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ABSTRACT
Philodendron is the only genus of Araceae in which resin release occurs in the inflorescence. The resinous secretion 
adheres to the smooth body surface of the pollinating scarab beetles and allows attachment of pollen grains, making 
its transport possible. In order to understand the process of resin synthesis and release to the external environment, 
we used structural, ultrastructural and histochemical analyses at different stages of development of the inflorescences 
of Philodendron adamantinum. Two types of secretory canals were observed in the spathe: small caliber canals near the 
abaxial face, and larger caliber canals in the adaxial region. Only the latter canals release secretion into the external 
environment. The secretory epithelium in these canals is formed by a layer of cuneiform cells, and exhibits secretory 
activity throughout the development of the spathe. Resin exudation is a peculiar characteristic of these canals and 
appears to result from pressure exerted by the secretory epithelium and by structural modifications in the wall of 
cells adjacent to the epidermis, which allow the formation of a separation zone whereby the resin is released. The 
observed synchrony between anther dehiscence and resin exudation of P. adamantinum enhances the role of this 
secretion in the pollination process.
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Introduction
Plant resins are chemically complex substances 

synthesized, stored and sometimes released by plants. The 
function of resins, in most cases, is to protect the plant body 
against biotic agents, such as herbivores and pathogens (Dell 
& McComb 1978), due to its toxic and deterrent character 
(Langenheim 1990). Moreover, resins have high viscosity 
and the capacity for rapid polymerization, which assists in 
the cicatrization of injuries, prevents the entry of pathogens 
and increases the indigestibleness of plant tissues (Mithöfer 
& Boland 2012).

Resin production usually occurs in vegetative organs. The 
secretion is called superficial when produced by glandular 

trichomes, or internal when produced in structures such 
as ducts and cavities (Dell & McComb 1978). 

In some cases, resins are produced in flowers or 
inflorescences and hold a function in the reproductive 
biology of the plant. This is the case in floral resin glands 
that produce these substances as floral rewards for female 
bees of the tribes Euglossini, Meliponini (Apidae), and 
Anthidiini (Megachilidae) which use them as raw material 
for nest construction (Simpson & Neff 1981; 1983; Michener 
2007). These resin glands occur in the pseudanthium of 
Dalechampia (Euphorbiaceae) (Armbruster & Webster 
1979; 1981; Armbruster 1984; 1996) and in staminate 
and pistillate flowers of Clusia (Clusiaceae) (Armbruster 
& Webster 1979; Bittrich & Amaral 1996; 1997; Lopes & 
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Machado 1998; Carmo & Franceschinelli 2002; Sá-Haiad et 
al. 2015) and other species of this family (Hammel 1999; 
Bittrich et al. 2003).

Within Araceae, which is recognized as a family 
with numerous resin producers (French 1987; Mayo et 
al. 1997), only representatives of Philodendron possess 
resin secretion in the inflorescences (Mayo et al. 1997). 
This also actively released resin in Philodendron is not  
a floral reward nor is it involved in the attraction of 
pollinators, which are cyclocephaline beetles of the  
family Scarabaeidae (Gottsberger & Amaral 1984; 
Gottsberger 1986; 1990; Gibernau et al. 1999; 2000; 
Gibernau & Barabé 2002; Gottsberger & Silberbauer-
Gottsberger 2006; Maia et al. 2010; Gottsberger et al. 
2013). However, it makes part of the fine-tuned pollination 
mechanism. The resin secretion covers the smooth body of 
the hairless scarab beetles and acts as an adhesive for pollen 
grains (Gibernau et al. 1999; 2000; Gibernau & Barabé 2002; 
Pereira et al. 2014). 

According to Mayo (1991), the release of resin in the 
inflorescences varies as to the location, structure and pattern 
of canal activity among species. Many species of the three 
subgenera of Philodendron release resin on the adaxial side 
of the spathe and, more rarely, on the stamens (Mayo 1991; 
Grayum 1996; Croat 1997). In Philodendron adamantinum, 
the pollinating scarab beetles Erioscelis emarginata, attracted 
by specific volatile compounds produced in the osmophores 
at the apex of sterile and fertile staminate flowers (Pereira et 
al. 2014; Gonçalves-Souza et al. 2017), enter the pollination 
chamber in the evening of the first day of flowering when 
pistillate flowers are viable. They remain in the chamber 
during the night and day two of inflorescence flowering. 
From the late morning on, the release of resin droplets on 
the adaxial side of the spathe has been observed to occur 
in the period immediately preceding dehiscence of the 
anthers. The chamber closes due to the gradually constricting  
spathe and the beetles are expulsed from dusk on,  
covered with resin and loaded with pollen-dust (Pereira 
et al. 2014). 

The exudation of resin produced in ducts and 
cavities without the occurrence of injuries is an unusual 
phenomenon, since resins synthesized in these structures 
usually remain in the lumen. In the only other report, Sá-
Haiad et al. (2015) demonstrated the release of resin by 
canals and cavities by means of ruptures in the apex of 
stamens and staminodes in flowers of Clusia.

Aiming to understand the production and, principally, the 
release of resin by the spathe of Philodendron adamantinum, 
an endemic species in which the resin plays an important 
role in pollination, the objectives of the present study were 
the anatomical characterization of the resin canals present 
in the adaxial face of the spathe, ultrastructural analysis 
of the secretory cells of these canals, and the investigation 
of the chemical groups of the substances that makeup  
the secretion.

Materials and methods
Collection

Samples of spathes of Philodendron adamantinum Mart. 
ex Schott were collected in Parque Estadual do Rio Preto 
(Rio Preto State Park), located in the municipality of São 
Gonçalo do Rio Preto, Minas Gerais, Brazil. Inflorescences 
at different stages of development, according to the need 
of each analysis, were located in different populations 
distributed throughout the park. 

The collections were carried out from November to 
January, during the flowering period of P. adamantinum, 
from 2012 to 2016.

Voucher material was deposited in the herbarium BHCB 
of the Instituto de Ciências Biológicas of Universidade 
Federal de Minas Gerais under the number 161786.

Structural analysis and the nature of the secretion

Spathe fragments from three inflorescences were 
collected at various stages of development: inflorescences 
measuring 10 %, 30 %, 50 % and 70 % of final size, which 
reaches approximately 15cm in length, and fully developed 
inflorescences 15 hours prior to, and during, the time of 
resin release. Samples were taken from the basal, median 
and apical regions of the spathe and processed for light 
microscopy and histochemical tests. 

All samples were subjected to vacuum in Karnovsky 
solution pH 7.2 in 0.1 M phosphate buffer (Karnovsky 1965) 
and fixed for 24 hours. The material was then dehydrated 
in an ethanol series and subjected to pre-infiltration and 
infiltration in synthetic resin (2-hydroxyethyl methacrylate) 
(Leica®) according to Paiva et al. (2011). The samples were 
sectioned (6μm thick) with a rotary microtome (Hyrax 
M40, Zeiss, Microm GmbH, Walldorf, Germany), stained 
with Toluidine blue solution, pH 7.4 (O’Brien et al. 1964), 
counterstained with ruthenium red solution, arranged on 
slides and mounted in Entellan® for photodocumentation 
and study by light microscopy. 

Histochemical tests were employed on material fixed 
in Karnovsky solution, both in sections obtained by 
free hand and by microtome after inclusion in resin. The 
following histochemical tests were applied: Lugol for the 
identification of starch (Johansen 1940); NADI for the 
detection of resin or essential oils (David & Carde 1964);  
10 % aqueous ferric chloride solution for phenolic  
compounds (Johansen 1940); 0.02 % aqueous solution  
of ruthenium red for the detection of pectic compounds  
(Jensen 1962); and Sudan red B for lipids in general 
(Brundrett et al. 1991).

Analyses by scanning electron microscopy were 
performed on spathe samples 15 hours prior to and during 
resin release. Samples were fixed with 2.5 % glutaraldehyde 
in 0.1 M phosphate buffer, dehydrated in an increasing 
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ethanol series, dried by the critical point method using 
liquid CO2, sputter-coated with gold (Robards 1978), and 
observed using a Quanta 200 scanning electron microscope 
(FEI Company, Eindhoven, Netherlands), at 12-20 kV.

For transmission electron microscopy, transverse 
fragments of the adaxial face of young spathes - about 
10 % to 20 % of final size, 15 hours prior to, and during, the 
time of resin release were subjected to vacuum in Karnovsky 
solution pH 7.2 in 0.1 M phosphate buffer (Karnovsky 
1965), fixed for 24 hours, post-fixed in 1 % osmium tetroxide 
(0.1 M phosphate buffer, pH 7.2) for two hours, washed in 
phosphate buffer (0.1 M, pH 7.2), dehydrated in an ethanol 
series and infiltrated with Araldite® resin (Roland 1978). 
The 50nm ultrafine sections obtained were contrasted with 
uranyl acetate and lead citrate and examined using a Tecnai 
G2-12-Spirit transmission electron microscope (Philips/FEI 
Company, Eindhoven, Netherlands) at 80 kV.

Results
Structural organization and nature of the secretion

The spathe of Philodendron adamantinum possesses a white, 
glabrous, smooth and shiny-looking adaxial face (Fig. 1A). 

 The lower part of the spathe forms a large chamber that can 
house several beetles of Erioscelis emarginata (Cyclocephalini, 
Dynastinae) (Fig. 1B), the pollinating agent. During the 
second day of spathe opening, at the end of the morning, 
yellow-orange viscous resin drops are released on the  
adaxial face (Fig. 1B-C). The acropetal closure of the 
spathe expels beetles sheltered in the pollination chamber, 
forcing them to climb the spadix, at which time their body 
comes into contact with the resin, which will serve as 
an adhesive for the pollen grains produced by the fertile 
staminate flowers arranged in the distal portion of the 
spadix. 

On the adaxial surface of the spathe the epidermis 
has juxtaposed cells with a smooth cuticle and numerous 
stomata. At the time of resin release, rupture and separation 
of the epidermal cells and underlying tissue were observed, 
giving rise to openings through which resin release occurs 
(Fig. 1D). These openings occur at specific points on the 
surface of the spathe and have a diameter slightly greater 
that 100µm, and rarely perceptible to the naked eye. On the 
other hand, the extravasated resin, whose droplets exceed 
1mm in diameter, is easily observed in the field. 

The mesophyll of the spathe is formed of three distinct 
regions. Two regions are portions underlying the epidermis 
of each face, comprising globular parenchyma cells with 

Figure 1. Inflorescences of Philodendron adamantinum. A. Prior to the release of resin. Note the homogeneous texture of the adaxial 
face of the spathe. B. Overview at the time of resin release. Note the beetles located in the chamber formed by the spathe (arrows).  
C. Apex of the spathe showing resin droplets (arrows). D. Adaxial face of the spathe highlighting the opening through which the resin 
is exuded. Note the absence of tissue organization and its great dimension, when compared to the stomata (arrows).
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little intracellular space. Separating these two regions is 
the third region, a median portion consisting of several 
layers of larger, spaced cells forming aerenchyma. Cells 
with phenolic content and resin secretory canals can be 
observed distributed among the three regions (Fig. 2A-B).

Although distributed throughout the mesophyll, the 
resin secretory canals form two distinct types: a) small-
caliber and b) large caliber secretory canals. The small caliber 
canals occur near the abaxial face in deeper layers of the 
mesophyll (Fig. 2A) and do not release secreted resin. The 
orientation of these canals is always parallel to the surface 
and they do not deflect their apex towards the epidermis. 
Moreover, they have only two cell layers surrounding the 
secretory epithelium (Fig. 2A). 

The large-caliber secretory canals occur on the adaxial 
face and in the aerenchyma (Fig. 2B) and are capable of 
releasing resin on the adaxial face of the spathe. They form 
a complex anastomosed system (Fig. 2C), comprising a 
network of secretory ducts. All canals tend to be parallel to 
the epidermis, but their apex is always deflected towards the 
adaxial surface of the spathe (Fig. 2D). A set of parenchyma 
cells arranged between each end of the canal and the 
epidermis exhibits, on adjacent cell walls, an accumulation 
of pectic substances (Fig. 2D). 

Three to four layers of parenchyma cells with large 
vacuoles involve the secretory epithelium of the large caliber 
canals. These cells are flattened in the younger phases, when 
resin accumulation occurs in the lumen of the canal (Fig. 2E).  
Upon release of the resin into the external medium, the 
subepithelial cells and those of the secretory epithelium 
increase in volume considerably, consequently reducing the 
volume of the canal lumen (Fig. 2F). On the morning of the 
second day of spathe opening, the cells from the secretory 
epithelium separate at the ends of the resin canals, which 
allows the resin to extravasate. The secretion accumulates 
in pockets formed in the intercellular space below the 
epidermis (Fig. 2G), whose rupture releases resin mainly 
in the region of the constriction of the spathe close to the 
staminode zone. When the opening of the duct coincides 
with the presence of a stomata, the secretion is released 
by it (Fig. 2H). 

Starch grains are present in the mesophyll cells of the 
spathe, except in the layers underlying the epidermis and the 
cells of the resin secretory canals (Fig. 3A). In the early stages 
of spathe development, starch occurs in low concentrations, 
both in the vicinity of the secretory canals and in the rest of 
the mesophyll. During the development of the inflorescence, 
starch is accumulated and, 15 hours before the release of 
resin, a larger quantity of this reserve is observed (Fig. 3B). 
At the time of resin release by the spathe, a significant part 
of the starch has been consumed (Fig. 3C).

Material of lipid nature, revealed by the Sudan test, is 
restricted to the cuticle of the epidermal cells of the abaxial 
face (Fig. 3D), and secretion found in the lumen of the large 
caliber resin canals (Fig. 3E). The secretion of the smaller 

caliber canals, as well as the content of the secretory cells, 
did not test positive for lipids. The NADI test revealed the 
terpenic nature of the secretion exclusively in the larger 
caliber canals.

Ultrastructural organization

The secretory epithelium, composed of a layer of 
cuneiform cells, has secretory activity that extends from 
the initial stages of spathe formation until close to resin 
release. In all analyzed stages, the production of granular 
appearing secretion and its accumulation in the periplasmic 
space adjacent to the inner periclinal walls of the cells, 
close to the canal’s lumen, were observed (Fig. 4A). No 
plasmodesmata were observed connecting the secretory 
cells to each other or to the other cells of the canal.

The set of organelles of the secretory cells is composed 
mainly of plastids, mitochondria, endoplasmic reticulum and 
dictyosomes (Fig. 4). Plastids are numerous, occupy a large 
part of the cytoplasm, and have a poorly developed internal 
membrane systems and translucent stroma (Fig. 4A-B); 
they are often associated with segments of the endoplasmic 
reticulum (Fig. 4B). The nucleus is voluminous (Fig. 4C) 
with an evident nucleolus.

The secretory cells do not have developed vacuoles during 
the secretory period (Fig. 4A), except at the end of this 
period, when large vacuoles can be seen filled with granular 
material in large cells (Fig. 4E). This content resembles the 
product accumulated in the periplasmic space (Fig. 4A, C-D). 
Drops of material of lipid nature are observed in the lumen 
of the canal, as well as inside the secretory cells (Fig. 4C-E). 
The material accumulated in the periplasmic space is forced 
against the wall and through it, as a result of protoplast 
expansion (Fig. 4C-E).

Near the moment of resin release to the external 
environment, the parenchyma cells that surround the 
secretory epithelium are vacuolated, with organelle 
composition similar to the secretory cells, but they are 
not very numerous. In these cells the vacuome is developed, 
generally formed by a large central vacuole filled with granular 
material (Fig. 5A). In the phase immediately preceding 
the release of the resin to the external environment, 
dictyosomes exhibit the release of vesicles and small vacuoles 
fuse with the plasma membrane releasing  its contents 
into the periplasmic space (Fig. 5A, D). At the end of the 
canal, the de-structuring of the wall of these cells can be 
observed, along with the swelling of the middle region of 
the lamella (Fig. 5B-D).

Discussion
Inflorescences of P. adamantinum present two types of 

secretory canals with different structure, size, content, 
distribution and function. Type I, the non-resin releasing 
one, is very abundant in Araceae and occurs in several parts 
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Figure 2. Sections of spathes of Philodendron adamantinum. A-C, E, G-I. At the time of resin release. A. Transverse section in the 
abaxial region. Arrows highlight smaller caliber canals. B. Transverse section close to the adaxial face of the epidermis. Note the larger 
caliber canals (arrows). C-D. Longitudinal section of the adaxial region. C. Resin secretory canals in anastomosis. D. Spathe at 20 %  
development exhibiting apex of the secretory canal in the direction of the adaxial side of the spathe. Arrow indicates region with 
accumulation of pectic material. E. Secretory canal in transverse section 15 hours before exudation, showing resin-filled lumen and 
flattening secretory and subepithelial cells. F. Secretory canal in transverse section showing voluminous secretory and subepithelial 
cells and a reduced lumen. G. Accumulation of resin in the subepidermal intercellular space, displacing the epidermis. H. Resin being 
released to the external medium through open stomata.
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Figure 3. Histochemical tests performed on sections of spathes of Philodendron adamantinum. A-C. Lugol test. A. Spathe 15 hours 
before the release of resin. Note the distribution of starch grains throughout the region of the mesophyll near the adaxial side of the 
epidermis. Also note the absence of grains in the subepidermal layers and the cells of the secretory canals (arrows). B. Region near 
the resin secretory duct, 15 hours prior to release. C. Region near the secretory duct at the time of release, showing the consumption 
of starch grains. D-E. Sudan red test. D. Region of mesophyll near the abaxial face of the epidermis. Note a positive result for only 
the cuticle (white arrows); the black arrow points to a smaller caliber secretory canal. E. Region of mesophyll near the adaxial face of 
the epidermis, highlighting the lipidic nature of the secretion of the larger caliber ducts (black arrows); there was no reaction in the 
epidermis (white arrows). sc – secretory duct; se – subepidermic layers.

of the plant with the general function of cicatrization, 
acting against herbivores and type II, the resin releasing 
type, which is specific for the adaxial part of the spathe, 
having the function to guarantee pollen adherence to the 
smooth cuticule of the scarabs and thus is directly related 
to the pollination mechanism.

According to French (1987), the genera Cercestis, 
Culcasia, Furtadoa, Homalomena and Philodendron possess 
resiniferous canals in their roots. In these genera, with the 
exception of Furtadoa, there are also records of secretory 
cavities in the stem, while in Culcasia and Philodendron 
conspicuous canals are observed in the leaves; possibly 
these canals are of the type I, the non-resin releasing type.

Although there have been some works reporting the 
presence of resin secretory canals in species of the family 
Araceae (French 1987; Mayo et al. 1997), Langenheim (2003) 
treats this information with caution. Several substances 
are reported in the literature as resin and, according 
to Langenheim (2003), only the detailed study of the 
chemical composition of these substances allows them to 
be recognized as such. Although an accurate analysis of the 
constitution of the secretion was not part of the objective 

of the present study, some characteristics allow us to label 
the secretion of the larger caliber canals of the spathe of P. 
adamantinum as resin. 

The anatomical structure of these canals is consistent 
with the morphology of other resin secretory canals and 
cavities: epithelium containing a layer of secretory cells and 
some layers of underlying parenchymal cells (Gilliland et al. 
1988; Ciccarelli et al. 2001; Machado & Carmello-Guerreiro 
2001). This composition was also observed among the resin 
canals of the inflorescence axis of P. adamantinum (personal 
observations) and in the roots of other species of the genus 
(French 1987).

The organelle composition of the epithelial cells of the 
canals of P. adamantinum, composed predominantly of 
plastids, mitochondria and smooth endoplasmic reticulum, 
is compatible with the synthesis of terpene resins, as 
observed in the secretory structures of these resins in 
other plant species (Gilliland et al. 1988; Langenheim 2003; 
Rodrigues et al. 2011; Sadala-Castilho et al. 2016). 

The small diameter secretory canals (type I) present 
in the spathe of P. adamantinum have similar behavior to 
that observed for the root canals of other species of the 
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Figure 4. Sections of resin secretory canals located in the mesophyll of spathes of Philodendron adamantinum. A-D. Spathe at 
approximately 10 % of the final size. A. Part of a secretory canal in transverse section showing the epithelial cells. Note the periplasmic 
space filled with secretion. B. Secretory cell highlighting the high organelle population. C. Detail of the periplasmic space of a secretory 
cell. D. Secretory cell and part of the lumen of the canal. Note the droplet of lipidic material. E. Secretory cell 15 hours before resin 
release, showing the vacuole. di – dictyosome; mi – mitochondria; nu – nucleus; od – oil droplet; pl – plastid; ps – periplasmic space; 
va – vacuole.

genus Philodendron (French 1987) and in the axis of the 
inflorescence of P. adamantinum (P Gonçalves-Souza et al. 
unpubl. res.): secretion accumulates in the lumen of the 
ducts and release occurs only in the case of injury. This is 
the pattern observed for internal resin secretory structures 
– canals and cavities, which usually do not actively release 
secretion into the external environment (Dell & McComb 
1978).

In P. adamantinum, the release of resin to the adaxial 
surface of the spathe is extremely synchronized, and 
initiates with the beginning of the functional male phase 
of the inflorescence on day two of the flowering cycle, some 
hours before the release of the chains of pollen grains from 
the fertile staminate flowers, and thus requires a control 
mechanism. The enlargement of the subepithelial cells of the 
secretory canals disposed on the adaxial side of the spathe 
reduces the size of the lumen of the canal and causes rupture 
of subepidermal layers, forming pockets that force the 
epidermis to rupture, similar to the mechanism of rupture 
of the subcuticular pockets described by Paiva (2017). Lorio 
& Hodges (1968) observed that the oil-resin exudation 

pressure in Pinus taeda reaches 10atm. Even under such 
pressure there is a need for injury to exudate, demonstrating 
that the pressure generated by the resin accumulation is 
not sufficient to break the tissues and leak the contents of 
the lumen into the external environment. Therefore, this 
distinct canal type described for P. adamantinum presents 
different physiological behaviour, and only the type II canals 
which are restricted to the adaxial face of spathe, react to 
the pressure by cell rupture and consequently allow resin 
extravasation. 

But some questions remain to be answered regarding this 
precise system of resin releasing. Being cell turgor involved 
in the resin release, and the mechanical movements in 
plants mainly related to turgor pressure, we can hypothesize 
that the closure of the pollination chamber caused by the 
narrowing spathe might also be linked to the extravasation 
of the resins on the adaxial face of the spathe. Most of the 
plant organ movements originate from turgor changes 
of specialized cells (Scorza et al. 2014 and references 
therein), and in P. adamantinum, this turgor appears to 
act simultaneously on both pollination chamber and 
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Figure 5. Sections of resin secretory canals located in the mesophyll of spathes of Philodendron adamantinum. A. Secretory cell 15 hours 
before the release of resin to the external medium. The arrow highlights the vesicle being incorporated into the plasma membrane. 
B-D. Apical region of canal in a spathe two hours before resin release. B. Secretory canal showing epithelium and underlying cells 
containing large vacuoles. Note the thickening of the wall. C. Tissue adjacent to secretory epithelium showing cell wall disorganization. 
D. Detail of swollen wall. Arrows indicate periplasmic space. cw - cell wall; di - dictyosome; va - vacuole.

resin release, contributing to the observed synchrony 
between closure of the pollination chamber and the resin 
release.

The presence of starch grains in the spathe does not 
seem to be related to resin synthesis, since the secretory 
phase of the canals starts early in spathe development, 
while the accumulation of this reserve takes place in more 
advanced stages. However, it is possible that the hydrolysis 
of starch acts on the cells of the canal by generating an 
osmotic gradient that contributes to the increased volume 
of these cells at the time of exudation.

The pectic nature of the cell wall near the apex suggests 
a pre-established route for canal opening. The separation 
of cells is probably due to the action of pectinases, which 
are essential for the breakage of the middle lamella and the 
consequent weakening of this layer (Roberts et al. 2000). 
This enzymatic action is common, for example, in areas of 
fruit dehiscence (Petersen et al. 1996). 

Thus, there is strong evidence that resin release to the 
external environment occurs as a result of a) increased 
pressure on the resin accumulated in the lumen of the 
secretory canal and b) weakening of the middle lamella of 
the parenchyma cells near the apex of the canal. 

Resin release through stomata, however, seems to be 
insignificant, given the limitation imposed by the tiny 
stomatal pore, when compared to the wide space formed 
by the rupture of the epidermis.

In P. adamantinum, the resin released in the adaxial 
surface of the spathe covers the entire body surface of the 
large Erioscelis emarginata beetles. The pollen grains released 
in long chains glue to the resin-sticky cuticle of the beetles 
when they search their way out the closing pollination 
chamber. Due to the smooth surface of the beetle’s body 
surface and absence of hairs to which pollen grains would 
adhere, the released resin appears to be necessary to make 
the beetles efficient pollen carriers and the pollination 
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mechanism work. In this context, it would be interesting to 
experimentally quantify Philodendron-pollen adherence to 
beetles with dry to those with resin covered body surface. 
Furthermore, it could also be tested whether the released 
resin diminishes pollen viability or not, a vital feature of 
beetle transported pollen to conspecific stigmas.

Other substances seem to be enrolled in adhesion 
of pollen, as reported by Schnetzler et al. (2017) for 
polysaccharides in trichomes of Dorstenia cayapia 
(Moraceae). In oil-producing Cucurbitaceae, Possobom & 
Machado (2017) reported the adhesive properties of oil 
from male flowers, which adhere the pollen grain to the 
body of floral visitors. 

It is important to pay attention to the cellular 
mechanisms that control the process of resin release, 
especially with regard to precision and timing. These 
mechanisms ensure that the resin is available at the moment 
when the pollinators leave the spathe chamber and pass 
through the newly released pollen, allowing it to act as a 
fixation element for pollen on the body of pollinators. Such 
specificity in this insect-plant relationship evidences the 
close relationship between such pairs throughout evolution.

Acknowledgements
The authors would like to acknowledge the Center of 

Microscopy at the Universidade Federal de Minas Gerais for 
providing equipment and technical support for experiments 
involving electron microscopy, and PERP Rio Preto’s staff 
for assistance in the field work. E. Paiva and C. Schlindwein 
receive a research grant from CNPq (306790-2015-7 and 
312831-2013-7 respectively) and P. Gonçalves-Souza 
received a master scholarship from FAPEMIG - Fundação 
de Amparo à Pesquisa de Minas Gerais.

References 
Armbruster WS. 1984. The role of resin in angiosperm pollination: 

ecological and chemical considerations. American Journal of Botany 
71: 1149- 1160. 

Armbruster WS. 1996. Evolution of floral morphology and function: an 
integrative approach of adaptation, constraint, and compromise in 
Dalechampia (Euphorbiaceae). In: Lloyd DG, Barrett SCH. (eds.) Floral 
biology. Studies on floral evolution in animal-pollinated plants. New 
York, Chapman & Hall. p. 241-271. 

Armbruster WS, Webster GL. 1979. Polination of two species of Dalechampia 
(Euphorbiaceae) in Mexico by euglossine bees. Biotropica 11: 278-283. 

Armbruster WS, Webster GL. 1981. Sistemas de polinização de duas 
espécies simpátricas de Dalechampi (Euphorbiaceae) no Amazonas, 
Brasil. Acta Amazonica 11: 13-17

Bittrich V, Amaral MCE. 1996. Flower morphology and pollination biology 
of some Clusia species from the Gran Sabana (Venezuela). Kew Bulletin 
51: 681-694. 

Bittrich V, Amaral MCE. 1997. Floral biology of some Clusia species from 
Central Amazonia. Kew Bulletin 52: 617-635. 

Bittrich V, Amaral MAE, Machado SMF, Marsaiolia AJ. 2003. Floral resin of 
Tovomitopsis saldanhae (Guttiferae) and 7-epi-nemorosone: Structural 
revision. Zeitschrift für Naturforschung 586: 643-648.

Brundrett MC, Kendrick B, Peterson CA. 1991. Efficient lipid staining in 
plant material with Sudan Red 7B or fluorol yellow 088 in polyethylene 
glycol-glycerol. Biotechnic and Histochemistry 66: 111-116.

Carmo RM, Franeschinelli EV. 2002. Polinização e biologia floral de 
Clusia arrudae Planchon & Triana (Clusiaceae) na Serra da Calçada,  
município de Brumadinho, MG. Revista Brasileira de Botânica 25: 
351-360.

Ciccarelli D, Andreucci AC, Pagni AM. 2001. Translucent glands 
and secretory canals in Hypericum perforatum L. (Hypericaceae): 
morphological, anatomical and histochemical studies during the 
course of ontogenesis. Annals of Botany 88: 637-644.

Croat TB. 1997. A Revision of Philodendron subgenus Philodendron (Araceae) 
for Mexico and Central America. Annals of the Missouri Botanical 
Garden 84: 311-704.

David R, Carde JP. 1964. Coloration différentielle des inclusions lipidique 
et terpéniques des pseudophylles du pin maritime au moyen du réactif 
Nadi. Comptes Rendus Hebdomadaires dês Séances de l’ Academie dês 
Sciences Paris 258: 1338-1340.

Dell B, McComb AJ. 1978. Plant resins-their formation, secretion and 
possible functions. In: Woolhouse HW. (ed.) Advances in botanical 
research VI. New York, Academic Press. p. 277-316.

French JC. 1987. Systematic survey of resin canals in roots of Araceae. 
Botanical Gazette 148: 360-371.

Gibernau M, Barabé D. 2002. Pollination ecology of Philodendron 
squamiferum (Araceae). Canadian Journal of Botany 80: 316-320.

Gibernau M, Barabé D, Cerdan P, Dejean A. 1999. Beetle pollination of 
Philodendron solimoesense (Araceae) in French Guiana. International 
Journal of Plant Sciences 160: 1135-1143.

Gibernau M, Barabé D, Labat D. 2000. Flowering and pollination of 
Philodendron melinonii (Araceae) in French Guiana. Plant Biology 
2: 331-334.

Gilliland MG, Apletton MR, Staden J. 1988. Gland cells in resin canal 
epithelia in guayule (Parthenium argentatum) in relation to resin and 
rubber production. Annals of Botany 61: 55-64.

Gonçalves-Souza P, Schlindwein C, Dötterl S, Paiva EAS. 2017. Unveiling 
the osmophores of Philodendron adamantinum (Araceae) as a means 
to understanding interactions with pollinators. Annals of Botany 
119: 533-543.

Gottsberger G. 1986. Some pollination strategies in neotropical savannas 
and forests. Plant Systematics and Evolution 152: 29-45.

Gottsberger G. 1990. Flowers and beetles in the South American tropics. 
Plant Biology 103: 60-365.

Gottsberger GA, Amaral A. 1984. Pollination strategies in Brazilian 
Philodendron species. Berichte der Deutschen botanischen Gesellschaft 
97: 391-410.

Gottsberger G, Silberbauer-Gottsberger I. 2006. Life in the cerrado. A 
South American tropical seasonal ecosystem. Vol. II – Pollination 
and seed dispersal. Ulm, Reta Verlag. 

Gottsberger G, Silberbauer-Gottsberger I, Seymour RS, Dötterl S. 
2013. Pollination and floral scent differentiation in species of the 
Philodendron bipinnatifidum complex (Araceae). Plant Systematics 
and Evolution 299: 793-809.

Grayum MH. 1996. Revision of Philodendron subgenus Pteromischum 
(Araceae) for Pacific and Caribbean Tropical America. Systematic 
Botany Monographs 47: 1-233.

Hammel BE. 1999. Two new species of Clusiella (Clusiaceae) with a synopsis 
of the genus. Novon 9: 349-359.

Jensen WA. 1962. Botanical histochemistry: principles and practice. San 
Francisco, Freeman.

Johansen DA. 1940. Plant microtechnique. New York, McGraw–Hill.
Karnovsky MJ. 1965. A formaldehyde-glutaraldehyde fixative of high 

osmolality for use in electron microscopy. Journal of Cell Biology 
27: 137-138.

Langenheim JH. 1990. Plant resins. American Scientist 78: 16-24.
Langenheim JH. 2003. Plant resins: chemistry, evolution, ecology, and 

ethnobotany. Portland, Timber Press.
Lopes VA, Machado IC. 1998. Floral biology and reproductive ecology of 

Clusia nemorosa (Clusiaceae) in northeastern Brazil. Plant Systematics 
and Evolution 213: 71-90.



Floral resins of Philodendron adamantinum (Araceae): secretion, release and synchrony with pollinators

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

401Acta Botanica Brasilica - 32(3): 392-401. July-September 2018

Lorio PL, Hodges JD. 1968. Microsite effects on oleoresin exudation 
pressure of large loblolly pines. Ecological Society of America 49: 
1207-1210.

Machado SR, Carmello-Guerreiro SM. 2001. Estrutura e desenvolvimento 
de canais secretores em frutos de Schinus terebinthifolius Raddi 
(Anacardiceae). Acta Botanica Brasilica 15: 189-195.

Maia ACD, Schlindwein C, Navarro DMAF, Gibernau M. 2010. Pollination of 
Philodendron acutatum (Araceae) in the Atlantic Forest of northeastern 
Brazil: a single scarab beetle species guarantees high fruit set. 
International Journal of Plant Sciences 171: 740-748. 

Mayo SJ. 1991. A revision of Philodendron subgenus Meconostigma (Araceae). 
Kew Bulletin 46: 601-681.

Mayo SJ, Bogner J, Boyce PC. 1997. The Genera of Araceae. Kew, Royal 
Botanic Gardens.

Michener CD. 2007. The bees of the world. 2nd. edn. Baltimore, Johns 
Hopkins University Press.  

Mithöfer A, Boland W. 2012. Plant defense against herbivores: chemical 
aspects. Annual Review of Plant Biology 63: 431-450.

O’Brien TP, Feder N, McCully ME. 1964. Polychromatic staining of plant 
cell walls by toluidine blue O. Protoplasma 59: 368-373.

Paiva EAS. 2017. How does the nectar of stomata-free nectaries cross the 
cuticle? Acta Botanica Brasilica 31: 525-530.

Paiva EAS, Pinho SZ, Oliveira DMT. 2011. Large plant samples: how 
to process for GMA embedding? In: Chiarini-Garcia H, Melo RCN. 
(eds.) Light microscopy: Methods and protocols. New York, Springer/ 
Humana Press. p. 37-49.

Pereira J, Schlindwein C, Antonini Y, et al. 2014. Philodendron adamantinum 
(Araceae) lures its single cyclocephaline scarab pollinator with specific 
dominant floral scent volatiles. Biological Journal of the Linnean 
Society 111: 679-691.

Petersen M, Sander L, Child R, Onckelen H, Ulvskov P, Borkhardt B. 1996. 
Isolation and characterisation of a pod dehiscence zone-specific 
polygalacturonase from Brassica napus. Plant Molecular Biology 31: 
517-527.

Possobom CCF, Machado SR. 2017. Elaiophores: their taxonomic 
distribution, morphology and functions. Acta Botanica Brasilica 
31: 503-524.

Robards AW. 1978. An introduction to techniques for scanning electron 
microscopy of plant cells. In: Hall JL. (ed.) Electron microscopy and 
cytochemistry of plant cells. New York, Elsevier. p. 343-403.

Roberts JA, Whitelaw CA, Gonzalez-Carranza ZH, McManus MT. 2000. 
Cell separation processes in plants - models, mechanisms and 
manipulation. Annals of Botany 86: 223-235.

Rodrigues TM, Teixeira SP, Machado SR. 2011. The oleoresin secretory 
system in seedlings and adult plants of copaíba (Copaifera langsdorffii 
Desf., Leguminosae– Caesalpinioideae). Flora 206: 585-594.

Roland AM. 1978. General preparations and staining of thin sections. In: 
Hall JL. (ed.) Electron microscopy and cytochemistry of plant cells. 
New York, Elsevier. p.1-62.

Sadala-Castilho R, Machado SR, Sá-Haiad B, Lima HA. 2016. Oil-resin 
glands in Velloziaceae flowers: structure, ontogenesis and secretion. 
Plant Systematics and Evolution 302: 585-599.

Sá-Haiad B, Silva CP, Paula RCV, Rocha JF, Machado SR. 2015. Androecia 
in two Clusia species: development, structure and resin secretion. 
Plant Biology (Stuttgart) 17: 816-824.

Schnetzler B, Teixeira SP, Marinho CR. 2017. Trichomes that secrete 
substances of a mixed nature in the vegetative and reproductive 
organs of some species of Moraceae. Acta Botanica Brasilica 31:  
392-402.

Scorza LCT, Rossi ML, Dornelas MC. 2014. Vacuolar remodelling mediates 
touch-induced androgynophore movement in Passiflora (Subg. 
Decaloba, Sect. Xerogona) flowers. Flora 209: 613-619.

Simpson B, Neff J. 1981. Floral rewards: alternatives to pollen and nectar. 
Annals of the Missouri Botanical Garden 68: 301-322. 

Simpson B, Neff J. 1983. Evolution and diversity of floral rewards. In: Jones 
CE, Little RJ. (eds.) Handbook of experimental pollination biology. 
New York, Scientific and Academic Editions. p. 142-159. 


