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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).
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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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