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ABSTRACT
Floral secretory structures are usually associated with the attraction of pollinators, but may also play an important 
role in the mechanisms of plant protection. Th is study aimed to show the diversity of secretory structures present 
in the developing fl owers of 15 legume species belonging to diff erent clades and to associate them with functions 
other than the pollinator attraction. Buds, fl owers and developing axis of infl orescence were processed for surface, 
histological, and ultrastructural analyses. Th e species investigated displayed a wide diversity of secretory structures 
in developing fl owers such as phenolic cells and/or tissues, mucilaginous cells, secretory cavities, secretory trichomes 
and colleters. Each type of secretory structure exhibited variation in morphology and location in the fl ower and/or 
axis of infl orescence depending on the species. Special mucilage cells, secretory cavities, secretory trichomes and 
colleters have great potential for comparative morphological studies due to their diversity of forms or restricted 
occurrence to certain taxa, contributing to a more robust morphological data base for the new clades emerging in 
Leguminosae. Th e scarcity of reports about fl oral secretory structures of Leguminosae seems to be more related 
to defi cient sampling than to the absence of such structures in the group, which highlights the need for further 
investigation. 

Keywords: anatomy, colleter, Fabaceae, gland, idioblast, Leguminosae, morphology, mucilage cells, secretory cavity, 
secretory trichome

Introduction
Th e fl ower is the fundamental structural unit for the 

successful reproduction of angiosperms. In order to protect 
the elements that act on the attraction of pollinators, 
plants have developed effi  cient fl oral organs during their 
development, such as bracts, bracteoles and sepals (Endress 
1994). In addition to these organs, fl owers can also have 
secretory structures that act on the defense mechanisms of 

the plant against herbivores, pathogens, UV light exposure 
and dehydration. Phenolic idioblasts, colleters and secretory 
cavities are some examples of secretory structures frequently 
associated with the protection of young organs such as 
those present in developing fl owers (Fahn 1979). However, 
the secretory structures of fl owers are usually associated 
with attraction and/or reward of pollinators, while their 
other functions such as protection have been neglected in 
the literature.
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Leguminosae is the third largest angiosperm family, 
consisting of about 19,500 species and 751 genera 
(LPWG 2013). The beauty, diversity and highly interesting 
construction of their flowers have been the target of many 
anatomy and ontogeny studies (eg. Tucker 1994; 2000; 
2003; Teixeira et al. 2009; Pedersoli et al. 2010; Paulino 
et al. 2013; 2014; Pedersoli & Teixeira 2016). Thus, many 
reports about the floral secretory structures of this family 
would be expected to be available, whereas this is not the 
case. Studies of this nature are concentrated on nectaries 
(Bernadello 2007) and osmophores (Mansano & Teixeira 
2008; Marinho et al. 2014), secretory structures related to 
pollination, while other types such as secretory trichomes, 
idioblasts, cavities and ducts have been less explored in 
this family comprising such a wealth of species. The few 
examples available include studies of secretory trichomes 
in the floral parts of Bauhinia (Tucker 1984, Marinho et al. 
2016) and Chamaecrista dentata (Meira et al. 2014), in the 
perianth of Indigofera (Kumar et al. 1986, Marquiafável et al. 
2009), in the sepals of Dahlstedtia (Teixeira et al. 2009), in 
the ovary of Glycine (Healy et al. 2009), and in the bracteoles 
of Mimosa (Leelavathi et al. 1984); studies of the colleters 
in the bracts of Holocalyx balansae and Zollernia ilicifolia 
(Mansano & Teixeira 2008) and Hymenaea stignocarpa 
(Paiva & Machado 2006); of the secretory idioblasts in 
the perianth of Caesalpinia echinata (Teixeira & Machado 
2007) and in the ovary of Swartzia langsdorffii (Colpas & 
Oliveira 2002); and studies of the secretory cavities in the 
perianth of Dahlstedtia (Teixeira & Rocha 2009, Teixeira et 
al. 2009), in the ovary of Hymenaea stigonocarpa (Paiva & 
Oliveira 2004), and of the secretory ducts and cavities in 
the petals and sepals of Pterodon pubescens, Dipteryx alata 
and Taralea oppositifolia (Leite et al. 2014).

Leguminosae is currently undergoing a process of 
reclassification and changes in its taxonomic hierarchy 
will probably occur, mainly regarding subfamilies and 
tribes. Traditionally, it is divided into the subfamilies 
Caesalpinioideae, Mimosoideae and Papilionoideae (Lewis 
et al. 2005). Caesalpinioideae is paraphyletic and positioned 
at the base of Leguminosae, with Mimosoideae and 
Papilionoideae derive from it, both of them monophyletic 
(LPWG 2013). After phylogenetic analyses pointed out 
the non-monophyly of many outstanding Leguminosae 
groups, a clear awareness was raised about the need to 
reassess the positioning of these groups (Luckow et al. 2000; 
2003; Manzanilla & Bruneau 2012; LPWG 2013). Within 
this context, the study of the diversity of floral secretory 
structures, especially those seldom reported in the literature, 
could provide important characters for systematics and 
contribute to a morphological database supporting and 
characterizing the emerging clades of Leguminosae.

Thus, the objective of the present study was to investigate 
the diversity of the secretory structures of developing 
flowers of 15 species of different Leguminosae clades. The 

expectation was to detect secretory structures little related 
to pollination whose morphology and distribution would 
be of help for the current classification of the family. 

Materials and methods

Species studied

The morphological diversity of the secretory structures 
was investigated in flowers (Fig. 1) of 15 species of 
Leguminosae belonging to six different clades of the family 
(according to LPWG 2013) (Tab. 1). 

Collection and screening of the material

Floral buds in various stages of development, flowers in 
the stage immediately preceding anthesis (pre-anthesis) and 
the developing axis of the inflorescence were collected, fixed 
in buffered formalin for 48 h (Lillie 1965) and dehydrated 
in an ethanol series. The materials were dissected with the 
aid of a stereomicroscope and screened for the presence of 
external secretory structures. Internal secretory structures 
formed during the early flower development were also 
investigated. After the initial screening, the materials were 
processed for surface (scanning electron microscopy) and 
anatomy exams (light microscopy).

Surface analysis

The surface of the external secretory structures of 
developing flowers was studied by scanning electron 
microscopy. To this end, previously fixed materials were 
dehydrated in an ethanol series (Tucker 1993), dried to the 
critical point with a Bal Tec CPD 030 apparatus, mounted on 
metal supports on an adhesive carbon tape and sputtered 
with gold with a BalTec SCD 050 sputter coater for 160 
seconds. The observations were performed with a Zeiss IVO-
50 scanning microscope at 15 kv, and the photomicrographs 
were obtained with a coupled digital camera.

Anatomy

For the anatomical study, samples were dehydrated in 
ethanol series and embedded in histological resin (Gerrits 
1991); longitudinal and cross sections with 1.5 to 3 µm 
were obtained using a rotary microtome. Serial sections 
were stained with 0.05% Toluidine Blue in phosphate 
buffer, pH 5.8 (O’Brien et al. 1964), mounted in water and 
observed under a light microscope. The photomicrographs 
were obtained with a Leica DM 4500 B photomicroscope 
coupled to a Leica DFC 320 digital camera, with scales under 
the same optical conditions.
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Figure 1. Flowers of six legume species representing each of the six clades sampled in this study. A. Cassia fistula (Cassia clade). B. 
Caesalpinia echinata (Caesalpinia clade). C. Dimorphandra mollis (Dimorphandra p.p clade). D. Hymenaea courbaril (Detarieae clade). E. 
Calliandra brevipes (Mimosoideae clade). F. Erythrina speciosa (Papilionoideae clade).
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Ultrastructure

To ensure the type of mucilage cell, sepal samples of 
Mimosa lewisii were collected, fixed in Karnovsky’s solution 
for 24 h (Karnovsky 1965) and stored in 0.1 M phosphate 
buffer, pH 7.2, at 4 °C. The samples were postfixed in 1% 
osmium tetroxide for 2 h at 4 °C, and then washed in distilled 
water, dehydrated, embedded in Araldite resin and cut 
into ca. 70 nm thick sections. The obtained sections were 
stained with 2% uranyl acetate for 25 min and lead citrate 
for 5 min. (Reynolds 1963), observed and ilustrated in a 
Jeol 100CX II transmission electron microscope.

Results

The Leguminosae species belonging to all six clades 
investigated (Cassia, Caesalpinia, Dimorphandra p.p., 
Detarieae, Mimosoideae and Papilionoideae clades) display 
several types of secretory structures in the developing flower 
and in the developing axis of the inflorescence (Fig. 2, Tab. 
2): phenolic cells and/or tissues, mucilaginous epidermis, 
secretory cavities and secretory trichomes. Each type of 
secretory structure may vary in morphology and location in 
the flower and/or in the axis of inflorescence, and according 
to the clade that the species belongs. 

Table 1. Leguminosae species sampled in this study. Shown are the species clade, species name, voucher and acronyms of herbaria 
where vouchers are housed.

Clade Species Collection site Natural habitat Voucher Herbarium

Cassia clade Cassia fistula L.
Ribeirão Preto, SP  
(campus da USP)

Tropical and subtropical forest JV Paulino 13 SPFR

Caesalpinia clade Caesalpinia echinata Lam.
Ribeirão Preto, SP  
(campus da USP)

Atlantic Rainforest SP Teixeira 67 SPFR

Dimorphandra p.p. 
clade

Dimorphandra mollis Benth.
São Carlos, SP  

(original vegetation)
Brazilian savanna TC Barros 20 SPFR

Detarieae clade Hymenaea courbaril L.
Ribeirão Preto, SP  
(campus da USP)

Brazilian savanna SP Teixeira 45 SPFR

Mimosoideae clade Calliandra brevipes Benth.
Ribeirão Preto, SP 
(campus da USP)

Amazonian Rainforest,  
Caatinga, Brazilian savanna,  
Atlantic Rainforest, Pampas

SP Teixeira 77 SPFR

Mimosoideae clade Inga bella M. Sousa
Costa Rica  

(original vegetation)
Tropical forest R Aguilar 12746 SPFR

Mimosoideae clade Mimosa lewisii Barneby
Morro do Chapéu, BA  
(original vegetation)

Caatinga SP Teixeira 76 SPFR

Mimosoideae clade
Tetrapleura tetraptera  

(Schumach. & Thonn.) Taub.
Jardim Botânico do Rio de 

Janeiro, RJ (cultivated)
West African Rainforest TC Barros 05 SPFR

Papilionoideae clade Erythrina speciosa Andrews
Ribeirão Preto, SP  
(campus da USP)

Brazilian savanna, Atlantic Rain-
forest

TC Barros 33 SPFR

Papilionoideae clade
Gliricidia sepium (Jacq.)  

Kunth ex Walp.
Ribeirão Preto, SP  
(campus da USP)

Amazonian Rainforest, Caatinga,  
Brazilian savanna, Atlantic Rain-

forest
SP Teixeira 62 SPFR

Papilionoideae clade
Indigofera lespedezioides 

Kunth
Ribeirão Preto, SP  
(campus da USP)

Amazonian Rainforest, Brazilian 
savanna, Atlantic Rainforest

MS Ogasawara 
9926

SPFR

Papilionoideae clade Leptolobium elegans Vogel Campinas, SP
Amazonian Rainforest,  

Brazilian savanna
RS Rodrigues & A 

Flores 993 
UEC

Papilionoideae clade Mucuna urens (L.) Medik.
BR 101 km 11-13  

(original vegetation)
Atlantic Rainforest SP Teixeira 58 SPFR

Papilionoideae clade Platycyamus regnellii Benth. Ribeirão Preto, SP  
(campus da USP)

Brazilian savanna, Atlantic Rain-
forest

SP Teixeira 54 SPFR

Papilionoideae clade
Tipuana tipu (Benth.) 

Kuntze
Ribeirão Preto, SP  
(campus da USP)

Brazilian savanna, Atlantic Rain-
forest

SP Teixeira 51 SPFR
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Voluminous and sparse phenolic cells characterizing 
phenolic idioblasts are found in five out of six analyzed 
clades (Fig. 2, Tab. 2). They occur close to the vascular 
bundles of the sepals, petals, stamens and carpel (Fig. 3A) 
and in the cortex of the axis of inflorescence (Fig. 3B). These 
cells may be grouped in the subepidermal layers on the 
abaxial surface of the sepals (Fig. 3C, D), in the epidermis 
of the sepals (Fig. 3C, D), in the mesophilic parenchyma 
of the sepals and carpel (Fig. 3E), and in the cortical and 
medullary parenchyma of the axis of inflorescence (Fig. 3F). 

Voluminous cells with a mucilaginous inner cell wall 
and a distinct cytoplasm are found in Dimorphandra p.p. 
and Mimosoideae clades (Fig. 2, Tab. 2). They can be filled 
of phenolic compounds and form the epidermis of bracts 
and sepals (Fig. 4A-F). 

Secretory cavities, consisting of a single epithelium layer 
of secretory papillose cells, delimiting a rounded lumen, 
are found in Detarieae clade (Fig. 2, Tab. 2). They occur 
in the mesophyll of the sepals (Fig. 5A, B) and petals (Fig. 
5C, D). In both section planes analyzed (longitudinal and 
transversal) the lumen maintains the rounded shape, which 
supports the classification of secretory cavity.

Secretory trichomes are found in four out of six analyzed 
clades (Cassia, Dimorphandra p.p., Mimosoideae and 
Mimosoideae clades – Fig. 2, Tab. 2). They occur in the 
axis of inflorescence, in the bracts, at the base of the flower 
bud, and in the sepals, petals and carpel. They are usually 
numerous and grouped when present between the axis of 
inflorescence and the base of the flower bud. The trichomes 

Figure 2. Phylogenetic relations among the clades studied in the present investigation (in lilac) based on LPWG (2013). The occurrence 
of the various types of secretory structures detected in the Leguminosae species studied was marked in the topography. Please see 
the PDF version for color reference.
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Table 2. Diversity of the secretory structures detected in developing flowers and axis of the inflorescence of the Leguminosae species 
studied.

Traditional
subfamily Clade Species Secretory 

structures Location Morphology of the secretory structures

Caesalpinioideae Cassia clade Cassia fistula Secretory 
trichomes

• Axis of the inflorescence, base 
of the floral receptacle and the 

margins of bracts and bracteoles

• Grouped multicellular trichomes with no 
apparent distinction between peduncle and 
head - colleter (Fig. 6A, C)

Caesalpinioideae
Caesalpinia 

clade
Caesalpinia 

echinata 
Phenolic cells 

and tissues

• Phenolic idioblasts in the 
mesophyll of bracts, sepals and 

petals
• Phenolic epidermis in the sepals 

• Voluminous idioblasts with the vacuole 
filled with phenolic compounds occupying the 
entire cell volume (Fig. 2C)
• Phenolic epidermis  consistting of less 
voluminous cells than idioblasts, with the 
vacuole filled with phenolic compounds 
occupying the entire cell volume (Fig. 2C)

Caesalpinioideae
Dimorphandra 

p.p. clade
Dimorphandra 

mollis 

Mucilaginous 
epidermis

• Bract and sepals
• Voluminous cells with thick walls largely 
consisting of mucilage and a distinct 
cytoplasm (Fig. 3A, B)

Phenolic cells 
and tissues

• Phenolic cells grouped in the 
subepidermal layers (cortex) of 

the axis of inflorescence
• Phenolic epidermis of petals 

and carpel
• Phenolic parenchyma 

(mesophyll) of bracts, sepals, 
petals and carpel 

• The phenolic cells of the axis of the 
inflorescence, bract, sepals and carpel are 
voluminous and their vacuoles are filled with 
phenolic compounds occupying the entire cell 
volume (Figs. 2E, 3A)
• Cells of the petal parenchyma and epidermis 
and of the carpel are more isodiametric and 
have a smaller vacuole (Figs. 2E, 3A)

Secretory 
trichomes

• Axis of the inflorescence

• Usually grouped with a multicellular and 
multiseriate peduncle narrower than the 
multicellular secretory head consisting 
of voluminous cells; presence of phenolic 
compounds in the cells of the peduncle. 

Caesalpinioideae Detarieae clade
Hymenaea 
courbaril 

Secretory 
cavities

• Mesophyll of sepals and petals
• Secretory cavities with epithelium consisting 
of a layer of secretory cells delimiting a lumen 
(Fig. 4A-D).

Phenolic cells 
and tissues

• Phenolic epidermis  
of sepals and petals

• Phenolic parenchyma  
of sepals and petals

• The phenolic cells of the epidermis are more 
rectangular and smaller than the phenolic 
cells of the parenchyma (Fig. 3A-D)
• The phenolic cells of the parenchyma 
of sepals and petals have a vacuole filled 
with phenolic compounds and are more 
voluminous when located close to the 
secretory cavities (Fig. 3A-D)

Mimosoideae
Mimosoideae 

clade
Calliandra 
brevipes 

Phenolic cells 
and tissues

• Phenolic cells grouped in the 
subepidermal layers of the 

abaxial surface of bract,  sepals 
and petals

• Phenolic parenchyma of the 
cortex and medulla of the axis of 

the inflorescence

• Voluminous phenolic cells with a vacuole 
filled with phenolic compounds  in the 
subepidermal layers of the abaxial surface 
of bract, sepals and petals (Fig. 2D)
• Phenolic epidermis consisting of 
rectangular cells smaller than the cells of the 
subepidermal layers 
• Parenchymal cells with a vacuole filled with 
phenolic compounds, more voluminous in the 
medulla than in the cortex (Fig. 2F)

Secretory 
trichomes

• Axis of the inflorescence, bract, 
margins of sepals and petals

• Trichomes with a multicellular and 
uniseriate peduncle narrower than the 
multicellular secretory head with more 
voluminous cells; phenolic compounds 
present in the vacuole of cells of the peduncle 
and head (Fig. 4A, B)

Mimosoideae Mimosoideae 
clade Inga bella Secretory 

trichomes • Margins of bract and sepals
• Trichomes with a multicellular and uniseriate 
peduncle narrower than the secretory head, 
which is also multicellular (Fig. 5C, D)
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Mimosoideae
Mimosoideae 

clade
Mimosa  
lewisii 

Mucilaginous 
epidermis

• Sepal
• Voluminous cells with thick walls largely 
consisting of mucilage and a distinct 
cytoplasm (Fig. 3C-F)

Phenolic cells 
and tissues 

• Phenolic cells in the mesophyll 
of the axis of the inflorescence, 

bract, sepal and carpel 
• Phenolic epidermis of the sepals

• Voluminous phenolic idioblasts with a 
vacuole filled with sparse phenolic compounds 
in the mesophyll of the sepal (Fig. 3D)
• Phenolic cells grouped  in the subepidermal 
layers of the bract
• Phenolic epidermis on the abaxial surface of 
the sepal consisting of voluminous cells with 
a vacuole filled with phenolic compounds (Fig. 
3E, F)

Secretory 
trichomes

• Axis of the inflorescence and 
bract

• Large secretory trichomes with a robust 
peduncle and a small head; peduncle with 
accumulation of phenolic compounds (Fig. 
5E, F)
• Secretory trichomes of phenolic compounds, 
with no apparent distinction between 
peduncle and head – colleter (Fig. 6F)

Mimosoideae
Mimosoideae 

clade
Tetrapleura 
tetraptera

Secretory 
trichomes 

• Base of the flower bud

• Trichomes with a multicellular and 
multiseriate peduncle narrower than the 
multicellular secretory head and with more 
voluminous cells; phenolic compounds 
present in the vacuoles of the cells of the 
peduncle (Fig. 5G, H)

Papilionoideae
Papilionoideae 

clade
Leptolobium 

elegans 
Secretory 
trichomes

• Axilla of the bracts, bracteoles 
and axis of the inflorescence

• Grouped multicellular trichomes with no 
apparent distinction between peduncle and 
head - colleter (Fig. 6B)

Papilionoideae
Papilionoideae 

clade
Erythrina 
speciosa 

Phenolic cells
• Mesophyll of the sepals and  

stamen filament
• Sparse and non-voluminous idioblasts close 
to the vascular bundles 

Secretory 
trichomes

• Sepals

• Trichomes with a multicellular and 
uniseriate peduncle with no apparent 
distinction from the more voluminous 
multicellular secretory head 

Papilionoideae
Papilionoideae 

clade
Gliricidia  
sepium

Phenolic cells
• Mesophyll of the axis of the 

inflorescence, sepals and carpel

• Sparse and very voluminous idioblasts with 
a vacuole filled with phenolic compounds 
occupying the entire cell volume (Fig. 2B)

Secretory 
trichomes

• Axis of the inflorescence, base 
of the flower bud

• Multicellular trichomes with no apparent 
distinction between peduncle and head – 
colleter (Fig. 6E)

Papilionoideae
Papilionoideae 

clade
Indigofera  

lespedezioides
Secretory 
trichomes

• Axilla of the bracts, bracteoles 
and axis of the inflorescence 

• Grouped multicellular trichomes with no 
apparent distinction between peduncle and 
head – colleter  

Papilionoideae
Papilionoideae 

clade
Mucuna urens 

Phenolic cells
• Mesophyll of the sepals and 

stamen filament
• Non-voluminous phenolic idioblasts close to 
the vascular bundles  

Secretory 
trichomes

• Base of the flower bud and 
sepals

• Trichomes with a multicellular and 
uniseriate peduncle narrower than the 
multicellular head 

Papilionoideae

Papilionoideae 
clade

Platycyamus 
regnellii 

Phenolic cells
• Mesophyll of the sepals, stamen 

filament and carpel
• Non-voluminous phenolic idioblasts close to 
the vascular bundles

Secretory 
trichomes

• Bract, sepals and carpel
• Trichomes with a multicellular and 
uniseriate peduncle narrower than the 
multicellular head - colleter (Fig. 6D)

Papilionoideae 
clade

Tipuana  
tipu 

Phenolic cells
• Mesophyll of the sepals, petals, 
stamen filament and carpel wall 

• Sparse and very voluminous idioblasts with 
the vacuole filled with phenolic compounds 
occupying the entire cell volume and 
concentrated close to the vascular bundles  or 
in the subepidermal layers of the sepals (Fig. 
2A)

Traditional
subfamily Clade Species Secretory 

structures Location Morphology of the secretory structures

Table 2. Cont.
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Figure 3. Occurrence of phenolic cells and tissues in Leguminosae species. A. Phenolic idioblasts (arrow) close to the vascular bundles 
of the sepals, petals, stamens and carpel of Tipuana tipu. B. Sparse phenolic idioblasts (arrow) in the cortex of the developing axis of 
inflorescence in Gliricidia sepium. C. Phenolic cells grouped in the epidermis (arrow) on the abaxial surface of the sepal in Caesalpinia 
echinata. Note the phenolic idioblasts in the mesophyll (arrow head). D. Phenolic cells (arrow) grouped in the subepidermal layers on 
the abaxial surface of the sepal in Calliandra brevipes. E. Phenolic cells (arrow) forming the mesophyll of the sepals in Dimorphandra 
mollis. F. Phenolic cells (arrow) forming the cortex and pith of the axis of inflorescence in Calliandra brevipes.
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Figure 4. Occurrence of special mucilage cells in Leguminosae species. A. Mucilage cells (arrow) in the epidermis of the bract of 
Dimorphandra mollis (LM). B. Mucilage cells (arrow) in the epidermis of the sepal of Dimorphandra mollis (LM). C. Distribution of 
mucilage cells in the epidermis (arrow) of the sepal of Mimosa lewisii (LM). D. Detail of mucilage cells (arrow) of the sepal of Mimosa 
lewisii (LM). E. Detail of a mucilage cell in the sepal of Mimosa lewisii showing the periclinal inner mucilage cell wall (mw) and the 
distinct cytoplasm filled with phenolic compounds (cy) (LM). E. Ultrastructure of a epidermis cell of a sepal of Mimosa lewisii showing 
the internal periclinal mucilage cell wall (mw) and a distinct cytoplasm filled with phenolic compounds (cy). iw: inner periclinal cell 
wall; ow: outer periclinal cell wall (TEM).



Beyond pollination: diversity of secretory structures during flower development in different legume lineages

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

367Acta Botanica Brasilica - 31(3): 358-373.  July-September 2017

Figure 5. Occurrence of secretory cavities in Hymenaea courbaril. A. Secretory cavities in the sepals. B. Detail of the secretory cavity 
consisting of only one epithelial layer delimiting the rounded lumen. C. Secretory cavities in the petal. D. Detail of the secretory cavity.

have a multicellular uniseriate or multiseriate peduncle and 
a multicellular head. They differ in morphology, at times 
showing a marked distinction between head and peduncle 
(Fig. 6A-H) or an unclear distinction (Fig. 7A-F). Some of 
them accumulate phenolic compounds in the head and/
or peduncle. 

Discussion
Species of the Leguminosae family show a wide diversity 

of secretory structures present in the floral organs during 
floral development. This diversity includes morphology, 
location and functions, with a certain type playing several 
roles, according to its location and secreted content.

Phenolic cells and tissues occur in species of most of 
the clades studied (see Fig. 2), a fact characterizing their 
wide distribution among Leguminosae (Lewis et al. 2005; 
Evert 2006). Their presence can be considered a condition 
with unifying value in this family instead of diagnostic one, 
probably because they were selected in response to general 
injuries provoked by herbivore attacks and exposure to UV 
rays (Beckman 2000; Evert 2006; Haslam 2007). In species 
with phenolic cells and/or tissues, the secretory cells are 
isolated or grouped, preferentially in the epidermis or in 

the subepidermal layers of floral organs, tissues that are 
more exposed to the environment, indicating that their 
location may be related to the protection of developing 
floral organs. In contrast, the idioblasts detected in the 
mesophyll close to the vascular bundles of floral organs may 
be related to the protection of the vascular system against 
the entry of pathogens into the vegetal body through the 
xylem (Beckman 2000). 

The occurrence of mucilaginous cells has been little 
studied in flowers despite its potential systematic value 
for the groups in which they occur (see Matthews et al. 
2001; Matthews & Endress 2002; 2006). The presence of 
this cell type, known as ‘special mucilage cells’ (according to 
Matthew & Endress 2006), has been seldom reported in the 
literature and, in Leguminosae, it was previously recorded in 
the sepals of Amherstia species (Caesalpinioideae s.l.). Thus, 
the present report of special mucilage cells in the sepals of 
Dimorphandra mollis (Dimorphandra p.p. clade) and Mimosa 
lewisii (Mimosoideae clade) (see Fig. 2) is promising for 
morphological, taxonomical and evolutionary studies and 
indicates the need to search for such secretory structures 
in other taxonomic groups of Leguminosae.

Two types of mucilaginous cells have been described for 
plants: special mucilage cells, cells with a mucilaginous inner 
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Figure 6. Multicellular secretory trichomes showing a clear distinction between peduncle and head in Leguminosae species. A. 
Secretory trichomes on the margins of the sepals of Calliandra brevipes (SEM). B. Detail of the anatomy of a trichome showing the 
multicellular uniseriate peduncle and the multicellular head, both accumulating phenolic compounds (LM). Secretory trichomes in 
the petals of Inga bella (SEM). D. Detail of the anatomy of an Inga bella trichome showing the multicellular and multiseriate peduncle 
(LM). E. Robust secretory trichomes in the axis of inflorescence of Mimosa lewisii (SEM). F. Detail of the anatomy of a Mimosa lewisii 
trichome showing a robust multicellular and multiseriate peduncle and a cup-shaped secretory head (LM). G. Secretory trichomes at 
the base of the flower bud of Tetrapleura tetraptera (SEM). H. Detail of the anatomy of Tetrapleura tetraptera trichome showing the 
multicellular multiseriate peduncle and the more voluminous multicellular head (LM).
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Figure 7. Multicellular secretory trichomes that do not show a clear distinction between peduncle and head (colleters) in Leguminosae 
species. A. Secretory trichomes grouped at the base of the floral bud of Cassia fistula (SEM). B. Anatomy of the secretory trichomes grouped 
at the base of the floral bud of Leptolobium elegans (LM) showing a mulicellular multiseriate peduncle and a multicellular head. C. Detail of 
the outer morphology of the trichome of Cassia fistula (SEM). D. Secretory trichome in the sepal of the flower bud of Platycyamus regnelli 
(LM) showing a multicellular multiseriate peduncle and a multicellular head. E. Secretory trichomes grouped at the base of a floral bud of 
Gliricidia sepium (SEM). F. Structure of the secretory trichome with a phenolic content in the bract of Mimosa lewisii (LM).
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cell wall with a distinct cytoplasm, and unspecified mucilage 
cells, fully mucilage cells with an indistinct cytoplasm more 
commonly occurring in vegetative organs (Matthew & 
Endress 2006). The occurrence of special mucilage cells in 
flowers seems to be limited to the epidermis of the sepals 
(Matthews & Endress 2006; present study). Both in flowers 
and in leaves, this type of mucilage cells occurs in tissues 
located in regions of greater exposure to the environment. In 
the sepals they form the epidermis on the abaxial surface and 
in the leaves they form the epidermis on the adaxial surface. 
This equivalence indicates a similar function in leaves and 
flowers, acting on the protection of both whorls located more 
internally in relation to the calyx and of mesophyll tissues. 
Other several hypotheses have been raised in an attempt 
to explain the presence of mucilage in foliar and floral cells 
such as: (i) a source of carbohydrates, (ii) light filtering, 
(iii) water retention, and (iv) reduction of transpiration 
(Gregory & Baas 1989). In the special mucilage cells the 
mucilage is retained on the cell wall, a fact that prevents 
reabsorption of this exudate by the plant. However, these 
last three functions may be of fundamental importance 
for plant species living in dry environments under high 
light intensity, such as Dimorphandra mollis which occurs 
in the Cerrado, and Mimosa lewisii which is endemic in the 
Caatinga, among others (Mauseth 2006). In this case, the 
mucilaginous epidermis would reduce transpiration and 
filter light by forming a gelatinous layer over the internal 
tissues (Gregory & Baas 1989).

In Leguminosae, secretory cavities seem to occur in 
phylogenetically related groups such as resin producing 
Detarieae (LPWG 2013, see Fig. 2) which contain species 
of the traditional subfamily Caesalpinioideae, such as 
Hymenaea courbaril (present study), H. stigonocarpa (Paiva & 
Machado 2004; Paiva & Oliveira 2004), Copaifera langsdorfii 
(Pedersoli et al. 2010; Rodrigues et al. 2011a, b) and C. 
trapezifolia (Milani et al. 2012). There are many such reports 
also in the Papilionoideae clade, as in the Dipterygeae (Leite 
et al. 2014), Amorpheae and Psoraleeae (Turner 1986) 
tribes, and in the genera Lonchocarpus (Teixeira et al. 2000), 
Dalhstedtia (Teixeira & Rocha 2009), Myrocarpus, Myroxylon, 
Myrospermum (Sartori & Tozzi 2002) and Poiretia (Müller 
1984). However, few reports are available about the cavities 
and/or ducts in the flowers of the family. In addition to 
H. courbaril, these structures have been described in the 
perianth of two species of Dahlstedtia (Teixeira & Rocha 
2009; Teixeira et al. 2009), and in the perianth of Copaifera 
langsdorfii (Pedersoli et al. 2010), Pterodon pubescens, Dipteryx 
alata and Taralea oppositifolia (Papilionoideae clade) (Leite 
et al. 2014), and in the ovary of Hymenaea stigonocarpa 
(Paiva & Oliveira 2004).

The structure of the secretory floral cavity of Hymenaea 
courbaril is similar to that observed in other Leguminosae 
(see Teixeira & Rocha 2009; Rodrigues et al. 2011a, b; 
Leite et al. 2014) and is characterized by the presence of a 

uniseriate secretory epithelium surrounded by a parenchyma 
sheath. The shape of the epithelium cells can vary from 
rectangular to papillose or trabeculate cells in legume 
species. The rectangular and papillose epithelial cells are 
the most commonly found (present study, Teixeira & Rocha 
2009; Rodrigues et al. 2011a, b; Leite et al. 2014) whereas 
the trabeculate epithelial cells seems to be restricted to the 
Papilionoideae clade (see Turner 1986; Teixeira et al. 2000; 
Teixeira & Rocha 2009). No functions have been associated 
to the shape of epithelial cells until now.

Ultrastructural studies of the cavities of Copaifera 
langsdorfii (Detarieae clade) and Pterodon pubescens 
(Papilionoideae clade) have demonstrated that the 
parenchyma sheath acts on a gradual replacement of 
epithelial cells that undergo lysis in the process of exudate 
release (Rodrigues et al. 2011a, b). Thus, the schizolysiginous 
cavity of H. courbaril (see Langenheim 2003) may also have a 
totipotent sheath. The resin secreting cavities of H. courbaril 
probably act in the protection against herbivores and in 
the sealing of plant injuries, thus preventing the entry of 
pathogens, in addtion to having allelopathic effects (see 
resin functions for plants in Langenheim 2003).

Secretory trichomes have been detected in the vegetative 
and reproductive organs of various leguminous plants, 
spread in almost all legume clades (see Fig. 2). Interestingly, 
although their presence is a wide condition in legumes, their 
distribution and morphology are highly variable and of 
potential systematic value for some groups such as cavitated 
trichomes in the genus Bauhinia (Duarte-Almeida et al. 
2015; Marinho et al. 2016) and the trichomes present in 
species of the Caesalpinia clade (Ragonese 1973; Leelavathi 
& Ramayya 1983; Lersten & Curtis 1994; 1996; Rudall et al. 
1994; Lewis & Schrire 1995; Simpson & Miao 1997; Pascal 
et al. 2000; Warwick & Lewis 2009; Melo et al. 2010) and 
in the genus Mimosa (Santos-Silva et al. 2013). Our reports 
of floral secretory trichomes are original for 11 of the 15 
species studied belonging to the Cassia, Dimorphandra, 
Mimosoideae and Papilionoideae clades. Reports of 
secretory trichomes are available for the bracts of Cassia 
fistula (Cassia clade) (Leelavathi & Ramayya 1983), and 
their distribution was expanded in the present study to 
the rachis of the inflorescence, bracteoles and base of the 
floral receptacle. 

The absence of secretory trichomes in the flowers of 
Caesalpinia echinata does not reflect the condition of the 
other species in the Caesalpinia clade, considering that 
Erythrostemon gilliesii and Poincianella pluviosa present these 
structures in the flowers and in the axis of inflorescence 
(Souza et al. 2013), and that other species of the clade 
potentially bear floral secretory trichomes since these 
structures have been reported to occur in the vegetative 
organs of approximately 100 species (Ragonese 1973; 
Leelavathi & Ramayya 1983; Lersten & Curtis 1994; 1996; 
Rudall et al. 1994; Lewis & Schrire 1995; Simpson & Miao 
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1997; Pascal et al. 2000; Warwick & Lewis 2009; Melo et 
al. 2010). 

Some of the species studied also have secretory trichomes 
without a clear distinction between peduncle and head, 
mainly grouped at the base of the flower buds, which may 
be interpreted as colleters. The traditional description of the 
colleter only includes non-vascularized structures derived 
from the protoderm and from the fundamental meristem 
secreting water-insoluble mucilage or resin substances 
(Thomas 1991) that act by protecting against desiccation and 
by lubricating young tissues (Thomas 1991; Paiva 2009). This 
concept has been currently expanded to secretory structures 
originating only from the protoderm such as the trichomes, 
but with the location and production of substances that also 
act on the lubrication of developing organs (see Payne 1978; 
Fahn 1979; Thomas 1991; Renobales et al. 2001; Leitão & 
Cortelazzo 2008). 

Reports of colleters are still scarce in Leguminosae 
and are limited to embryos of species of the genus 
Chamaecrista (De-Paula & Oliveira 2007), to the stipules 
of Hymenaea stigonocarpa (Paiva & Machado 2006) and 
to the developing leaves of Copaifera langsdorfii (Paiva 
2009), Mimosa (Solereder 1908), Cronocarpus (Solereder 
1908) and Platymiscium (Rutishauser & Dickison 1989). 
Surprisingly, floral colleters have been reported only for 
Copaifera langsdorfii (Pedersoli et al. 2010), Holocalyx balansae 
and Zollernia ilicifolia (Mansano & Teixeira 2008) and for 
the genera Cassia, Chamaecrista and Senna (Souza 2014). 
In view of the complexity and the wide distribution of 
the family (Judd et al. 2009; LPWG 2013), colleters are 
expected to occur more frequently than reported in the 
literature, especially those with a morphology differing 
from the described pattern, or it may be assumed that other 
types of secretory structures may exert the same functions 
of lubrication and protection of apical meristems. 

Among the secretory structures detected in the 
developing flowers of Leguminosae, the special mucilage 
cells, secretory cavities, secretory trichomes and the colleters 
have a great potential for comparative morphological studies 
with a systematic approach. In addition to contributing 
to a more robust morphological database for the new 
Leguminosae clades, comparisons of the diversity of these 
structures in the family and in closely related clades may 
reveal aspects of their evolution in Leguminosae. It is 
interesting to note, for example, that secretory trichomes 
with a morphology similar to that of trichomes detected 
in Leguminosae (multicellular uniseriate peduncle and 
multicellular head) occur in the abaxial base of the sepals 
and in the rachis of the inflorescence in Suriana maritima 
(Bello et al. 2007), a species of Surianaceae, considered to 
be a sister group of Leguminosae (see Fig. 2). Considering 
the complexity and wide distribution of Leguminosae, the 
scarcity of reports of secretory floral structures seems to 
be related more to deficient sampling than to the absence 
of such structures in the family, with the need of better 
investigation.
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