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INTRODUCTION.

Recent investigations of Wunderlich (1937) on some members of Liliaceae have
stressed the value of certain embryological features in taxonomic evaluations. Tt
is likely that similar studies in the family Amaryllidaceae would also throw consi-
derable light on the inter-relationships of the various tribes and subtribes included
under it. -

Tho:gh considerable work on the embryology of the Amaryllidaceous plants
has been done in the past, information about certain subtribes still remains inade-
quate. For example, with regard to the subtribe Zephyranthinae of the tribe
Amaryllideae (Pax and Hoffmann, 1930), we find that of the seven genera, Zephy-
ranthus, Haylockia, Cooperia, Crocopis, Sternbergia, Gethyllis and Apodolirion, in-
cluded under this subtribe, only two, namely, Zephyranthus and Cooperia, have
received some attention of plant embryologists. Pace (1913) reported the apogamic
development of the embryos in Zepkyranthus (Atamosco) texana, while a little later
Church (1916) reported the presence of Adoxa type of female gametophyte and
some stages in the development of the embryo in Cooperia Drummondis.

The present study deals with the development of endosperm of Zephyranthus
Andersonit Baker, an annual herb, cultivated in gardens.

ENDOSPERM.

The ovule has two integuments. The outer one generally projects slightly
beyond the inner one and alone forms a short micropyle. A normal egg apparatus
is organized at the micropylar end of the embryo sac. At the opposite end are the
antipodals, three prominent cells, which continue to persist in a slightly hyper-
trophied condition even after fertilisation. The antipodal polar nucleus does not
show any movement from its place of formation, but the micropylar polar nucleus
moves towards the chalazal end of the embryo sac and comes to lie in close juxta-
position with the antipodal polar nucleus until double fertilisation is accomplished
(Fig. 10).

After the discharge of the sperm nuclei from the pollen tube into the embryo
sac, the second male nucleus moves down towards the still unfused polar nuclei
and triple fusion takes place at the antipodal end of the sac. Cytoplasm begins
to gather around the primary endosperm nucleus and the latter embarks upon the
prophase of the first division. The spindle differentiates in the surrounding plasma,
with its long axis parallel to that of the embryo sac (Fig. 1). Following telophase,
the daughter nuclei are separated into two unequal cells, a small basal cell and a
very much larger upper chamber. However, a deposition of a very thin membrane
was evident at the equatorial region of the phragmoplast only during early stages.
During subsequent stages no definite wall could be seen between the two separated
cells (Figs. 2 and 3). Soon after the cutting off of the basal cell, its nucleus begins
to divide in a free nuclear manner, and when this cell becomes 4- to 6-nucleate, the
nucleus of the micropylar chamber also begins to divide (Fig. 4). In rare cases,
mitotic divisions in both the cells were seen to start simultaneously (Fig. 5). In
the basal cell the nuclear divisions cease early, after 25 to 30 nuclei are formed
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(Figs. 6 and 7). This coenocytic structure maintains its individuality until the
endosperm in the upper chamber forms a peripheral layer (Fig. 12). Afterwards,
when cell walls begin to appear in the endosperm of the upper chamber, it degenerates
without leaving any trace of its existence.

Figs. 1 To 9.—Fig. 1. Division of the primary endosperm nucleus; note the hypertrophied
condition of the antipodals, X225. Fig. 2. Separation of the first two endosperm nuclei into
cells, x 225. Fig. 3. Two-celled endosperm, X 225. Fig.4. Nucleus of the micropylar chamber
completing its first division; basal cell four-nucleate, x 225. Fig. 5. A rare instance where the
nuclei of both the basal and upper chambers are dividing simultaneously, x100. Figs. 6 and
7. Basal endosperm cell during subsequent stages of development, x 200. Figs. 8 and 9. Fusion
of the endosperm nuclei and its subsequent atypical division product respectively, x 400.

Free nuclear divisions in the endosperm of the upper chamber continue even
after the endosperm nuclei are arranged in a peripheral layer, but ultimately cell
walls begin to appear and in course of time the central vacuole of the embryo sac
is completely filled up with cellular endosperm (Fig. 13).

Though the walls invariably delimit individual nuclei of the endosperm, fre-
quently 3 to 10 nuclei become enclosed inside a cell. Such nuclei fuse (Fig. 8)
and initiate further divisions. The divisions are very abnormal in that during
metaphase multipolar spindles become organised, which drag away an arbitrary
number of chromosomes to the respective-poles. The resulting nuclei, therefore,
become highly abnormal in chromosomal constitution, and as may be expected
show much variation in size (Fig. 9). There is, however, no particular location for
such cells in the endosperm; they are interspersed freely amongst the endosperm
cells with 3n nuclei,

SEED.

The two integuments of the ovule are distinct even during the early stages of
endosperm development (Fig. 11). But at about the stage of the ovule represented
in Fig. 12, the inner integument becomes totally disorganised. The inner layers
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of the outer integument also get crushed, but these still persist in this condition
even in the mature seed (Fig. 14). The outermost layer of the outer integument
develops a thick cuticle, black in colour.

The vascular strand that supplies the ovule stops short at the chalaza when
the embryo sac is ready for fertilisation (Fig. 10). During subsequent develop-
ment, it is seen to cross the chalaza and extend towards the base of the integument
on the opposite side (Figs. 10 to 13). In the young ovule, a patch of parenchymatous
tissue is recognisable at the chalaza and enclosed between the base of the outer
integument (cross-hatched region in Fig. 10); this tissue presents a glandular ap-
pearance during post-fertilisation development and persists even in the mature seed
in the form of a cushion (cross-hatched regions in Figs. 11, 12 and 13). The mature
seed is flattened and contains copious endosperm, in which the embryo is embedded
(Fig. 13).
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F1es. 10 7o 14.—Fig. 10. Transverse section of a carpel showing the ovule in relation to the
former, integuments, vascular strand and embryo sac at the time of fertilisation, X 20. Fig. 11.
Longitadinal section of the ovule and embryo sac at tho two-celled stage of the endosperm,
X 20. Fig. 12. Longitudinal section of the ovule when the endosperm nuclei in the micropylar
chamber are forming a peripheral layer; note the basal coenocytic endosperm cell, X 20. Fig. 13.
Longitudinal section of a mature seed showing the adult embryo being embedded in cellular
endosperm (semi-diagrammatic), X 10. Fig. 14. A portion of the seed coat and endosperm
showing the cuticle, epidermis, crushed layers of the outer integument and peripheral endosperm
layer, X 100.

DIsCUSSION AND SUMMARY.

Of the members of the family Amaryllidaceae, only Ixolirion montanum and
Hypoxis decumbens are known to possess the Helobiales type of endosperm (Stenar,
1925). The rest of the investigated species show the Nuclear type. Cooperia is
a very closely allied genus to Zephyranthus and both these genera belong to the
same subtribe Zephyranthinae. Church (1916) reports in Cooperia Drummondii
a nuclear endosperm. In Zephyranthus (Atomosco) texana, Pace (1913) finds that
following the division of the primary endosperm nucleus, a wall is formed ‘but it
quickly disappears, for the endosperm contains many nuclei before permanent
walls appear’. This statement seems to imply that there is a beginning of the
endosperm in the Helobiales manner, but it is immediately switched on to the
Nuclear type, as the separating membrane disappears. However, it may be noted
that Pace’s observations are incomplete. Stenar (1925) and Schnarf (1929, p. 383)
have already expressed doubts regarding this work of Pace. The present investi-
gation shows beyond doubt that in Zephyranthus Andersonii a small basal cell is
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definitely cut off following the first division of the primary endosperm nucleus;
and the nucleus of this basal cell also divides to form as many as 25 to 30 nuclei.
It, however, never shows cellular organisation, and degenerates in the coenocytic
condition. On the other hand, in the micropylar chamber after the free nuclear
divisions, the nuclei ultimately become cellular. Thus the mode of endosperm
development in this species is distinctly of the Helobiales type. It looks very likely
that Pace failed to observe correctly the behaviour of the basally cut off endosperm
nucleus after the first division of the primary endosperm nucleus and the endosperm
in Zephyranthus texana also develops according to the Helobiales type.

I am deeply thankful to Dr. A. C. Joshi, Professor of Botany, Government
College, Lahore, for help given during this study.
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