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ABSTRACT
This paper presents a comparative description of the starch distribution in the anthers, microspores and pollen grains of 
Aechmea recurvata, Dyckia racinae and Tillandsia aeranthos. Flowers at different stages of development were processed 
according to plant microtechniques for observation by light microscope. Ten stages of embryological development 
were used as references for the comparative analysis of starch distribution and dynamics. The structural data showed 
a greater starch accumulation in the parietal layers and connective of D. racinae. It was observed that in the species 
studied, starch began to accumulate in microspore mother cell stage. The pollen grains in D. racinae and in T. aeran-
thos present two amylo genesis-amylolysis cycles, while A. recurvata presents only one. One amylogenesis-amylolysis 
cycle occurs in the parietal layers and/or connective tissue in all three species. The pollen grains in the three species 
are dispersed without starch and are characterized as the starchless type. Starch dynamics presents a close relation to 
the development of sporangia, microspores and pollen grains. It is believed that differences in the starch distribution 
and accumulation are related to the abiotic factors where the species are found.
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Introduction
The effectiveness of the reproductive process in angio-

sperms depends on the viability of microspores, megaspores, 
pollen grains and embryo sac, where the dynamics and use 
of primary metabolites are essential in this process (Bhandari 
1984; Delph et al. 1997; Shivanna 2003; Pacini et al. 2006; 
Konyar et al. 2013). The accumulation and mobilization of 
sugars, lipids and proteins are common during sporangia 
development and were demonstrated by microscopy, his-
tochemistry, and biochemical, physiological and molecular 
assays (Pacini & Viegi 1995; Oliver et al. 2005; Lora et al. 2012; 
Konyar et al. 2013). Regarding to the sugars, their importance 
was demonstrated for maturation of the epidermis, endo-
thecium and tapetum (Clément & Audran 1995; Clément et 
al. 1998; Castro & Clément 2007). In this subject, was also 
demonstrated that the middle layers also act in the access of 
sugars to the loculus (Clément & Audran 1995).

Besides to supply the metabolic demand, sugars will 
compose the fibrous thickenings of the endothecium, the 

primexine and intine, and in some cases, also the exine 
(Walter & Doyle 1975; Horner & Pearson 1978). When 
preparing for the developmental events of pollen grains, 
including the pollination period, sugars can be accumu-
lated as starch, callose, pectins, insoluble polysaccharides, 
disaccharides or monosaccharides (Pacini 1996; Aouali et 
al. 2001; Clément & Pacini 2001; Pacini et al. 2006). The 
starch acts on the metabolism or has a structural function 
(Pacini 1996). In metabolism, starch can be emphasized as 
an intermediate stage in the formation of oils in starchless-
type pollen grains (Miki-Hirosige & Nakamura 1983; 
Baker & Baker 1979). It may be possible for it to convert 
into sucrose for breathing and osmotic regulation (Miki-
Hirosige & Nakamura 1983), or as a source of energy for 
the germination and growth of the pollen tube (Clément 
et al. 1994; Franchi et al. 1996).

Biochemical analyses associated with histological iden-
tification show that starch is an important marker of stamen 
and pollen grain development. There is a close correlation 
between different stages of cell and tissue development in 
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the anthers and mobilization of nutrients with the events of 
amylogenesis and amylolysis (Hess 1991; Noher de Halac et 
al. 1992; Pacini & Viegi 1995; Clément et al. 1998; Konyar 
et al. 2013).

The accumulation of information on the dynamics of 
sugars and starch has consistently increased embryological 
knowledge, besides the traditional aspects of the differentia-
tion of reproductive cells studied by means of sporogenesis 
and gametogenesis (Baker & Baker 1979, 1983; Miki-Hiro-
sige & Nakamura 1983; Noher de Halac et al. 1992; Clément 
et al. 1994; Franchi et al. 1996). Thus, some patterns of 
sugars and starch dynamics are widely disseminated among 
the angiosperms. Others have a strong phylogenetic deter-
mination, as observed in some Asteraceae (Baker & Baker 
1983), and others are connected to the strategies to ensure 
pollen viability as a function of the environment, including 
biotic and abiotic aspects, such as the type of pollinator and 
the humidity (Baker & Baker 1979, 1983; Lisci et al. 1994; 
Pacini 2000; Pacini et al. 2006).

According to Baker & Baker (1979), two classes of pollen 
grains can be found among the angiosperms - one called the 
starchless type, i.e., with pollen grains containing little or no 
starch at the time of dispersion; the second called starchy, 
with pollen grains containing large amounts of starch at 
the time of dispersion. Often it is thought that the type of 
reserve is related to pollen viability and to the pollinating 
agent, and starchy pollen grains are less viable temporally 
than the starchless pollen grains, although there are excep-
tions due to pollen grain size (Baker & Baker 1983).

Embryological studies associated with the recognition 
of metabolites, such as sugars or starch, as forms of reserve, 
generate important biological knowledge, in their structural, 
physiological, phylogenetic, ecological and evolutionary 
aspects. Although there are embryological results in Bro-
meliaceae, there is little information about the dynamics of 
metabolites or starch, during the staminal development or 
in mature pollen grains (Baker & Baker 1979; Hess 1991; 

Eva et al. 2006). However, so far, no studies dedicated to the 
comparative histological and histochemical analysis of dif-
ferent species have been conducted. Thus, considering the 
importance of starch as a way to accumulate carbohydrates, 
and its importance in differentiating anthers, pollen grains, 
and for the reproductive process in plants, it is intended: a) 
comparatively analyze the data obtained among the three 
species from different environments; and b) bring compre-
hension about starch distribution and its dynamics during 
different stages of anther and pollen development. 

Materials and methods
Inflorescences with floral buds at different developmen-

tal stages of six specimens of Dyckia racinae L.B. Sm. (Fig. 1) 
were collected in the municipality of São Pedro do Sul, 
RS, Brasil (29°35’22,2’’S /54°49’49,4’’W), eight specimens 
of Tillandsia aeranthos (Loisel.) L.B. Sm. (Fig. 2) in the 
municipality of São Sepé, RS (29º54’47,9”S/ 53º41’07,2”W) 
and five specimens of Aechmea recurvata (Klotzsch.) 
L.B. Sm. (Fig. 3) in the municipality of Santa Maria, RS 
(29º36’09,5”S/53º42’84,0”W). Voucher specimens were de-
posited in the Herbarium of the Federal University of Santa 
Maria at Santa Maria, Rio Grande do Sul, Brazil (SMDB), 
under the accession numbers Dyckia racinae 13840, Tilland-
sia aeranthos 12950, and Aechmea recurvata 12949.

Aechmea recurvata (Klotzsch.) L.B. Sm. belongs to the 
subfamily Bromelioideae. Its individuals are small, epiphytes 
or rupicoles, rhizomatous, and they can be found exposed 
directly to the sun or in environments with diffuse light 
(Reitz 1983). For this study, epiphyte individuals of A. re-
curvata were collected, whose phorophytes were in a gallery 
forest. Tillandsia aeranthos (Loisel.) L.B. Sm. belongs to 
subfamily Tillandsioideae. It is also epiphytic and rhizoma-
tous, found preferentially in an open environment or, more 
rarely, in an environment with diffuse light (Reitz 1983). 
For the present study, epiphytic individuals of T. aeranthos 

Figures 1-3. General aspect of species of Bromeliaceae during flowering. 1. Dyckia racinae L.B.Sm. (Pitcairnioideae); 2. Tillandsia aeranthos (Loisel.) L.B.Sm. 
(Tillandsioideae); 3. Aechmea recurvata (Klotzsch.) L.B.Sm. (Bromelioideae). Scale bars: 1 = 9 mm; 2 = 5 mm; 3 = 41 mm.
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were collected, whose phorophytes were isolated in a field 
formation. Dyckia racinae L.B. Sm., belonging to subfamily 
Pitcairnioideae, is rhizomatous and terrestrial. It is found 
in a rocky environment and never in shade. The three spe-
cies used in this study represent only three subfamilies that 
occur in Brazil. Moreover, the species are usually found in 
particular microenvironments, therefore, important to the 
proposed objectives in this study.

The floral samples were fixed in 1% glutaraldehyde and 
4% formaldehyde (McDowell & Trump 1976) in sodium 
phosphate buffer 0.1 M, pH 7.2 (Gabriel 1982), dehydrated 
in an ethylic series. Embedding of flower samples was 
performed with 2-hydroxyethyl methacrylate (Gerrits & 
Smid 1983). Sections with 2 to 5 μm thick were made in 
a Leica RM2245 rotary microtome. Periodic Acid/ Schiff 
Reagent (PAS), combined with Toluidine Blue O, in a 
sodium benzoate buffer, pH 4.4 (Feder & O’Brien 1968; 
O’Brien & McCully 1981), were used to stain tissue and to 
simultaneously identify starch. PAS was used to identify 
starch in mature pollen grains (O’Brien & McCully 1981). 
The analysis and photomicrographs were performed using 
a Leica DM2000 microscope.

In the present study, ten stages of embryological develop-
ment were used as references for analysis and comparison, 

of the three species, namely: microspore mother cell, dyad 
of microspores, tetrad of microspores, callose dissolution, 
free microspores, vacuolation, 1st haploid mitosis, initial 
gametogenesis (generative cell – lens shape whit parietal po-
sition), middle gametogenesis (generative cell moved from 
its parietal position), final gametogenesis (male germ unit 
formed). Such stages are traditionally used as morphological 
and developmental markers to the embryological study in 
angiosperms (Bhandari 1984; Knox 1984; Johri et al. 1992; 
Batygina 2002; Lersten 2004).

Results and discussion
In the three species studied, ten distinct stages of de-

velopment during sporogenesis and gametogenesis were 
defined (Tab. 1). The comparative observation and analysis 
of the presence of starch occurred in anthers, microspores 
and pollen grains, and the microspore mother cell was 
the initial stage of the studies (Figs. 4-9). In A. recurvata, 
D. racinae and T. aeranthos, they have four sporangia with 
five to six layers each, namely: epidermis, endothecium, 
two to three middle layers and tapetum (Figs. 4-12). The 
tapetum surrounds completely the meiocytes. The connec-

Table 1. 1. Microspore mother cell; 2. Dyad of microspores; 3. Tetrad of microspores; 4. Callose dissolution; 5. Free microspores; 6. Vacuolation; 7. 1st haploid mitosis; 
8. Initial gametogenesis (generative cell – lens shape and parietal position); 9. Middle gametogenesis (generative cell moved from its parietal position); 10. Final game-
togenesis (male germ unit formed). Hollow inverted triangle indicates the beginning of epidermal cell and endothecium growth. Full triangle indicates formation of 
endothecium thickening. Hollow triangle indicates amylogenesis peak in the pollen grain. Continuous line indicates amylogenesis. Dotted line indicates amylolysis.

Developmental stages

Species Anther 1 2 3 4 5 6 7 8 9 10

Dyckia racinae

SporangiumTillandsia aeranthos                         

Aechmea recurvata                                                                       

Dyckia racinae

ConnectiveTillandsia aeranthos                                      

Aechmea recurvata                                      

Dyckia racinae

MeiocytesTillandsia aeranthos

Aechmea recurvata

Dyckia racinae

Microspores

                  

Tillandsia aeranthos                                     

Aechmea recurvata                                                                                                 

Dyckia racinae

Pollen grains

 

Tillandsia aeranthos  

Aechmea recurvata                                                                                                                  
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Figures 4-12. Cross sections of anther of the Bromeliaceae species. 4, 7, 10 - Dyckia racinae L.B.Sm.; 5, 8, 11 - Tillandsia aeranthos (Loisel.) L.B.Sm.; 6, 9, 12 - Aech-
mea recurvata (Klotzsch.) L.B.Sm.; 4, 5, 6 - General view of the sporangia during microspore mother cell stage; 7, 8, 9 - Detail of parietal layers during microspore 
mother cell stage; 10, 11, 12 - Detail of the parietal layers and microspore dyads. Starch indicated by the arrows.
ep = epidermis, ed = endothecium, ml = middle layer(s), t = tapetum, cn = conective, vb = vascular bundle.

tive is composed of parenchymatic tissue, with a collateral 
vascular bundle in the center (Figs. 4-6, 13-15).

General observation showed differences among the 
three species regarding the intensity of amylogenesis, 
stages to begin amylogenesis or amylolysis, or time period 
in which the starch remained accumulated (Tab. 1). It was 
also observed that all tissues or reproductive cells in the 
anthers presented at least one event of amylogenesis and 
amylolysis (Tab. 1).

In stage 1 (Tab. 1), in D. racinae, starch grains were 
observed in the connective, parietal layers (Figs. 4-7). In T. 

aeranthos, starch grains were observed only in the micro-
spore mother cells (Figs. 5, 8). In A. recurvata, few starch 
grains were observed in the parietal layers (Figs. 6, 9). In 
the microspore mother cell, starch grains are similar in size 
and number to the other two species (Fig. 9). At this stage of 
development, only in D. racinae occurs starch accumulation 
in the connective. 

According to Pacini (1996), the accumulation of starch 
indicates a greater availability of carbohydrates from the 
sporophyte because of a lower consumption by the game-
tophyte. It is important to consider that the greater expo-
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sure of D. racinae individuals to sunlight may be helping 
to provide more sugars, as demonstrated by the presence 
of starch grains. In the angiosperms, in general, meiosis 
and tetrad formation require an accumulation of sugars 
demonstrated by the callose wall deposition. Thus, there is 
a demand for sugars before gametogenesis. The callose wall 
was observed in this study, and its thickness in the analyzed 
species was similar (Figs. 10-12). In Triticum aestivum, it was 
demonstrated that the great accumulation of starch in the 
connective was associated with hydric stress because of the 
inhibition of the use of sucrose in the anther (Lalonde et al. 
1997). In D. racinae, unlike the two other species, individu-
als whose flowers were collected, besides being exposed to 
constant luminosity, were found in shallow, rocky soil - a 
condition that shows there is less water available. The en-
vironmental characteristics described above are typical of 
those related to the vegetative structure of Dyckia and sites 
where their species occur (Benzing 2000). Thus, although 
the environmental conditions are well supported by the 
vegetative organs, it is not yet possible to determine whether 
the amount of starch in the connective reveals a favorable 
aspect of luminosity or an unfavorable one of hydric stress.

The beginning of starch accumulation in the repro-
ductive tissue in anthers is generally recorded during the 
vacuolation stage of the microspores or during the bicellular 
pollen grain stage (Pacini 1996). In this way, the results of the 
present study demonstrated that the accumulation of starch 
in reproductive tissue may occur earlier in the development, 
i.e., during meiosis (Figs. 10, 11, 12, Tab.1). It was described 
that in Tillandsia pallidoflavens (Hess 1991) and in Lilium 
henryi (Dickinson 1981), the plastids in the archesporial 
cells accumulate polysaccharides. In Smilax aspera (Pacini 
& Franchi 1983), in Lilium longiflorum (Miki-Hirosige 
& Nakamura 1983) and in Oenothera hookeri (Noher de 
Halac et al. 1992), the occurrence of starch grains in the 
microspore mother cells was described. An analysis of the 
literature showed that there is variability in this aspect, 
including species of a same genus as in Lilium (Dickinson 
1981; Clément et al. 1994).

During stage 2 (Tab. 1), a reduction in the amount and 
size of starch grains in the sporangia and connective tissues 
is observed, besides the disappearance of the grains in the 
meiocytes in D. racinae (Fig. 10). In T. aeranthos, the starch 
grains diminish in number and size in the microspore dyads 
(Fig. 11), although, sometimes, they have been found in 
the sporangia. In this species, sugars PAS-positive in the 
tapetal vacuoles are maintained, although their quantity is 
relatively diminished (Fig. 11). In A. recurvata, no changes 
are observed in the starch grains or parietal layers. Only 
amylolysis occurs in the microspore dyads (Fig. 12).

In stage 3 (Tab. 1), in D. racinae, amylolysis was observed 
in the connective (Figs. 13, 16). In T. aeranthos, there was 
a small accumulation of starch grains in the epidermis, 
endothecium, tapetum (Fig. 17), and in the connective 
cells close to the internal tapetum (Fig. 14). In T. aeranthos, 

it was common to find the accumulation of PAS-positive 
sugars in the vacuoles in the cells of the connective and of 
the parietal layers. In A. recurvata, was observed a discrete 
increase in starch grains number in the parietal layers except 
in the tapetum (Fig. 18). In the three species of the present 
study, no starch grains were observed in the microspores 
in the tetrad (Figs. 16-18). 

In D. racinae, the tapetal tissue collapses earlier com-
pared with T. aeranthos and A. recurvata, presenting signs of 
collapse in the dyad stage (Figs. 10, 13, 16, 19), when callose 
dissolution is observed (Fig. 10) (Tab. 1). T. aeranthos does 
not show signs of tapetal cell collapse and does not present 
callose dissolution in the dyad stage of the microspores (Fig. 
11). In A. recurvata, the beginning of callose dissolution dur-
ing the dyad stage is observed, although the tapetum does 
not show signs of collapse (Figs. 9 and 12). In D. racinae and 
in T. aeranthos, at the end of the callose dissolution (stage 
4), total amylolysis occurs in the sporangia. The growth of 
epidermal cells in both species occurs during the same stage 
(Figs. 4-6, 7-12, Tab. 1), followed by thickening of the endo-
thecium in D. racinae and in two later stages in T. aeranthos.

In stage 5 (Tab. 1), starch grains are observed in the 
epidermis and in the endothecium in D. racinae and in T. 
aeranthos (Figs. 19, 20). However, in D. racinae (Fig. 19), 
the starch appears as the remnant of an amylolysis process, 
contrary to what was observed in T. aeranthos, where the 
amount and size of the grains are greater than in the previ-
ous stage (Fig. 20, Tab. 1). In the free microspores, when 
the exine is beginning to form, starch grains are observed 
in D. racinae and in A. recurvata and at the beginning of 
accumulation in T. aeranthos (Figs. 19-21). At this stage, 
it was observed that the cells of the middle layers, mainly 
the inner middle layer, are compressed in the three species 
studied (Figs. 19, 21). Additionally, even in the regions 
where the outer middle layer is not compressed, no starch 
grains were observed (Figs. 19-21). At the end of stage 5, 
total amylolysis occurs in the sporangium in A. recurvata, 
being observed in stages 6 and 7 epidermal cells growth and 
endothecium thickening.

In stage 6 (Tab. 1) in D. racinae, the starch in the micro-
spores is almost totally consumed, compared to the other 
stages and species (Figs. 22-29). During this stage, when 
compared to the previous stage, greater thickening of the 
intine can be observed in the aperture region (Fig. 23). The 
intine in T. aeranthos (Figs. 24, 28) and in A. recurvata (Figs. 
26, 29) increases its thickening during the first mitosis in 
the pollen grains. In Anacardium occidentale, amylolysis 
and differentiation of the intine in the pollen apertures 
were also observed in the vacuolation phase (Oliveira & 
Mariath 2001; Oliveira et al. 2001). Santos & Mariath (1999) 
described very similar aspects in Ilex paraguariensis, and the 
authors suggested the connection between amylolysis and 
the increased thickening of the intine.

In D. racinae, at the end of the microspore vacuolation 
(Tab. 1), the starch grains disappear in the parietal layers, 
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Figures 13-26. Cross sections of anther of the Bromeliaceae species. 13, 16, 19 - Dyckia racinae L.B.Sm.; 14, 17, 20 - Tillandsia aeranthos (Loisel.) L.B.Sm.; 15, 18, 
21 - Aechmea recurvata (Klotzsch.) L.B.Sm.; 13, 14, 15 - General view of the sporangia in the microspore tetrad stage; 16, 17, 18 - Detail of parietal layers and tetrad 
of microspores; 19, 20, 21 - Detail of parietal layers and free microspores in the loculus; 22, 24, 25 - Detail of the connective and parietal layers. 22 - Note connective 
cells with U-shaped thickening; 23, 24, 26 - Vacuolated microspores. Starch indicated by the arrows.
ep = epidermis, ed = endothecium, ml = middle layer(s), t = tapetum, cn = conective, vb = vascular bundle.
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which were possibly used for cell lengthening or for con-
struction of the U-shaped thickening typical to the endo-
thecium - aspects of cell differentiation that can be observed 
when comparing the development stages (Figs. 19, 22).

In T. aeranthos there is marked cell growth in the epi-
dermis and endothecium during vacuolation (Figs. 20, 24), 
although the beginning of the differentiation of endothe-
cium thickenings occurs in the later phase (Fig. 28).

In A. recurvata, in stage 6 (Tab. 1), the size of the starch 
grains increased compared to the previous stages (Figs. 25, 
26). In the parietal layers of this species, amylogenesis oc-
curred in the endothecium and in the outer middle layer (Fig. 
26). As for the other two species, there was no differentiation 
in the epidermis or endothecium cells (Fig. 26). According 
to Clément & Pacini (2001), the first cycle of starch degrada-
tion may be related to anther growth or to the formation of 
endothecium thickenings. When the results of the present 
study are analyzed, there is variability between species to 
begin endothecium differentiation and also for the starch 
dynamics in the sporangia. Because of the differentiation of 
the epidermis and endothecium, including the formation 
of their thickening, it is believed that these persistent layers 
of the sporangia are also important sinks for sugars from 
amylolysis. In the three species analyzed, the differentiation 
of the epidermis occurs during or after amylolysis, while the 
growth and formation of endothecium thickening occurs 
later, although these events occur at different stages (Tab. 1).

The structural changes observed in the sporangia, 
mainly growth of the endothecium and epidermis cells, 
formation of endothecium thickenings and loss of starch 
grains, according to Keijzer (1987), form the first set of 
changes related to the anthers dehiscence. In different spe-
cies (Keijzer 1987; Noher de Halac et al. 1992) the processes 
were similar to those described here for D. racinae, T. aer-
anthos and A. recurvata, although the time at which they 
occur is similar only for the first two species. In A. recurvata 
the same processes occurs relatively late.

After the first pollen mitosis starch grains were observed 
in the pollen grains in D. racinae and in T. aeranthos (Figs. 
27, 28), during the same stage, there is an increase in the 
number of starch grains in A. recurvata (Fig. 29). No starch 
grains were observed in the sporangium and in the connec-
tive (Figs. 30-32). In the three studied species of Bromeli-
aceae, starch was observed only in the vegetative cell, and 
this is a common characteristic of the angiosperms (Knox 
1984; Johri et al. 1992). In this study, the starch grains found 
in the vegetative cell are relatively larger than those observed 
in the different anther tissues, meiocytes or microspores 
(Figs. 22-24).

Pacini & Viegi (1995) and Pacini (1996) described 
development and amylogenesis stages for meiocytes, mi-
crospores and pollen grains, similar to those described in 
the present work, especially in relation to D. racinae. For 
the angiosperms, Pacini & Franchi (1988) considered that 
the last amylogenesis cycle would usually be more intense, 

as observed in this study. Beginning with the maximum 
amylogenesis observed, the later stages were marked by 
a progressive assimilation of these reserves, culminating 
in starchless pollen grains during the dispersion phase 
(Figs. 31-36, Tab. 1). The results of this study support the 
data presented by Baker & Baker (1979), who considered 
the occurrence of pollen grains without starch for the 
Bromeliaceae, i.e., of the starchless type. However, all 
the species analyzed presented a positive PAS cytoplasm 
(Figs. 36-38). PAS-positive polysaccharides were found 
in the mature pollen grains cytoplasm in Mercurialis 
annua and Ricinus communis (Franchi et al. 1996), and 
in Trachycarpus fortunei (Guarnieri et al. 2006). Soluble 
polysaccharides are also found in mature starchless pollen 
grains, but they are only detected using other methodolo-
gies, especially biochemical analyses (O’Brien & McCully 
1981; Pacini 1996; Castro & Clément 2007; Speranza et al. 
1997; Jain et al. 2007).

Speranza et al. (1997) and Clément & Pacini (2001) 
demonstrated that, for different species, the PAS-positive 
cytoplasm of the vegetative cells is closely related to pol-
len grains dehydration at the time of their release, which 
presents a great viability after they are released, and are 
always associated with a dry environment. This longevity is 
related to the presence of sugars from amylolysis, which is 
associated with stabilization of membranes, water retention 
or absorption, especially during dehydration and transport 
of pollen grains (Lisci et al. 1994; Pacini 1996). Among the 
activities inherent to the vegetative cell that involve using 
sugars, are the construction of the intine, participation in 
the formation of the male germ unit, and formation of the 
pollen tube, besides the energy demand of the cell itself 
(Pacini et al. 2006; Pacini & Franchi 1983). Miki-Hirosige 
& Nakamura (1983), analyzing Lilium longiflorum, and Eva 
et al. (2006) analyzing Tillandsia seleriana, showed that the 
vegetative cell was responsible for supplying the reserves 
used during the development of the generative cell and for 
the emission of the pollen tube. 

At the beginning of the bicellular pollen grain stage, 
starch is no longer observed in the parietal layers or in the 
connective in the species analyzed in the present study (Tab. 
1). In the mature or dehiscent anther, no starch grains are 
found in pollen grains, and few starch grains are observed 
in the connective or parietal layers (Figs. 30-38).

Amylogenesis and amylolysis occur in the anther wall 
and throughout its development, in the microspores mother 
cells, microspores and pollen grains in this study. One am-
ylogenesis-amylolysis cycle occurs in the parietal layers and/
or connective tissue in all three species. In Dyckia racinae 
and Tillandsia aeranthos was observed in the microspores 
one cycle of amylogenesis-amylolysis and one cycle in the 
pollen grains. In Aechmea recurvata only one cycle occurs, 
beginning during microsporogenesis and ending during 
the microgametogenesis.
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The pollen grains in Dyckia racinae, Tillandsia aeranthos 
and Aechmea recurvata are not dispersed with starch, which 
characterizes the species as starchless type. In various species, 
the sugars in the cytoplasm are associated with the quiescence 
of the pollen grains, maintaining their viability and also as-
sociated with dry environments or entomophily (Baker & 
Baker 1979; Lisci et al. 1994; Pacini 2000; Pacini et al. 2006).

The greater amount of starch observed in the connective 
tissue in D. racinae indicates a great availability of carbohy-
drates from the sporophyte that shows itself as a probable 
result of the greater exposure to sunlight radiation typical 
of the place where it occurs. The analysis of development 
showed that the connective is a buffer for the sugar surplus 
in the anther (Clément & Pacini 2001).

Figures 27-38. Pollen grains at different stages of development. 27, 30, 33, 36 - Dyckia racinae L.B.Sm.; 28, 31, 34, 37 - Tillandsia aeranthos (Loisel.) L.B.Sm.; 29, 32, 
35, 38 - Aechmea recurvata (Klotzsch.) L.B.Sm.; 27, 28, 29 - Detail of parietal layers and pollen grains in the initial gametogenesis. Anthers in longitudinal section; 
30, 31, 32 - General view of connective and parietal layers of the anthers at anthesis. Anthers in longitudinal section in Figures 30 and 32. Anther in cross section 
in Figure 31; 33, 34, 35 - Mature pollen grains in anthers in pre-anthesis; 36, 37, 38 - Mature pollen grains after PAS reaction. Anthers at anthesis. Starch indicated 
by the arrows.
ep = epidermis, ed = endothecium.
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Considering the sporangial structure of the three spe-
cies, all of them have a structure similar to each other and 
to the other angiosperms, where the spore and gametophyte 
formation process requires the mobilization of sugars, as 
well as the structure for anther dehiscence. Thus, from the 
connective, regardless of whether there was an availability of 
surplus sugars by the sporophyte, the amylogenesis products 
have the sporangium and pollen grains as sinks.
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