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Anther and pollen development in some species of Poaceae (Poales)
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Abstract

Anther and pollen development were studied in Olyra humilis Nees, Sucrea monophylla Soderstr, (Bambusoideae), 
Axonopus aureus P. Beauv., Paspalum polyphyllum Nees ex Trin. (Panicoideae), Eragrostis solida Nees, and Chloris 
elata Desv. (Chloridoideae). The objective of this study was to characterise, embryologically, these species of sub-
families which are considered basal, intermediate and derivate, respectively. The species are similar to each other 
and to other Poaceae. They present the following characters: tetrasporangiate anthers; monocotyledonous-type an-
ther wall development, endothecium showing annular thickenings, secretory tapetum; successive microsporogenesis; 
isobilateral tetrads; spheroidal, tricellular, monoporate pollen grains with annulus and operculum. Nevertheless, the 
exine patterns of the species studied are distinct. Olyra humilis and Sucrea monophylla (Bambusoideae) show a 
granulose pattern, whereas in the other species, it is insular. In addition, Axonopus aureus and Paspalum polyphyllum 
(Panicoideae) have a compactly insular spinule pattern, while Chloris elata and Eragrostis solida (Chloridoideae) 
show a sparsely insular spinule pattern. The exine ornamentation may be considered an important feature at the inf-
rafamiliar level.

Keywords: Bambusoideae, Chloridoideae, Gramineae, microsporogenesis, Panicoideae.

Desenvolvimento da antera e do grão de pólen em espécies de Poaceae (Poales)

Resumo

O desenvolvimento da antera e do grão de pólen de Olyra humilis Nees, Sucrea monophylla Soderstr. (Bambusoideae), 
Axonopus aureus P. Beauv., Paspalum polyphyllum Nees ex Trin. (Panicoideae), Eragrostis solida Nees and Chloris 
elata Desv. (Chloridoideae) foi estudado visando caracterizar embriologicamente essas espécies de subfamílias consi-
deradas basal, intermediária e derivada, respectivamente. As espécies são similares entre si e entre as demais Poaceae. 
Apresentam os seguintes caracteres: anteras tetrasporangiadas; desenvolvimento da parede da antera do tipo mono-
cotiledôneo, endotécio com espessamento de parede anelar, tapete secretor; microsporogênese sucessiva; tétrades 
isobilaterais; grãos de pólen esféricos, tricelulares, monoporados, com anel e opérculo. Por outro lado, o padrão de 
ornamentação da exina do grão de pólen é distinto. Olyra humilis e Sucrea monophylla (Bambusoideae) apresen-
tam padrão granuloso e as demais espécies padrão insular. Axonopus aureus e Paspalum polyphyllum (Panicoideae) 
apresentam espínulos densamente agrupados, enquanto Chloris elata e Eragrostis solida (Chloridoideae) espínulos 
esparsamente agrupados. A ornamentação da exina dos grãos de pólen pode ser considerada caráter importante a nível 
infrafamiliar.

Palavras-chave: Bambusoideae, Chloridoideae, Gramineae, microsporogênese, Panicoideae.
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1. Introduction

Understanding the embryology of the Poaceae species 
is of considerable interest due to the economic and eco-
logical importance of this group. Being one of the largest 
Angiosperm families, Poaceae comprises 10,000 species 
and over 700 genera (GPWG, 2001). They are distributed 
in 13 subfamilies (Sánchez-Ken et al., 2007), with spe-
cies occurring in all continents and all types of habitats. 
Poaceae is included in Poales with another 17 families 
(APG II, 2003), except for Hydatellaceae (Saarela et al., 
2007), which accounts for approximately one third of the 
Monocotyledons (Linder and Rudall, 2005).

Most Poales present monocotyledonous-type an-
ther development (Sajo et al., 2005), secretory tapetum 
(Furness and Rudall, 1998; 2001), and successive cytoki-
nesis (Furness and Rudall, 2001), features which are also 
shared by other monocots (Furness and Rudall, 2001). In 
addition, Bhanwra (1988) reported the presence of only 
four layers of microsporangium cells in Poaceae, one of 
the family synapomorphies. Bhanwra (1988) also stated 
that male embryological traits are common in the fam-
ily.

Embryological features may be useful in taxonomy 
as they may indicate taxon boundaries, determine affini-
ties, and aid in the evaluation of classification schemes 
(Björnstad, 1970). Although phenotypic plasticity in em-
bryological traits is small, it is suggested that the high 
specific richness and the broad distribution of Poaceae 
species may have influenced the group embryology. 
This would lead to a more efficient use of microsporan-
gium and microgametophyte traits in the phylogenetic 
analyses of the group, as has been done for Asparagales 
(Rudall et al., 1997). Within this order, the simultane-
ous microsporogenesis was considered an apomorphic 
character, in addition to the rare occurrence of the ana-
trichotomocolpate pollen aperture in Monocotyledons.

In the present study, Bambusoideae was consid-
ered the basal subfamily, Panicoideae intermediate, and 
Chloridoideae derivate (GPWG, 2001). The present 
study aimed to characterise Olyra humilis Nees, Sucrea 
 monophylla Soderstr. (Bambusoideae - Olyreae), 
Axonopus aureus P. Beauv., Paspalum polyphyllum Nees 
ex Trin. (Panicoideae - Paniceae) and Eragrostis solida 
Nees (Chloridoideae - Eragrostideae) and Chloris elata 
Desv. (Chloridoideae - Cynodonteae) embryologically at 
the subfamilial level.

2. Materials and Methods

Samples of Olyra humilis Nees, Sucrea  monophylla 
Soderstr. (Bambusoideae-Olyreae), Axonopus 
 aureus P. Beauv., Paspalum polyphyllum Nees ex 
Trin. (Panicoideae-Paniceae), Chloris elata Nees 
(Chloridoideae-Cynodonteae), and Eragrostis solida 
Desv. (Chloridoideae-Eragrostideae) were collected, 
herborised, and included in the ICN (Herbarium of the 
Departamento de Botânica da Universidade Federal 

do Rio Grande do Sul) and HRCB (Rioclarense 
Herbarium).

Spikelets at different developmental stages were 
fixed on FAA 50 (Johansen, 1940) and preserved in 70% 
ethanol for embryological analyses.

For optical microscopy analyses, individual spikelets 
and anthers from all species were dehydrated in ethanol 
series and embedded in LeicaTM historesin, following the 
manufacturer’s protocol. Materials were sectioned with 
rotative microtome, producing series of transverse and 
longitudinal sections 1-5 µm thick. These sections were 
stained with periodic acid Schiff reagent (PAS reac-
tion) and toluidine blue (Feder and O’Brien, 1968), and 
mounted in synthetic resin. Illustrations were produced 
through a LeicaTM DFC280 digital camera, coupled to 
a LeicaTM DMLB photomicroscope, using the program 
LeicaTM IM50.

For the ultrastructural study of pollen grains, pre-
anthesis stamens of all species were dehydrated in an 
acetone series (Johansen, 1940), followed by critical-
point drying with carbon dioxide. The dry material was 
fixed on metallic supports with 3MTM copper adhesive 
tape. With the aid of stilettos, pollen grains were pulled 
out of the anthers and then metallised with gold. Pollen 
grains were observed and photographed in a scanning 
electronic microscope (PhilipsTM SEM 505) and classi-
fied according to Punt et al. (1994).

3. Results

In the species studied, spikelets of both unisexual 
and bisexual flowers were observed. In Olyra humilis 
and Sucrea monophylla (Figure 1) spikelets are unisexu-
al, whereas in Paspalum polyphyllum, Axonopus aureus 
(Figure 2), Chloris elata, and Eragrostis solida, they are 
bisexual. Most species presented three stamens arranged 
in one whorl. Eragrostis solida presents three stamens in 
young spikelets and two in the mature. Anthers are dor-
sifixed, bithecal and tetrasporangiate (Figures 1-2, 4-6), 
with longitudinal dehiscence.

3.1. Development of the anther wall

In the species studied, the anther wall development 
did not differ significantly, and the same pattern was 
observed in the six species. The anther primordium is 
formed of meristematic tissue surrounded by an epider-
mal layer (Figure 3). As the four sporangia develop, an-
thers become tetralobed (Figures 2, 4).

A monocotyledonous-type development of the anther 
wall was noted. One individual archeosporic hypodermal 
cell differentiates into the microsporangium, as follows: 
the archeosporium cell enlarges, divides periclinally, and 
forms both the primary wall layer and the primary spo-
rogenous cell (Figure 4).

The primary wall layer then divides and gives ori-
gin to the secondary layer (Figure 5). The former layer 
differentiates into the endothecium, while the secondary 
layer divides one more time and forms the middle layer 
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and the tapetum. They present thin walls and evident nu-
clei (Figure 6). Starch grains are observed in epidermal 
and endothecial cells in Olyra humilis (Figure 6) and 
Sucrea monophylla (Figure 14).

At anther maturity, epidermal cell walls are straight 
or slightly papillate in Axonopus aureus (Figure 10), con-
vex in Sucrea monophylla and Olyra humilis (Figure 7), 
concave in Paspalum polyphyllum (Figure 9), and papil-
late in Chloris elata (Figure 12) and Eragrostis solida 
(Figures 8, 13). Endothecia cells are tangentially elongat-
ed and present annular thickenings (Figures 7,  11-13).

In Olyra humilis, the cells in the endothecial layer are 
larger compared to the other species, occupying approxi-
mately two thirds of the anther wall width (Figure 7). The 
middle layer is ephemeral and disintegrates when the an-
ther matures (Figure 16). Tapetum cells show thin walls, 
dense cytoplasm, and conspicuous nuclei (Figure 14). The 
tapetum is secretory (Figures 12, 14, 19), with uninucle-
ate cells in Olyra humilis, Sucrea monophylla, Axonopus 
aureus, and Paspalum  polyphyllum which disintegrate in 
mature anthers (Figure 16). In Chloridoideae species – 
Chloris elata and Eragrostis solida – the tapetum is uni-
nucleate and occasionally binucleate (Figure 12).

3.2. Microsporogenesis and microgametogenesis

In longitudinal sections of young anthers, microspo-
rocytes are usually arranged in four rows of thin-walled 
cells, showing dense cytoplasm and conspicuous nuclei 
(Figure 15). In transverse sections of young anthers, 
6-8 rows of microsporocytes can be observed in Olyra 
humilis and Sucrea monophylla (Figures 6, 14), which 
form a larger number of microspores. In the other spe-
cies, an average of four rows of microsporocytes are 
noted.

Microsporocytes divide through meiosis, forming 
dyads (Figure 16) that are separated by the formation of 
thin walls, and then isobilateral tetrads (Figure 17), in 
a process called successive cytokinesis. The tetrad mi-
crospores are individualised and have dense cytoplasm 
and evident nuclei in the central region (Figures 18-19). 
Microspores enlarge due to vacuolation, while their nu-
clei migrate toward the periphery and reach the cell wall 
(Figure 20).

The first mitotic microspore division is unequal and 
gives origin to two cells: a larger, spherical vegetative 
cell and a smaller, elongated generative cell with dense 
cytoplasm and nucleus located at the periphery of the 
former (Figures 13, 22-23). Subsequently, the generative 
cell migrates towards the central region, approaching the 
vegetative cell nucleus (Figure 23); then it undergoes mi-
tosis and originates two sperm cells (Figures 21, 24-25).

In the species studied, pollen grains are dispersed in 
the tricellular stage, being spheroidal, monosporate, and 
presenting a surrounding annulus (Figures 26, 27-34). 
In Sucrea monophylla (Figures 27, 30), the annulus is 
more conspicuous compared to other species. When pol-
len grains are observed in transverse section, an exine 
interruption can be seen internally in the annulus region. 

In the central region of the pore, an operculum is seen 
(Figures 26, 27-34).

Two patterns of exine ornamentation can be dis-
tinguished among the species studied: granulose 
(Figures 29-30) and insular (Figures 31-32). Olyra  humilis 
(Figure 29) and Sucrea monophylla (Bambusoideae) 
(Figures 27, 30) present the granulose pattern, with in-
dividual, compacted granules. The remaining species 
show the insular pattern, formed of islands of spinules 
or granules. Axonopus aureus (Figure 31) and Paspalum 
polyphyllum (Figure 32) (Panicoideae) have densely 
grouped spinules, whereas in Chloris elata (Figures 28, 
34) and Eragrostis solida (Chloridoideae) (Figure 33), 
they are sparsely grouped.

4. Discussion

The number of stamens described for Poaceae varies 
between one and nine, with the most frequent pattern be-
ing three to six stamens (Longhi-Wagner, 2001), which 
are arranged in one or two whorls (Cocucci and Anton, 
1988). Most species present three stamens. In Eragrostis 
solida, three stamens were seen in young spikelets, 
and two were observed in the mature ones. Boechat 
et al. (2001) reported the occurrence of two stamens in 
Eragrostis solida, probably due to the examination of 
mature spikelets only. The number of stamens, two or 
three, is an important taxonomic character in Eragrostis 
used to separate groups of species in the identification 
keys (Boechat et al., 2001). Since Eragrostis solida 
(Chloridoideae) occupies a derived position in phyloge-
netic studies of the family, the reduction in the number 
of stamens in mature anthers is probably related to the 
reduction transition that this floral part underwent.

The monocotyledonous-type anther development 
observed in the species studied is a common feature 
in Poaceae (Bhanwra, 1988; Teng et al., 2005) and in 
most Poales (Sajo et al., 2005), except for Rapateaceae 
(Venturelli and Bouman, 1988) and Mayacaceae 
(Venturelli and Bouman, 1986), which present the ba-
sic type. The monocotyledonous-type is predominantly 
found in monocots (Palser, 1975) and may be considered 
a plesiomorphic character in Poales (Sajo et al., 2005). 
The endothecia of all species studied show an annular 
thickening, which is considered one of the most common 
types found in Poaceae (Manning and Linder, 1990).

Referring to the number of cell layers in the an-
ther wall, Bhandari (1984) reported that, in basal 
Angiosperms, the anther wall is thick due to the large 
number of middle layers and occasionally, to a biseriate 
tapetum. According to the author, in derived Angiosperm 
families, the anther wall is thin and shows a single series 
of cells in the middle layer. In the species studied and in 
Poaceae in general, the anther wall is thin and comprises 
four layers of cells (Bhanwra, 1988), confirming their 
derived position in the Angiosperms.

The secretory tapetum described in this study is also 
considered a constant feature in Poaceae. Although the 
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Figures 1-6. Anther wall development in Poaceae. Transverse sections, except 3 longitudinal. 1) Sucrea monophylla male 
spikelet. 2-4) Axonopus aureus. 5) Sucrea monophylla. 6) Olyra humilis. (AC = archeosporium cell, EP = epidermis, GI = gi-
noecium, MMC = microspore mother cell, PW = primary wall layer, SC = sporogenous cell, ST = stamen, SW = secondary 
wall layer, TA = tapetum, Arrow = middle layer, Tip of the arrow = endothecium). 
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Figures 7-13. Poaceae anther wall development - transverse sections. 7) Olyra humilis. 8) Eragrostis solida. 9) Detail on 
Paspalum polyphyllum wall. 10) Axonopus aureus. 11) Olyra humilis endothecium. 12) Binucleate tapetum in Chloris elata. 
13) Eragrostis solida. (EN = endothecium, EP = epidermis, TA = tapetum, Arrow = binucleate tapetum). 
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Figures 14-20. Microsporogenesis of Poaceae. 14) Sucrea monophylla microsporangium in transverse section. 15) Longitu-
dinal section of Paspalum polyphyllum microsporangium. 16) Longitudinal section of Axonopus aureus with microspore dy-
ads. 17) Eragrostis solida tetrads. 18) Longitudinal section of Chloris elata, showing individual microspores. 19-20) Trans-
verse and longitudinal sections of Olyra humilis. (EN = endothecium, EP = epidermis, MI = microspores, ML = middle layer, 
MMC = microspore mother cell, PG = pollen grains, TA = tapetum). 
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Figures 21-26. Poaceae pollen grains. 21) Longitudinal section of Sucrea monophylla microsporangium. 22) Paspalum 
polyphyllum. 23) Eragrostis solida. 24) Olyra humilis. 25) Tricellular pollen grain of Paspalum polyphyllum. 26) Detail of 
the monoporate pollen grain of Sucrea monophylla, showing annulus and operculum. (EN = endothecium). 
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Figures 27-34. Poaceae pollen grains - SEM. 27-28) General aspect of the monosporate pollen grain, showing annulus 
and operculum, Sucrea monophylla and Chloris elata, respectively. 29-30) Bambusoideae - exine formed of small indi-
vidual granules. 29) Olyra humilis. 30) Sucrea monophylla. 31-32) Panicoideae - exine with densely arranged spinules. 
31)  Axonopus aureus. 32) Paspalum polyphyllum. 33-34) Chloridoideae – sparsely insular pattern. 33) Eragrostis solida. 
34) Chloris elata. (AN = annulus, OP = operculum). 
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secretory type is dominant in Poales, a plasmodial type 
was also reported in the families Sparganiaceae and 
Typhaceae (Furness and Rudall, 1998). Bromeliaceae, 
which is a basal taxon (Linder and Rudall, 2005), 
presents an intermediary type of tapetum that prob-
ably derived from an ancestor with a secreting form 
(Sajo et al., 2005). One or two nuclei are reported for 
tapetal cells in species of Poaceae, whose occurrence 
is independent among subfamilies (Bhanwra et al., 
1980; Bhanwra, 1988), and thus cannot be considered 
a constant trait in the group. A binucleate tapetum 
was observed in Chloris elata and Eragrostis solida 
(Chloridoideae), but only occasionally. For Dahlgren 
and Clifford (1982), this character may distinguish taxa 
among the Monocotyledons in some cases. However, 
according to Rudall and Furness (1997), the number of 
nuclei may vary among monocots depending on the de-
velopmental stage of the anther.

The more pronounced production of microsporocytes 
in Olyra humilis and Sucrea monophylla (Bambusoideae) 
may lead to a greater production of pollen grains, a fact 
possibly related to their pollination, as these species 
present unisexual spikelets. It is important to highlight, 
however, that the populations of these two species grow 
in the understory, as opposed to the other species, which 
are characteristic of open grassland formations.

Cruden (1977) studied the pollen-ovule ratio in spe-
cies of Poaceae with bisexual flowers, including two spe-
cies of Eragrostis. The ratio observed was low, which 
the author attributed to the occurrence of self-fecunda-
tion. The findings of the present study suggest that self-
fecundation may be responsible for the formation of a 
smaller number of microsporocytes in species with bi-
sexual flowers, compared to those with unisexual ones. It 
may also have led to the loss of one stamen in Eragrostis 
solida, an important evolutionary step in Poaceae.

In all species studied, the microspore tetrads are iso-
bilateral. This character is frequently found in Poaceae, 
although T-type, decussate, tetrahedral and linear tet-
rads have also been described in the family (Bhanwra, 
1988). The linear tetrads were similar to those observed 
in Cephaelis ipecacuanha (Brot.) A. Rich (Souza et al., 
2006). Since this character is variable among Poaceae, it 
should not be considered significant at both familial and 
infrafamilial levels.

The pollen grains of monocots present sulcate ap-
ertures, a predominant condition in the Poales, except 
in the Thyphaceae and in the graminoid-restiid clade, 
where the pore replaced the sulcus (Linder and Rudall, 
2005), a trait associated with the dispersion of pollen 
grains (Zavada, 1983). In the graminoid clade presented 
by Linder and Rudall (2005), diverse structures of pol-
len apertures were described, with the majority of the 
representatives showing an annulus similar to the species 
investigated here. In Restionaceae and Centrolepidaceae, 
for instance, Linder and Fergunson (1985) reported many 
types of annulus apertures, but not the intine thickenings 
commonly seen in Poaceae, which would indicate inde-

pendent evolutionary paths. The absence of the annulus 
in the pollen grain of Poaceae was reported in species 
of herbaceous bamboos belonging to the genus Pariana 
(Bambusoideae-Olyreae) (Salgado-Labouriau and 
Rinaldi, 1990; Salgado-Labouriau et al., 1993; Chissoe 
et al., 1994; Skvarla et al., 2003). The character ‘ab-
sence of annulus’ or its discrete development, associated 
with other characters, may be useful in the phylogeny of 
Poaceae (Skvarla et al. 2003).

The operculum seen in the pollen of the species stud-
ied and in the remaining Poaceae might have evolved 
several times in monocots, as observed by Furness and 
Rudall (2001) in species of dry, perennial and seasonal 
habitats. The authors stated that many Poales evolved 
probably as a result of environmental selection pres-
sures. In Poales, species showing reduced flowers and 
adaptations to wind pollination have pollen grains dis-
persed at the tricellular stage (Kapil and Bhatnagar, 
1991). Although the investigated species originated from 
different habitats (understory and open grassland forma-
tions), the same constant pattern seen in Poaceae was 
also observed here.

The exine ornamentation in pollen grains distin-
guishes the subfamilies studied. Differences in exine 
patterns were also seen in 18 species of four different 
groups in the family (Watson and Bell, 1975), as well as 
in Oryza species (Poaceae-Ehrarthoideae) (Chaturvedi 
et al., 1998). In another study, Liu et al. (2004) analysed 
the ornamentation pattern of the exine in pollen grains 
of Chloridoideae species, describing different patterns: 
sparsely granulose, densely granulose, rugulate-granu-
lose, grouped granulose, spinulose, verrucose, sparsely 
insular, compactly insular, brevicerebro-ornate. The au-
thors proposed an evolutionary trend in which the spe-
cies of ancestral subtribes showing pollen with granulose 
exine would have given origin to the derived members 
with the insular pattern, through the gathering of indi-
vidual granules. Although this hypothesis is suitable for 
our observations, it cannot be said that the granules seen 
in the Bambusoideae are ancestrals of the spinule islands 
observed in the Chloridoideae, since all the patterns we 
verified were previously described in the subfamily (Liu 
et al., 2004).

For the species of subfamilies investigated in this 
study, microsporangium, microsporogenesis and micro-
gametophyte features are constant and characteristic of 
Poaceae. The exine deposition pattern in pollen grains is 
a distinguishing trait and may be important at the infra-
familial level.
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