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ABSTRACT

Chamaedorea elegans is a dioecious palm of great economic
importance and is an endangered species. Annually, the male
palm produces 2-3 inflorescences, each with a great number
of tiny yellow flowers. During anthesis, flowers produce a drop
of nectar that is observed over the apex of the pistillode that
stands out from the triangular opening formed by the petals.
The male flower has six stamens. The anther wall is formed by
six cellular strata: an epidermis, a monostratified endothecium,
a middle layer formed by three cellular strata, and the glan-
dular tapetum. The microspore mother cells begin meiosis and
form tetrads of tetrahedral and tetragonal microspores. The
mature anther wall consists of an epidermis and an endothe-
cium. Mature pollen grains are two-celled and monosulcate,
semitectate-reticulate. In vitro germination of pollen grains
shows their high viability. The form, color, and structure of the
pollen grains and nectar drop of the flower during anthesis hint
at an entomophilous pollination.

Chamaedorea is a neotropical dioecious genus,
which ranges from Mexico to Brazil and Bolivia.
The genus comprises 133 species of which 54 can
be found in Mexico (Quero 1987, Hodel 1990a-d,
1991, Hodel and Castillo 1991, Barba and Rom-
ero 1993). Chamaedorea elegans is an element of
vegetation of medium and high evergreen rainfor-
est (Rzedowski 1978, Saldivia and Cherbonier
1982). At present plants of this palm species have
great economic importance because of their use in
interior decoration. Their leaves are widely used
in floral arrangements. Because of overexploitation
this palm is on the list of endangered species
(Vosters 1975, -Vovides 1981, INIREB 1986,
TUCN 1988). Under natural conditions the repro-
duction of Chamaedorea elegans takes place only
through seeding (Barba and Romero 1993).
Regarding its reproductive biology some studies
have been made on the pollen biology (Thanikai-

moni 1970, Takhtajan 1980). Male flowers are yel-
low and 2 mm long; they have six stamens with
short filaments and anthers which are scarcely vis-
ible under the pistillode (Hodel 1992). The only
previous work about embryology of the genus Cha-
maedorea is from Mahabalé and Biradar (1968),
where the investigations of Sussenguth (1921) and
Schnarf (1931) are cited. The type of division of
the microspore mother cells in different species is
described.

When the need for efficient reproduction of this
species was brought to our attention, we decided
to study the basic reproductive biology of Cha-
maedorea. The present study describes the devel-
opment of the male flowers: anther development,
microsporogenesis, microgametogenesis, and pol-
len grains. Some of the data have taxonomic value.

Materials and Methods

Flower buds and flowers at anthesis, from male
inflorescences of Chamaedorea elegans, main-
tained under laboratory conditions at an average
temperature of 25°C with a photoperiod of 16
hours of light and 8 hours of darkness, were peri-
odically collected at different stages of develop-
ment. The material was fixed in FAA (formalde-
hyde, 10 ml; 96% ethanol 50 ml; glacial acetic
acid, 5 ml; distilled water, 35 ml). From paraffin-
embedded material, sections (8-10 pm) were cut
on a rotary microtome and stained with safranin-
fast green (Johansen 1940). Sections (0.8-2.0 wm)
obtained from JB4-embedded material cut on an
ultramicrotome were stained with toluidine blue
(Valley 1976). The photomicrographs, which show
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1. Male flower at anthesis with ribs caused by fiber packages arranged longitudinally in the petals. SEM 30X. 2. LS floral bud

at early stage of development. Pistillode (Pi), anther (An), filaments (Fi), vascular bundle (Vb). Scale = 42.2 pm. 3. TS anther.

Epidermis (EP), outer secondary parietal layer (Opl), inner secondary parietal layer (Ipl), sporogenous tissue (St). Scale = 26.6

wm. 4. TS anther. Arrows show a periclinal division of the inner secondary parietal layer. Epidermis (Ep), inner secondary

parietal layer (Ipl), sporogenous tissue (St). Scale = 8.1 um. 5. TS anther. Epidermis (Ep), endothecium (En), stratified middle

layer (MI), tapetum (Ta). Sporogenous tissue (St). Scale = 11.2 pm. 6. TS anther with complete number of layers. Epidermis
(Ep), endothecium (En), middle layer with three strata (Ml), tapetum (Ta), sporogenous tissue (St). Scale = 10.9 wm.
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7. TS anther. Mitotic divisions of the sporogenous tissue. Scale = 10.5 pm. 8. TS anther wall with degeneration of the middle
layer. Epidermis (Ep), endothecium (En), middle layer (Ml). Scale = 12.4 wm. 9. TS anther showing two-nucleate cells of the
tapetum. Epidermis (Ep), middle layer (M1), tapetum (Ta). Scale = 10.5 wm. 10. First meiotic division of microspore mother
cells. Scale = 10.7 um. 11.  Second meiotic division of microspore mother cells, which gives rise to tetrads with an isobilateral
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different stages of development, were taken on a
Zeiss photomicroscope.

Some flowers at anthesis and mature pollen
grains were fixed in FAA, dehydrated through an
ethanol series (30-100%), and finally in absolute
acetone. The material was subjected to critical
point drying with CO, in a pressure chamber (CPA
I1, Jeol JFC 1100) and coated with gold for obser-
vation under a scanning electron microscope

(JEOL JMS-35).

Results

Under the laboratory conditions that were used
to maintain the Chamaedorea elegans plants, inflo-
rescences appeared throughout the year approxi-
mately every three months. Flowers mature on the
same inflorescence at the same time, until they
reach a size of 2.2-2.5 mm at anthesis.

At the apex of the pistillode, which ‘emerges
from the triangular opening formed by the petals,
a nectar drop is observed 24 hours after anthesis,
which remains for 2-3 days before the abscission
of the flower. When the anthers dehisce, pollen
grains emerge and cover the internal walls of the
petals and the floral cavity. No pollen grains were
observed outside the flower, or on the nectar drop.

Under the scanning electron microscope, mul-
tiple ribs arranged longitudinally were observed
on the flower (Fig. 1). Transverse sections showed
that these ribs are formed by fiber packages with
thick walls.

Anther Wall Development

During the early developmental stages, in lon-
gitudinal sections of floral buds (0.8-1.0 mm
long), sepals already cover the petals, pistillode,
and stamen primordia (Fig. 2). The latter are
formed by meristematic cells surrounded by a pro-
todermis. The hypodermal cells divide periclin-
ally, forming two layers. The outer layer, adjacent
to the protodermis, is the primary parietal layer,
which differentiates into the anther wall. The inner
layer becomes the sporogenous tissue. Subse-
quently, the primary parietal layer divides peri-
clinically forming two layers: adjacent to the pro-
todermis is the secondary outer parietal layer and
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close to the sporogenous tissue is the secondary
inner parietal layer (Fig. 3). The secondary inner
parietal layer divides periclinally and forms sub-
sequently the tapetum, which is adjacent to the
sporogenous tissue (Fig. 4). This middle layer
divides again periclinically to form another layer
(Fig. 5). The secondary outer parietal layer divides
periclinally to form the endothecium, adjacent to
the protodermis, and another layer of the middle
cells. The anther wall does not have any further
periclinal divisions and remains as a single layer
of protodermis, a single layer of endothecium,
three cell layers of the middle region, and a sin-
gle-layer tapetum (Fig. 6).

Microsporogenesis

As the anther wall develops, the sporogenous
tissue divides frequently by mitosis (Fig. 7). The
middle region begins to degenerate (Fig. 8). The
tapetum cells increase in volume, vacuolize, and
their nuclei divide (Fig. 9). The tapetum is of the
secretory type and has binucleate cells. The
microspore mother cells, which occupy the central
region of each of the four microsporangia of the
anther, are surrounded by a thick callose wall.
Some microspores begin meiosis with successive
cytokinesis (Figs. 10,11) and others with simul-
taneous cytokinesis (Fig. 12) forming tetrads of
tetrahedral (Fig. 13) and tetragonal types (Fig. 14).
Endothecial cells have bar wall thickenings (Fig.
15).

Pollen Grains

The callose wall loosens and dissolves, freeing
the young pollen grains, which emerge with their
walls already formed (Fig. 16). As a monad, the
microspore divides, forming generative and vege-
tative cells (Fig. 17). Pollen grains contain starch
in the cytoplasm of the vegetative cell. The tape-
tum cells break and their contents adhere to the
pollen grain wall. At this stage the anthers lose
the septum that separates each sporangium from
the theca and open by longitudinal dehiscence,
allowing the release of a large amount of morpho-
logically well-formed pollen grains (Fig. 18).

Our observations indicate that pollen grains are

—

arrangement. Scale = 10.2 wm. 12. Second meiotic division of the microspore mother cells, which gives rise to tetrads with

tetrahedral arrangement. Meiotic division (Md). Scale = 13.3 wm. 13.

Microspore tetrads with tetrahedral arrangement (Tt).

Scale = 10.9 wm. 14. Microspore tetrads with tetragonal (Ti) and tetrahedral (Tt) arrangement. Scale = 10.9 pm.
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15. TS anther wall. Endothecium (En) with thickened walls. Middle layer remains (Ml). Scale = 10.7 um. 16. Young pollen
grains (Ypg). Exine (ex). Tapetum remains (ta). Scale = 10.0 pm. 17. Two-celled pollen grain (Pg), generative cell (Gc), spermatic
cell (Sc). Scale = 11.4 wum. 18. TS mature dehiscent anther. Scale = 126.0 jum. 19. Mature pollen grain, monosulcate,

semitectate-reticulate. SEM 2000X.
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morphologically well formed and apparently capa-
ble of reproduction. Preliminary studies on the
germination in vitro show a high viability of the
pollen grains.

Pollen Morphology

In Chamaedorea elegans the pollen is monosul-
cate, heteropolar-bilateral. The exine is semitec-
tate, and the reticulum presents muri of 1 pm
wide and lumen ranging from 1 to 3 pm. The lon-
gest axis is 36.3 wm (34—38) and the shortest 27.2
pm (18-26).

Discussion

Male flowers of Chamaedorea elegans possess a
pistillode, which is only present in some genera
of the family Arecaceae (Essig 1973; Uhl 1976a,b,
1977, 1978a,b, 1980; Uhl and Dransfield 1987).
The presence of the pistillode that produces nectar
drops at anthesis suggests zoophilous pollination
for this species.

The characters found during anther develop-
ment in the microsporogenesis and microgameto-
geneis of Chamaedorea elegans agree with Davis
(1966) who established these characters for the
family.

Anther wall formation in Chamaedorea elegans
is of a basic type, although for monocotyledons, in
general, the formation of the walls almost always
proceeds according to the monocotyledonous type
(Davis 1966, Dahlgren et al. 1985). The type of
anther wall development is not established in pre-
vious works on palm embryology (Biradar 1968,
Biradar and Mahabalé 1968, Mahabalé and Bira-
dar 1968, Kulkarni and Mahabelé 1974), only the
number of cell layers were determined.

Dahlgren et al. (1985) reported the presence of
a unique cellular stratum forming the middle layer
in monocotyledons. Nevertheless, the number of
strata is variable in different members of Areca-
ceae: Phoenix sylvestris has two, P. pusilla and P.
acaulis one or two (Biradar 1968, Kulkarni and
Mahabalé 1974). In C. elegans we found that three
strata form the middle layer.

Regarding the tapetum, although the amoeboid
or plasmodial type is described as the most com-
mon for monocotyledons (Dahlgren et al. 1985), in
the family Arecaceae the secretory type is more
frequent. The arrangement of microspore tetrads
in palms is very variable (Davis 1966, Mahabalé
and Biradar 1968, Dahlgren et al. 1985). Rao
(1959) described the presence of more than one
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type of tetrad in a single sporangium of Hyphaene
indica (=H. dichotoma), Areca catechu, and Chry-
salidocarpus lutescens. In Chamaedorea elegans
the tetrads are of both tetragonal and tetrahedral

types.
The pollen grain types found in the palms are

highly variable (Mahabalé 1967, Parthasarathy
1970, Uhl and Moore 1973, Takhtajan 1980, Fer-
guson et al. 1983, Dahlgren et al. 1985, Harley et
al. 1991). Thanikaimoni (1970) described a mono-
sulcate pollen type, reticulate-semitectate for the
genus Chamaedorea; these characteristics agree
with the results obtained.
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CHAPTER NEWS AND EVENTS (Continued from p. 130)

Mooreana Is No More

The journal Mooreana, named in honor of Dr.
Harold E. Moore, Jr. and which has been pub-
lished by the Townsville City Council in North
Queensland, has printed its last issue. Its history
was well summarized in John Dowe’s editorial in
the last issue:

“The journal had its beginnings in 1988 when
Robert Tucker, then Botanic Collections Officer,
began publishing News from The Palmetum
shortly after the official opening of The Palmetum
in September of that year. ... With an increased
interest in The Palmetum both locally and inter-
nationally in the early 1990s, accompanied by a

significant rise in membership to The Friends of
The Palmetum, it was perceived that there existed
the need for a journal of improved quality and
substance. Mooreana first appeared in June 1991
under the editorship of Robert Tucker. Following
Robert’s untimely death in early 1992, I [John
Dowe] assumed editorship of Mooreana in April
of that year as part of my duties as the incumbent
Botanic Collections Officer.”

Palm enthusiasts around the world will miss
this quality publication. The International Palm
Society would like to thank John Dowe for his ded-
icated and quality work in the past on Mooreana.

(Continued on p. 162)





