e raízes das espécies de Bauhinia, especialmente B. manca 

Standl., B. rufescens Lam., B. forficata, B. cheitantha (Bong.) Steud e B. splendens 

Kunth, são amplamente utilizadas em forma de chás e outras preparações 

fitoterápicas para o tratamento de várias enfermidades, principalmente infecções, 

processos dolorosos e diabetes (GUPTA, 1995; TESKE et al., 1997; ACHENBACH 

et al., 1998). As espécies mais estudadas fitoquimicamente são B. manca 

(ACHENBACH et al., 1998)., B. candicans G.Bentham (IRIBARREN e POMILIO, 

1983; 1987), B. uruguayensis Benth. (IRIBARREN e POMILIO, 1989), B. purpurea L. 

(RAMACHANDRAN e JOSHI, 1967; VIJAYAKUMARI et al., 1997; YADAVA e 

TRIPATHI et al., 2000) B. forficata (SILVA et al., 2000; SOUSA et al., 1998) e B. 

splendens (LAUX et al., 1985; CECHINEL FILHO et al., 1995). A espécie B. 

divaricata L. teve sua atividade hipoglicêmica em seu extrato aquoso demonstrado 

em camundongos (GUPTA et al., 1980) e B. megalandra Griseb. mostrou inibição da 

absorção intestinal de glicose em ratos (GONZALES-MUJICA et al., 2003). A 

atividade hipoglicêmica de Bauhinia tem sido mais amplamente pesquisada na 

espécie B. forficata, por Juliane (1929; 1931). 

Outras espécies de Bauhinia são conhecidas e usadas na medicina popular, 

como a B. monandra, B. holophylla (Bong.) Steud. e B. rufa (Bong.) Steud. 
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(OLIVEIRA e SAITO, 1987, 1989), porém sem os devidos estudos sobre suas 

constituições químicas e atividades farmacológicas. 

 

1.3. Bauhinia monandra Kurz 

 

A árvore de B. monandra Kurz é perenifólia, com altura de 5-7 metros, 

apresenta flores grandes cor de rosa claro e rosa escuro. Como característica 

morfológica marcante e distintiva, suas flores possuem um único estame fértil 

(LORENZI, 2003), motivo pelo qual recebeu o epíteto específico monandra. Trata-se 

de uma espécie ornamental (KÖNEMANN, 1999) utilizada na arborização urbana 

(DURYEA et al., 2007; ARAÚJO et al., 2009; SILVA e GOMES, 2013).  

Na região Nordeste do Brasil, as folhas dessa espécie são amplamente 

utilizadas na medicina popular com intuito de reduzir os níveis de glicose do sangue. 

Suas propriedades antiglicêmica, estimulando a liberação de insulina no sangue, 

foram confirmadas em roedores (ALADE et al., 2011; ARGOLO et al., 2015;). 

Estudos realizados também em roedores mostram a capacidade dessa espécie em 

restaurar a secreção de insulina (ARGOLO et al., 2004). A atividade hipoglicêmica 

foi comprovada quando administrada com extrato de folha seca a 10% (100 μg/μL) 

(MINTO e PEREIRA, 2000). Mesmo tendo alguns compostos isolados e 

identificados, os estudos correlacionando os efeitos biológicos e adversos de seu 

uso contínuo são escassos (MACÊDO, 2008). Também, possuem atividade 

antimicrobiana, sendo uma alternativa segura e econômica para o tratamento de 

doenças infecciosas (AJIBOYE et al., 2015). As folhas são fonte de esteróides e 

flavonóides antioxidantes (ARGOLO et al., 2004; ADEROGBA et al., 2006; NWORIE 

e OKORIE, 2018) e da lecitin BmoLL, que possui ação anti-inflamatória e 

antinociceptiva testada em ratos (CAMPOS et al., 2016) e também, ação inseticida 

devidamente confirmada (MACEDO et al., 2007).  

B. monandra é uma espécie que apresenta um conteúdo expressivo de 

proteínas específicas, nomeadamente lectina de folhas de B. monandra, BmoLL 

(COELHO e SILVA, 2000) e lectina de raiz de B. monandra, BmoRoL (SOUZA et al., 

2011). O composto BmoLL mostrou atividade hipoglicemiante sem efeitos citotóxicos 

ou genotóxicos (SISENANDO et al., 2009). 
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1.4. Anatomia Vegetal 

 

Os procedimentos de rotina em Anatomia Vegetal fornecem resultados de 

grande aplicabilidade em diferentes áreas do saber. Além de fornecerem subsídios 

para elucidação de problemas estruturais e fisiológicos, também fornecem 

importantes parâmetros para fins taxonômicos. A sua aplicabilidade ambiental está 

no fornecimento de subsídios para trabalhos em ecologia e conservação. Um 

aspecto econômico importante da anatomia vegetal está em seu emprego como 

importante ferramenta para os melhoristas de plantas. Também, para os químicos e 

farmacognosistas, pois pode identificar os locais de produção de produtos ativos, 

bem como fornecer informações estruturais de valor para delineamento de 

estratégias de colheita, armazenamento, extração, produtividade, etc. Por fim, a 

Anatomia Vegetal é importante no reconhecimento de fragmentos de plantas para 

fins experimentais, de controle de qualidade e procedência (BARROSO et al., 1984; 

CUTTER et al., 2009).  

Para Silva et al. (2005) existem muitos trabalhos que apresentam correlações 

importantes entre a Anatomia Vegetal e a Fitotecnia, porém o fato destes estudos 

serem realizados somente sob a ótica disciplinar os torna limitantes. Conhecer a 

Anatomia Vegetal é importante quando se trata da propagação vegetativa, pois é 

imprescindível identificar os aspectos estruturais para garantir o sucesso da 

propagação, que se baseia na regeneração de tecidos vegetais e além disso, uma 

das formas de diferenciação de espécies do mesmo gênero é feita através dos 

estudos anatômicos de seus órgãos. 

Além da descrição do uso medicinal, várias espécies do gênero Bauhinia 

tiveram sua anatomia descrita, como B. curvula Benth. (REZENDE et al., 1994), B. 

forficata (MIYAKE, 1986; DONATO,1995; LUSA e BONA, 2009), B. variegata L. 

(KOTRESHA e SEETHARAM, 1995; LUSA e BONA, 2009), B. blakeana Dunn. 

(FERREIRA et al., 2003; ALBERT e SHARMA, 2013), B. microstachya (Raddi.) 

Macbr. (DUARTE e DEBUR, 2003), B. racemosa Lam., B. tomentosa L. 

(KOTRESHA e SEETHARAM, 1995; ALBERT e SHARMA, 2013), B. ungulata L., B. 

pentandra (Bong.) D.Dietr. e B. cheilantha (PEREIRA et al., 2018). Muitos estudos 

comprovaram a importância da anatomia foliar na distinção de grupos taxonômicos e 

relações ecológicas das plantas (CORRÊA et al., 2008), bem como para diferenciar 

espécies que se encontram separadas geograficamente (PELEGRIN et al., 2009). 
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Abstract: Bauhinia monandra Kurz (Fabaceae) is an ornamental leguminous tree from Africa. Its leaf has 

been proven to be hypoglycaemic, and are a source of lecithin BmoLL, providing this species with great 

medicinal potential. Curiously, there are no reports of the anatomical description of the leaf of this species. 

The present work aimed at describing the leaf anatomy of B. monandra, and make histochemical 

inferences. To this end, anatomical procedures in light and scanning electron microscopy were performed 

from different parts of the leaves of plants growing in the state of Bahia, Brazil. The leaf is amphistomatous. 

It possesses papillate epidermis, nonglandular and navicular trichomes, and the mesophyll is dorsiventral. 

The central vein is distinct from the others of the first degree. The first, second, and third-degree veins 

possess thick fibre bundles with associated monocrystals. The other veins are a little fibrous and 

excessively reduced. The petiole vascularisation consists of circularly arranged collateral bundles, plus two 

accessory bundles. The pulvinus have a wide parenchymatic cortex with abundant druses and 

vascularisation restricted to the central region, surrounded by a crystalline sheath and by a starch sheath. 

The motile cushion has the vascular bundles arranged in series. Associated with the phloem from the 

pulvinus vascular bundles and the motile apparatus, occur non-lignified septate fibres that confer flexibility 

to these organs. The absence of lateral projections and the arrangement of vascular bundles in the petiole 

was the most distinctive anatomical features and of the greatest taxonomic potential observed in the leaf of 

B. monandra. 

HIGHLIGHTS 
 

• Bauhinia monandra leaf is mesomorphous to xeromorphous. 

• It has glandular navicular and uniseriate nonglandular trichomes. 

• The petiole has differential anatomical characteristics within the genus. 

• The pulvinus and the motile cushion have live pectic septate fibres. 
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INTRODUCTION 

Bauhinia L. is by far the largest genus of Cercidoideae (Fabaceae) [1]. With about 300 species [2], 
Bauhinia has characteristic palminervous bilobed or bifoliate leaves, with an apical extension between the 
lobes or leaflets. The petiole has two thickenings, named proximal and distal pulvinus. At the base of the 
leaf blade, there is a joint called motile cushion, responsible for the distinctive nyctinastic movements of 
opening and closing the limbus [3]. The genus Bauhinia has several species of medicinal importance, 
mainly hypoglycemic, such as B. divaricata [4], B. forficata [5], B. megalandra [6], and B. monandra [7]. 

Bauhinia monandra Kurz is an African tree [8]. Despite its tropical origin, it adapts well to regions of 
amene climate. In Brazil, it is often grown in the North and Northeast regions, being rare in the South region 
of the country. This species is evergreen, 5-7 meters tall, and produces large pink flowers. As a markable 
and distinctive morphological characteristic, its flowers have a single fertile stamen [9], which is why it 
received the specific epithet monandra. 

It is an ornamental tree [10] used in urban arborisation [11-13]. Lately, B. monandra has been 
intensively investigated as to its importance for man. Its seeds are potential sources of biodiesel [14] and 
amino acids for animal feeding, including humans [15]. The leaves are widely used in folk medicine, mainly 
in the treatment of diabetes. Its anti-glycaemic properties, stimulating the release of insulin in the blood, 
have been confirmed in rodents [7,16]. They also have antimicrobial activity, being a safe and economical 
alternative for treating infectious diseases [17]. The leaves are a source of antioxidant steroids and 
flavonoids [18-20] and of lecithin BmoLL, which has an anti-inflammatory and anti-nociceptive action tested 
in mice [21] and also, insecticidal action duly confirmed [22]. 

Some species of the genus had their leaf anatomy described, such as B. blakeana [23, 24], B. 
cheilantha [25], B. curvula [26], B. forficata [27-29], B. malabarica [24], B. microstachya [30], B. pentandra 
[25], B. purpurea, B. racemosa, B. tomentosa [24, 31], B. ungulata [25], and B. variegata [29,31]. With this 
information, it is possible to use a larger amount of parameters, thus giving greater robustness in taxonomic 
discussions. Anatomical characteristics are of great value in the resolution of phylogenetic relationships 
[32], and leaf structure aspects are useful even for the development of dichotomous keys to distinguish 
species [33]. 

As for the B. monandra, despite the great importance and extensive studies carried out on this 
species, little is known about its anatomy. The leaves, which are of great potential for several applications, 
do not even have their surface and internal structure satisfactorily described. Knowledge on the leaf 
structure of B. monandra is of basal importance for taxonomic, physiological and pharmacological studies. 
Also, for the quality control of commercialised phytopharmaceuticals [34], mainly to avoid counterfeiting 
[35]. It has recently been demonstrated that the pattern of leaf blade veins is a valuable tool for 
distinguishing several species of Bauhinia commercialized for medicinal purposes, although in this study 
the leaves of B. monandra were not analysed [36]. A more detailed analysis of different parts of the leaf 
would certainly contribute even more to the efficiency of this quality control. Thus, the present study aimed 
to describe the leaf anatomy of B. monandra and, using the Toluidine blue O dye in pH 4.0 [37] among 
other usual techniques in plant anatomy, to obtain a greater wealth of information from the analysed cells 
and tissues [38] for taxonomic, physiological and pharmacological purposes. 

MATERIAL AND METHODS 

Three adult individuals of B. monandra growing at the Universidade Estadual do Sudoeste da 
Bahia, Campus of Vitória da Conquista, Bahia State, Brazil, at the coordinates 14°53’28"S, 40°48’14"W, 
and at 823 meters above sea level, were studied. The vouchers were deposited at the UESC Herbarium 
under the numbers 21.964, 21.965 and 21.966. 

Fully expanded, whole and healthy leaves, with the leaf blade measuring 11-13 cm in length, were 
obtained from the fifth to the eighteenth nodes, from August 2017 to May 2018. These leaves were 
preliminarily examined using a Motic SMZ-143-FBLED stereoscopic equipped with a Canon PowerShot 
SD3500 digital camera for observation and photographic documentation. With the aid of a razor blade, 
samples from different parts of the leaf were isolated, namely: the petiole, segments of the proximal 
pulvinus, the middle part of the petiole and the distal pulvinus. From the leaf blade, the motile cushion, 
mesophyll, veins of all degrees and foliar edge were isolated. 
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Light microscopy 

Part of the samples was immediately sectioned, obtaining numerous cross and longitudinal-
sections. Paradermal-sections were also performed on both sides of the leaf blade. These sections were 
made by free-hand with the aid of a razor blade [39] and observed in fresh with and without staining. For 
staining, obtaining metachromasia and histochemical inferences, Toluidine blue O 0.025% was used in 
McIlvaine buffer at pH 4.0 [37, 38, 40] for 15 min. For starch identification, the Lugol test [41] was 
performed. After staining, the sections were washed in distilled water and the slides were mounted with 
coverslips and distilled water [42]. 

For analysis and photographic documentation, a Leica DM750 light microscope equipped with an 
ICC50 HD (Leica) digital image capture system (Leica Microsystems, Wetzlar, Germany) was used. The 
anatomical description was performed according to the terminological criteria of Metcalfe and Chalk (1957) 
[43] and Wilkinson (1988) [44]. At least 30 sections per leaf part were analysed. Each individual had at 
least five leaves analysed. 

Scanning electron microscopy 

Samples of blades of five leaves from each of the three individuals studied were fixed in a solution 
containing 0.5% glutaraldehyde, 4% paraformaldehyde, 3% sucrose and 5 mmol/L calcium chloride in 0.2 
mol/L phosphate buffer at pH 7.2 [45] for 24h at 6ºC, then washed in the same buffer, dehydrated in an 
ethanolic series and submitted to the CO2 critical point using a Bal-tec CPD030 (Balzers, Schaan, 
Liechtenstein). The samples were adhered to stubs and subjected to cathodic gold sputtering in a Bal-tec 
SCD050 (Balzers, Schaan, Liechtenstein) sputter coater [46]. The observations and electron micrographs 
acquisition were performed in a Quanta 250 (FEI Company, Oregon, USA) scanning electron microscope 
at 10Kv, equipped with a digital image acquiring system.  

RESULTS 

Leaf blade 

The epidermis is single-layered and papillate, with epicuticular waxes in a plate pattern (Figure 1 A, 
B). In paradermal-section, the ordinary cells have sinuous to straight anticlinal walls on the adaxial side 
(Figure 1 C, D) and straight on the abaxial one (Figure 1 E). There are normal uniseriate multicellular 
nonglandular trichomes with verrucous ornamentation on both sides (Figure 1 B, F), mainly on the veins, 
where these trichomes are longer (Figure 1 G). Normal, multiseriate multicellular glandular trichomes 
(navicular trichomes) are present only on the abaxial surface, being more numerous on the edge and the 
veins, mainly in the vicinity of the motile cushion (Figure 1 H). The stomata are of the paracytic and 
anomocytic type, located at the same level as ordinary cells and occurring basically in the abaxial 
epidermis (Figure 1 E). In the adaxial epidermis, stomata are scarce, restricted to the vicinity of the first-
degree veins and are rudimentary (Figure 1 D). 

The mesophyll is dorsiventral, with two layers of palisade parenchyma that represent about 3/4 of 
the mesophyll thickness, and about two layer of spongy parenchyma, whose cells are shorter and tending 
to braciform (Figure 1 I). Some mesophyll cells contain druse (Figure 1 I, J), other few accumulate material 
that stains blue with Toluidine blue O at pH 4.0 (TBO) (Figure 1 K). The leaf edge is enlarged and has one 
to three layers of cells that appear to be a hypodermis, where some cells can also accumulate material that 
stains blue with TBO. In cross-section, the vascular bundle present in the leaf edge is characterised by its 
outline more circular (Figure 1 K, L), by a large number of fibres, mainly associated with phloem, and by the 
small relative size of the xylem (Figure 1 M), in comparison to the other vascular bundles of the mesophyll, 
which are described below. 
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Figure 1. Micrographs of the Bauhinia monandra leaf blade. Scanning electron microscopy (A, B, F-H), paradermal 
(C-E) and cross-sections (I-M) stained with Toluidine blue O (C-E, I, K-M) and not stained (J). A. Adaxial epidermis. B. 
Abaxial epidermis. C, D. Adaxial epidermis. E-H. Abaxial epidermis. I. Mesophyll, showing the epidermis, 
chlorenchyma and vascularization. J. Detail of the palisade parenchyma, showing a druse. K, L. Leaf edge. M. Detail 
of the region delimited by the square in L. Legends: 1V- first-degree vein; 4V- fourth-degree vein; 5V- fifth-degree 
vein; AbE- abaxial epidermis; AdE- adaxial epidermis; BlC- blue stained cell; Dr- druse; F- fibres; Hd- hypodermis; M- 
mesophyll; NgT- nonglandular trichome; NT- navicular trichome; PP- palisade parenchyma; Ph- phloem; SP- spongy 
parenchyma; St- stomata; VcBd- vascular bundle; VcTe- vascular termination; X- xylem. Scale bars are in 
micrometres. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Leaf anatomy of Bauhinia monandra 23 
 

Brazilian Archives of Biology and Technology. Vol.64: e21200618, 2021 www.scielo.br/babt 

The central vein is very different from the other first-degree veins (Figure 2 A). It is characterised by 
an almost complete circular projection towards the adaxial side (Figure 2 B). The adaxial epidermis is 
wrinkled forming a groove, subtended by circa of two annular collenchyma layers. Subjacent, there is a 
vascular bundle with a group of fibres which stained in greenish-blue with TBO, dorsal to the xylem (Figure 
2 C), and an arched sheath of similar fibres surrounding the phloem (Figure 2 B). In the latter, idioblasts 
that also stain in greenish-blue with TBO may occur (Figure 2 E). On the abaxial side, there are two layers 
of collenchyma subjacent to the epidermis. Internally, collapsed cells occur and, subjacent, two layers of 
ground parenchyma. Finally, there is the fibre sheath whose walls also were coloured in greenish-blue 
(Figure 2 E). The leaf blade is thinner in the vicinity of the central vein, where the mesophyll consists of two 
layers of isodiametric cells of chlorenchyma (Figure 2 D). 

The other first-degree veins (Figure 2 A, F), excluding the central one, are also conspicuously 
protruding from the abaxial side, but slightly protruding from the adaxial side (Figure 2 G). Also, they are 
thicker and less circular in cross-section than the central vein. There is a narrow band of collenchyma that 
is larger than that of the central vein, which extends from the adaxial epidermis to one fibre bundle (Figure 
2 H). This bundle is found at the dorsal portion of a large arc-shaped vascular bundle, in contact with the 
xylem parenchymal cells. Associated with the phloem, there are fibres organised in an arc that surrounds 
the vascular bundle in its ventral portion (Figure 2 G). The outermost fibres may be associated with 
prismatic crystals. Externally surrounding this arc of fibres, there are circa of two layers of ground 
parenchyma. In the apical region of the veins protrusions, on the abaxial face, there is a parenchyma 
transitional to collenchyma with collapsed aspect, forming rugosities on its surface. External to the 
collapsed layer, there is a collenchyma layer and, finally, the epidermis (Figure 2 I). 

The second-degree veins (Figure 2 A, F) have a similar structure to the first-degree ones, differing 
basically by their smaller size, the collenchyma underlying the abaxial as well as the collapsed 
parenchymatic cells are absent and, consequently, there are no rugosities on the abaxial side (Figure 3 A). 

The third-degree veins (Figure 2 F) are not very prominent on both sides. They consist of a vascular 
bundle with fibre clusters associated with the xylem and phloem. When viewed in cross-section, these 
fibres have an arrangement tending to elliptical in the xylem and an arc arrangement in the phloem. The 
vascular bundle is surrounded by a sheath that makes indirect contact with the epidermis by a narrow strip 
of a single layer of hypodermic cells, on both sides (Figure 3 B). 

The fourth-degree veins (Figures 1 I, 2 F) do not protrude on either side. The vascular bundle is 
very small. The sheath extends from epidermis to epidermis, and the fibres occur in small numbers in each 
pole of these vascular bundles (Figure 3 C). The fifth-degree veins (Figures 1 I, 2 F) are structurally similar 
to the fourth-degree ones, however, they are even narrower with less vascular tissues and may not have 
fibres (Figure 3 D). Finally, the vascular terminations in the centre of the areoles (Figure 2 F) occur in the 
abaxial half of the mesophyll (Figure 1 I), they are constituted only by xylem surrounded by a sheath that 
extends merely to the abaxial epidermis (Figure 3 E). 

In the motile cushion (Figures 2 A, 3 F), the epidermis is characterised by its wrinkled appearance, 
with longitudinal creases on both sides (Figure 3 G, H). Both epidermises are single-layered (Figure 3 I). 
There are no stomata and dense trichomes occur on the abaxial side (Figure 3 H). The cortex is broad 
(Figure 3 F), with thick parenchyma, and there are also numerous druse idioblasts (Figure 3 I). In the 
vicinity of the five to six vascular bundles that go to the first order veins of each leaf blade lobe, the 
parenchyma tends to chlorenchyma. These vascular bundles (Figure 3 J) occur in a linear arrangement 
(Figure 3 F). They are surrounded by a starch sheath (Figure 3 K) and are interconnected by a parenchyma 
strip rich in pit-fields (Figure 3 L). The vascular bundles are collateral (Figure 3 J), surrounded by a thick 
cap adjacent to the phloem, consisting of septate fibres whose walls are rich in pits and assume 
metachromasia to TBO (Figure 3 M, N). 
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Figure 2. Bauhinia monandra leaf parts and larger veins. A. General view of a whole leaf. B. Cross-section of the 
central vein. C. Detail of the groove region. D. Detail of the leaf blade adjacent to the central vein. E. Magnification of 
the region bounded by the rectangle in B. F. Detail of the leaf blade, observed under a stereoscope, with veins of all 
degrees. G. Cross-section of the first degree vein. H. Detail of the adaxial part of the vein. I. Detail of the lateral 
region. Legends: 1V- first-degree vein; 2V- second-degree vein; 3V- third-degree fein; 4V- fourth-degree vein; 5V- 
fifth-degree vein; AbE- abaxial epidermis; AdE- adaxial epidermis; BlC- blue stained cell; Chl- chlorenchyma; CnV- 
central vein; Co- collenchyma; CpC- collapsed cells; DsPv- distal pulvinus; F- fibres; GPa- ground parenchyma; Gr- 
groove; M- mesophyll; MdPe- medium petiole; MtCs- motile cushion; Ph- phloem; PmCr- prismatic crystal; PrPv- 
proximal pulvinus; X- xylem. Scale bars are in centimetres (A) and in micrometres (B-I). 
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Figure 3. Bauhinia monandra minor leaf veins (A-E) and motile cushion (F-N), under the light microscope (A-F, I-N) 
and the scanning electron microscope (G, H). A. Second-degree vein. B. Third-degree vein. C. Fourth-degree vein. D. 
Fifth-degree vein. E. Vascular termination. F. General view of the longitudinal-section of the motile cushion. G. Motile 
cushion in adaxial view. H. Motile cushion in abaxial view. I. Detail of the adaxial part of the motile cushion. J. Detail of 
the vascular bundle of the motile cushion. K. Like in J, but stained with Lugol, showing the starch sheath. L. Detail of 
the parenchyma with pit-fields, between vascular bundles in the motile cushion, according to the region delimited by 
the rectangles in F and J. M. Detail of the abaxial part of the vascular bundle. N. Longitudinal-section of the septate 
fibres of the motile cushion. Legends: AbE- abaxial epidermis; AdE- adaxial epidermis; Chl- chlorenchyma; Co- 
collenchyma; Dr- druse; F- fibres; GPa- ground parenchyma; Pa- parenchyma; Ph- phloem; PtFd- pit-fields; SpF- 
septate fibres; StSh- starch sheath; VcBd- vascular bundle; X- xylem. Scale bars are in micrometres. 
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Petiole 

The distal pulvinus has an elliptical shape in cross-section (Figure 4 A). The epidermis has a layer 
of ordinary cells whose cuticle corresponds to about half the height of the anticlinal walls (Figure 4 B). 
Spaced nonglandular trichomes and, eventually, navicular trichomes occur. Subjacent, there is a large 
parenchyma consisting of large cells (Figure 4 A, B), many of which containing druses. These druse cells 
occur in a progressively greater quantity towards the four vascular bundles. The parenchymal cells close to 
vascularisation contain chloroplasts (Figure 4 C). The vascular bundles are wrapped together by a starch 
sheath (Figure 4 D) where some cells may contain druse or prismatic crystal (Figure 4 E). They are 
collateral, arranged in two pairs aligned on the longest axis of the organ when in cross-section. Each pair 
consists of a larger bundle, with the phloem facing the periphery, and a smaller one, with the phloem facing 
the centre of the organ (Figure 4 A). Eventually, prismatic crystals can occur in the phloem (Figure 4 F). 
Externally, involving the vascular bundles set, there is a sheath of septated fibres (Figure 4 G) with 
conspicuous pits. These fibres are characterised for assuming metachromasia to TBO (Figure 4 A, F, G), 
and are also present between the smaller vascular bundles. 

The inter-pulvinus portion of the petiole has a sub-elliptical format in cross-section, with a larger 
dorsiventral axis and flat adaxial side (Figure 4 H). The epidermis is single-layered, consisting of cells of 
quadrangular format in both cross and longitudinal-sections. The cuticle is relatively thick (Figure 4 I). 
Stomata are absent. Uniseriate nonglandular trichomes are practically non-existent and, even more rarely, 
navicular trichomes occur. Subjacent two to four layers of annular collenchyma occur (Figure 4 I, L) and, 
internally, about ten layers of chlorenchyma tending to ground parenchyma (Figure 4 J). The 
vascularisation consists of a ring of collateral vascular bundles of varying sizes, where the most abaxial is 
the largest one and the most adaxial is the second largest. The other vascular bundles are much smaller 
than those mentioned above. The most adaxial is in an eccentric position, projecting itself between two 
accessory collateral bundles external to the ring. These bundles form protrusions on the adaxial face of the 
petiole, resulting in the flattening of this side (Figure 4 H). 

Each of the accessory bundles has a thick cap of fibres associated with the phloem, however 
without surrounding completely the bundle (Figure 4 J). The ring of vascular bundles is completely 
surrounded by fibres arranged in circa of six layers (Figure 4 H). Externally, prismatic crystals occur (Figure 
4 K, L). All of these fibres are greenish-blue when stained with TBO (Figure 4 H). Inside the ring of vascular 
bundles, there is a large pith with voluminous parenchymal cells, where the most peripheral ones 
accumulate starch grains. Druses rarely occur (Figure 4 M). 

The proximal pulvinus has a relatively regular circular format when in cross-section (Figure 5 A). It is 
the thickest portion of the petiole (Figure 2 A). The epidermis is single-layered, with square cells in cross-
section. The thickness of the cuticle is practically the same as the cell lumen. Nonglandular trichomes are 
rare and navicular ones are practically nonexistent. Subjacent, there is a wide cortex of parenchymal cells 
(Figure 5 A, B), with a progressively greater number of druses occurring in the vicinity of the 
vascularisation, which is surrounded by a starch sheath (Figure 5 C). 

In the centre of the proximal pulvinus there is a concentric amphicribral vascular bundle, with a 
circular, but slightly triangular, shape with the apex facing the adaxial side. The diameter of the vascular 
bundle corresponds to just over a third of the pulvinus diameter (Figure 5 A). In the outer portion of the 
bundle, septate fibres similar to those observed in the distal pulvinus occur (Figure 5 A, C-E). The phloem 
protrudes centripetally at the apex of the rounded triangle, conferring a depression in the xylem in this 
region and, consequently, a U-shape to the restricted pith parenchyma. On the adaxial side, the vascular 
tissues are more voluminous (Figure 5 A). 
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Figure 4. Bauhinia monandra distal pulvinus (A-I) and petiole middle part (H-M). A. General view of the distal pulvinus 
in cross-section. B. Detail of the adaxial portion. C. Detail of the inner region of the cortical parenchyma. D. Detail of 
the starch sheath adjacent to the septate fibres of the vascular bundles, stained with Lugol. E. Like in D, but stained 
with Toluidine blue O pH 4.0. F. Detail of the vascular bundles' tissues, as identified in the rectangle in A. G. Septate 
fibres in longitudinal-section. H. General view of the cross-section of the petiole middle part. I. Longitudinal-section of 
the cortical region of the petiole. J. Detail of an accessory vascular bundle. K. Longitudinal-section of a vascular 
bundle of the vascular ring. L. Detail of fibres in longitudinal-section with prismatic crystals in evidence. M. Detail of all 
tissues of the petiole middle part in cross-section, stained with Lugol. Legends: ABd- accessory vascular bundle; Co- 
collenchyma; Cu- cuticle; Dr- druses; E- epidermis; F- fibres; Pa- parenchyma; Ph- phloem; Pi- pith; PmCr- prismatic 
crystal; PtFd- pit-fields; VcBd- vascular bundle; SpF- septate fibres; St- starch grains; StSh- starch sheath; X- xylem. 
Scale bars are in micrometres. 
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Figure 5. Bauhinia monandra proximal pulvinus. A. General view of the cross-section of the pulvinus. B. Detail of the 
cortical region. C. Detail of the internal region of the cortex, stained with Lugol for starch contrast. D. Detail of the 
vascular tissues. E. Longitudinal-section of the region of the septate fibres. Legends: Ct- cortex; Dr- druses; Pa- 
parenchyma; Ph- phloem; PtFd- pit-fields; SpF- septate fibres; StSh- starch sheath; X- xylem. Scale bars are in 
micrometres. 

DISCUSSION 

The papillate or subpapillate leaf epidermis is characteristic of Bauhinia [43]. The hypostomatous 
condition is common for the genus [28, 30] and is the one reported for fossil records of several Bauhinia 
species from the Miocene [47]. However, in the living Bauhinia species, the amphistomatous condition with 
a higher density of stomata on the abaxial side is generally reported, [24, 26, 27, 31], although B. curvula 
presents an inverse condition, with greater stomatal density on the adaxial epidermis [26]. B. monandra is 
amphistomatous, but stomata on the adaxial side are few and restricted to the immediate vicinity of the 
larger veins, where the mesophyll is thicker. A similar condition is described in B. forficata [29]. However, in 
B. monandra the adaxial stomata have a rudimentary aspect which suggests little functionality and, in this 
case, it can be inferred that this species is physiologically hypostomatous. 

The stomata described for the genus are of the paracytic, anisocytic, tetracytic, and anomocytic 
type, corroborating with the paracytic and anomocytic types observed in B. monandra in the present work, 
similarly to B. blakeana [23] and B. curvula [26]. It is possible that, from the paracytic, described for fossil 
records of Bauhinia from the Miocene [47], it has derived into the other stomata types of the genus. 

The plate pattern of the epicuticular waxes observed in B. monandra is similar to that illustrated for 
B. forficata and B. variegata, however, a notable higher density was not observed on the abaxial epidermis, 
as reported for these two species [29]. On the contrary, in B. monandra a slightly more coarse appearance 
of the epicuticular waxes was noted in the adaxial epidermis. 

Uni to pluricellular, normal (non-branched) uniseriate trichomes are typical for the Bauhinia genus. 
They are usually pluricellular, although, in B. microstachya [30], B. racemosa and B. tomentosa [24] 
unicellular trichomes are exclusively reported. The verrucous cuticle of these trichomes was emphasised 
only in the description of B. microstachya [30], a condition similar to that of B. monandra. The glandular 
trichomes are also characteristic for the genus. It is generally described in the petiole and the abaxial side 
of the leaf blade in other Bauhinia species, in agreement with that observed in B. monandra. In B. forficata, 
alkaloids, glycides and lipid droplets were found to occur in these trichomes [28]. However, there are no 
reports on this type of trichome in anatomical leaf studies for several species of the genus [30, 31]. 
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The straight to sinuous anticlinal walls of the ordinary epidermal cells of the leaf blade is typical for 

the genus, and both sides may or may not have the same pattern. Apparently, straight anticlinal walls are 
the most common type [24, 31]. In B. monandra, sinuous to straight walls in the adaxial epidermis and 
straight walls in the abaxial one can be a strong diagnosis, since no reports of this pattern were found in the 
bibliographic survey carried out for any other species of the genus. Some epidermal features of the leaf 
blade of different species of Bauhinia are organised, comparatively, in Table 1. 

In descriptions of the mesophyll for the Bauhinia genus, patterns of chlorenchyma consisting of 
elongated cells are common, as in B. curvula [26], B. forficata [27, 28] and B. ungulata, and also in the 
related genus Schnella. In these last two species, the spongy parenchyma constitutes the largest thickness 
of the mesophyll, and its cells delimit remarkably large intercellular spaces [25]. In B. monandra, although 
the cells of the spongy parenchyma cells are somewhat elongated, they are shorter than those of the 
palisade one and in a relatively compact layout, similar to the illustrations in the descriptions for B. forficata 
[29] and B. pentandra [25]. Although in most reports for Bauihnia the mesophyll is dorsiventral, in B. 
forficata the mesophyll was described as homogeneous [27] and isobilateral [28]. This disagreement may 
be due to differences in interpretation among the authors or by phenotypic differences between the studied 
individuals. 

The leaf margin has special potential for taxonomic application in Bauhinia, as it provides distinctive 
anatomical characteristics between species of the genus [25]. Nevertheless, due caution is necessary, as 
environmental factors can result in small anatomical variations in the leaf margin of the same species, as 
reported in B. forficata [28]. Unfortunately, little emphasis is given to the leaf margin in anatomical 
descriptions for the genus. Like B. forficata and B. variegata [29], B. monandra has a vascular bundle on 
the margin resulting in its dilatation. The more rounded condition of this vascular bundle also coincides with 
that illustrated in the work of Lusa and Bona [29]. The presence of what appears to be a parenchymatous 
hypodermis with one to three cell layers observed in B. monandra is, apparently, a characteristic that 
deserves attention. It is important to note that ontogenetic studies are necessary to confirm whether this 
tissue is, in fact, an actual hypodermis. 

The lesser thickness of the mesophyll observed in the vicinity of the central vein of B. monandra is 
also visible in the illustrations of the anatomical descriptions of the other species of Bauhinia [23, 25, 26, 
28, 29]. This narrowing was mentioned only in the work on B. forficata [28], but in a superficial way. This is 
probably a condition found in all species of the genus, being an adaptation for the greater flexibility of the 
leaf blade in the nastic movements of leaf opening and closing. 

All B. monandra leaf veins, including the fifth-degree ones, extend from epidermis-to-epidermis, 
interrupting the continuity of the mesophyll chlorenchyma. Thus, the leaf blade is a mosaic of chlorenchyma 
compartments delimited by areoles, which restrict the free lateral gases movement along the mesophyll. 
Leaves like this are called heterobaric [48]. Some features of leaf blade of different species of Bauhinia are 
organised, comparatively, in Table 2. 

The cross-section of the B. monandra petiole middle part demonstrated a remarkable feature at first 
sight: the absence of lateral projections on the adaxial side. These projections, which are subtended by the 
two accessory collateral bundles, are reported in most leaf anatomical descriptions for the genus, causing 
the petiole adaxial face to have the greatest width. In B. monandra, the largest vascular bundle width is 
found on its middle portion. A similar condition is reported for B. microsthachya, however, this species vary 
in not having accessory bundles [30]. Some Bauhinia species have a vascular bundle in a central position, 
surrounded by the ring of non-accessory vascular bundles, such as B. cheilantha [25] and B. curvula [26]. 
B. blakeana has the unusual characteristic of having one or two accessory collateral vascular bundles and 
about eight bicollateral bundles distributed in the central region, apparently without delimiting a ring [23]. A 
common condition is that ring vascularisation forms a projection towards its central part, as reported for B. 
forficata [27], B. microstachya [30] and B. pentandra and, in a extreme case, the separation into two large 
amphicribral bundles in B. ungulata [25]. B. monandra has the vascular bundles situated in a circular 
arrangement, forming a projection towards the cortex, between the two adaxial accessory bundles, being 
another remarkable differential for the species. This variety of forms indicates a great taxonomic potential 
for the petiole anatomy in Bauhinia. 

The B. monandra pulvinus follows the general pattern described for Fabaceae, with a wide cortex, 
vascularisation in a central position and a restricted or absent of pith [25, 28, 29, 49-51]. A starch sheath 
was found in both B. monandra pulvinus, which also occurs around the motile cushion bundles. 
Interestingly, in the inter-pulvinus petiole, this sheath is absent, with amyloplasts occurring only in the cells 
of the pith parenchyma, similar to the condition described for B. forficata e B. variegata [29]. Unfortunately, 
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little attention is paid to the starch sheath in the reports of leaf anatomy in Bauhinia, although the Lugol test 
[38], for starch detection, is extremely simple. 

The appearance of the proximal pulvinus of B. monandra is practically identical to that reported for 
B. forficata [29], as it presents a single large amphicribral concentric vascular bundle delimiting a small pith, 
with a vascular projection on the adaxial side directed to the centre. B. pentandra also has the same 
pattern according to the illustration of Pereira et al. [25] work, although the authors classified the vascular 
bundle as of bicollateral type. 

The distal pulvinus of B. monandra has the vascular arrangement typical to all the few reports found 
for the genus, with two pairs of collateral bundles, where the largest ones are peripheral with the phloem 
facing the cortex, and the two central ones are smaller vascular bundles with the phloem facing the centre 
[25, 26, 28, 29]. As it is a transitional structure between the inter-pulvinus petiole and the motile cushion, 
some variation can be found depending on the level of the section in the same pulvinus, which requires 
some caution in using the vascular aspects of this structure for taxonomic purposes. 

The ripples observed in the epidermis pulvinus in legumes are related to their ability to move [50]. 
Similar ripples have been reported in Bauhinia species [29] and also observed in the B. monandra pulvinus 
and motile cushion in the present work, with them certainly being related to the wide flexing movements of 
these structures. The rich plasmodesmata connection between parenchymal cells that interconnect the 
vascular bundles in the motile cushion is also reported in B. curvula [39] and it may be related to the 
physiological processes for the movements of this structure. 

The pectic nature of the septate fibres walls in the pulvinus of B. monandra, verified by the 
metachromasia to TBO, as well as the lignified nature of the petiole's rigid fibres, by the bluish colouration 
conferred by this same dye [38], corroborates with the reported for B. curvula [26]. Likewise, the bluish 
colouration conferred by this dye for the fibres of B. monandra leaf blade veins also indicates their lignified 
nature [38]. In the primary and secondary pulvinus of Pterodon pubescens, septate fibres similar to those 
observed in B. monandra are described as pericyclic [49] and, by analogy, it can be deduced that the 
septate fibres of the B. monandra pulvinus have this same origin. The pits and the lack of lignification 
guarantee, respectively, symplastic and apoplastic continuity between pith and cortex [49, 51, 52] within the 
latter there are the motor cells [53] responsible for pulvinus movement. There are also similar septate fibres 
external to the phloem of the vascular bundles of the B. monandra motile cushion, which allows inferring 
the same pericyclic origin and the similar flexibility and physiological functions in this motor structure 
continuous to the distal pulvinus. The rich impregnation of pectates in the walls of these fibres define them 
as gelatinous fibres. 

The occurrence of phenolic compounds is common in pulvinus, being reported in the phloem, pith, 
and cortex in several legume species [49, 50]. The dye used in the present work, TBO, indicated the 
presence of this chemical class only in some mesophyll and hypodermis cells, as well as in the phloem of 
the central vein of the B. monandra leaf. Nevertheless, no phenolic cells were seen in the pulvinus or motile 
cushion. This dye provides a typical bluish or greenish-blue colouration to phenolic compounds [38], 
however, it is not a specific histochemical test and, therefore, the results on phenols presented here are 
only inferences, requiring verification by further studies. 

The sclerenchyma and crystal sheath involving the vascularisation of the middle petiole is a 
characteristic reported in all work on Bauhinia in the bibliographic survey carried out. In the leaf vein 
sheath, prismatic crystals are reported [23, 36], corroborating the condition observed in B. monandra. 
Druses are also reported in the mesophyll of several Bauhinia species [25, 29, 36], and mainly in the 
pulvinus cortex and/or motile cushion [25, 26, 28, 29]. The accumulation of calcium oxalate crystals in 
photosynthetic organs is a normal phenomenon that is linked to plant metabolism [54]. These substances 
are forms of calcium storage [55] in response to its excess [56-59], and can be a repository with high 
capacity for this ion [60]. Since the movements performed by the pulvinus are the result of osmotic 
phenomena where Ca2+ acts [61, 62], and considering that the motile cushion is a structure physiologically 
similar to the pulvinus, the rich presence of druses in the cortex of these motor structures may be related to 
the local availability of this ion. Also, calcium oxalate crystals are considered to be feeding deterrents, 
preventing herbivory [63]. 
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Table 1. Anatomical features of the leaf blade epidermis of different species of Bauhinia. 
NR - Not reported. 

 

 Features 
Bauhinia 
species 

Anticlinal walls of ordinary cells Stomata types Trichomes References 

 Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial  

B. monandra Sinuous, 
straight 

Straight Anomocytic, 
paracytic 

Anomocytic, 
paracytic 

Normal uniseriate 
multicellular nonglandular 

Normal uniseriate 
multicellular nonglandular, 

normal multiseriate 
multicellular glandular 

(navicular). 

Present 
work 

B. acuminata Sinuate Wavy Absent Anisocytic, 
paracytic, 
tetracytic 

Absent Present [31] 

B. blakeana Straight, beaded Straight Anisocytic, 
anomocytic, 

paracytic 

Anisocytic, 
anomocytic, 

paracytic 

Absent or normal uni-
multicellular nonglandular, 

normal multicellular 
glandular 

Normal uni-multicellular 
nonglandular, normal 
multicellular glandular 

[23, 24] 

B. cheilantha Straight-curved Sinuous Anisocytic, 
anomocytic 

Anisocytic, 
anomocytic 

Absent Normal, multicellular 
nonglandular, glandular 

(navicular) 

[25] 

B. curvula Curved? NR Anomocytic, 
paracytic 

Anomocytic, 
paracytic 

Absent Normal uniseriate 
multicellular nonglandular, 

multicellular "gland" 

[26] 

B. forficata Curved,  Straight, 
sinuous 

Absent or 
anomocytic 

Anomocytic, 
paracytic 

Absent Normal uniseriate uni-
multicellular nonglandular, 

normal multicellular 
glandular (navicular) 

[27-29] 

B. galpinii Wavy Wavy Anomocytic Anomocytic ? ? [31] 
B. hookeri Sinuous Sinuous Absent Tetracytic Absent Absent [31] 

B. malabarica Straight, beaded Straight Absent Anomocytic, 
anisocytic 

Multicellular uniseriate, 
unicellular hooked 

Multicellular uniseriate, 
unicellular dovering 

[24, 31] 

B. microstachya Sinuous Sinuous Absent Anomocytic, 
paracytic 

Unicellular glandular Unicellular nonglandular [30] 

B. pentandra Straight-curved Sinuous Anisocytic, Anisocytic, Absent Normal, multicellular [25] 
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anomocytic, 
paracytic 

anomocytic, 
paracytic 

nonglandular, glandular 
(navicular) 

B. phoenicea Wavy Wavy Absent Anomocytic, 
tetracytic 

Present Present [31] 

B. purpurea Beaded, wavy Straight, wavy Absent or 
anisocytic 

Anisocytic, 
paracytic, 
tetracytic 

Absent Multicellular, uniseriate, 
covering 

[24, 31] 

B. racemosa Straight Straight Absent or 
tetracytic 

Anisocytic, 
anomocytic, 

paracytic 

Absent or normal 
uniseriate uni-multicellular 

nonglandular 

Normal uniseriate uni-
multicellular glandular 

[24, 31] 

B. rufescens Straight Straight Anisocytic, 
anomocytic 

Tetracytic ? ? [31] 

B. tomentosa Undulated Undulated Absent or 
tetracytic 

 

Anisocytic, 
paracytic, 
tetracytic 

Unicellular nonglandular Unicellular nonglandular [24, 31] 

B. ungulata Straight-curved Curved Anisocytic, 
anomocytic, 

paracytic 

Anisocytic, 
anomocytic, 

paracytic 

Nonglandular Normal, multicellular 
nonglandular, glandular 

(navicular) 

[25] 

B. variegata Curved Straight Anisocytic, 
anomocytic 

Anisocytic, 
anomocytic, 
paracytic, 
tetracytic 

Normal uniseriate uni-
multicellular nonglandular, 

normal multicellular 
glandular (navicular) 

Normal, uniseriate uni-
multicellular nonglandular, 

normal multicellular 
glandular (navicular) 

[29, 31] 
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Table 2. Anatomical feature of the mesophyll and leaf margin of different species of Bauhinia. 
NR - Not reported. 

 

 Features  
Bauhinia 
species 

Mesophyll Leaf margin References 

 Palisade parenchyma Spongy parenchyma   

B. monandra 2 layers 1 layer Dilated, hypodermis 1-2 layers, vascular bundle with circular contour Present 
work 

B. blakeana 3-4 layers 4-5 layers NR [23] 
B. cheilantha 2 layers 2-4 layers Obtuse and slightly reflexed [25] 

B. curvula Compact NR Parenchymal cells and small epidermal cells [26] 
B. forficata Predominant, 3-4 

layers 
NR No curvature, thick, rounded and dilated, with a large vascular bundle [27-29] 

B. microstachya 1-2 layers 3 layers NR [30] 
B. pentandra 2 layers 2-4 layers Obtuse with a collateral vascular bundle with sclerenchymal sheath, filled by 

sclerenchyma 
[25] 

B. ungulata 1 layer 4-5 layers with large 
intercellular spaces 

Acute, filled by sclerenchyma [25] 

B. variegata 3-4 layers Large intercellular 
spaces 

Dilated, with tapered terminal projection [29, 31] 
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CONCLUSION 

It was observed that the B. monandra leaf shares common anatomical characteristics described for 

other species of the genus. However, the analysis of diverse structural parameters showed distinctive 

aspects in relation to the reports of other species of Bauhinia available in the literature. It is worth 

mentioning that the petiole was structurally more different compared to reports from other Bauhinia species 

because it did not have lateral projections and because of the ring of vascular bundles protruding between 

the accessory bundles. The leaf of B. monandra exhibits mesomorphous to xeromorphous characteristics 

and is, apparently, little pubescent, in comparison to most reports found on the genus. 
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ANEXO A 

 

Print Screen da tela principal do Author Dashboard da plataforma de submissão da Brazilian 
Archives of Biology and Technology, mostrando o status de accept.  
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ANEXO B 

 

Print Screen das normas da Brazilian Archives of Biology and Technology. Disponível em < 

https://www.scielo.br/revistas/babt/iinstruc.htm>, Acesso em 15 de maio de 2021. 
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