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Studies on Bentinckia condapanna:
I. The Fruit and the Seed

D. PenunnABHAN AND D. RscuPetHY
Department of Plant Morphology, School of Biological Sciences,

M ad.urai Kamaraj Uniuersity, M ad4rai42502 1, India

Among the native palms of south In-
dia, Bentinckia condapanna Berry is
one of the rare palms occurring in
the area of the Western Ghats at an
altitude of I,000-1,400 m. It is a grace-
ful species with beautiful foliage.
Large stands occur along the edge of
the high-rising peaks of the Travan-
core hills, where wild elephants roam
and feed on the soft and tender foliage.
Sporadic occurrence of isolated groups
of this slender palm among the vege-
tation of once dense sholas of the Pa]ni
hills in the northern region provides
evidence for a wider distribution in the
past and a history of destruction and
deforestation. This rare palm is among
the endangered species facing extinc-
tion due to human activities even in its
native land. The inflorescence of this
species, known as the oohill arecanut"
and as o'varikamugu" in the native
Tamil language, is used for decorative
purposes dur ing ceremonia l  occa-
sions.

The description of B. condapanna
given in the Flora of Madras (Gamble
1935) is based on the information
culled from Bourdillon's manuscript
notes lodged with the Kew Herbarium.
According to th is  descr ipt ion,  the
palm bears a slender annulate stem
with a crown of pinnate leaves and in-
florescences below the crown (Fig. l).
The male and female flowers are small
and occur on the same spadix sunken
in pits. The female flowers bear tri-
carpel la te,  but  pseudomonomerous

gynoecia-with normally only one car-
pel fertile. The subspherical fruits de-
velop from single carpels and the other
two carpels abort. Our observations
show that the fruits that may occasion-
ally form from two or three carpels fall
before the initiation of cellular endo-
sperm. The seed is enclosed by a hard
endocarp which has a basal opercu-
Ium. Bourdillon's notes describe the
seed as non-ruminate and sinuately
grooved or ridged.

The present series is aimed at pub-
lishing studies on this rare palm and

.providing information useful in its con-
servation. The study of fruit structure
presented in this paper is intended to
provide a basis for extending the'work
to germination. At present, no pub-
lished account of the details of fruit
structure is available.

Mater ia ls  and Methods

The fruits were eollected and fixed
in FAA. The materials for microtech-
nique were processed through the ter-
tiary butyl alcohol series (Johansen
1940) for infiltration and embedding in
paraffin wax. Sections were cut with
a rotary microtome at 10-14 g,m and
stained with tannic acid-ferric chlo-
ride-safranin combinations (Foster
r934).

Observations

Anatomy of the fruit and seed. The
ripe fruit of Bentinckia is dark pur-
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l. Bentinckia condapanna. Habit of a tree
growing at Courtallam Hills, South India x116..

plish in color and measures l4 mm in
diameter (Fig. 2). The pericarp is dif-
ferentiated into exocarp, mesocarp
and endocarp. The outer epidermis is
of tabloid cells with cutinized tangen-
tial walls. The exocarp also includes
a few subepidermal layers and tannin-
containing cells. The subepidermal
layers are of thin-walled, oblong par-
enchymatous cells. Subjacent to this
region there is a zone of tannin- or
crysta l -conta in ing parenchymatous
cells and fibers (40-50 ptm in diameter,
Fie. 7A).

The mesocarp is made of isodiamet-
r ic  parenchymatous cel ls  some of
which are slightly compressed. Many
of these cells show crystalline inclu-
sions (raphides). Numerous fibers and
fibrous vascular bundles (400-700 g,m
in diameter) are scattered in this re-
gion (Fig. 7A).

The endocarp (100 trrm thick) is or-
ganized by the locular epidermis
whose thick-walled cells form a pali-
sade layer. Absence of vascular bun-
dles associated with the endocarp in
B. condapanna is a noteworthy fea-
ture (Fig. 7B-D).

Deaelopment of fruit and seed. The
post-fertilization ovule shows a 10-15-
layered integument with a distinct out-
er  epidermis composed of  radia l ly
elongated cells. The inner epidermis
of the fruit wall is composed of small
rectangular cells with dense cytoplasm
and prominent nuclei. The hypoder-
mal parenchymatic layers of the fruit
wall become progressively enlarged
arid vacuolated. The fruit, the devel-
oping seed, and the embryo sac en-
large even during the nuclear phase of
the endosperm and thus push the seed
coat close to the fruit wall.

The outline of the embryo sac re-
mains even during the early post-fer-
tilization stages and becomes progres-
sively undulate with advancing age
(Fig. 2A-C). The undulations result
from localized inward growth of the
parenchyma tissue in the fruit wall ad-
joining major vascular bundles and
subjacent to the inner epidermis (Fig.
6). The pattern of growth in the tissue
is interesting. Cell elongation occurs
more intensely in the interior while the
cells of the hypodermal layer enlarge
to a limited extent but show a few di-
visions prior to enlargement. To keep
pace with differential cell enlargement
and elongation, the epidermis also
undergoes divisions. As a result, the
contour of the epidermis undergoes a
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2, Bentinckia cond,apanna. Sectional views of fruits at young and mature stages X27z' A' Cross

sectional view of mature fruit showing lobed endosperm and fruit wall-seed coat complex' B' Vertical

.""tio" ttt-ogt a mature fruit showing endospermtissue and fruit wall-seed coat complex. C. Cross

section of fnit before formation of cellular endosperm. Details: ec, central cavity of embryo sac at

nuclear endosperm stage; emb, embryo; en, maturi endosperml fw, fruit wall; ru' sculpturing caused

by fruit wall ingrowth.

change, init iating undulations. The

outer epidermis of the seed coat be-

comes stretched and flattened. By this

time, the locular epidermal cells have

elongated radially and their walls have

become thickened (Figs. 3, 5, 6). At

this stage, the endosperm consists of

a central vacuolar cavity fiIled with sap
(Fig. 2C) and a peripheral laver of cv-

toplasm with numerous free nuclei.

Subsequently, cell wall formation
takes place in the endosperm in a cen-
tripetal manner. With advancing de-

velopment, the cells of the endosperm
completely occupy the embrYo sac
(Fig. 2A, B) but for a narrow central
cavity (Fig. a). By this time, the re-

serve materials are deposited in the

walls of the endosperm which, as a

consequence ,  becomes  uneven lY
thickened (Figs. 4, 7). Transverse sec-
tions of the fruit show that the endo-

sperm takes the undulate outline al-
ready laid down (Fig. 2B).

The fate of the seed coat layers dur-

ing late ontogeny is worth mentioning.
"Initially, the layers ofthe seed coat are

thin-walled. With the formation of the

cellular endosperm, the inner layers
begin to accumulate tanniniferous
compounds (Fig. 3). The cells of the

exocarp at this stage also begin to ac-

cumulate dark tanniniferous materials
(Fig. 7A). The locular epidermis com-
posed of radially elongated cells (Figs.

3, 5) b""o*es higtrlY thickened and

forms the endocarp. The lumen is
much reduced and the wall is sculP-

tured with ramifying pits. These thick-

ened cells are sclereids (Fig. 7B-D).

Discussion

Development of grooved seeds in B.

cond,apanna is in line with similar rec-
ords for  var ious arecoid Palms.
Grooved seeds have been recorded in
Ptychococcus, BrassioPhoenix, Ba-
laka, Ptychospernt'a (Essig 1977) and'
in Phvsokenria (Moore 1969). The en-
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34. Bentinckia condapanna. Photomicrographs showing internal structure of maturing fruit. Fig. 3.
Part of the seed coat showing degenerating cell layers of seed coat and radially elongated cells of the
endocarp x125. Fig. 4. A part of mature endosperm tissue showing wall thickenings of the constituent
cells x270. Fig. 5. A part of the seed coat-fruit waII complex of a mature fruit x125. Fig. 6. Details of
an ingrowth ofthe fruit wall. Note cell elongation between vascular bundle and epidermis x30. Details:
cv, central cavity of the endosperm; dl, dark remains of the degenerated layers of the seed coat; ds,
degenerating cell layers of seed coat; ec, central cavity of the embryo sac; ep, endocarpl er, elongated
cells of the fruit wall causing ingrowth; w, wall thickening in mature endosperm cells; vb, vascufar

bundle.
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7 . Bentinckia condapanna. Diagrams illustrating external and internal structure of fruit and endocarp.

A, cross sectional view of fruit; B, macerated endocarp cells showing highlythickened cell wall with

ramifying pits and highly reduced lumen; C, outer end view of endocarp cells; D, inner end view of

".rdo"u.p'cells. Details:'em, endosperm; ep, endocrp cells; fi, fiber; s, seed coa| ta' tannin cells;

vb. fibrous vascular bundles.

docarp in palm fruits has been the sub-
ject of several investigations (Gu6rin
1949, Murray 197I, 1973, Essig 1977,
Robertson 1977, Wessels-Boer 1968).
The nature of the endocarp and its de-
velopment have been taken as impor-
tant criteria in attempted classifica-
tions and typifications of palm fruits
(Murray 19?3, Essig 1977). According-
ly, the fruit of Bentinckia could be as-
signed to Type I of Murray (1973).

An endocarp consisting of a single
layer has been reported in caryotoid,
chamaedoreoid, and pseudoPhoeni-
coid groups (Murray, 1973). The cells
of this layer in Bentinckia are exceed-
ingly thick-walled sclereids. The lu-
men is much reduced and the pits are
ramifying. A similar structure was re-
ported in Orania aruensis (Cuerin

1949). A parallel situation apparently
occurs in Hyophorbe lagenicaulis, a
chamaedoreoid palm, and Pseudo-
phoenix sargentii, a pseudophoenicoid
palm (Murray, 1973). The structure of
the endocarp of Bentinclda condapan-
na differs from that reported for the
species of Ptychosperma (Essig 1977)
in the absence of vascular bundles as-
sociated with it.

The occurrence of vascular and fi-
brous bundles in the pericarp of are-
coid palms is subject to much varia-
t ion.  The vascular  bundles occur
concentrated at the inner half of the
pericarp in Veitchia joannis, Carpen-
taria acuminata, Drymoph'loeus sub-
distichus, Balaka bunetiana, Ptycho-
sperffLa schefferi, and P. lauterbachii
(Essig 1977). In Bentinckia, the large
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bundles are distributed some distance
away from the endocarp as in 1[or-
manbya normanbyi and, Ptychococcus
aff. elatus (Essig 1977). Even though
distributed in the outer halfofthe peri-
carp, the fiber bundles in Bentinckia
are not concentrated below the outer
epidermis as recorded in palms of the
Ptychospenna alliance described by
Essig (1977). However, dense accu-
mulation of tannin-bearing cells oc-
curs in the hypodermal region in the
fruit of B. condapanna.

The endospenn. The cellular struc-
ture of the endosperm in B. conda-
panna is similar to that of other inves-
tigated genera of the arecoid palms.
The cell walls are highly thickened
with hemicellulose deposits. The out-
line of the endosperm shows grooves
corresponding to similar structure in
the fruit wall. After the decay of the
fleshy pericarp, the seed is left with
large grooves on its surface. Longitu-
dinal sections of the fruit show up the
grooves as inpushings of the seed coat
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and endocarp into the endosperm (cf.
Moore 1969).
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CLASSIFIED

SUB-ZERO WINTERHARDY PALMS. Send for list of seedlings and larger sizes
of palms tolerating sub-zero.temperatures. List includes Sabal rninor, Sabal lou-
isinrw, Rhapid,ophyllurn hystrix, Trachycarpus fortunei. DR. DAVID GRIGGS,
3412 McClure Bridge Rd. #C, Duluth, GA 30f36.

FOR SALE. Large Containerized Palm Collection: 62 genera, 141 species, total
650 plants. Worth $3200, many not for sale in Palm Listing. Will sell only as
collection. Write for complete list. Any reasonable offer considered. You pay for
U-Haul, I'll deliver in California. GARY WOOD, P.O. Box 601, San Juan Baurista,
cA 95045.

FoR SALE. computer-assisted Palm Listing of common and rare palms and cy-
cads by nurseries and individuals all over the US. Single issue g2.50. Sellers may
list for free. SAN JUAN TROPICALS, P.o. Box 601. San Juan Bautista. CA
95045.




