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ABSTRACT

The embryology of the following eleven species of the tribe Sabaleae is described :
Licuala grandis H, Wendel, L. spinosa Wurumb., L. peltata Roxb., Trachycarpus sp. H. Wendel.,
Livistona rotundifolia Mart., L. chinensis R. Br., Pritchardia pacifica Seem. et Wendel.,
Washingtonia sp., Sabal adansoni Guers., S. blackburniana Glazebr., and 8. palmetto Lodd.

In all species, the flowers are regular, trimerous and hermaphrodite. The floral organs
arise in acropetal sequence. .

The anther wall consists of a heavily cutinised epidermis, a fibrous endothecium, 2 median
layers and a secretory tapetum of binucleate cells. In Traychycarpus the tapetal cells store
starch and in Sabal palmetto their inner walls become cutinised. There ig a secondary increase
of sporogenous cells. Cytokinesis of the p.m.c. is due to simultaneous cell plate formation.
Microspore tetrads are either tetrahedral or bilateral. Mature pollen grains are 2-celled,
ellipsoidal, monocolpate and aporate. The generative cell is crescent-shaped with tapering
ends and the vegetative cytoplasm is packed with starch.

The ovules are erect, bitegmic and crassinucellate; they are hemi-anatropous in Livistona
rotundifolia and Sabal sp., but anatropous in other species. Two or three vascular bundles
enter the funicle and branch slightly in the chalaza. A well developed funicular obturator
is present in Livistona and Sabal sp. An endothelium is present in Pritchardia, Washingtonia,
Trackycarpus and Licuala. The miecropyle is formed only by the inner integument in Sabal
and Washingtonia, but by both the integuments in other genera. A nucellar cap is formed
in L. rotundifolic. A prominent development of chalaza is characteristic of all species.

The archesporium of the ovule is 1-celled; it cuts off the primary parietal cell. Megaspore
tetrads are linear, T-shaped or _[_-shaped. The embryo sac develops according to the Normal-
type. The synergids show lateral protuberances. The polar nuclei fuse before fertilization.
The antipodals, which are large in Pritchardia, persist till a few endosperm nuclei are formed
. Fertilization is porogamous; the passage of pollen tubes is facilitated by the transmitting
tissue of the style and funicular obturator where present. The endosperm is of the nuclear
type and becomes cellular by simultaneous cell plate formation. The endosperm cells are
disposed in regular radial series; they are thick walled due to storage of hemi-cellulose. During
seed development the chalaza grows and forms a columnar strucutre in L. rotundifolia; in
Licuala grandis the chalaza develops warty protuberances which make the endosperm ruminate.

Only the terminal cell of the 2.celled proembryo forms the embryonal mass; the basal
cell forms the suspensor. The mature embryo shows a messive lateral cotyleden which
envelops the primary axis. The cells of the cotyledon are rich in reserve food materials. The
plumule shows several primordia of scale and vegetative leaves. During germination of seed
the cotyledon forms a short or long tube in which the primary axis is enclosed.

INTRODUOTION

The Palmae is a large family with 210 genera and 4,000 or more species most
of which are distributed in the tropics of both hemispheres. There is considerable
diversity of opinion regarding the taxonomic position and affinities of the family.
Rendle (1953) includes it in the order Spadiciflorae along with Lemnaceae, Araceae,
and Cyclanthaceae. The reasons for such a grouping are: “the relative size of
the embryo and endosperm, the presence of a spathe and the association of a great
number of small inconspicuous flowers in often huge inflorescences”. Hutchinson
(1934), however, feels that these characters are of little taxonomic importance
and that the palms and aroids have nothing in common. He separates them
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widely and places the palms by themselves in the order Palmales. The Araceae
and Lemnaceae are included in the order Arales and Cyclanthaceae in the Cyclan-
thales of the second division of the monocotyledons, the Corolliferae. Hutchinson
follows the classification of Engler and Prantl (1895) with this difference that he
treats their series (Principes, Spathiflorae and Synanthae) as orders. Bentham
and Hooker (1862-83), on the other hand, include Palmae along with Flagelleriaceae
and Juncaceae in the series Calycinae and place Cyclanthaceae, Araceae and
Lemnaceae in the series Nudiflorae. Lawrence (1955) feels that there is much
need for taxonomic and morphological studies in the family.

Previous Worxk

There are several works on the taxonomy and morphology of the palms;
Drude (1895 in Engler and Prantl), Bailey (1930-1949), Dahlgren (1936), Martius
(1823-1850), Blatter (1926), etc. though there are no recent monographs. The
embryological studies are meagre and sometimes the reports of the investigators
are mutually contradictory. Schnarf (1931) who reviewed the previous work,
recommended a reinvestigation for amplification and confirmation of the data.
Very little work has been done since publication of Schnarf’s book. Juliano (1931)
studied the morphology of the male flower of Cocos nucifera. Swamy (1942) has
written a short note on the embryo sac development of Areca catechu. The report
of De Poerck (1950) that the embryo sac in Elaeis guinensis develops according
to the Adoxa-type has been contradicted by Kajale and Ranade (1953) who found
that it develops according to the normal type. Bosch (1947) studied the cytology
and floral anatomy of some members. Selvaratnam (1952) described the mature
embryo of the areca nut and compared it with that of the Gramineae. The present
writer has described the development of the embryo in Areca catechu (C. V. Rao,
1955).

MATERIALS AND METHODS

This article embodies the writer’s observations on the organogeny, structure
of the inflorescence and flower, development and structure of the anther and ovule,
male and female gametophytes, endosperm and seed, fruit and germination of
gseed in the following members of the tribe Sabaleae : Licuala grandis H. Wendel.,
L. spinosa Wurumb., L. peltata Roxb., Trachycarpus sp., Livistona rotundifolia
Mart., L. chinensis R. Br., Pritchardia pacifica Seem et Wendel., Washinglonia
sp., Sabal adanson:i Guers., S. blackburniana (lazebr., and S. palmetto Lodd.

All species studied are cultivated ornamental plants with flabelliform leaves.
The material of Licuala grandis, Livistona rotundifolia and Pritchardia was collected
from the local municipal park; that of Sabal palmetto and Washingtonia sp. was
collected from Bobbili, Srikakulam District. Fixed materials of Licuala spinosa,
L. peltata, Trachycarpus, Livistona chinensis, Sabal adansoni and 8. blackburniana
was obtained from the Indian Botanic Gardens, Calcutta. In all cases formalin-
acetic-alcohol was used as the fixative. Transverse and longitudinal sections
were cut from 4-12u in thickness and stained with Delafield’s haematoxylin or a
combination of safranin and fast green. Due to the presence of a thick cuticle,
abundance of sclerenchyma and raphides, some difficulty was experienced in
microtoming.

INFLORESOENCE AND FLOWER
The spadix in Livistona and Sabal is lax and the branches are subtended

individually by spathes. In Pritchardia it is once pinnate and the spikes are
closely clustered and protected by a few basal spathes, In all species, the flowers
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are bracteate, trimerous, regular and hermaphrodite. They are long pedicelled
in L. rotundifolia (Fig. 1), shortly stalked in Licuala grandis (Figs. 17 and 18)
seated on a pulvinate or tuberculate base in Pritchardia (Fig. 6) and T'rachycarpus,
(Figs. 43 and 44) and sessile in Sabal (Fig. 12). In Livistona rotundifolia
the perianth is in the shape of a small 6-toothed cup out of which the esgential
organs emerge early and are protected by the smooth inner surface of the spathe.
In other genera, the sepals are either free and imbricate as in Trackycarpus (Fig. 48)
or united into a massive 3-toothed eup as in Pritchardia and Licuala (Figs. 9and 17).
The three petals are larger and valvate. In Livistona rotundifolia the stamens
are free from the perianth and the anthers are basifixed (Fig. 1). In L. chinensis,
Pritchardia and Licuala they are united into an epipetalous tube which in Licuala,
gplits into 6 teeth at the top (Figs. 5, 9 and 19); the anthers in these species are
dorsifixed (Fig. 18). In Livistona rotundifolia, the gynoecium consists of a single
uniovulate carpel; the margins of the carpel as well as the style are incompletely
fused in the young condition (Figs. 2—4). In other genera including L. ckinensis,
there are 3 carpels which are free at the base (Figs. 5, 9 and 13); occasionally one
carpel is suppressed (Fig. 14). The style of the young pistil is as thick as the ovary
(Figs. 6 and 7); later due to greater growth in the ovary part it remains relatively
slender in the mature pistil (Fig. 20). The three separate stylar arms fuse together
in the upper part. The loculi extend as narrow canals into the stylar arms either
from the top of the loculus as in Pritchardia (Fig. 8), Tmchycapu§ (Fig. 16) and
Licuala grandis (Fig. 21), or from the base as in Sabal (Fig. 12) and Licuala chinensis
(Fig. 15). These locular canals may fuse with the common stylar canal (Figs. 10,
11 and 30), which is lined by either glandular cells (Fig. 29) or finger shaped hairs
(Figs. 42 and 108). The stigma bears glandular hairs (Fig. 109).

5

For a thorough understanding of the floral structure and proper appreciation
of the modifications undergone by the gynoecium in other tribes, a knowledge of
the vascular anatomy of the flower is essential. That of Licuala grandis is described
here as typical for the Sabaleae. The pedicel shows a number of ‘fibro-vascular’
bundles distributed irregularly in the central part (Fig. 22). At the base of the
thalamus these bundles fuse together and form a plexus from the periphery of
which a number of traces are given off for the calyx (Fig. 23). The central plexus
now loses its sclerenchymatous mantle and gives off 3 arcs of traces for the petals.
It then becomes triangular and gives off 6 staminal traces, the three antisepalous
ones from the angles and the 3 antipetalous ones from the middle of the flat sides
(Fig. 24). Thus the corolla and stamens show only congenital concrescence but
not the adnation of their traces. The staminal and petal traces pass together
into the androecium-corolla tube (Figs. 25 and 28). After the emergence of the
staminal traces, the central stele breaks up into 3 rings of bundles, one for each
carpel (Fig. 25). Three of the bundles at the base of the carpel bend inwards
and enter the funicle (Fig. 26); these diverge in the raphe and branch slightly
(Fig. 27). Though several carpellary bundles enter the base of the stylar arm,
only three extend towards the top (Fig. 29 and 31).

ORGANOGENY

Floral organogeny has been followed in Pritchardia pacifica, Sabal palmetto
and Trachycarpus sp. The floral organs arise in acropetal sequence, viz.,
bract., calyx, corolla, androecium and gynoecium. The barct and calyx become
large before the other floral organs develop (Figs. 32-36; 43 and 44). The walls
of the carpels arise as 3 bracket-like outgrowths, the margins of which remain
separate for some time (Figs. 47). The floral axis enclosed by them is at first
conical but soon becomes 3-lobed, each lobe being an ovule primordium (Figs. 37,
38, 456 and 46). After growing upwards for some time the tip of the carpellary
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wall curves inwards and downwards, surrounds the ovule primordium and forms
the loculus (Figs. 38 and 46). The upper parts of the carpels coalesce and grow
together into the common style. In Sabal palmetto the loculus does not extend
into the stylar arm; the incurved part of the carpellary wall touches the funicle
which is transversely elongated, leaving only a small lateral opening through
which the loculus communicates with the stylar canal (Figs. 39—41). In T'rachycarpus
and Pritchardia the descending portion of the carpellary wall grows to the base
of the ovary and the loculus extends into the stylar arm as a narrow terminal canal
(Figs. 45 and 46). By the time the archesporium is differentiated in the ovule
primordium, the cells at the tip of the style become papillate; these develop into
conspicuous hairs by the time the megaspore mother cell is full grown (Figs. 38
and 39). A number of cells of the ovary wall and style enlarge, lose their proto-
plasmic contents and become filled with bundles of acicular raphides (Figs. 39
and 41). In Sabal palmetto the wall of the mature ovary is uniformly parenchy-
matous; in Licuala sp. the cells of the outer half of the ovary wall accumulate
tannin and those of the inner half become sclerified (Fig. 49).

MICROSPOROGENESIS AND MALE GAMETOPHYTE

The archesporium of the anther consists of one or two rows of hypodermal
cells in each of the 4 anther lobes (Fig. 50). By a periclinal division they form
the primary pareital cells to the outside and the primary sporogenous cells to the
inside (Fig. 51). By further divisions in the parietal cells, the anther wall
becomes 4-5 layered (Figs. 52-54 and 64). The epidermal cells in the mature
anther become tangentially flattened and develop a thick cuticle which is ridged
in Sabal sp. and Pritchardia (Fig. 67). The cells of the hypodermal layer enlarge
considerably and develop fibrous thickenings. Sometimes the thickenings extend
to two layers of cells (Fig. 77). The cells of the septum between the two loculi
of an anther lobe are tangentially flattened and thin walled; the cells to the outside
of the septum are small and thick-walled and constitute the stomium (Fig. 60).
In the mature anther the septum shrinks and the loculi coalesce; the shrunken
septum persists for some time after the dehiscence of the anther (Fig. 77). Cells
of the connective contain tannin and raphides (Fig. 246).

The innermost one or two layers of wall cells function as the tapetum and
2-3 median wall layers become crushed. The tapetum is of the secretory type
and shows 2-nucleate cells; in this respect it differs from the tapetum of Lemnaceae
{Maheshwari, 1954) and Araceae (Jussen, 1928) in which it is plasmodial. The
tapetal cells may be tangentially flattened as in Sabal adansoni (Fig. 61) or radially
elongated as in S. blackburniana (Fig. 59), Pritchardia (Fig. 65) and Washingtonia
(Fig. 70). In Pritchardia they penetrate into the mass of sporogenous cells and
give the latter an irregular outline (Figs. 66 and 247). In Trachycarpus the tapetal
cells store starch as reserve food (Fig. 76). In Sabal palmetio the inner walls of
tapetal cells become cutinised (Fig. 58).

In all species, the sporogenous cells show a secondary increase (Figs. 53 and 64).
In Livistona rotundifolia, some of the sporogenous cells degenerate before the
meiotic divisions (Fig. 78). Microspore tetrads may be tetrahedral (Figs. 56
and 72) or bilateral (Figs. 55 and 71). The microspores become ellipsoidal by the
time they separate out from the tetrads and show a distinct furrow (Fig. 73). In
Washingtonia sometimes all the pollen tetrads of an anther loculus become
degenerate and the loculus becomes occluded by the intruding tapetal cells
(Fig. 70).

Cytokinesis of the sporocyte is of the simultaneous type and is brought about
by cell plate formation at the end of meiosis II (Fig. 62). The small lenticular
generative cell is usually formed against the wall opposite to the furrow (Figs. 57
and 74), and later it migrates into the vegetative cytoplasm. The generative
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cytoplasm is hyaline and devoid of starch while the vegetative cytoplasm is packed
with it. In the full grown pollen grain the generative cell appears crescent shaped
with tapering ends; it is circular in transverse section (Figs. 63, 68 and 75). A
similar shape is reported in several Asclepiadaceae (Finn, 1925; C. V. Rao and
S. R. Rao, 1954). The pollen grains are shed in the 2-celled condition in which
respect they resemble the Araceae (Banerji, 1947). In all species they are
monocolpate and aporate, and show a smooth exine (Fig. 79). The exine does
not stain with Delafield’s haematoxylin except in the region of the furrow; this
shows that the region of furrow is chemically different from the rest of the exine
which fact may be associated with its slight extensibility. Sometimes in mature
pollen grains the intine bursts through the furrow and forms a short blunt pollen
tube in situ (Fig. 69). Sterile pollen grains are commonly noticed in all species.

OVULE

In all species studied, the ovules are erect, bitegmic and crassinucellate. In
Livistona rotundifolia (Figs. 87, 88 and 254) and Sabal sp. (Figs. 99, 102, 116, 121,
123 and 252), they are hemianatropous. In L. chinensis (Figs, 94 and 253),
Pritchardia (Figs. 136 and 248), Washingtonia (Figs. 147 and 152), Licuala sp. (Figs.
162, 167, 173, 174, 178 and 179) and T'rachycarpus (Fig. 185) they are anatropous.
Two or three vascular bundles enter the funicle of the ovule (Figs. 26, 117 and 176)
and branch slightly in the raphe and chalaza (Figs. 139 and 167). In Livistona
rotundifolia, however, a transverse section of the funicle shows a ring of 6-7 vascular
bundles (Fig.89) which show further branching in the body of the ovule (Figs. 90-93).
Eames and Macdaniels (1947) remark, “when an ovule represents the .surviving
member of a group in which reduction has occurred, it may have captured the
trace supply of two or more ovules”. It may be recalled here that in Livistona
chinensis the pistil consists of three uniovulate carpels while in L. rotundifolia it
shows a single uniovulate carpel.

The different species studied show interesting stages in the evolution of a
funicular obturator. In Pritchardia, and Washingtonia, the funicle is unspecialised.
In Licuala peliata (Fig. 174) L. spinosa (Fig. 176) and Trachycarpus (Fig. 185), the
epidermal cells of the funicle are somewhat radially elongated and glandular. In
Livistona chinensis and L. rotundifolia the funicle develops a basal swelling, the
epidermal cells of which are markedly elongated and glandular (Figs. 87, 89-92, 94).
In L. chinensis the locular canal and micropyle adjoin the obturator (Fig. 15).
The obturator in Sabal sp. is very conspicuous. In S. palmeito the epidermal
cells of the funicle form finger-shaped, l-celled glandular hairs (Figs. 115-117
and 249). In S. adansont and 8. blackburniana, due to the divisions in the epidermal
cells, a considerable amount of glandular tissue is formed (Figs. 100, 103-107, 123,
250-252). The superficial cells of this tissue form elongated hairs. Similar hairs
are developed from the locular epidermis at the back of the ovule and these come
into intimate contact with the cells of the obturator (Fig. 105). The stigmatic
hairs, glandular cells of the transmitting tissue and the obturator form a continu-
ous path of richly protoplasmic cells for the pollen tubes. The obturator in
;S’abaé sp. and L. rotundifolia (Fig. 225) persists till the early stages of seed develop-
ment.

A prominent growth of the chalazal region is the characteristic feature of all
genera. A comparison of the figures of the ovules with megaspore tetrads and
full grown embryo sacs will bring out this point (cf. 132 and 136). The integu-
ments are free from each other only for a small distance around the micropyle
of the ovule. In L. rotundifolia part of the growth in the chalazal region seems
to be brought about by the periclinal divisions in the epidermal cells, which is
evident from the regular arrangement of the derivatives (Figs. 91-93). Accumula-
tion of tannin in cells of the chalaza and outer integument, which commences even
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from the tetrad stage of the ovule, is another feature commeon to all species
{Figs. 132 and 136).

The initials of both the integuments become demarcated simultaneously with
the differentiation of the archesporium in the ovule (Figs. 80, 81, 96, 110, 126,
127, 181 and 182). The rates of growth of the two integuments and the method
of formation of the micropyle vary in the different species. In L. rotundifolia,
Sabal sp. (Fig. 122) and Pritchardia (Fig. 134), the micropyle is formed by the
2- or 4-nucleate stage of the embryo sac. In Washingtonia (Figs. 141 and 143)
and Licuala sp. (Figs. 158, 159), the micropyle is formed by the time the megaspore
mother cell in the ovule is full grown. In Sabal (Figs. 101 and 123) and
Washingtonia (Figs. 151 and 152), the micropyle of the mature ovule is formed
only by the inner integument and is straight. However, after fertilization, in
Sabal sp. also the outer integument grows over the inner and forms the micropyle
(Figs. 215-217). In species in which the micropyle is formed by both the integu-
ments, it may be short and straight as in L. rotundifolic (Figs. 88 and 93) or
elongated and zigzag as in Livistona chinensis (Fig. 94), Pritchardia (Fig. 136),
Licuala sp. (Figs. 162, 167, 168, 173, 174, and 179) and Trachycarpus (Fig. 185).

In general, the outer integument is 4-5 layered and the inner 2-3 cells thick.
In nearly all genera studied, an integumentary tapetum is organised. In L.
rotundifolia a glandular endothelium is not found in the mature ovules. The cells
of the inner integument, however, become radially elongated after fertilization
(Fig. 224). 1In Sabal adansoni the cells of the inner epidermis of the inner integu-
ment in the mature ovule are radially elongated though they are not glandular
(Fig. 123). In genera which show endothelium, the concerned cells become
markedly elongated and glandular even by the dyad stage of the ovule (Figs. 130,
143, 158). Due to the prominent endothelium the inner integument equals or
even excels the outer in thickness. Though usually only the inner layer of the
integument is glandular, in Licuale sp. both layers consist of such cells (Figs. 170,
177). In L. grandis the endothelial cells accumulate starch from an early stage
of the ovule (Figs. 162 and 166); in Pritchardiz, starch appears in the endothelial
cells after fertilization (Fig. 190), Even in sterile ovules, the integuments,
micropyle and endothelium are formed normally (Figs. 95, 140, 154, 155, 171
and 175).

Though the ovules are crassinucellate, the size of the nucellus is small relative
to that of the ovule (cf. figs. 144, 163 and 172). In L. rotundifolic the mature
embryo sac is surrounded by 3—4 layers of nucellar cells some of which persist till
the early stages of seed development (Figs. 88 and 224). In Sabal sp. 1-2 layers
of nucellus surround the mature embryo sac (Figs. 99, 116, 123 and 124). In
species in which an endothelium is organised, the whole of the nucellus is crushed
out in the mature ovule and the embryo sac borders on the inner integument. In
Sabal sp. the nucellar cells around the antipodal end of the sac-are thin walled
and show vacuolated cytoplasm and seem to be tapetal in function (Figs. 123
and 124).

In L. rotundifolia (Fig. 88), L. chinensis (Fig. 94) and Sabal sp. (Figs. 99
and 123) no thick walled nucellar cells are found around the embryo sac; the sac
is therefore even in outline. In Pritchardia (Fig. 136) and Trachycarpus (Fig. 185)
the nucellar cells around the antipodal end of the sac are thick walled though they
do not form a postament. In Washingtonia and Licuale sp. the nucellar cells
around the lower half of the developing embryo sac become thick walled. As
the sac enlarges, the thin walled nucellar cells around the micropylar part of the
sac become gradually pulled apart from the thick walled cells and are absorbed
in due course (Figs. 153, 165 and 166). The socket of thick walled cells persists
and forms the postament (Figs. 152, 167, 168, 174, 178 and 179). Since the embryo

sac expands at first on the sides of the postament, it has a sagittate appearance
(in L.s.).
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MEGASPOROGENESIS AND FEMALE (GAMETOPHYTE

In all species, the embryo sac develops according to the Normal-tvpe. The
archesporium of the ovule consists usually of a single hypodermal cell (Fig.
110), two cells being noticed rarely (Fig. 181). It divides periclinally and
forms the primary parietal cell to the outside and the megaspore mother cell to
the inside (Figs. 81, 111, 127 and 182). This division occurs very early and the ovule
primordium with megaspore mother cell grows for a considerable time (compare
figs. 126 and 128). To get at the stage shown in fig. 126 of Pritchardia, a very
small inflorescence still concealed among the leaf bases had to be obtained. Itis
probably due to the difficulty of getting such material that some investigators
like Quisumbing and Juliano (1927) thought that the archesporium is subhypo-
dermal and that it functions directly as the megaspore mother cell without cut-
ting off the primary parietal cell. By the division of the primary parietal cell
and its derivatives, 1-3 layers of parietal tissue are formed (Figs. 96, 114 and 132).
In Livistona rotundifolia, however, the parietal tissue remains uniseriate and the
megaspore mother cell becomes deep seated due to the development of a nucellar
cap (Figs. 82-86).

The full grown megaspore mother cell is elongated and tapering (Figs. 97,
112, 118, 119, 131, 142, 157 and 183). Both dyads derived from it may divide
simultaneously or one may precede the other (Figs. 86, 113, and 145). Megaspore
tetrads are usually linear (Figs. 85, 114, 120, 122, 146, 147-149, 160 and 161), though
T-shaped and | -shaped tetrads are occasionally met with (Figs. 98, 132, 133
and 150). Kajale (1952) also reported different types of tetrads in Elaeis
guinensis.

The lowest megaspore always functions and gives rise to the 8-nucleate embryo
sac. The synergids show hook-like or rounded protuberances on their free sides
(Figs. 180 and 187). The polar nuclei fuse before fertilization; the secondary
endosperm nucleus stands close to the egg apparatus (Fig. 101) or at the middle
of the sac (Fig. 88) or nearer to the antipodals (Fig. 94). The antipodals are 3 in
number and uninucleate (Figs. 125 and 169). In Pritchardia they are small when
formed but enlarge considerably and show starch at maturity (Figs. 136, 138).
Mature embryo sac may be ellipsoidal in shape as in L. rotundifolia and Sabal sp.
or may show a narrow antipodal end and broad micropylar part as in Licuala sp.
or narrow micropylar and broad antipodal parts as in Livistona chinensis (¥ig. 94).

ExDosPERM, EMBRYO AND SEED DEVELOPMENT

Fertilization is porogamous and one or both the synergids become affected by
the entry of the pollen tube into the embryo sac (Figs. 190 and 218). By the time
syngamy occurs,.a few endosperm nuclei are formed. The endosperm is of the
nuclear type. After fertilization the protoplasm of the embryo sac and the starch
in it increase in quantity (Fig. 191). The endosperm becomes cellular by
simultaneous cell plate formation which commences at the periphery of the sac.
Cell walls are incomplete towards the central cavity of the seed (Fig. 242). The
endosperm grows centripetally by intercalary cell divisions which are accompanied
by cell wall formation (Fig. 229). Since the cells are laid in regular radial rows
(Figs. 197 and 228), the palm endosperm cleaves so readily and so perfectly. In
Pritchardia and Sabal the endosperm is entire but in Licuala sp. it becomes divided
into islands or pockets by chalazal ruminations. In each such zone, the regular
arrangement of the endosperm cells can still be seen (Fig. 241). The endosperm
cells at the periphery of the seed are smaller and more richly protoplasmic than
those of the inside (Figs. 228 and 229). Reserve food materials are accumulated
in the lumens of endosperm cells. Gradually the walls of the cells become massive
and pitted due to the deposition of hemicellulose (Figs. 198 and 221). In Sabal
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palmetto the developing seed does not grow symmetrically all over; the micropyle
therefore becomes shifted in position away from the funicle (Figs. 215 and 2186).

Pritchardia, Sabal, Livistona and Licuale in which seed development has been
studied, show increasing elaboration of the chalazal region. In Pritchardia the
fertilised ovule grows rapidly first in length and then in diameter till it becomes
round (Figs. 188 and 189). The sae, including the antipodal end, widens out.
During the early stages of seed development there is considerable proliferation
of the cells surrounding the lower part of the sac. The derivatives which stand
in regular series, sometimes form wavy protruberances into the embryo sac and
appear as incipient ruminations (Fig. 196). The cells of the chalaza and integu-
ments accumulate tannin; the former persists as a ridge in the seed opposite to
the embryo (Fig. 197). The coat of the mature seed becomes even in outline;
it consists of 10-12 layers of cells most of which are filled with tannin (Fig. 198).

In Sabal palmetto the chalazal cells around the lower part of the sac accumulate
tannin and become thick walled; this part persists as a pit like depression even in
the mature seed (Figs. 216, 219 and 220). The endosperm in this species is not
pierced by any ruminations.

During seed development in L. rotundifolia the cells of the chalaza become
thick walled and filled with tannin. The seed grows mostly in the chalazal region;
the embryo sac expands to the sides of the chalazal protuberance (Fig. 225) which
first appears as a massive cup and then grows through the seed cavity as a thick
tube. Vascular bundles extend into it and branch slightly (Fig. 226). In the
mature seed it appears as a dark coloured columnar structure bridging the whole
diameter of the seed (Fig. 227). No ruminations develop from it or the seed coat
go that the endosperm is even in outline (Fig. 228). The seed coat in this species
consists of 5-7 layers of cells of which the two outermost are free from tannin
(Fig. 229).

As in Pritchardia, in Licuale also, the fertilised ovule grows first in length
and then in diameter till it becomes round (Figs. 237-240). The postament breaks
down and the embryo sac widens out. The tannin filled cells of the chalaza form
first a hump-like protuberance into the sac (Fig. 237). This does not show any
pit like depression as in Sabal and ILivistona. Proliferations develop from its
surface and branch and grow till some of them touch the wall of the seed cavity
(Figs. 238-240). Vascular bundles of the funicle extend into it and branch within
these proliferations. The endosperm in Licuale is therefore ruminate in the true
sense of the word, though the ruminations develop from the chalaza and not from
the seed coat as in Areca catechu. The seed coat in Licuala is even in outline and
consists of 7-8 layers of tannin filled cells (Fig. 242).

Only a few stages of the embryo development could be obtained in Pritchardia
pacifica. The fertilised egg divides transversely and gives rise to ca and cb (Figs. 192
and 193). The first division in ca is oblique (Fig. 194). The derivatives of ca
give rise to embryonal mags while those of ¢b form the suspensor which is relatively
massive (Fig. 195). Similar stages were also noticed in the embryo development
of Areca catechu (C. V. Rao, 1955).

Mature embryo in Prilchardiac measures about 5§ mm long and is cylindrical
in the lower part and conical in the upper. The primary axis which is confined
to the lower part is relatively small. The massive lateral cotyledon envelops
it completely leaving a pore for its emergence during germination (Fig. 199). The
hypocotyl shows a ring of procambial strands from which branches are given off
into the cotyledon. These traverse nearly to the tip of the cotyledon forming
a ring near the periphery (Figs. 200 and 201). The cells of the cotyledon are
packed with food materials (Fig. 202). The cells of the cotyledonary sheath
immediately below the radicle are thin walled and devoid of starch; this region
is pierced first by the elongating radicle during germination. The plumule shows
number of & scale and leaf primordia (Fig. 208).
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Usually only one of the carpels forms the fruit in Pritchardia and Sebal but
in Licuolae sometimes all the three carpels may form fruitlets (Figs. 211, 215, 235
and 236). The calyx and style are persistent in Pritckardia and Livistona (Figs. 211,
226 and 227). Some of the cells of the style become sclerenchymatous.

The fruit wall shows some variation in structure in the different species. In
L. rotundifolia, the ovary wall shows vascular bundles in the median region and
a zone of 10-12 layers of parenchyma on either side. The cells to the outside are
small while those to the inside are larger, scantily cytoplasmic and some bear
raphides. In the fruit wall 2-3 layers of cells to the outside of the vascular bundles
develop into sclereids (Fig. 234). The parenchymatous cells to the inside become
shrunken and those at the periphery develop into a succulent pericarp. In
Pritchardia the ovary wall does not show any sclerenchyma (Fig. 212). In the
fruit wall two zones of sclereids develop, one on either side of the vascular bundles.
Some more sclereids are found interspersed among the parenchyma and a sheath
of sclerenchyma is found around the vascular bundles. As the thick walled cells
are oriented in different directions, the stony pericarp in this species is well adapted
to resist crushing strains (Figs. 213 and 214). In Licuala grandis the ovary wall
shows a zone of sclerenchyma beneath the surface (Fig. 243); in the fruit wall
another zone of sclerenchyma is added towards the inside (Fig. 244). The scleren-
chyma as well as the parenchyma show sphaeraphides (Fig. 245).

In Priichardia the position of the embryo in the seed is marked by a circular
depression just by the side of the raphe (Figs. 203 and 204). During germination
of the seed in the species studied, the cotyledon forms a long or short tube which
bears at its tip the primary axis (Figs. 205-207, 222, and 230). The plumule
emerges through the sheath; the radicle forms an elongated root which eventually
becomes arrested and is replaced by adventitious roots (Figs. 209, 223, 231-233).
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ExpraNATION OF TEXT FIGURES

Texr-Ficure 1. Figs. 1-31. Figs. 1-4. Livisiona rotundifolia. Fig. 1. L. S. of young
flower, x20. Fig. 2. L. 8. mature flower, x20. Fig. 3. T. 8. flower, Xx30. Fig. 4.
T. 8. ovary, x75. Fig. 5. T. 8. flower bud of L. chinensis, x15. TFigs. 6-11. Pritchardia
pacifica. Fig. 6. L. 8. young flower bud, x15. Fig. 7. L. 8. pistil from the above, Xx35.
Fig. 8. L. S. carpel from older ovary, x50. Fig. 9. T. 8. flower bud, x10. Figs. 10 and.
11. T. S. base and top of style, x35. Figs. 12 and 13. Sabal blackburniana. Fig. 12.
L. S. flower bud, x20. Fig. 13. T. S. ovary, x35. Fig. 14. T. S. ovary of S. adansonis
x20. Fig. 15. L. 8. carpel of Livistona chinensis, x25. Fig. 16. L. 8. carpel of Trachycarpu,
sp. x50. TFigs. 17-31. Licuala grandis. Fig. 17. An entire flower, x4. Fig. 18 L. S.
flower, x6. Fig. 19. Staminal tube split open, x4. Fig. 20. Entire pistil, x4 Fig. 21.
L. 8. carpel, x20. Figs. 22-31. Series of sections of flower bud from the base towards
the top; explanation in text; Figs. 26 and 27, X 20; rest x10.

TexT-FIGURE 2. Figs. 32-49. Organogeny of the flower in Palmae. Fig. 32. L. S.
flower primordium of Pritchardia pactfica, X 20. Figs. 33-42. Sabal palmetto. Figs. 33-36.
L. S. flower primordia at various stages of development, x25. Figs. 37-41. Stages in the
development of the pistil; Figs. 37 and 38, x90; Figs. 39-41, x50. Fig. 42. T. S. style,
X 40. TFigs. 43-48. Trachycarpus sp. Figs. 43 and 44. L. S. flower buds; Fig. 43. x20
Fig. 44, x30. Tigs. 45 and 46 Stages in development of pistil, x75. Fig. 47. T. S. base
of pistil, x50. Fig. 48. T. S. flower bud, x35. Fig. 49. T. S. mature carpel of Licuala sp.
x 50.

TexT-FIGURE 3. Figs. 50-79. Microsporogenesis and male gametophyte in Palmae.
Figs. 50-58. Sabal palmetto. Figs. 50-54. T. 8. developing anthers showing development
of wall layers and sporogenous tissue; Fig. 50; x 235; Figs. 51-54, x475. TFig. 55. Formati-
on of bilateral tetrad of microspores, x475. Fig. 56. Tapetal cells and tetrahedral
tetrad of microspores, x475. Fig. 57. A young 2-celled pollen grain, x475. Fig. 58.
Tapetal cells showing cutinised inner wall, x475. Figs. 59 and 60. Sabal blackburniana.
Fig. 59. T. S. anther loculus, x190. Fig. 60. T. S. anther lobe, x90. Figs. 61-63.
8. adansons. Fig. 61. L. S. part of anther, x235. Fig. 62. A microsporocyte showing
cytokinesis, x475. Fig. 63. Two-celled pollen grain, x475. Figs. 64-69. Pritchar-
dia pacifica. Fig. 64. T. S. young anther loculus showing secondary increase in sporo-
genous cells, x280. Fig. 65. T. 8. older anther loculus, x135. Fig. 66. L. S. anther
loculus, x135. Fig. 67. Epidermis and fibrous endothecium, x190. TFigs. 68. and69. Pollen
grains, X475. Figs. 70 and 71. Washingtonia. Fig. 70. L. S. sterile anther loculus, X110
Fig. 71. A bilateral tetrad of microspores, x475. Figs. 72-75. Development of pollen
grains in Licuala grandis, x475. Figs. 76 and 77. Trachycarpus sp. Fig. 76. T. S.
part of anther loculus; note starch in tapetal cells, x280. Fig. 77. T. S. mature anther lobe,
x 135, Figs. 78 and 79. Livistona rotundifolia. Fig. 78. L. S. anther loculus showing
degeneration of some sporogenous cells, x190. Fig. 79. A sterile pollen grain, X715.

Texr-FIcURE 4. Figs. 80-93. Livistona rotundifolinz. Figs. 80, 83. L. 8. young pistils,
X 50. Figs. 81, 82 and 84. L. S. ovules with growing megaspore mother cell; Fig. 81, x235,
Fig. 82, x285; Fig. 84, x190. Fig. 85. L. 8. ovule with linear tetrad, x190. Fig, 86.
Nucellus from the above, X335 Figs. 87 and 88. L. S. mature ovules, x90. Fig. 89,
T. S. funicle, x90. Figs. 90-92. Vertical sections through ovule from chalaza towards the
micropyle, X90. TFig. 93. Oblique transverse section of the ovule through the embryo sac,
x 90, Figs. 94 and 95. Livistona chinensia, Fig. 94. L. S. mature ovule, X75. Fig. 95.
L. S. sterile ovule, Xx90.

TexT-s10URE 5. TFigs., 96-109. Sabal blackburniana. Figs, 96 and 97. L. S. ovule
primordia with megaspore mother cell; Fig. 96, x570; Fig. 97, x230. Fig. 98. L. 8. ovule
with T-tetrad, x285. TFig. 99. L. 8. ovule with embryo sac, x135. Fig. 100. Funicular
obturator, x160. Fig. 101 L.S. part of mature ovule, xX230. TFig. 102, L. 8. pistil, %25,
Fig. 103. T. 8. funicle showing obturator, x160. Fig. 104. T. S. ovule and loculus, x110
Fig. 105-107. Vertical sections through ovule from the chalaza towards the micropyle, X110
Eig. 108, Glandular hairs of tramsmitting tissue of the style, x230. Fig. 109, Stigmatic

irs, x230.
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Text-FiGUre. 6. Figs. 110-125. Figs. 110-117. Sabal palmetto, Fig. 110, L. 8,
ovule primordium with archesporium, x350. Fig. 111, Ovule primordium in which the
primary parietal cell is cut off, x350. Fig. 112. Nucellus with full grown megaspore mother
cell, x450. TFig. 113. L. 8. ovule showing formation of megaspores, x285. Fig. 114
Nucellus with linear tetrad, x450. Fig. 115. L. 8. ovule with 4-nucleate embryo sac; note
the development of funicular obturator, x190. Fig. 116. L.S. ovule with embryo sac, X210
Fig. 117. T. 8. funicle of mature ovule with obturator, x215. Figs. 118-125. Sabal adansoni
Fig. 118, L. 8. ovule with full grown megaspore mother cell x285. Fig. 119. Nucellus with
full grown megaspore mother cell; note glandular nucellar cells x570. Fig. 120. Nucellus
with megaspore tetrad, x400. Fig. 121. L. 8. ovule with 2-nucleeate embryo sac; note
development of funicular obturator, x160. Fig. 122. Vertical section through ovule with
4-nucleate embryo sac, x230. Fig. 123. L. S.mature ovule, x230. Fig. 124. Embryo sac
with cells of nucellar tapetum, x 285. Fig. 125. Antipodals from mature embryo sac, x400.

TEXT-FIGURE 7. Figs. 126-140. Pritchardia pacifica. Fig. 126. L. 8. loculus of carpel
with ovule primordium, x160. Fig. 127. Ovule primordium in which the primary parietal
cell is cut off, x570. Fig. 128, Ovule with full grown megaspore mother cell, X160
Fig. 129. Nucellus from the above, x400. Fig. 130. Ovule showing formation of dyads,
% 160. Fig. 131. Nuecellus from the above, x400. Fig. 132. Ovule with T-tetrad, x230.
Fig. 133. Megaspore tetrad, »400. Figs. 134 and 135. Part of ovules with 2-and
4-nucleate embryo sacs; note the organisation of thick-walled nucellar cells, x230. Fig.
136. L. 8. mature ovule, x110. Fig. 137. Micropylar part of embryo sac, x230. TFig.
138. Antipodals from young embryo sac, x230. Fig. 139. L. 8. ovule perpendicular to
the raphe, x60. Fig. 140. A sterile ovule, X 60.

Text-Fieure 8. Figs. 141-155. Washingtonia sp. Fig. 141. L. 8. ovule with full-
grown megaspore mother cell, x110. Fig. 142. Nucellus from the above, x340. Fig. 143
Ovule with dyads, x110. Fig. 144. Vertical section of ovule with dyads, cut perpendicular
to the raphe, x160. Fig. 145. Nucellus showing formation of linear tetrad, x 340. Fig. 146.
L. 8. ovule with linear tetrad, x110. Fig. 147. L. 8. ovule with l.nucleate embryo sac,
% 160. Fig. 148, Nucellus with 1-nucleate embryo sac, x340. Fig. 149. Nucellus with
4-nucleate embryo sac, x340. Fig. 150. Nucellus with _L—shaped tetrad, x 340. Fig. 151-
L. 8. loculus of mature pistil, x35. Fig. 152. Ovule with mature embryo sac, x125. Fig. 153
Younger embryo sac with nucellus and endothelium showing postament formation, x 340
Figs. 154 and 155, Sterile ovules; Fig. 154, x110: Fig. 155, X 75.

TexTr-FiGURE 9. Figs. 156-171. Licuala grandis. Figs. 156-160. Stages in develop
ment of ovule and megaspore tetrad; Figs. 156 and 159, x340; Figs. 158 and 160, x160
Fig. 157, x230. Fig. 161. Nucellus with linear tetrad, x570. Fig. 162.0vule with
2-nucleate embryo sac x230. Fig. 163. Vertical section of ovule perpendicular to raphe
showing formation of postament, x 110. Tig. 164. L. S. ovule showing similar stage, X 110
Fig. 165. Part of the above, x230. Fig. 166. Embryo sac with developing. postameant,
% 340. Fig. 167. L. 8. mature ovule, X 60. Fig. 168. Mature embryo sac and integuments
% 340. Fig. 169. Lower part of embryo sac with postamentj x570. TFig. 170. Part of
thelinnerO integument showing both layers of glandular cells, x570. Fig. 171. L. 8. sterile
ovule, x 90,

Text-FIGURE 10. Figs. 172-187. Figs. 172-175. Licuala peltata. Fig. 172. Vertical
section of ovule perpendicular to the raphe showing young embryo sac and postament, X 110
Fig.s 173 and 174. L. 8. ovules with young and mature embryo sac; Fig. 173, x 160; Fig. 174.
%X 135. Fig, 175. Sterile ovule, x90. Figs. 176-180, Licuala spinosa. Fig. 176. T. 8.
funicle; note glandular epidermal cells and 2 vascular bundles, x 135. Fig. 177. T. 8. part of
mature ovule showing structure of the integuments, x 160. Fig.s 178 and 179. Ovules with
embryo sacs; Fig. 178, x 110; Fig. 179, x 160. Fig. 180. Micropylar part of mature embryo
sac and inner integument, x230. Figs. 181-186. Trachycarpus sp. Fig. 18L. Ovule
primordium with 2 archesporial cells, x570. TFig. 182. L. 8. carpel with the ovule primord-
tum, x285. Fig. 183. Ovule with full grown megaspore mother cell, x400. Fig. 184, Ovule
with l-nucleate embryo sac, x 230. Fig. 185. L. S. mature ovule, x 160. Fig. 186. Mature
em;g‘g’o sac, endothelium and thick walled nucellar cells, x 280. Fig. 187. Egg apparatus,
X .

Texr-FiGUre 11. Figs. 188-214. Pritchardia pacifica. Figs. 188 and 189. Stages in
seed development; Fig. 188, x 35; Fig. 189, x20. Figs. 190 and 191. Micropylar parts
of developing seeds, x 155. Figs. 192-195. Stagesin development of embryo, x475. Fig. 196.
Proliferation of chalazal cells around lower part of the embryo sac, x155. Fig. 197. T. 8.
seed, x5. Fig. 198. T. S. seed coat and a few endosperm cells, x135. Figs. 199-201-
Mature embryo and transverse sections at two levels, x 20, Fig. 202. T. S. part of cotyledon,
x 155. Figs. 203 and 204. Entire seed and its t.s., x1. TFigs. 205-209. Stages in germi.
nation of seed Fig. 208, X 20, rest x 1. Figs. 210. L.S. flower after fertilization x 5. Fig. 211.
A fruit, x2. Figs. 212-214. T, S. fruit wall at different stages of development; Fig. 212,
X 90; Figs. 213 and 214, x 50.
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TexT-FIGURE 12, Figs. 215-234. Figs. 215-223. Sabal palmeito. Fig. 215, L. 8. fertilised
ovary, x10. Pig. 216. L. 8. young fruit, x6. Fig. 217. T. 8. seed, x25. Fig. 218.
Micropylar part of the above, x270. Figs. 219 and 220. T. 8. seeds at different stages of
development; Fig. 219, x8; Fig. 220, X 2. TFig. 221. Endosperm cells, x210. Figs. 222
and 223. Stages in germination of seed, x1. Figs. 224-233. Livistona rotundifolia. Fig.
224. L. 8. fertilised ovule, x70. Figs. 225-227. Stages in development of fruit and
seed; Fig. 225, x 35; Figs. 226 and 227, x 15. Fig. 228. T. 8. seed, x 15, Fig. 229. Testa and
a few endosperm cells, x85. Figs. 230-233. Stages in germination of seed, x 1. Fig. 234
T. 8. fruit wall, x60.

TexT-FIGURE. 13. Pigs. 235-245. Licuala grandis. Figs. 235 and 236. Fruits, x2
PFigs. 237-239. L. 8. developing seeds; Fig. 237, x 8; Figs. 238 and 239, x 6. Fig.240. T.S8.
developing seed, x 6. Fig. 241. Part of endosperm and surrounding rumination, X110
Fig. 242. Testa and a few endosperm cells, x 230. TFigs. 243-245, T, S. fruit wall; Figs. 243
and 244, X25; Fig. 245, x 110.
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Figs. 246-248. Pritchardic pacifice. Fig. 246. T. S. anther. x83. TFig. 247. L. S.
anther loculus, x73. Fig. 248. L. S. mature ovule, x70. Fig. 249. T. 8. funicular
obturator of Subal pelmefto. x125. Figs. 250-252. Vertical sections through ovule and
obturator of Sabal bluckburniana. Fig. 250, x125. Fig. 251, x425. TFig. 252, x85.
Fig. 253. L. 8. ovule of Livistona chinensis, x 70. TFig. 254. L. S. mature ovule of Livisiona
rotundifolia, x 65.



