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In Camellia sinensis, the flowers are solitary, axillary, bisexual and actino-
morphic. There is a transition from the bracteoles to the sepals which ingrade
into the petals. The wall of the anther comprises the epidermis, fibrous
endothecium, one or two middle layers and glandular tapetum. The pollen
grains are shed at the two-celled stage. The ovules are anatropous, bitegminal
and tenuinucellar. The vascular supply terminates in the chalaza. A group
of slightly thick-walled cells lying below the embryo sac organizes into a
hypostase. The development of the female gametophyte is of the Allium type
and not of the Polygonum or Adoxa type as reported by earlier workers.
The embryo sac does not project into the micropyle and the antipodal cells do
not increase in number as previously recorded.

InTRODUCTION

There are conflicting reports about the development of the female
gametophyte in Camellia sinensis. (avara’s (1899) figures and his confusing
account lead us to believe that an 8-nucleate embryo sac arises from the
micropylar megaspore of the tetrad. Cohen Stuart (1916) recorded a tetra-
sporic embryo sac which conforms to the Adoxa type of development. Al-
though he came across certain abnormalities, he attached no significance to
them. "The three antipodal cells, he stated, increase in number secondarily.
However, Fagerlind (1939) found that the female gametophyte is bisporic
and 8-nucleate, and the antipodal cells do not iucrease in number. The
above controversy justifies our undertaking this reinvestigation. An account.
of the development of male gametophyte is also presented.

MATERIAL AND METHODS

The material was verv kindly collected for us by Dr. D. N. Barua, Senior
Botanist, Tocklai Experimental Station, Cinnamara, Assam. Buds and
flowers of different ages were fixed in formalin-acetic-alcohol and then stored
in 70 per cent ethyl alcohol. Young buds were trimmed from the sides as
well as from the top, and from older flowers the ovaries were dissected out.
The paraffin-imbedded material was exposed and then soaked in Gifford’s
solution (see Gifford 1950). This softened the structures and facilitated
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cutting. Sections were cut at a thickness of 8-14 microns, and stained with
safranin and fast green. Acetolysed preparations of pollen grains were made
according to Erdtman’s (1952) schedule.

OBSERVATIONS

The plant is an erect, large, evergreen shrub bearing simple, alternate,
exstipulate and coriaceous leaves with serrate margins. The flowers are
white, drooping, solitary and axillary (Fig. 1A-D) but sometimes two or
three may occur together in the leaf-axils. They are bracteolate, bisexual,
actinomorphic and hypogynous. The perianth is spirally arranged, and
consists of five or six persistent sepals (Fig. 1F, G) and five to seven petals,
both showing imbricate aestivation. The involucral bracteoles ingrade into
the sepals which in turn show a transition to the petals (see also Rendle 1952).
The stamens have long filaments and are arranged in several whorls (Fig.
1D, E). They are slightly connate at the base and also adhere to the lower
portion of the petals. The vascular bundle reaches up to the middle of the
connective where it becomes somewhat branched (Fig. 2A). The ovary is
tricarpellary, syncarpous, superior, and trilocular (Fig. 1H) with four ovules
in each locule borne on an axile placenta. The three styles are united into
a single structure. The stigma is trifid and reflexed (Fig. 1F) but soon after
pollination its three lobes come close together (Fig. 1G). Rarely four or five
carpels unite to form an ovary of as many chambers, and bearing as many
more or less coherent styles. The number of ovules in each locule may also
vary from four to five. The fruit is a capsule (Fig. 1I). The seed is globose
and appears flattened around the hilum (Fig. 1J).

1.  Microsporangium, Microsporogenesis and Male Gametophyte

A cross section of a young anther shows a multicelled hypodermal
archesporium consisting of 5-8 cells in each lobe (Fig. 2B, G). The arche-
sporial cells divide to form a parietal layer toward the outside and a primary
sporogenous layer toward the inside (Fig. 2C, H). The cells of the former
undergo periclinal and anticlinal divisions to give rise to three or four layers.
Thus the anther wall comprises the epidermis, an endothecium, one or two
middle layers and tapetum (Fig. 2D, E, I, J). A large number of crystals
are distributed in the connective region (Fig. 11, J).

The epidermis undergoes only anticlinal divisions. Its cells become
stretched and flattened in order to keep pace with the enlargement of the
anther. Tt persists till maturity. It shows the deposition of some cutin-
like substance which takes a deep red stain with safranin. The maximum
development of the endothecium is attained when the pollen grains are about
to be shed. The cells become radially elongated and develop fibrous
thickenings. The middle layers show signs of degeneration at the time of
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the meiotic divisions in the microspore mother cells, but their remnants can
be seen even at maturity.

Fie. 1. A, twig with drooping flowers, x1'4. B, C, young buds, X 1'4, D, open flower,
X1-4. E, Ls. flower; the filaments of stamens are united at the base, x 1-4, F, gynoecium with
Persistent calyx, x6. G, same; the stigimatic lobes come close together after pollination, X 6.
H, t.s. ovary showing trilocular condition, x 1-4, 1, fruit, x1. J, seed, x1.
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Fia. 2. A, mature stamen cleared to show vascular supply, x21. B-F, outline dia-
grams of cross sections of anthers at various stages of development. B-D, x138; E, F, X 55.
G-K, enlarged views of portions marked G-K in Figs. B-F to show wall layers. G-I,
x625; J, K, x312. L~P, stages in the formation of microspore tetrads, x625. Q, tetra-
hedral tetrad, x 625. R, 8, one- and two-celled pollen grains, X625. T, palynogram, < 625.
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To begin with, the cells of the tapetum are full of dense cytoplasm and
are uninucleate. However, they become binucleate when the microspore
mother cells enter into reduction division (Fig. 2J). By the time the micro-
spores are formed, the nuclei begin to show signs of degeneration. Finally
the cells are absorbed, and their nuclei and cytoplasm do not protrude into
the locule (Fig. 2F, K).

The primary sporogenous cells increase in number and form the micro-
spore mother cells. During meiosis a mucilaginous wall is secreted between
the protoplast and the original wall (Fig. 2E, J). The reduction divisions are
simultaneous and cytokinesis takes place by furrowing (Fig. 2L-P). The
tetrads are arranged in a tetrahedral (Fig. 2Q) and decussate manner. As the
microspores enlarge, the mucilaginous wall is consumed and the microspores
are liberated. The young microspores acquire an exine and an intine which is
swollen in the region of the pore (Fig. 2R, 8). The nucleus of the micro-
spore divides to form the vegetative and generative cells (Fig. 2S) and the
pollen is shed at the two-celled stage. The mature pollen grains are triangular
and tricolporate (Fig. 2T). At maturity the two sporangia of each side
become confluent owing to the breaking down of the partition wall between
them. Dehiscence occurs by a longitudinal slit.

2. Megasporangium, Megasporogenesis and Female Gametophiyte

The ovules are anatropous, bitegminal and tenuinucellar. The inner
integument makes its appearance almost simultaneously with the differentia-
tion of the archesporium and is followed by the outer integument. The
micropyle is formed by the inner integument alone,

Just at the level of the origin of two integuments and a few cells below
the megaspore mother cell, a group of cells (4 or 5) becomes prominent in the
young nucellus. They enlarge and become vacuolate although the nuclei
remain conspicuous. They lose their identity when the megaspore mother
cell has enlarged.

At the 8-nucleate stage some cells of the nucellus lying below the embryo
sac show slightly thickened walls. They contain a yellowish substance
and organize into a hypostase. The vascular supply terminates below the
hypostase.

A single hypodermal archesporial cell differentiates soon after the appear-
ance of the integument (Fig. 3A) and functions directly as the megaspore
mother cell. Rarely two or three cells below the nucellar epidermis become
prominent (Fig. 3B), but eventually only one of them develops further. The
megaspore mother cell enlarges considerably (Fig. 3C) and divides to form two
dyad cells (Fig. 3D, E) of which the upper is much smaller and soon degene-
rates (Fig. 3F-H). The nucleus of the lower cell divides to form a 2-nucleate
embryo sac (Fig. 3G, H). The remnants of the degenerating upper dyad cell
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F1e. 3. A, Ls. nucellus showing archesporial cell, x 319. B, two megaspore mother cells,
X319, C-E, stages leading to the formation of dyad cells; the upper cell is smaller, x 319.
F, the upper dyad cell is degenerating, x319. G, H, 2-nucleate embryo sacs; remnants of
the upper dyad cell are also seen, X 319. I, ls. ovule at 4-nucleate embryo sac stage, X 57.
J, K, formation of 4-nucleate embryo sac; the degenerated cells of the nucellar epidermis are
persisting at the tip, x319. L, 8-nucleate embryo sac, X 319. M, lL.s. ovule at mature embryo
sac stage, X 57. N, O, organized embryo sacs, X 319. :

6B



MALE AND FEMALE GAMETOPHYTES IN CAMELLIA SINENSIS 573

are discernible up to this stage. The young embryo sac increases in size,
becomes vacuolate and its two nuclei move to the opposite poles. Through
two consecutive divisions (Fig. 3I-L) the embryo sac becomes 8-nucleate and
shows the usual organization (Fig. 3M-0). Occasionally the embryo sacs are
profusely packed with starch grains and show signs of degeneration.

The symergids start disorganizing before fertilization and only their
remnants persist for a long time after fertilization. The antipodal cells do not
undergo a secondary division. The polar nuclei lie close to the egg apparatus
(Fig. 3M-0).

The cells of the nucellar epidermis start degenerating soon after the
formation of the 2-nucleate embryo sac (Fig. 3H). But their remnants per-
sist at the tip of the gametophyte even after fertilization. The nucellar cells
on the sides of the embryo sac completely disorganize and disappear at the
4-nucleate stage. Although the basal region of the embryo sac is firmly
imbedded in the nucellus, its upper portion lies free from it and is enclosed
by the integument. The cells of the innermost layer of the inner integument
exhibit a radial elongation but do not show denser cytoplasm and prominent
nuclei as compared to the adjacent tissue.

Discussioxn

Cavara (1899) described the formation of embryo sac in Camellia sinensis.
From his figures it would appear that there is a tetrad of megaspores of which
the upper functions to give rise to an 8-nucleate embryo sac but he makes no
clear statement. He also noticed abnormal embryo sacs with several-celled egg
apparatus and four free nuclei (see Schnarf 1931). Cohen Stuart’s (1916)
description of the formation of the embryo sac indicates that the development
conforms to the Adoxa type. He observed three antipodal cells in the mature
embryo sac and believed that their number could increase afterwards. He
also came across twin embryo sacs.

Our observations do not correspond with those of Cavara (1899) or Cohen
Stuart (1916). The so-called ‘embryo sac mother cell’ sketched by Cavara
(1899) is either a sporogenous cell or a megaspore mother cell which has not
yet undergone any reduction division; and the three smaller cells represent
nucellar cells lying below the mother cell. Similarly the ‘dyad’ (two nuclei
not separated by wall) drawn in figure 23 by Cohen Stuart (1916) is really a
2-nucleate embryo sac with the remnant of the degenerating upper dyad
cell which was ignored by him. We never came across any embryo sac with a
several-celled egg apparatus. Our findings tally with those of Fagerlind
(1939) and_we confirm that the development of the female gametophyte is
bisporic. The 2-nucleate embryo sac, however, neither breaks through the
nucellar epidermis laterally nor extends into the micropyle as reported by
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Fagerlind (1939). It is only the cells of the nucellar epidermis which degene-
rate and expose the embryo sac while its basal region remains firmly imbedded
in the nucellus. The protrusion of the micropylar end of the 4-nucleate
embryo sac beyond the nucellar limits was also reported by Fagerlind (1939)
in Limnanthes and Floerkea. A reinvestigation has, however, revealed that
this is not correct (see Mathur 1956; Maheshwari and Johri 1956). The
synergids degenerate before fertilization although their remnants persist for a
long time. There are only three antipodal cells in the mature embryo sac and
there is no increase in their number at least up to the mature embryo sac
-stage, ‘
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