STRUCTURE AND DEVELOPMENT OF THE EMBRYO-SAC OF
IPHIGENIA INDICA KUNTH.

By A. C. Josm1, D.Sc., Department of Botany, Benares Hindu University.
(Read April 5, 1939.)

Although the family Liliaceze has been a favourite subject for cytological
and embryological studies for a long time and a vast amount of literature has
accumulated on the subject, still our knowledge is far from complete. Many
tribes and sub-tribes still remain to be investigated. Thus not even one member
of the tribe Iphigenes of Hutchinson (1934), which includes the genera Orin-
thoglossum, Iphigenia, Camptorrhiza, Reya and Androcymbium, distributed
over Africa, India and Australia, has been studied from this stand-point.
The current classification of the family has been recently strongly criticized
by Hutchinson (1934). He has proposed many changes.  To test the phylo-
genetic value of the different systems it is necessary to have a detailed know-
ledge of comparative anatomy, embryology and cytology of the different
tribes.

Iphigenia indica Kunth, the subject of this investigation, is a small
perennial herb. The flexuous stems coming out from globose underground
corms bear a few long narrow leaves and purplish flowers with linear-subulate
tepals, from which the species can be easily distinguished in its natural environ-
ment. The material was collected by the writer from Krusadai Island (8.
India) during the month of December 1936. Plants of this species grow
there in great abundance in the neighbourhood of the Biological Station.
Flowers were picked up at about 10 A.M. and immediately fixed in Navashin’s
fluid. From this fixative after 24 hours they were directly transferred to 709,
alcohol. The material was finally embedded in paraffin according to the cus-
tomary methods. Sections were cut 8-12 p thick and stained with Heidenhain’s
Iron-alum Haematoxylin alone or in combination with Light Green.

PrEVIOUS WORK.

The embryological literature on the Liliacese up to the year 1930 has been
reviewed by Schnarf (1931). It is therefore unnecessary to summarize it
bhere. The following are the important publications which have appeared
since 1931 on the embryo-sac of the Liliaces.

Messeri (1931) studied the embryology of six species of Allium, Nothos-
cordum fragrans and N. striatum. The development of the embryo-sac in the
last corresponds to the Normal-type. In the other it was found to agree with
the Scilla-type. An unusual behaviour was observed in Allium neapolitanum.
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No antipodals were formed and all the four chalazal nuclei of the 8-nucleate
embryo-sac were seen to function as polar nuclei. In 4. nigrum, A. subhir-
sutum and 4. Schoenoprasum antipodal cells functioning as eggs were observed.
Modilewski (1931) described the development of embryo in Allium odorum.

Bambacioni (1931) continuing her researches on the development of the
embryo-sac of the Liliaceze showed that the development in Tulipa praecox
and Lilium bulbiferum also corresponds to the Fritillaria-type.

Stenar (1932) again investigated the life-history of Nothoscordum fragrans
and N. striatum. The results of his study of embryo-sac development agree
with those of Messeri (1931). He further observed the development of the
endosperm to follow the Helobiales-type, the first instance of this kind noticed
inthe Allioidese. Nucellar polyembryony (as the result of adventitious develop-
ment of embryos from the nucellus) was observed in N. fragrans. In 1933,
Stenar gave an account of the development of the embryo-sac of Agapanthus
umbellatus and Tulbaghia violacea. In the first species it is of the Normal-
type, in the second of the Scilla-type. Polyembryony was observed in the
second. The same author (Stenar, 1934) has also investigated the develop-
ment of the embryo-sac in Majanthemum bifolium and Smilacing stellata.
In the former plant he has shown definitely that it is of the Peperomia-type
and corresponds to what Maheshwari (1987) in his recent review of the types:
of embryo-sacs (of angiosperms) calls the Drusa-form. After the completion
of the meiotic divisions in the megaspore mother cell three nuclei pass to the
chalazal end and one remains at the micropylar end. The following two
divisions lead to the formation of four nuclei at the micropylar and twelve
at the chalazal end of the embryo-sac. Of the four micropylar nuclei three
give rise to the egg-apparatus and one differentiates as the upper polar. Of the
twelve chalazal nuclei one moves up as the lower polar, while the remaining
eleven form antipodal cells. The development of the embryo-sac of Smilacina
stellata was traced only up to the 8-nucleate stage. It was found so far to
agree exactly with Majanthemum bifolium. The 4-nucleate embryo-sac
showed the 143 arrangement of the nuclei and the 8-nucleate 246 arrange-
ment. Stenar, therefore, thinks that in this species also the embryo-sac is
of the Peperomia-type.

Hoare (1934) studied the development of gametophytes and fertilization

~in Scilla nonscripta. He found the embryo-sac development to follow the
Scilla-type, but the micropylar dyad cell functions instead of the chalazal.
The nucleus of the chalazal cell also divides and forms a 4-nucleate antigone.
Maheshwari (1934) in the same year published an account of the male and female
gametophytes of Ophiopogon wallichianus and Hruby (1934) investigated the
cytology and embryology of Erythronium dens canis. The latter found the
megaspore mother cell directly developing into the embryo-sac. The 4-
nucleate embryo-sac showed 143 arrangement of the nuclei. The mature
embryo-sac was found to be 8-nucleate. The intervening stages were not
* geen, but the author supposed that the micropylar nucleus divided twice to
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form the egg-apparatus and the upper polar nucleus, while at the chalazal
end only one nucleus divided. Maheshwari (1937) has remarked that the
author was mistaken in bis explanation, but in a recent note Hruby (1938)
confirms his previous findings.

Cooper (1934 and 1935) has studied the development of the embryo-sac
in many species of Lilium and has shown that in every case it follows the
Fritillaria-type. Romanov (1936) reports the same type of embryo-sac
development in Gagea ova and G. graminifolia and considers its occurrence
very probable in G. tenera, which was however not so fully investigated. By
comparing Stenar’s figures of Gagea lutea (Stenar, 1927) with his own observa-
tions he concludes that the same type also occurs in this species. Westergird
(1936) has also reported the occurrence of Fritillaria-type of embryo-sac in
Gagea minima. Kirch (1936) has made some observations on the embryo-
sac of Lilium longiflorum and drawn attention to some abnormalities in its
development. .

Vigodsky de Phillippis (1936) has studied the embryology of Ruscus
aculeatus. He finds that this species is subdioecious. Some flowers are
definitely carpellate, Others in the bud show both carpels and stamens, but
the former degenerate, thus leaving the flower staminate. A few flowers
reach maturity with both stamens and carpels. Development of the embryo-
sae in the true carpellate flowers follows the Scilla-type, in flowers with stamens
it is of the Normal-type.

Wunderlich (1937) has studied the embryology of Scilloides investigating
chiefly Muscari racemosum and comosum. Her studies support the views of
Schnarf (1929) about the separation of the Scilloidea from the Lilioides, with
the former as the more primitive group. Its characteristic Normal-type .
embryo-sac, formation of endosperm as in Helobiales, embryo as long as the
seed, small slender generative cell, spherical male nuclei, chromosome numbers
of 9, 18 or 27 and presence of raphides are contrasted with the Lilioides
features, embryo-sac development usually of the Fritillaria-type, nuclear
endosperm, small embryo, large broadly spindle-shaped generative cell,
elongated male nuclei, consistent number of twelve chromosomes and the
absence of raphides. :

Oikawa (1937) has followed the development of the embryo-sac of
Cardiocrinum cordatum and shown that it follows the Fritillaria-type. The
writer (Joshi, 1937) has shown that the embryo-sac of Aloe vera is of the
Normal-type, and the previous observations of Gioelli (1930) on this genus are
incorrect. Capoor (1937) has studied the development of male and female
gametophytes of Urginea indica. Both of these are quite normal. Watkins
(1937) has investigated the development of the embryo-sac of Yucca rupicola.
It is of the Normal-type. The mature embryo-sac has a tubular chalazal
portion in which are contained the antipodal cells. Wunderlich (1938) has
described the ovule, embryo-sac and endosperm of Yucca filamentosa. The
embryo-sac is of the Normal-type and provided with a strongly developed
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hypostatis in connection with a well developed vascular system. Develop-
ment of the endosperm agrees with the Helobiales-type, the first instance
confirmed among the Dracaenoide. Romanov (1938) has studied the deve-
lopment of the embryo-sac of Tulipa tetraphylla and T. ostrovskiana. He
finds that it shows a modification of the Adoza-type, and thus his observations
disagree with those of Bambacioni and Giombini (1930) and Bambacioni
(1931) on Tulipa Gesneriana and T'. praecox respectively.

Still more recently, Schnarf and Wunderlich (1939) have made a
comprehensive study of the embryology of the tribe Asphodeloidez, investigat-
ing the genera Aloe, Gasteria, Kniphofia, Chlorophytum, Echeandia,
Arthropodium, Bowiea, Dianella, Hosta and Lomandra. They find that an
aril is present in the first three genera, but absent in others. A primary
wall cell is cut off in all except Dianelle. The development of the embryo-
sac follows in very case the Normal-type. The development of the endosperm
follows according to the Helobiales-type in Chlorophytum, Arthropodium,
Dianella, Hosta, Kniphofia and Gasteria. In other genera it could not be
worked out. Embryo-sac haustoria are found in Chlorophytum, Arthropodium
and Echeandia. Multiple embryo-sacs occur in Dianella tasmanica. In
Lomandra the synergids are exceptionally large. The authors in the end
discuss the results of their findings on the classification of the tribe. They
conclude that the Aloe- and Asphodeline-groups resemble each other in many
characters, viz., bitegmic, krassi-nucellate, arillate ovules, formation of a
primary wall cell, Normal-type of embryo-sac, Helobiales-type of endosperm,
simultaneous division of the pollen-mother cells, position of the generative
cell precisely opposite to the furrow and haploid chromosome number 7, and
should be brought together in one tribe. The Anthericum-group differs from
the Aloe- and Asphodeline-groups in the division of the pollen-mother cells in
a successive manner, absence of aril in the ovules, development of embryo-
sac haustoria and the chromosome numbers 8 and 16, and should be placed in
a separate tribe.

Structure of the Gynoecium and the Ovule.

The structure and organization of the flower and the gynoecium is shown
in Figs. 1 and 2. The gynoecium is tricarpellary and the ovary trilocular.
The placentation is axile and there are two rows of anatropous ovules in each
loculus (Fig. 2). Each row consists of three to four ovules (Fig. 1). In an
exceptional case the gynoecium was found to be tetracarpellary and the
ovary tetralocular (Fig. 3). The extra carpel however was not so well developed
as the rest. It had only one row of ovules. In another exceptional flower
both the pollen grains and the ovules were found to be abortive. The septa
had not fully developed in the ovary in this case, which was consequently
unilocular and the placentation parietal (Fig. 4). The abortive ovules had an
irregular form. :
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Fies. 1-5. Iphigenia indica. TFig. 1, longitudinal section of a flower showing the
arrangement of various parts. Fig.+2, transverse section of the ovary showing the form
and arrangement of the ovules. The ovules are at the tetrad stage with 2.nucleate mega-
spores. Fig. 3, transverse section of an exceptional tetracarpellary tetralocular ovary.
Fig. 4, transverse section of a flower with abortive anthers and ovules. Note the parietal
placentation. Fig. 5, a vascular bundle from the pedicel showing secondary thickening
by an intrafascicular cambium. Fig. 1, X 30; Figs. 2-4, X 165; Fig. 5, x 1050.
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A feature of floral organization, which may be mentioned here, is the
occurrencé of a distinet intrafascicular cambium in the pedicel. Similar
intrafascicular cambium is also present in the vascular bundles of the bracts,
young leaves and the nodal regions of the young stems. The cambium
differentiates along with the primary xylem and phloem, as in a dicotyledonous
bundle, and functions in the same manner, forming secondary xylem to_the
inside and secondary phloem to the outside (Fig. 5), but the amount of the
two tissues varies somewhat in different bundles. In some cases the intra-
fascicular cambium gives rise to almost equal amounts of secondary xylem and
secondary phloem, as is the case in Fig. 5, but in other bundles it forms more
of secondary xylem or phloem. The occurrence of intrafascicular cambium in
the Liliace® is already known in many members of the family (Joshi, 1939,
and the literature cited there), but there is no previous record of its oceurrence
in the genus Iphigenia.

The structure of the ovule is shown in Figs. 6-10. There are two integu-
ments. The outer is mostly three to five cells thick, the inner two to three
cells. The micropyle is formed by the inner integument. The nucellus is
poorly developed. At the tetrad stage it consists of two to three layers of
cells surrounding the tetrad of megaspores (Fig. 6), but during the development
of the 2.nucleate embryo-sac it is mostly absorbed except at the micropylar
end (Fig. 8). The embryo-sac from this stage onwards directly touches the
inner integument. The conical remnant of the nucellus above the micropylar
end of the embryo-sac, however, persists up to the mature embryo-sac stage
(Figs. 9 and 10), and even afterwards. I have seen this to be present during
the development of the embryo and it is very likely that it persists even in
the mature seed. Another feature characteristic of the nucellus is the deve-
lopment of an epidermal cap. As the megaspore mother cell differentiates
the cells of the nucellar epidermis at the micropylar end undergo periclinal
divisions (Figs. 6, 13 and 22). The cells towards the outside formed as a result
of this division in the central region of the nucellus undergo one more division.
In this manner an epidermal cap three cells thick in the center and two cells
thick at the sides is formed (Fig. 7).

A tapetum differentiates during the development of the embryo-sac.
It first arises from the cells of the nucellus surrounding the megaspore mother
cell (Fig. 13). Many of these cells are derived from non-functional arche-
sporial cells. They are distinguished from other nucellar cells by their densely
staining contents. As the nucellus is disorganized by the growing embryo-sac
the cells of the inner epidermis of the inner integument begin to have denser
contents and stain deeply. They now assume the function of the tapetum
(Fig. 8).

A hypostase-like strand of cells differentiates in the chalazal part of the
nucellus as in Yucca filamentosa (Wunderlich, 1938). These cells are regularly
arranged and have dense cytoplasm, but their walls are not lignified (Fig. 7).
They connect the chalazal end of the embryo-sac in the early stages of ovule
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Fias. 6-10. Iphigenia indica. Portions or complete longitudinal sections of ovules
showing their form and structure of the nucellus and integuments at various stages of
development. Fig. 6, at the young tetrad stage. Fig. 7, when the megaspores have
become 2-nucleate. Fig. 8, at the 2-nucleate embryo-sac stage. Figs. 9-10, at the mature
embryo-sac stage; Fig. 9, section at right angles to the raphe; Fig. 10, section along the
raphe. Figs. 6-8, X 330; Fige. 9-10, X 45.
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development with the vascular bundle of the ovule ending in the chalaza and
probably help in the conduction of the food material from the vascular bundle
to the embryo-sac. In the later stages this strand of conducting cells is
destroyed by the growing embryo-sac. I have seen a similar strand of cells
in the chalazal region of the ovule also in Gloriosa superba Linn. and Gagea
fascicularis Salisb. It appears to be of common occurrence in the family.

Development of the Embryo-sac.

The papilla-like initials of the ovules differentiate from the margins of the
carpels before the latter have met in the centre. The archesporium differen-
tiates as the carpellary margins meet one another. The inner integument has
appeared by this time above and below but not on the sides of the nucellus.
This is clear from the fact that its initials are visible in longitudinal sections of
the ovary (Fig. 11) but not in transverse sections (Fig. 12). The archesporium
is many-celled and consists of both hypodermal and sub-hypodermal cells
(Figs. 11 and 12), though only one cell develops further. The cells surrounding
the functional archesporial cell take part in the formation of the tapetum
which surrounds the megaspore mother cell (Fig. 13) and the tetrad of mega-
spores (Figs. 6 and 7). The cells just below the functional archesporial cell,
. which are often called supporting cells, by repeated divisions form the strand
of conducting cells which connects the young embryo-sac with the vascular
supply of the ovule.

The functional archesporial cell invariably cuts off a parietal cell, but
this or its daughter cells never divide periclinally so that only one layer of
parietal cells is formed (Figs. 7, 13 and 22), In the family Liliaces as a whole
the formation of the parietal cell is very variable. The data in this connection
have been reviewed by Dahlgren (1927), so that it is not necessary to repeat
them here. Interesting, however, is the fact that in many cases even in the -
same species, as in Polygonatum commutatum, Medeola virginiaca, Smilacina
amplexicaulis (McAllister, 1914), Ophiopogon wallichianus (Maheshwari, 1934),
ete., a parietal cell may or may not be formed.

The megaspore mother cell generally undergoes the two meiotic divisions
in the normal manner (Figs. 13 and 14) and gives rise to a tetrad of megaspores.
The only variable feature is that the spindle in the micropylari dyad cell during
the second meiotic division may be orientated either lengthwise or transversely.
The tetrad of megaspores therefore may be linear (Figs. 15, 17 and 18) or
T-shaped (Figs. 16 and 19). Both types of tetrads are met with in almost
equal proportion. The interesting thing about the further development of
the tetrad is that all the megaspo.res become 2-nucleate (Figs. 18 and 19),
although only the chalazal megaspore which is larger than the rest from the
very beginning develops into the embryo-sac. The division of the nucleus
commences in the chalazal megaspore (Figs. 16 and 17) which becomes 2-
nucleate. Later the nuclei of other megaspores also divide. Vacuolation takes
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Fras. 11-20. Iphigenia indica. Early stages in the development of the embryo-sac.
Figs. 11-12, primary archesporium. Fig. 13, a nucellus with the megaspore mother cell
in the prophase of the first meiotic division. Fig. 14, a megaspore mother cell showing
the telophase of the second meiotic division. Fig. 15, a linear tetrad of megaspores.
Fig. 16, a T-shaped tetrad with the nucleus of the chalazal megaspore in prophase.
Fig. 17, a linear tetrad with the nucleus of the chalazal megaspore in telophase. Figs. 18
and 19, linear and T-shaped tetrads; all the megaspores have reached the 2-nucleate stage.
Fig. 20, an abnormal tetrad; no wall has appeared after the second meiotic division in
the micropylar dyad cell. Fig. 14, x 1050; the rest, x 720.
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place in the usual manner in the chalazal megaspore (Figs. 17-19). The other
megaspores generally remain non-vacuolate even after becoming 2-nucleate,
but occasionally in the later stages they may develop a vacuole between the
two nuclei (Figs. 24 and 25) and thus resemble typical 2-nucleate embryo-
sacs. The three micropylar megaspores always degenerate ultimately, while
the chalazal megaspore develops into the 8-nucleate embryo-sac in the normal
manner. The 2-nucleate stage is of very long duration in the development
of the embryo-sac. It was most commonly met with in the preparations that
I examined, and the embryo-sac during this stage undergoes great increase
in size, as is clear from the comparison of Figs. 17 and 26. The 4- and 8-
free-nucleate stages of the embryo-sac are passed through quickly.

While in most cases the development of the embryo-sac follows the method
described above, a few exceptional cases were also observed. Fig. 20 shows
one of these. Here the megaspore mother cell has given rise to only three
cells. Thelowest is the chalazal megaspore, now 2-nucleate, which would have
developed into an 8-nucleate embryo-sac. The next cell is its sister mega-
spore which has also reached the 2-nugleate condition. Finally there is a cell
at the upper end which is 3-nucleate. One of the nuclei is larger than the
other two and between the large nucleus and the two smaller nuclei small
vacuoles have appeared. The cell is obviously the result of the suppression
of wall formation after the second meiotic division in the micropylar dyad cell.
It can be regarded as a small 3-nucleate embryo-sac developing according to
the Scilla-type in which the division after the 2-nucleate stage has not taken
place simultaneously in both the nuclei.

Other exceptional cages are sketched in Figs. 21-23. The tetrad sketched
in Fig. 21 shows only a small departure from the normal behaviour in that the
megaspore sister to the chalazal one has degenerated early. In Fig. 22 no
wall has appeared in the chalazal dyad cell after the second meiotic division.
Also the nucleus formed towards the micropylar side is small and likely
to degenerate during further development. The embryo-sac in this case
would have developed from the cytoplasm of two but nucleus of one mega-
spore. It would thus be intermediate between the Normal- and the Scilla-
types. Lastly three cases were seen by me in which it appears that no wall
had appeared in the chalazal dyad cell after the second meiotic division and the
nuclei formed as a result of this had been equal in size, so that the chalazal
dyad cell had directly given rise to a 2-nucleate embryo-sac (Fig. 23). These
embryo-sacs differed from other 2-nucleate embryo-sacs of the same size in the
absence of any signs of vacuolation and it seems certain that the 8-nucleate.
embryo-sac in these cases would have developed according to the Scilla-type.

The Mature Embryo-sac.

The mature embryo-sac is a large cylindrical structure with a pouch-like
extension at the chalazal end containing the antipodals (Figs. 9 and 10).
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24

Fias. 21-26. Iphigenia indica. Figs. 21-23, three cases of abnormal megasporo-
genesis. For further explanation see text. Fig. 24, an old tetrad. Fig. 25, micropylar
megaspores about the time of degeneration. Fig. 26, a fully developed 2-nucleate
embryosac. X 720.
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Fies. 27-34. Iphigenia indica. Fig. 27, a normal egg-apparatus. Fig, 28, an egg
and a synergid. Fig. 29, young l-nucleate antipodals. Fig. 30, the chalazal and miero-
pylar portions of an embryo-sac showing the antipodals, fusion of polar nuclei and the
egg-apparatus. Fig. 31, old antipodals. Fig. 32, antipodals as they degenerate. = Figs.
33-34, chromosomes from the first meiotic division in the pollen-mother cells; Fig. 33,
pelar view of metaphase; Fig. 34, polar view of early telophase. Figs. 27-29 and 31-32,
X 72¢; Fig. 30, x 330; Figs. 33-34, x 1500.
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The egg has the usual structure (Figs. 27 and 28), but the synergids are of an
unusual type. Occasionally they may show a small vacuole (Fig. 28). Usually
they lack any vacuolation and are completely full of dense cytoplasm (Fig. 27).
Their nucleus is usually near the chalazal end as in the egg. Watkins (1937)
has also noted that the synergids in Yucca rupicola are densely filled with
cytoplasm. The polar nuclei meet and fuse in the micropylar half of the
embryo-sac (Figs. 9, 10 and 30). The three antipodals are at first small and
uni-nucleate (Fig. 29), but soon their nuclei begin to divide and they become
multi-nucleate (Figs. 30 and 31). Their number may also increase to four
or five. I have counted up to about twenty-five nuclei in one antipodal cell.
In the later stages many of these nuclej fuse in groups of 2-7. The antipodal
cells also develop prominent vacuoles. Very frequently they persist even after
fertilization. I have seen them in embryo-sacs with about a hundred endo-
sperm nuclei. The oospore in these cases was however still undivided. Asthe
antipodals degenerate they form a plasmodial mass in which many nuclei
float, freely (Fig. 32). Antipodals of the same type in the family Liliaces
are present in the genera Veratrum and Zygadenus (Stenar, 1928).

Chromosomes.

The upper (micropylar) dyad cell in Fig. 14 shows clearly 11 chromosomes
on the left hand side of the homotypic spindle. The same haploid number
has been counted from the polar views of metaphase (Fig. 33) and early telo-
phase (Fig. 34) of the I meiotic division in pollen-mother cells.

Discussion.

The most notable feature in the life-history of Iphigenia indica is the
variation in the development of the embryo-sac. Usually the development
follows the Normal-type, but occasionally it takes place according to the Scilla-
type. Similar variation in the development of the embryo-sac in the Liliacea
was observed by Schniewind-Thies (1901) in Galionia candicans, and recently
Vigodsky de Phillippis (1936) has found that in Ruscus aculeatus the develop-
ment follows according to the Normal-type in hermaphrodite flowers and
according to the Seilla-type in the true carpellate flowers. The following
are examples from other families in which the embryo-sac develops generally
according to the Normal-type but sometimes according to the Scilla-type:

Oxybaphus nyctagineus } . )

t R 1927
Mirabilis Jalapa Nyectaginacez océn ( )
Ionopsidium acaule Cruciferee Corti (1930)
Dionaea muscipula Droseraces Smith (1929)
Xanthoxyl.um alatum Rutacez Mauritzon (1935)
X. Bungei

Myrtus communis Myrtacez Greco (1930)
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Syringa vulgaris Oleacez Andersson (1931)
Rhaygtidophyllum crenulatum Gesneriacez Cook (1907)

Hyporxis decumbens Amaryllidaces Stenar (1925)
Epipactis latifolia Orchidace Vermoesen (1911)
Epipactis pubescens Orchidaces Brown & Sharp (1911)
Gyrosiachys cernua } Orchidaces Pace (1914)
Gyrostachys gracilis

Orchis sambucina Orchidace= Afzelius (1916)

It is to be seen from the above that most commonly this type of variation
has been observed in the family Orchidacese. The development in Iphigenia
tndica, however, is interesting in that it has been possible to demonstrate
intermediate stages between the two types.

The second feature worth noting in Iphigenia indica is that even the non-
functional megaspores always develop up to the 2-nucleate stage. Exactly
similar behaviour of the megaspores has been observed by Afzelius (1918)
in species of Gloriosa, and Uwularia, which is closely related to Gloriosa, is
another genus showing the same character (Schnarf, 1931). The development
of generally non-functional megaspores into 2-, 4- or 8-nucleate embryo-sacs
as an abnormality, however, is known among many Liliacew, e.g., Galtonia
candicans and Convallaria majalis (Schniewind-Thies, 1901), Velthemia viridi-
folia (Stiffier, 1925), ete. In many speeies, in which the development of the
embryo-sac follows the Scilla-type, it frequently happens, when the micro-
pylar dyad cell develops into the complete embryo-sac, the chalazal develops
up to the 4-nucleate stage. This is the case in Agraphis (Scilla) patula (Treub
and Mellink, 1880), Agraphis nutans and A. campanulata (Guignard, 1882),
Scilla hyacinthoides v. cerulea (McKenny, 1904), Scilla sibirica (Schniewind-
Thies, 1901), Scilla nonscripta (Hoare, 1934), etc. Examples from other
families of monocotyledons and dicotyledons in which the generally non-
functional megaspores undergo further development have been reviewed by
Palm (1915) and Afzelius (1918).
~ Other interesting features of the embryo-sac of Iphigenia indica are the
absence of the usual vacuoles in the synergids and the multi-nucleate nature
of the antipodals.

As regards the affinities of the Iphigenies it is not possible to say much
just at present on embryological grounds, because so far only one member
of the tribe has been investigated. So far as this knowledge goes, it points .
towards a relationship with the tribe Uvularieze of Hutchinson (1934), which
includes the genera Schelhammera, Uvularia, Kreysigia, Littonia, Sandersonia,
Walleria and Qloriosa. These genera with the exception of Uwularia, which
is North American, have the same distribution as the genera of Iphigenies,
being distributed over Africa, Tropical Asia and Australia. Out of these
the development of the embryo-sac has been investigated so far only in the
genera Uvularia and Gloriosa. With these Iphigenia resembles not only in
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the bebaviour of the non-functional megaspores which has been emphasized
above but also in the structure of the nucellus. My observations (unpublished)
on Gloriosa superba Linn. show that there is a differentiation of the tapetum
and epidermal cap formation at the micropylar end of the nucellus of the same
type as in Iphigenia indica. The mature embryo-sac destroys the entire
nucellus except the cap at the micropylar end. Similar behaviour of the
nucellus has been figured by Afzelius (1918, p. 7, fig. 8b) in Gloriosa virescens
In showing resemblance with the genera Zygadenus and Veratrum in the struc-
ture of the antipodals, the genus Iphigenia also shows some affinity with the
tribe Veratrea.

SUMMARY.

The development of the embryo-sac of Iphigenia indica follows the
Normal-type, occasionally the Scilla-type. An intermediate stage between
the two types is also described. The tetrad of megaspores is linear or T-shaped.
The chalazal megaspore develops into the embryo-sac, but the non-functional
niegaspores also always develop up to the 2-nucleate stage. The mature
embryo-sac has synergids without vacuoles and multi-nucleate antipodals.

The ovules are anatropous and bitegmic. The inner integunment forms
the micropyle. The nucellus is poorly developed and possesses an epidermal
cap. It is mostly absorbed by the growing embryo-sac except the small
cap at the micropylar end. The functional archesporial cell cuts off a parietal
cell.

The tribe Iphigeniex appears on embryological evidence to be related to
the Uvularie. It also shows some affinity with the Veratrea.
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