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Morphology and distribution :

Genus Urginea with about 1C0 species (airy-Shaw, 1966)
is distributed along meditteranean sea-coast, Burope and India.
Cytogeographical studies of Hyacintheae in Africa south of the
Sahara by Stedje & Nordal (1987) have revealed that Africa is
probably a centre of dispersal (and origin ?) for the genera

such as Albuca, wipcadi, Drimia, Urginea and Urimiopsis. Most

of the species of Urginea grow along coastal region in sandy
soils, however, some species are also found to be growing in
interior areas such as plateaus, hilly region and waste lands.

It is highly polymorphic genus and shows significant variations
in morphological cnaracters in different populations of same
species growing in different regions, soils and climatic condi-
tions. There are no good characters to delimit different species
and therefore, there is controversy about species and their totél

mumber.

In India, so far 9 species of Urginea have been described.
However, according to Deb and Dasgupta (1987) there are only five

species viz. U.congesta, U.razii, U.polyantha, U.indica and

U.polyphylla. They have reduced U.goromandeliana, U.wightiana,

U.govindappae and U.nagarjunae to U.indica. Boraiah and Fatima
(1982) do not agree merge of U.govindappae to U.indica and similar
controversy may arise in case of other Indian species such as

U.coromandeliana and U.nagarjunae. Therefore, experimental work
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on these species will prove to be of importance in understanding

interrelation of different Indian species and their populations.

Except U.polyphylla all five specieé of Urginea have
been reported from kaharashtra. Urginea razii (Ansari) Deb &
Dasgupta (1987) com.nov. is known only from its type locality
i.e. Diva Ghat in Poona district and is restricted in its
distribution and seems to be endemic to Maharashtra. Urginea
congesta has got restricted distribution and found only in drier

parts of eastern Maharashtra. Urginea polyantha seems to be

comparatively widely distributed in Maharashtra. Urginea indica
has got wide distribution in Maharashtra as well as in India

extending from Tamil Nadu to Himalaya.

Urginea indica has diploid, triploid and tetraploid
(former U.coromendeliana) populations. The distribution of
different éytological races showed definite relation between
their geographical distribgtion and ploidy level. Diploid and
triploid populations are found along costal region of Konkan
of Maharashtra while tetraploid populations are found on east
side of Sahyadri growing in dry rocky areas where there is
extreme aridity in summer. Triploid populations are restricted
to sandy soils of costal region while diploid population grows
mixed with triploid populations as well as interiqr areas of
Konkan. Triploid populations are not found growing in interior
area. Thus Triploid populations are restricted to costal region

and tetraploid populations are found in arid zone of Maharashtra.



According to Hagerup (1932) the polyploids are more
tolerant of extreme ecological conditions than their diploid
relatives. Shimotdﬁai (1933) and Rohweder (1937) concluded
that polyploid is favoured by existence along the sea coast.
Tischler (1937) found a high percentage of polyploid in the
halophytic flora of certain islands and from that concluded
that polyploidy is associated with adaptation to the severe
conditions of saline habitats. Triploid populations of U.indica
grow in saline conditions and probably adapt to salinity through
ploidy level.

Tetraploid populations of U.indica grow in extremely dry
rocky areas of Eastefn Maharashtra and this part of Maharashtra
recei;?fcomparatively low rainfall. In general, the polyploids
are considered to be hardier and better adaptable to extreme
climatic conditions (Hagerup, 1332; Tischler, 1935; Muntzing,
1936; Love and love, 1942; 1943, 1953; Stebbin, 1950). Similar
correlation between ploidy-level and geographical distribution

has been observed in Scilla hyacinthiana (oheriff and Rao, 1981).

S Thus out of five species,. U.congesta, U.razii, U.polyantha
J%nd tetréploid populations of U.indigca are found in drier parts
of laharashtra on eastern'side of Sahyadri while diploid and
triploid populations of U.indica are found only on western side
of Sahyadri where rainfall is high. Q.polxphzlla has not been
reported by any worker after Hainy and wild and it's existance

in Maharashtra seems to be doubtful.

4
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Hooker has reported two groups in Indian species of
Ufginea such as Synanthus and Hysteranthus. According to Hooker
(1892), Gamble (1928) and Deb and Dasgupta (1974, 1981) U.indica,
U. anfha belong to hysteranthus group while U.polyphylla and
and U.congesta belong to synanthus group. Rajgopal and Reddy
(13987) reported that U.congesta belongs to hysteranthus group.
Their observations have been confirmed by present author both in
the field as well as in cultivated plots through cdntinuaus obser-
vation for three subsequent years. Urginea razii is reported as
hysteranthus species and therefore, all Indian species of Urginea
are hysteranthws except U.polyphylla whose existance seems to be
doubtful.

It is interesting to note that the time of flower opening
is peculiar and must have played important role in specialization.
The flowers of U.congesta, U.razii and U.polyantha remain open in
day time. The flowers start opening in morning hours, remain ‘
open in day time and close.by evening. The flowers of diploid,
triploid and tetraploid populations start opgning during evening
hours, remain opened in night and close by morning. Thus polli-
nation ig\igrmer three species takes place in day time while in
later species, it is during night. Thus there is reproductive
isolation of Ue.indica from U.congesta, U.razii and U.polyantha.
The anthesis time of U.congesta and U.razii was observed at Ca
10 a.m. however, in U.polyantha the time of anthesis was observed

to be at Ca 4 p.mQ on previous day of flower opening. It matches



to that of U.indica and thus indicates closer relationship which
is also confirmed by crossing experiment between these two

species (Dixit & Yadav, unpublished). Based on time of flower
opeﬁing, Indian spécies could be grouped into two groups such as
day blooming and night blooming species. Similarly on the basis
of.flower opening characteristics Waisel (1372) grouped costal
plants into two groups such as night flowering and day flowering
species. According to him U.maritima is night flowering species.
Thus in India diploid triploid ax{d tetraploid populations of
U.indica form a night blooming group and U.congesta, U.razii and
U.polyantha form a day blooming group. Reproductive isolation
through differences in time‘of flower opening and pollination
seems to be cne of the important factors in speciation of genus
Urginea and needs observations on other species of Urginea.
Critical studies have proved that reproductive barriers have
played role in species formation (Clausen et al., 1939; Dobzhansky.
1941; Mayr, 1942). Although role of seasonal isolation in specia-
tion has been studied in many species (Stebbin, 1950), isolation
of species due to differences in flower opening has not received

critical attension.

Among the species, U.razii showed smallest bulbs followed

by Ue.congesta and U.polyantha while U.indi¢a had larger bulbs
than all other species. Largest bulbs were observed in triploid |
populations of U.indica. U.razii and U.congesta showed low
rooting ability, U.polyantha showed-mediam ability to root while

L
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U,indica showed maximum ability to produce roots. Different
pbpulations of U.indica showed largest rooting disc among the
species. Leaves of U.razii are very distinct. They are narrowly
linear and are always erect. Leaves of U.polyantha and U.congesta
are linear ahd usually spread on ground and are often twisted.
Leaves of U.indica are broadly linear or lorate and erect however,
tetraploid populations of U.indica showed erect, ascending as

well as spreading leaves. Bulb of U.congesta usually produces

3 leaves per year and maximum leaves per bulb per year are
produced by Usindica. The other species fall in between these

two species. Urginea razii and U.congesta are slow growing
species while U.indica is a fast growing species'and U.polyantha
fall inbetween these two conditions. U.congesta seems to be most
slow growing Indian species which has got restricted distribution.
It's bulbs are umbonate peculiar to it. The size, shape of plant,

bulb and leaves var%gé/gn different species as well as different

populations of the same species.

shortest scape was observed in U.congesta followed by
Uerazii, U.polyantha, tetraploid population of U.indica and
longest in diploid and triploid populations of U.indica. Pedicel
length of flower was shortest in U.congesta followed by U.razii,
U.polyantha, tetraploid population of U.indica and longest in
diploid and triploid populations of U.indica. U.polyantha showed
smallest flowers followed by U.razii, U.congesta and U.indica.

There was no significant difference between flower size of
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diploid, triploid and tetraploid populutions of Urginea however,
slightly larger flowers were observed in triploid populations.
Ovule mumber per ovary was lower in U.congesta, U.razii and

U.polyantha, however, it was higher in U.indica.

Among the species of Urginea, U.congesta showed largest

seéds while U.razii snowed smallest seeds. The seeds have no
dormancy in any species and germinate immediately after dispersal
if water 1aw§gallable. Seed germination in U.indica has been
studied byK/ﬂhare,[1978) U.polyantha showed maximum production
of seeds per plant which explains its wide occurrence in
Maharashtra as compared to U.razii and U.congesta. U.razii
showed lowest seed production among the species and may be
correlafed with its restricted distribution. Diploid populations

of Q.indica produce fairly good number of seeds, however although

' there is regular flowering in triploid populations, there is no
fruit and seed formation. <The flowers are shed and inflorescence
dies off whlch is 1nd1cator of its triploid nature. Tetraploid
populations of U.indica from various localities produce fairly

good number of seeds and reproduce sexually however, it has Lt&w\ ’”
reported that the tetraploid populations (U.coromadelicm) at
Aurangabad do not produce viable seeds (Naik, 1976).

U.congesta, U.razii, U.polyantha and diploid and tetraploid
populations of U.indica, reproduce sexually in nature. U.congesta,
U.razii, U.polyantha did not show vegetative reproduction.



Diploid and tetraploid population of U.indica showed tendency
to produce daughter bulbs. Tetraploid population of U.indica
showed high tendency to produce daughter bulbs and in addition
to reproduction through seeds it also proéogates through daughter
bulbs. Triplbid population of U.indica showed stirong ability
to. produce daughter bulbs and it is the only means of propaga-
tion as there is no seed setting. It is well known fact that
cytologically unstable species which caqfiot reproduce sexually
take up some means of vegetative propagation for their survivél.
Triploids are reported to occur commonly in plants with various
kind of natural vegetative reproduction (Darlington, 1929), and
their occurrence in the closely allied genmera of Hyacinthus,
Tulipa and Scilla makes it highly probable that triploids are
common in Urginea also. Triploids of U.indica are reported by
Raghavan (1935), Raghavan & Venkatasubban (1940, 1940 b), Sen
(1974), Jba and Sen (1983). The triploid population of Sgilla
hyacinthiana reproduce underground bulbs and bulbils (Sheriff

and Rao, 1981) and propagates through them.

Cytology @

All the four species of Urginea showed 20 as diploid
chromosome mmber however, triploid and tetraploid populations
were also observed in U.indicas, The genus has been extensively
studied cytologically (Raghavan, 1935; Maugini, 1953,1956,1960;
Maugini and Maleci, 1974; Battaglia, 1957 a, 1957 b; de Wet
1957, Love, 1964;'Datta, 1966; Zaman & Khaleque, 1978; Naik, 1973,
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1976; Sen, 1973, 1374; Jha and Sen, 1983 a, 1983 b) and so far
chromosome number for about 30 species is known (Sharma, 1972)
out of which about 26 species showed 20 as diploid chromosome
number which seemé to be dominating somatic chromosome mmber
"in Urginea species. In general the chromosomes are telocentric
or subtelocentric in Indian species. Based on .chromosome
morphology and Levitzky's (1931) theory, Nwankiti (1983) classed
the genus Urginea as a highly édvanced menber of the Liliaceas.
Cahromosome morphology ih different Indian species showed simila-
rities in general and indicate close relationship. Karyomorpho-
logical studies on Indian species of Urginea by Lixit and Yadav
(unpublished) indicate that U.indica, U.polyantha, U.govindappae

and U.coromandeliana are closely related species and form a
species complex. Similar kind of species complex in U.indica
from west Africa has been reported by Oywole (1987).

In adiition to diploids of U.indica, triploids and
tetraploids are repofted by many workers (Raghavan, 1935;
naghavun and Venkatasubban, 1940 a, 1940 b; Sen 1973; 1974;

Naik, 1973, 1976; Jha and Sen, 1983 a) and hexaploids by Jha
and Sen (1983a). Polyploid series is also reported in U.maritima
(Battaglia 1957 a, 1957 b), however, in both U.indica and

U.maritima diploids are most common and widely distributed.

In general diploids of U.indica are more common and
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to peninsular India, tetraploids to south and eastern India
and hexaploids to south coast (Jha and Sen, 1983). Jha and
Sen (1983) also reported diploids, triploids and tetraploids
from same locallty such as Banglore in Karnataka, Pune in ’

I

liaharashtra and lMysore however, in lkiaharashtra these three

populéggg;; showed distinct distributional pattern and were

never observed to be growing in same locality. The triploids

were observed to be restricted to costal area, dlploid/were @AT\;ﬁiL

found to be mixed w1th tr1p101d as well as growing separately ”ﬁAo @
S e 6 - o

[ \‘»

in 1nter10r areas of Konkan while tetraploids were found only A
in drier parts of eastern Maharashtra. The present investigator
is of opinion that triplolds are adapted for saline conditions
while tetraploids are adapted for dry xeric conditions of interior
areas of the country. Lhnere are ample examples where polyploidy
has conferred wider adaptability (Hagerup, 1931; Tischler, 1935;
Muntzing, 1936; Love and Love, 1943; Cain, 1944).

Kamble and dAnsari (1376) studied the karyomorphology of
U.polyantha but did not find B chromosome in the population
studied by them however single B chromosome was observed in some
plants from Shivaji University Campus. Diploid populations of
U.indica from Ganapati Pule showed 3 B chromosomes. B chromosomes
ranging in number from 1-8 have also been reported in U.aurantiaca
(Battaglia, 1958), U.epigea (de-wet, 1957), U.fugax (Martinoli,
1949; Battaglia, 1957,1964; Battaglia and Gaunti, 1968), U.indica
(Raghavan and Venkatasubban, 1940, Ayyangar, 1969; Sen, 1974), |

*
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U.paritima (Geiter, 1929; Kaghavan « Venkatasubuan, 1940),

U.lydenburgensig and U.rubella (de-~wet, 1957).

Palynology

Liliaceae is a comparatively eurypalynous family and
possess usually monosulcate pollens (srdtman, 1971). Different
Indian species of Urginea have mono-colpate pollengrains with
fine to coarse reticulate ornamentation. Thé pollen grains
showed variations in pollen size frequency classes and wall
ornumentation. U.cougesta snowed smallest pollen grains among
the indian species of Urginea followed by U.razii and U.polyantha
while diploid and tetraploid populations of U.indica showed
largest pollen grains. The pollen grains of U.congesta, U.razii
and U.polyantha showed fine reticulate ornamentation while dip—-
loid and tetraplcid populations of U.indiga showed coarse reti-
culate ornamentation. There are several examples where pollen
morphology has helped to understand the interrelationship of taxa
and to solve taxonomical problem (Nair, 1964; Sivarajan, 1980).
Pollen morphology has been used to identify species of Ipomoea
and Polygomum (Hedberg, 1947), anemone (srdtman, 1952), Gnetum

and fphedra (Nair, 1964), Cordia (Nowicke and Kobyns, 1974),
Bauhinia (Nair, 1574), Zizypbus (Nehra and Chauhan, 1985) and

many more may be cited. Pollen size frequency curves have been
effectively used in identification of various species of Podocarpus
(kiartin, 1959). slthough different Indian species of Urginéa
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could not be identified on basis of pollen morphology, two groups
of species could be recognised viz. U.congesta, U.razii and
U.polyantha with small pollen grains and fine reticulate orna-
mentation while diploids and tetraploids of U.indica with large
pollen grains and coarse reticulate ornamentation. FPollen \
morphology indicates that diploids, triploids and #etraploids

of Urginea are closely related. U.razil and U.congesta are more
distant to U.indica than U.polyantha.

All the species of Urginea showed high pollen fertility
except triploid populations of U.indica. High pollen sterility
(40-50%) and great size variation indicate the triploid nature
of the population. The pollen fertility and size variation

could be used to assess triploid nature of U.indica in flowering

stage.

Tetraploid populations of U.indica showed equally high
pollen fertility as that of diploid population, indicative of
stable nature of the popuiation. In addition to high pollen
fertility, tetraploids showed production of fairly good mumber
of viable seeds, propagation through sexual means and geogra—
phical isolation which support the recognition of U.coromande-
liana as a distinct species from that of U.indica by Hooker

(4892), Gamble (1928). Inspite of morphological differences

and above mentioned characters, crossing experiments showed

that tetraploids‘could be easily crossed with diploids however,
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even U.polyantha (which is well established species) crosses
eéually well with diploid and tetraploid populations of U.indica
wnich indicagééclose relationship between tetraploids and
diploids‘of Ue.indica and U.polyantha forming a species complex
(bixit and Yadav, unpublished). However, Naik (1976) reported
abnormal behaviour of meiocytes, high pollen and sexual sterility
in tetraploid population (former U.coromandeliana) 6f Aurangabad.
He considered that U.coromandeliana is a autotetraploid and
should be merged into U.indica. Deb and Dasgupta (1974, 1981)

considered U.coromandeliana as conapecific to U.indica and

reduced to U.indica.

Usually pollsn grains are shed in 2-cezlled condition
however, in U.congesta few pollen grains in 3~celled condition
were also observed at time'of anther dehiscence. Such abnorma-

lities are also reported in Dipcadi (Chennaveeraiah and Mahabale,
1959, 1966).

Anutomy

Anatonical features of the scape exhibited more or less
uniform pattern in all the investigated taxa. All of them have
single layered epidermis covered with waxy coating and inter-
spersed with stomata, 2-3 layered thin-walled parenchymatous
hypodermis, few to many layered sclerencuaymatous cortex and
central ground tissue with scattered vascular bundlss. Cells

of hypodermis contain chloroplasts. The large vascular bundles
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are found in inner part of central parenchyma while small
vascular bundles are found in outer zone of central parenchyma.
The length of epidermal cell varied in diffewrent taxa and could
be correlated with length of scape of different taxa i.e.
U.congesta with shortest scape showed short epidermal cells

while U.indica with longest scape showed long epidermal cells.

The thickness of sclerenchymatous cortex and length of fibre {7
cells-varied in different taxa and could also be well correlated |
wifh the length and basul diameter of scape. The thickness of
cortex and length of sclerenchymatous fibre cells increased

with increase in length and basal diameter of scape from
U.congesta to Ue.razii to U.polyantha to U.indica. Scape of
tetraploid population of U.indica showed thickest sclerenchyma-
tous cortex and longest fibre cells. Depending upon distribution
of vascular bundles in ground tissue, two zones could be distin-
guished. The outer zone possesses many small vascular bundles
while inner zone has 4~6 large vascular bundles. Total mumber

of vascular bundles varied greatly in difrerent taxa. Minimam
number of vascular bundles was observed in U.razii (15) and
U.gongesta (18) while U.indica showed maximum number (33-40) of
vascular bundles. oSmallest vascular bundles were observed in
U.razii and U.congesta, U.polyantha showed median sized vascular

bundles while U.indicua showed largest vasculur bundles.

Leaf anatomical features are uniform in all taxa with

some important variations in thickness of leaf, size of cells



and total mmberof vascular bundles per leaf. U.razii showed

ridges on lower surface of leaf which are not found in any
other species. Leaf epidermal cells exhibited more or less
uniform pattern both en adaxial and abaxial face. The cells
of epidermis are narrow and elongate in different taxa. The
size of epidermal cells varied in difierent taxa. The leaves
are isobilateral and amphistomatic. Stomatal density varied
on adaxial and abaxial faces of same species however no signi-
ficant variations were observed in stomatal index. Average
stomatal density was highest in U.congesta followed by tetraploid
of U.indica while in other two species (U.razii, U.polyantha)
it ranged from 54-74 w2, No significant difference was
observed in stomatal index of different taxa which ranged from
50-57. The largest stomata were observed in tetraploids of
U.indica (61 x 45 um) followed by triploids of U.indica

(45 x 35 um). U.polyantha showed smallest stomata (32 x 23 um).

Just telow epidsrmis there is a single layer of palisade.
wiicn is wade up of Verticaily oriented rod-shaped ¥ parenchyma-
tous cells whicih contain mumerous chloroplasts. Palisade is
observed on both sides of leaf. Below palisade layer there are
2=3 layers of eslongated cells whichn contain fewer number of
chloropl=sts, The centr-1l portion of leaf is occupied by water
storage tiscﬁe ~+hich is made up elongated, lurge, rectungular

parencnym .ious cells devoid of cnloroplasts whose long axes lie
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parallel to le:f surface. <The vascular bundles run parallel to
each other through water storage tissue. The total number of
vasculor bundles per leaf was minimum in U.razii (5) followed
by Us.gonzesta =2nd U.polyantha. Q.indica showed highes%/fgmber
of vascular bundles per leaf. Cells containing‘raphiZﬁ were

observed in all parts of plant even extending to style of ovary.

Athough typical raﬁh;ggﬁare particularly characteristic.

/of the foliar orguns of monocotyledons (liontagu Drummond, 1965)
/(are «lso Iound in scape, ovary wall, style and scales in Urginea.

Probably aciculur rapnids provide mechaniczl protection against

noxious animals (Haberlandt, 1965).

K:mble =znd ansari (1977) gave a brief account of anatomy
of four species of Urginea =2nd indicated it's importance in
identification oIl species however, no attempts were made to
interpret interrel:tionship of the taxa studied by them. Obser-
vations on anatomy of leaf and scape suyggest that U.congesta
«nd Ueruzii to ve more departed species from U.indica than
U.polyzntha. ‘inis interrelutionship is alsc. supported by
crossing experiment on the species (Dixit and Yadav unpublished).
Similarly N:ik and Lirgude's (1981) observations on anatomy of

Chlorophytum species supported cytolozical grouping of the

species in many respects.

Ubservations on morphology, phenology, time of anthesis,

pqunology and anatomy sug est the close relutionship of

v



U.polyantha with Ue.indica than U.congesta and U.razii.

Q;congesta stands more apart from U.indica as well as from

two other species. The diploid, tripleid and tetraploid
populations show ¢lose similarities. This interrelationship
is.supported by crossing ability of the species. U.congesta

did not cross with any other species, U.razii could be crossed
with U.indica only with hot water and GA treatment while diploid,
and tetraploid popul=tions of U.indica could be crossed with
U.polyanth: without eny treatment (Dixit & Yadav). Thus, expéri-
mental interspecific hybridization in Urginea cpecies indicé%%i\ -
the close inverrelationchip between tetraplcids and diploids of
U.indica and g;polxantha, weak incompatability reaction between
Leindica =nd Ue.razii and distant relationship of Q,coggesta with
other species of Urginea under investigatién. based on morphology,
phenolosy, time of anthesis and flo&er opening, palynology,

anatory and aybridization experiments following relutive rela-

tionship is suggested.

Adapted for saline cordition Adapted for dry arid conditions

U.congresta

- oo eemert—

Uerazii

U.polyantha (2n = 20)

U.iniica - Ueindica | Usindica 4
(“riploids) (Diploids) {(letraploids 2n = 40
- 2n = 30. 2n = 20 . (U.coromandeliana)}

(Leric dry condition)
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| Déb and Dasgupta (1974,1981, 1987) reduced U.coromande~
liana to U.indica which is also supported by Naik (1976), however,
morphological differences, cytological differences, pollen ferti-
lity, aﬁility to reproduce sexually and geographical isolation
sugsests and supports (Hookers, 1892) recognition as a separate

species.

smbryology @

smbryology of U.razii and U.polyantha has been investi-
gated. Both tne taxa exhibited same embryological events. The
embryology of these two taxa closely resembles with that of
U.indica (kiaheshwari, 1932; Capoor, 1937) except for few minor

differences.

U.razii ~nd U.poly=ntha =re day blooming species.
Flowers of both species start opening in morning hours and
open fully by 12 a.m. The flowers remain opened upto 3.0 p.m.
and close by 4.00 pem. Around 12 a.m. the septal nectaries
secret nectar which is seen as three droplets corrosponding to
three septal nectaries. OSeptal nectaries are common in monocots
such as family Liliéceae, kuscaceae, Amaryllidaceae and Jridaceae
(Fahn, 1969). During same hours of flower opening the stigmatic
papillae secréﬁ/eecretions, stigma becomes wet and start glisten-~
ing in bright midday light. Small insects in search of nectar
visit the flowers and bring about pollination. Poliens soon

germinate on the stigma and pollen tubes grow down through

v
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stylar canal. The pollen grains are monosiphonous. Pollen
tuses entering the ovules were seen just after 3-4 hours of
pollination. In botﬁ U.razii and U.polyantha the anthers are
‘tetraspofangiate. AMicrospore mother cells show successive type
of cell division which is characteristic of many monocotyledons.
Isobilateral tetrad's are formed and the pollen grains are

usually shed in 2-celled condition however, in U.congesta

occassionally 3-celled condition of pollen at anther dehiscence
was observed. Juch ubnormalities wre also recorded in Dipcadi

(Chennaveeraiash and Mahabale,'1962), Chlorophytum, Polyzonatum

and Tulipa (Davis, 1966). Pollen grains are monocoplate as in

the species of hassonin, Scilla, Ornithogalum, Veltheimia of the

group Scilloideae (srdtman, 1971) and show fine to coarse reti-

culate ornamentation (Deb and Dasgupta, 1974).

Anther wall consists of an epidermis, endothecium, single
middle layer and glandular fapetum. dpidermis is persistent
still anther dehiscence. andothecium develops fibrous thicken-
ings beiore anthesis and begaméig prominent wall layer. There
is single middle layer which is ephemeral and disorganises very
early when meiocytes enter into meiotic division. The cells of
glandular tapetum become binucleate when megaspore mother cells
undergo meiotic divisions. The development of anther wall
closely resembles with that of Dipcadi (Chennaveeraiah and

Mahabale, 1962), =2nd Ophiopozon intermedius (Mohana Rao and Kaur,

1979). kicrospore mother cells undergo normal meiotic divisions.
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both species snowed 10 bivalents confirming 20 as a diploid
chromosome mumber. Successive type of divisions of microspore
mother> cells give rise to isobilateral tetrads. Anther dehisces

by vertical slit.

The ovary is tricarpellary syncarpous, superior, trilo-
culed with many ovules in’two ro~s in each locule on axile
placenta. The ovules are anatropous, bitegmic :nd crassimu-
cellate. Both the species have trilobed stigma with uninucleate
papillae. The style is hallow and the stylar canal is lined
with transmitting ti: ue and filled with fluid at the time of
pollination. The parenchyma cells containing raph%gg,occur in
style and ovary wall. Johri (1966) observed raphig/cella in
upper part of style in U.indica. oSimilarly Johri (1366) studied
ontogeny, distribution, cytology and fate of transmitting tissue
before and ater the growth of pollen tubes in U.indica which
showed close similerity with U.razii and U.polyantha. The micr6~
pyle of ovule is formed by_inher integument alone as in other

members of Liliaceae (Davis, 1966).

Development of female gametophyte is similur to that of
U.indica (iiaheshwari, 1932; Capoor, 1937). The archesporial
cell cuts off a primary parietal cell and archesporial initial.
The primary pe=rietal cell forms parietal layer. Iwo archespho-
rial initials are sometimes observed in same ovule which are

also reported in U.indicu by zheshwari (1932). Capoor (1937)
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observed the prim:ry p.rietal cell assuming « sporogenous
fﬁnction so that t.o megaspore tetrads in same row in U.indica.
rormal meiotic division of megaspore mother cell g{;é rise to
linear dr T-shuped tetrad of 4 weguspores. <he frequency of
I-gshaped tetrads was observed to be more in U.razii than
U.polysntns. In addition to lineur tetrads, T-shaped and
decussate tetrads nave been reported in U.indica (Cépoor,1937).
T-shaped tetrads are also recorded in U.indica (Maheshwari,1932;
Capoor, 1937), Dipeadi spp. (Chenznaveeraiah and lishabals, 1966),

Ophioporon intermedius (Lohana Rao and Lzur, 1979), Scilla

peruviana (Datta and Prakasa rao, 1975). Usuzlly it is a
chalazal megaspore which give rise to polysormum type of

emoryoszc however, rarely subch<«lazal mer~aspore showed the
enlargement which was also recorded ir U.indica (linheshwari,
1932). Lorm2l type of =wmbryos~c sezms to be churrcteristic

of genus Urginea nowever, Iive diifterent types of ewmbryosac
developuent has teen reported in Liliaceae (Komanov, 1959).

The nucleus of cn=zlszal meguspore unge;iéi?hree mitotic divisions
forming © nucleil vhicn soon orgunise into normal eubryosac. The
embryosac iorws u pouch at cnzlazal end in which 3 antipodal lie.
Ihe two polir nuclei fuse and form secondary nucleus which lie
Just above antinpodzls. The pouch is 2lso iormed in Scilla (Datta
and Pruicasa xao, 1975) znd Uipecadi (Chennaveeraizh and kiahabale,
1962). Sqguasa tzchnique (Langer ang Koul, 1982) was found to be

ideal to stuuy nuclear cycle upto 4 nucleate embryosac, however,
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entire embryosac could not be ovbtained probuably because of pouch
of embryosac which(;ez:detached during squashing. zZgg apparatus
consists of an egg and two synergids. The synergids showed
filiforﬁ apparatus which is also reported in U.indica (Capoor,
1937). Although Lizheswari (1932) reported‘jhaf/gge antipodals
to be ephemeral in U.indics, they were found to be conspicuous

and persistant in both taxa under investigation.

Feftilization is porogamous. A mouni like outgrowth
(obturator) =t the buse of funiculus serves as a bridge for
pollen tubes to rezch the micropyle of ovule. Hypostase
becomes prominent after fertilization. sndesperm formation

in U.razii and U.polyantha is of Helobial type, however, it is

difficult to observe wall formation between two first formed

endosperm nuclei und chalazal chamber. Davis (1966) also
\\«Mvm,_
reports that the endosperm formation in Liliaceae is of Helobial

type and small chalazal chamber is usually ephemeral. According
to him the report of muclear endosperm in asphodelus, Colchicum,
Iphigenia, Liriope, Scilla and Tricyrtis is probably due to
overlooking of small chalazal chamber. In majority of the
members of scilloideae, the endosperm development is of Helobial
type (Cave, 1953). Helobial endosperm is also reported in
Dipcadi species (Chennaveeraiah and Mahabale, 1962).

Although erbryogeny has not been studied in detail the

preliminary observ-tions show that the first division of zygote
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is transverse forming Ca and Cb., Basal cell forms suspensor.
The apical cell undergoes two vertical divisions at right angle
to each other forming 4 cells. Transverse division forms two

tiers of 4 cells each forming 8 celled proembryo. The cell of

f

proembryo undergo periclinzl divisions forming globular embryo

which grows downwards occupying entire length of seed.
laature seed consists of central cylindrical embryo
surrounded by cellular endosperm. The seed coat is made up of
N W
both_igteguments. Tthe epidermal cells of outer integgment

develop reticulation and become black. Seeds do not possess

dormancy and reported to be light sensitive (Khare, 1978).



