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Abstract
Despite their great economic importance, relatively little is known about bamboo sexual reproduction because they usually spread
through rhizomes and have long intervals between flowering periods. Bambusa tuldoides is no exception; the intervals between
flowering periods are about 23 years and often do not result in successful caryopsis production. The aim of the present work was to
characterizeBambusa tuldoides sexual reproduction at three stages of flower development and investigate possiblemale sterility. Pollen
was cultured onto several types of culture medium in order to encourage germination, but not a single of the thousands of observed
pollen germinated under any condition. Anthers and microspores were analyzed by scanning electron microscopy, transmission
electron microscopy, and optical microscopy techniques. Anther dehiscence appeared to be normal when compared to other species.
In contrast, microspores began to develop abnormally starting as early as the first flower development stage: retraction of the cytoplasm
and rupture of the nuclear and mitochondria membrane. As the interior machinery of the microspores degenerated, starch accumulated
within numerous amyloplasts during stages two to four of flower development. The sporoderms of these microspores were similarly
incomplete: though they possessed an exine, they lacked an intine. The results here obtained suggest that the non-viability of these
abnormal pollen grains prevents the development of Bambusa tuldoides caryopses.
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Introduction

Natural bamboo populations (family Poaceae, subfamily
Bambusoideae) are present on almost every continent of the
globe except Europe and Antarctica (Williams et al. 1994;
Scurlock et al. 2000). Among the countries of the Americas,
Brazil has the highest diversity, with 33 genera and about 250
species, of which about 160 are endemic, in addition to the

presence of more than 20 exotic species (Filgueiras and
Goncalves 2004; Filgueiras et al. 2013).

Bamboo is particularly valuable for industry, because the
quality and tensile strength of its wood may be used to man-
ufacture high quality goods, such as construction material,
furniture, bulk cellulose, and bioenergy and also the meriste-
matic region of young shoots is used as food (Scurlock et al.
2000; Bonilla et al. 2010). Fast-growing bamboo cultivation
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may indirectly reduce deforestation and soil erosion while
preserving plant biodiversity (Embaye 2000). Despite the
great economic importance of bamboos, their propagation is
mostly based on vegetative methods (Mudoi et al. 2013).

Bambusa tuldoides Munro, a woody bamboo native to
China, is widely cultivated in the tropical and subtropical
America (Guerreiro and Lizarazu 2010). First introduced by
the Portuguese during the colonial period, B. tuldoides has
since become one of the most widespread species through
Brazil (Azzini et al. 1988). Bambusa tuldoides flowering pe-
riods are sporadic with an interval of about 23 years of vege-
tative development, during which bamboo spread asexually
through growing new stems from clumps (Azzini et al.
1988; Guerreiro and Lizarazu 2010). A survey on sporadic
flowering of six woody bamboo species introduced in Brazil
showed that only four flowering episodes of B. tuldoideswere
observed in 1954, 1984, 2005, and, most recently, in 2017 in
three different locations. However, caryopsis formation oc-
curred only in a single flowering event in a population in
Santa Teresinha, Goias, Brazil, and Argentina (Filgueiras
and Castro de Silva 2007; Guerreiro and Lizarazu 2010).

The absence of caryopsis formation reported in other bam-
boo species may be related to male sterility, though many
studies only analyzed pollen grains with light microscopy
(Koshy and Pushpagadan 1997; Koshy and Jee 2001; Jijeesh
et al. 2014; Wang et al. 2015; Das et al. 2017). There are
comparatively fewer studies on ultrastructural processes
resulting in male sterility, and many of those reports studied
cultivated or mutant plants (Sanders et al. 1999; Ku et al.
2003; Zhou et al. 2011) or the formation of unisexual female
flowers (Coimbra et al. 2004; Haddad et al. 2018). However in
other bamboo species, the absence of caryopsis does not oc-
cur, such as in Arundinaria alpina,Oxytenanthera abyssinica,
Dendrocalamus membranaceus, D. hamiltonii, D. brandisii,
and Bambusa arundinacea (Thapliyal et al. 1991; Rawat and
Thapliyal 2003; Warrier et al. 2004; Lakshmi et al. 2014;
Bahru et al. 2015; Singh and Richa 2016; Xie et al. 2016).

Knowledge of the aspects related to pollen grain develop-
ment is of great importance for the propagation and conserva-
tion of B. tuldoides because it is intrinsically linked to suc-
cessful embryo and seed formation (Zhang et al. 2014). Thus,
this work aimed at to characterize the anthers and pollen grain
of B. tuldoides in three stages of flower development through
histochemical and ultrastructural techniques looking at to elu-
cidate aspects related to male sterility.

Material and methods

Vegetable material

Bambusa tuldoides inflorescences were collected frommother
plants located in Parque Cidade das Abelhas-UFSC (27 ° 32′

20.04” S, 48°30′10.87” W), in Florianópolis, Santa Catarina,
Brazil, in June 2017. At the time of collection, the inflores-
cences were packaged in plastic bags and placed in ice-
containing styrofoam boxes to be transported to the Plant
Physiology and Developmental Genetics Laboratory
(LFDGV) and to the Central Electron Microscopy
Laboratory (LCME) of the Federal University of Santa
Catarina (UFSC), Florianópolis, Santa Catarina, Brazil.
Voucher specimens were deposited in the Herbarium FLOR
– UFSC (FLOR 63000).

Identification of flower developmental stages

One hundred inflorescences were analyzed under a stereomi-
croscope (Olympus, model SZH10), to determine flower de-
velopment stages (McClure 1966).

Bambusa tuldoides inflorescences, also called spikes, are
composed of structural units called spikelets and a single bi-
sexual flower. In stages one and two of flower development,
the gynoecium and androecium are protected by the lemma.
Anthesis begins at stage three with the opening of the palea
and lemma and the exteriorization of the anthers. In stage four
(anthesis), the anthers are externalized with subsequent dehis-
cence and pollen release (Table 1). Spikelets lacked nectaries
and noticeable odors (Fig. 1).

In vivo pollen viability

Ten flowers were collected at the pre-anthesis stage to deter-
mine the viability of pollen grain in vivo. Six anthers were
removed from each flower, macerated with one drop (2 μL) of
acetic carmine dye on a labeled glass slide and covered by a
coverslip. After 5 minutes, the pollen grains were counted
under an optical microscope (Olympus, model BX40) under
10x magnification. Pollen grains that stained red were consid-
ered viable, and uncolored pollen grains were considered non-
viable. The results were expressed as a percentage of viable
pollen grains (Jijeesh et al. 2012). A completely randomized
design with four replicates was used, each replicate being
represented by a slide.

In vitro pollen grain germination

Pollen grain germination viability was determined based on an
adapted methodology of Almeida et al. (2011). Three separate
experiments, consisting of four replicates for all treatments
applied, each conducted to investigate pollen germination on
culture medium containing 100 mL of distilled water, 1 g of
agar, and the additives listed below:

–Experiment 1: sucrose (10, 15, 30, 45%) and boric acid (0,
80, 160 mg / L)–Experiment 2: sucrose (10, 15, 30, 45%);
boric acid (0, 40, 80 mg / L) and 400 mg / L calcium
chloride–Experiment 3: calcium chloride (mg / L), sucrose
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(%) and boric acid (mg / L) – Treatment 1: 1500/10/0;
Treatment 2: 500/10/0; Treatment 3: 1500/0/0; Treatment 4:
500/0/0; Treatment 5: 1500/10/300; Treatment 6: 500/10/300

The components were added to a container and heated until
dissolved without boiling. After the medium cooled to about
27 °C, pollen collected from flowers in development stage two
(pre-anthesis) were added and kept at this temperature for 24
and 48 h for germination. Two-hundred pollen grains were
counted per replicate for presence of a clearly visible pollen
tube. A completely randomized design was used, with the
experiments 1 and 2 in factorial scheme.

Light microscopy analysis

Samples from six anthers at three flower developmental stages
(stage one, pre-anthesis and anthesis), were fixed in parafor-
maldehyde solution (2.5%) in phosphate buffer (0.2 M)
pH 7.3 at a ratio of 1:1 for 24 h at 4 °C. After fixation, the
material was washed three times in phosphate buffer for
30 min (Bouzon 2006) and dehydrated in a gradual ethanol
series (Sanders et al. 1999). Subsequently, the samples were
pre-infiltrated in LeicaTM historesin with absolute ethyl alco-
hol at a ratio of 1:1 for 72 h and infiltrated into LeicaTM
historesin for 72 h, according to the manufacturer’s instruc-
tions with minor alterations. The samples were sectioned on a
rotary microtome (microTec, model CUT 4055) to produce
5-μm thick transverse and longitudinal sections (Nakamura
et al. 2010). Sections were stained with toluidine blue
(O’Brien et al. 1965) and Lugol histochemical test for starch
identification. Sections were placed in either reagent for

10 min and washed in distilled water (Johansen 1940).
Observations and records were performed using a light micro-
scope (Leica, model DM5500 B).

Transmission electron microscopy analysis

Samples from six anthers at three stages of flower develop-
ment (stage one, pre-anthesis stage, and anthesis) were fixed
in 2.5% glutaraldehyde solution buffered with 0.1 M
cacodylate (pH 7.2) for 24 h. The samples were then washed
four times in the same buffer. They were then post-fixed in 1%
OsO4 in 0.1 M cacodylate buffer, pH 7.2 (1:1) for 4 h at room
temperature (Pueschel 1979). Subsequently, the material was
washed twice in 0.1 M cacodylate buffer, pH 7.2 (30 min
each), dehydrated in an acetone series (30%, 50%, 70%,
90%, and 100%) for 30 min at each concentration with the
100% acetone stage repeated twice more (adapted from
Coimbra et al. 2004). After dehydration, the material was
slowly infiltrated with Spurr resin and polymerized in hori-
zontal ovenmolds at 70 °C for 24 h (Spurr 1969). Thematerial
was sectioned with an ultramicrotome (Leica) allocated on
copper grids and stained with 5% uranyl acetate and lead
citrate (Reynolds 1963). The samples were observed and re-
corded with a transmission electron microscope (Joel, model
JEM 1011).

Scanning Electron microscopy analysis

Samples from six anthers at three flower developmental stages
(stage one, pre-anthesis stage, and anthesis) were fixed in

Fig. 1 Developmental stages of
Bambusa tuldoides spikelets: (1)
Early stage of development: gy-
noecium and androecium are
protected by the lemma; (2) pre-
anthesis: lemma begins to open;
(3) beginning of the anthesis:
lemma and palea are fully open
and anthers begin to exteriorize;
(4) anthesis: anthers are fully ex-
teriorized and have undergone
dehiscence. Scale bar: 5 mm.
References: Le, lemma; Pa, palea;
Ant, anther; Spk, spike; Spt,
spikelet

Table 1 Developmental stages of
Bambusa tuldoides inflorescences Stages of flower development Characteristics

Initial stage 1 Gynoecium and androecium are protected by the lemma

Stage 2 (pre-anthesis) Lemma begins to open

Stage 3 (anthesis) Lemma and palea are fully open and anthers begin to exteriorize

Stage 4 (anthesis) Anthers are fully exteriorized and have undergone dehiscence

Male sterility in Bambusa tuldoides Munro 913



2.5% glutaraldehyde and 0.1 M sodium cacodylate buffer
(pH 7.2) with 2M sucrose for 24 h. Subsequently, the samples
were dehydrated with an ethanol series (30%, 50%, 70%,
90%, and 100%) for 30 min at each concentration and then
washed twice more with 100% ethanol (adapted from Schmidt
et al. 2012) and critical point dried with CO2 (Leica, model
EM-CPD-030). The dried samples were covered with 20 nm
gold in a metallizer (Baltec, CED 030) (Schmidt et al. 2012).
The samples were observed and documented in a scanning
electron microscope (SEM) (Jeol, model JSM-6390LV).

Results

In vitro pollen grain germination, in vivo pollen
viability, anthers, and microspores analysis

By staining with acetic carmine (in vivo viability), we were
able to observe that 68.12% of pollen were viable. However,
despite many different treatments, pollen germination was not
observed. Because of these unexpected results, we used his-
tological analysis to investigate possible reasons for non-
germination of pollen grains.

In the stage one, the tetrasporangiate anther had a wall with
a unistratified epidermis with juxtaposed cells, followed by a
well-structured endothecium, middle layer, and irregularly
shaped uni and binucleated tapetum cells (Figs. 2a–d). In the
endothecium, starch dispersed in the cytoplasm of cells was
evident (Fig. 2d). The tapetum was of a secretory type, as
opposed to a plasmodial type, because a layer of cells
remained intact around the anther’s locus with uninucleated
and occasionally binucleated cells (Fig. 2b and c). The cell
walls of the epidermis, endothecium, middle layer, and tape-
tum were stained blue (toluidine blue) indicating cellulosic
compounds. In the parenchymatic tissue between the anther
locules, well-developed cells formed a clear connection to the
central vascular bundle (stained blue) (Figs. 2b and c). Free
microspores had non-polarized nuclei, blue-stained
sporoderms, and signs of cytoplasm retraction (Figs. 2b and
c). At this stage one inflorescence development, deformed
microspores showing cytoplasm poor in organelles (Figs. 2e
and f). The free microspores showed signs of a retraction of
the cytoplasm (Figs. 3a–c and 3e), with a rupture of the cyto-
plasmic membrane (Figs. 3b, c, and e). Most mitochondria
had membrane disruption (Figs. 3b, d, and e). The microspore
sporoderm at this stage was incomplete: the exine (tectum,
columella, and endoexine) was formed, but the intine was
absent (Fig. 3f). Scanning eletron micrographs showed that
the pore and annulus formation in microspores (Fig. 2e).

In the stage two (pre-anthesis), the epidermis and endothe-
cium cells remained with the same level of blue stain without
indication of thickening of the walls of these cells (Fig. 4b).
The tapetum cells and the middle layer began to degenerate,

and, elsewhere, the connective regions between the anther
locules began to break down (Figs. 4a and b). The micro-
spores sporoderm thickness remained unchanged, and the nu-
clei became hard to visualize (Fig. 4b). At this stage, positive
Lugol stains identified the beginning of starch reserve accu-
mulation (Fig. 4c and d).

At the stage four (anthesis), the total destruction of the
walls between the anther locules and the dissolution of the
tapetum cells was observed (Fig. 5a and b). The stomium
had ruptured, and few pollen grains were present inside the
anther. Microspores were stained in blue, which indicated the
deposition of cellulosic compounds on the sporoderm. Starch
continued to accumulate according to the intensity of Lugol
staining inside the microspores (Figs. 5b and c). The
sporoderm was maintained, and the evident retraction of the
cytoplasm was clearly visible at this stage with the total de-
struction of the plasma membrane, organelles, and cytoplas-
mic content, and neither the nucleus nor the nucleolus could
be visualized (Figs. 5c).

Discussion

Analysis of anther in different stages of floral
development

The anther contains the reproductive and non-reproductive
tissues that are responsible for the production and release of
pollen grains. During the stage one of B. tuldoides flower
development, the tetrasporangiate anther, with the epidermal
outer wall, a subepidermal inner layer called the endothecium
and the well-structured middle layer, could be easily identi-
fied. More internally, we found the secretory tapetum with
irregularly shaped cells (Figs. 2a and c). At the stage two, both
the tapetum and the middle layer had degenerated further
(Figs. 4a–c), thus starting the anther dehiscence process.
Sanders et al. (1999) described the main events that occur
during pollen grain release in Arabidopsis: the middle layer
and tapetum degenerate; the endothelial layer expands; the
septum degenerates to form the bilocular anther; and the
stomium cells rupture. Similarly, we observed that the destruc-
tion of the locules wall led to the generation of the bilocular
anther (Fig. 4a). During stage four (anthesis), the stomium
ruptured (Figs. 5a) and released pollen grains into the envi-
ronment. According to Wilson et al. (2011), anther develop-
ment, coupled with functional pollen release, is fundamental
for plant reproduction. However, although B. tuldoides an-
thers had normal development and dehiscence, pollen grains
were not functional at the time of release.

Genetic defects in anther development often cause male
sterility through the production of nonfunctional pollen grains
(Ku et al. 2003). One cause may be interference with the
process of tapetum development or degeneration, which are
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both tightly regulated (Parish and Li 2010). Premature or late
programmed cell death (PCD) in these cells promotes disrup-
tion of pollen grain development (Haddad et al. 2018). The
tapetum acts as a source of nutrients for developing pollen
grains, as well as a source of exine and lipid precursors for
their coating and sporophytic recognition proteins (Furness
and Rudall 2001; Shi et al. 2015). Removal of this vital source
of many compounds could lead to drastic defects in pollen. For
example, Sorghum bicolor (L.) Moench strains that had chang-
es in tapetum development (anomalous nuclei and increased
vacuolization) produced sterile pollen grains because the flow
of nutrition and other compounds was disrupted (Tsvetova and
Elkonin 2013). The abnormal expansion of Bambusa
sinospinosa tapetum cells caused trinucleated microspores to
shrink and develop a deformed sporoderm (Wang et al. 2015).

According to Parish and Li (2010), tapetum development is
sensitive to abiotic stress. Indeed, the tapetum cells of the

pollen of a thermal-sensitive Oryza sativa L. strain subjected
to high temperatures died prematurely (Ku et al. 2003).
Nguyen et al. (2009) also observed sterility of Oryza sativa
L. japonica cv R31 pollen when subjected to water stress for
3 days. But inBambusa tuldoides, tapetum degradation begins
at stage two, and the in vivo viability showed that 68.12% of
pollen were viable (Fig. 2b and c). So this is not the cause of
the unviability of pollen grains.

Analysis of pollen grain at different stages of floral
development

After anther tapetum cell degeneration, the microspore is ex-
pected to undergo mitosis and starch accumulation, culminat-
ing in the release of mature and viable pollen (Bedinger 1992;
Datta et al. 2002). However, in B. tuldoides, pollen grains are
unviable.

Fig. 2 Scanning and transmission
electron micrographs and light
microscopy of the Bambusa
tuldoides anthers and microspores
at stage one of flower
development. a, b, d – Cross sec-
tions. c – Longitudinal sections. a
Epidermis, endothecium, connec-
tive tissue and stomium in the
anther. Arrowheads indicate mi-
crospores. b. Epidermis, endothe-
cium, middle layer and
irregularly-shaped tapetum cells.
Remaining the parenchyma cells
and stomium. In the locule, free
microspores with retraction of the
cytoplasm (arrowheads) were
present. c. Epidermis, endotheci-
um, irregularly-shaped tapetum
cells and free microspores with
retraction of the cytoplasm (ar-
rowhead). d. Starch deposition in
epidermis, endothecium, middle
layer. Microspores without starch
deposition were present (arrow-
heads). e. Free microspores with
irregular shapes (arrows). Pore
and annulus formation in micro-
spores. f. Free microspores with
irregular shapes and showing cy-
toplasm poor. Scale bar: a, b, c, d
– 50 μm; e – 20 μm; f – 2 μm.
References: Ep, epidermis; Ed,
endothecium; T, tapetum; ML,
middle layer; St, stomium; PC,
parenchyma cells; Cn, connective
tissue; An, annulus; Po, pore.
(Optical microscopy: b, c – tolui-
dine blue dye; d – Lugol reagent)
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In B. tuldoides, the first indication of microspore degener-
ation is the retraction and disruption of the plasma membrane
(Figs. 3a–c and 3e). Similarly, the plasma membrane of
Actinidia deliciosa microspores showed signs of retractions,
but all other cellular organelles, including mitochondria, had
well-preserved structures (Coimbra et al. 2004). In contrast,
B. tuldoides microspores showed ruptured mitochondria
membranes (Figs. 3b, d, and e). The presence of functional
mitochondria is important in the development of microspores,
as these provide the vast majority of ATP needed to support an
active cellular metabolism (Regan and Moffatt 1990; Logan
2006).

In the following stages of pre-anthesis and anthesis, these
organelles were no longer visible, leaving only starch grains
and the incomplete sporoderm presenting the exine without
the formation of the intine (Figs. 3f, 4d, and 5c). In the free
microspore stage, intine formation begins and ends during
pollen grain maturation (Blackmore et al. 2007). The main
components of intine are pectin, cellulose, hemicellulose, hy-
drolytic enzymes, and hydrophobic proteins. These are neces-
sary for maintaining structural integrity, as well as playing a

role in germination and growth of the pollen grain pollen tube
(Shi et al. 2015).

Starch deposition in microspores is one of the main pro-
cesses that must occur before pollen grains are released
from anthers (Blackmore et al. 2007). Starch biosynthesis
during the late stages of pollen maturation is critical for the
pollen of many types of plants, not only because starch is a
source of energy and reserves for pollen germination but
also serves as a checkpoint for pollen maturity. Therefore,
pollen infeasibility may be associated with starch deficien-
cy (Datta et al. 2002). In the case of B. tuldoides micro-
spores, starch was continually deposited even with cyto-
plasm and nucleus degeneration until anthesis. The first
signs of starch deposition occurred at stage one (Figs. 3c
and 3f), and starch continued to accumulate from pre-
anthesis to anthesis until microspores were filled with am-
yloplasts (Figs. 4c–d and 5b–c). In Lilium hybrida cv.
Citronella, a similar process was observed, in which the
cytoplasm progressively degenerated after microspore mi-
tosis, but the cytoplasm of the pollen grains contained a
large amount of starch (Varnier et al. 2005).

Fig. 3 Electron transmission
micrograph of Bambusa tuldoides
microspores at stage one of flower
development. a. Irregularly
shaped free microspores with
retraction of the cytoplasm
(arrows). b.Microspore with
ruptured plasma membrane
(arrowheads), cytoplasm
retraction (arrow) and membrane
rupture in mitochondria. c.
Microspore with rupture
(arrowhead) and retraction of the
plasma membrane (arrow).
Cytoplasmic content with dis-
persed amyloplasts. d.
Microspore with some disruption
of mitochondrial membranes. e.
Microspore with plasma mem-
brane rupture (arrowheads) and
cytoplasm retraction (arrow).
Some disruption of mitochondrial
membranes close to the nucleus. f.
Microspore with sporoderm
formed by exine (tectum,
endoexine and columella) and
starch deposited amyloplast in-
side. Scale bar: a, b, c, e – 2 μm;
d, f – 0.5 μm. References: Nu,
nucleolus; N, nucleus; S, starch
granule; Mi, mitochondria; Te,
tectum; End, endoexine; Co,
columellae
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Carbohydrates produced by the sporophyte and dispersed in
the locular fluid are absorbed for microspore development
(Clement and Audran 1995) and can have different destina-
tions: consumed immediately; transformed into other mole-
cules; polymerized to form the intine; or stored as starch grains
(Pacini and Franchi 1983). This event could explain the conti-
nuity of starch deposition in the B. tuldoides microspore cyto-
plasm even with the degeneration of cytoplasmic structures.

Pollen grain unviability and genetic diversity

Plants may reproduce sexually or asexually, and each method
is controlled by distinct mechanisms with contrasting genetic
consequences. The most common form of asexual reproduc-
tion is clonal growth, in which vegetative modules (ramets)
are produced by the parental genotype (genet) (Vallejo-Marín
et al. 2010). In bamboos, due to the long period of vegetative

Fig. 4 Scanning and transmission
electron micrographs and light
microscopy of the Bambusa
tuldoides anthers and microspores
at stage two of flower
development: a, b, c – Cross sec-
tions. a. Epidermis, endothecium,
connective tissue and stomium in
the anther. Arrowheads indicate
microspores b. Epidermis, endo-
thecium, remaining tapetum cells
(arrows) and stomium.
Irregularly-shaped micropores
(arrowheads). c. Epidermis, en-
dothecium and anther tapetum
cell degeneration. The parenchy-
ma cells can be seen between the
locules, the connective tissue and
the region of the stomium.
Microspores (arrows) with starch
deposition in the cytoplasm. d.
Microspores with starch deposi-
tion. Scale bar: a – 100 μm; b, c –
50 μm; d – 2 μm. References: Ep,
epidermis; Ed, endothecium; St,
stomium; PC, parenchyma cells;
Cn, connective tissue; S, starch
granule; Sp, sporoderm. (Optical
microscopy: b – toluidine blue
dye; c – Lugol reagent)

Fig. 5 Electron transmission micrograph and light microscopy of the
Bambusa tuldoides anthers and pollen grains at stage four of flower
development: a, b. Cross sections. a. Epidermis, endothecium, tissue
rupture in the anther stomium region and the free microspores
(arrowheads) with retracted cytoplasm and irregular shapes. b. epidermis,
endothecium and tissue rupture in the anther stomium region.

Microspores with higher starch deposition in the cytoplasm (arrows). c.
Microspores with increased starch deposition and numerous amyloplasts.
Clear retraction of the cytoplasm with destruction of the plasma mem-
brane, organelles and cytoplasmic content. The sporoderm remained in-
tact. Scale bar: a, b – 50 μm; c – 2 μm
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growth, many species rely little on sexual reproduction. These
reproduce clonally through a complex system of underground
rhizomes from which the roots and stalks emerge, allowing
them to spread over large areas (Pohl 1991; Guilherme et al.
2017). However, as asexual propagation can only produce
genetically identical offspring, it is unable to introduce new
genotypes into the population. Thus, dependence on vegeta-
tive regeneration can lead to a genetically homogeneous pop-
ulation (Kitamura and Kawahara 2011).

Sexual reproduction is essential in the long term to ensure
the sustainability of species populations as it provides an inde-
pendent dispersal phase, greater genetic diversity, and potential
for adaptation to new environments (Wilcock and Neiland
2002; Ramawat et al. 2014). Sexual reproduction in bamboos,
therefore, is necessary for population regeneration (Huang et al.
2002). A study ofDendrocalamus giganteus populations locat-
ed in China showed that there is low genetic variationwithin the
populations of this species. The authors attributed the low ge-
netic variation to its long vegetative phase and widely separated
flowering/seed episodes during the species life cycle (Tian et al.
2012). These are typical features of various woody bamboo
species (Janzen 1976). Bambusa tuldoides, likewise, have long
vegetative periods between flowering events, but, beyond that,
the scarce-to-absent production of caryopses may be related to
pollen unviability, leading to a potential loss of genetic diversity
due to inefficient sexual reproduction.

The unviability of pollen grain and the consequent non-
production of caryopses has also been reported in B. striata,
B. vulgaris, B. sinospinosa, D. giganteus, and B. balcooa
(Koshy and Pushpagadan 1997; Koshy and Jee 2001; Jijeesh
et al. 2014;Wang et al. 2015; Das et al. 2017). InB. striata, the
non-production of caryopses and flowering after a long grow-
ing season was the focus of several studies leading researchers
to speculate about the possible risk of extinction of the species
(John and Nadgauda 1997; Koshy and Pushpagadan 1997;
Koshy and Jee 2001). The absence of B. balcooa caryopses
led Das et al. (2017) to state that effective conservation strat-
egies would require careful planning. Despite the knowledge
about the lack of caryopsis production in several bamboo spe-
cies, these works do not generally address how this fact can
influence the genetic variability and conservation of these
species.

Loss of genetic variation may reduce population viability
due to inbreeding depression, reduced adaptability to new
environments or, in the case of plants, genetic self-
incompatibility systems, and a subsequent reduced availabili-
ty of compatible partners (Ellstrand and Elam 1993).

Conclusion

During development, pollen grains showed accumulation of
amyloplasts, a seeming loss of organelles, signs of cytoplasm

retraction, rupture of the cytoplasmic membrane, and an in-
complete sporoderm. These pollen grains were released into
the atmosphere but were unviable and may be responsible for
the non-production of caryopses. Considering that caryopses
have not been observed in this study (and in others also),
B. tuldoides may maintain their populations mainly, or, per-
haps, solely by means of vegetative propagation.
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