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ABSTRACT
Embryology of Utricularia smithiana has been studied and its
systematic position as a species separate from Utricularia caerulea has
been justified.
Floral parts arise in aeropetalous succession. A transection of an
young anther lobe shows a layer of mierospore mother cells surrounded
by tapetum, a middle layer, an endothecium and an epidermis. Mierospore
tetrads are decussate and tetrahedral. Tapetum is glandular. Pollen grain
is shed at the 3-nucleate stage. Endothecium exhibits fibrillar thickenings.
Embryosac development is of the polygonum type. Placental nutritive
tissue is present only at the micropylar region. Embryosac is sttrrounded
by the endothelium only at the central region.
Fertilisation is porogamous and endosperm is ab initio cellular.
Endosperm haustoria are not very aggressive. Embryogeny conforms
to solanad type. Mature embryo is undifferentiated with starch grain filled
cells.

INTRODUCTION
LENTIBULARIACEAE is a small and interesting family of insectivorus herbs
of diverse habit, often the plants being marshy and aquatic. According
to Hutchinson the family consists of four genera and 200 species. Of
these Utricularia is the largest (with 150 species)and most widely distributed.
Embryologicallytoo Utricularia has been subjectedto extensiveinvestigations.
Some of the interesting embryologicalfeat,ures noticed in this genus are
(I) extraovular embryosacs, (2) presence of a conspicuous nutritive tissue
in the placenta, (3) development of aggressive endosperm haus~oria and
(4) non differentiation in the mature embryo.
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Earlier contributions to the embryology of the genus include those of
Wylie and Yocom (1923) on Utricularia vulgaris var. americana.
Kausik (1938) on Utricularia caerulea.
Khan (1954) on Utricularia flexuosa.
Kausik and Raju (1955) on Utricularia reticulata.
Farooq (1964 c, 1965, 1958, 1965, 1966) on Utricalaria arcuata, Utricularia uliginosa, Utricularia stellaris vat. inflexa, Utricularia
striatula.
Shivaramaiah (1964a, b) on Utricularia exoleta,
chiana.

Utricularia walli-

Fischer (1890) cited by Erdtman (1943) on Utricularia intermedia,
Utricularia minor, Utricularia neglecta.
Farooq and Siddiqui (1964) on Utricularia stellaris.
Maqbool Begmn (1967) on Utricularia gramnfolia.
Shivaramaiah (1965) on Utricularia stricticaulis.
The present investigation deals with the floral morphology and embryology of Utricularia srnithiana Wt. lc.
MATERIALS AND METHODS

Materials for the investigation were collected near Jog fails (Mysore
State). Following the usual process of dehydration and paraffin embedding
sections were cut at 8-12 tz and stained with Heidenhein's iron alum haematoxylin with orange G as the counter stain.
OBSERVATIONS

Floral Morphology and Organogeny
Utricularia smithiana is a slender but large plant growing in wet places.
The rhizomes are filiform bearing bladders, Flowers large, blue-shaded
mauve and liliac, leaves linear and spathulate. Scapes up to 25'4cm.,
erect or rarely twining, scales few and minute. Corolla lobes upper obovate,
one obtuse and lower broadly sub orbicular. Lower lip up to 0.76 cm.,
broad, the spur conical and curved, Stamens two with broad filaments
Floral parts arise in acropetalous succession (Figs. 1-3).
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Microsporogenesis and Male Gametophyte
A young anther in a transverse section shows an epidermis, an endothecium, a middle layer, tapetum and one layer of microspore mother cells
(Fig. 4). The tapetal cells are uninucleate in the beginning but later become
binucleate, q-he microspore mother cells divide meiotically and form
tetrahedral and decussate tetrads (Figs. 5and6). The tapetal contents
are absorbed in situ and consequently it may be categorised as of the glandular
type. The presence of a single layer of microspore mother cells and glandular
tapetum seem to be uniform features in all the investigated species of Utricularia. The mature pollen grain is triporate and 3 nucleate at the
time of shedding (Fig. 8). It has a thick but smooth exine and a thin
intine, in the mature anther at the time of dehiscence only the epidermis
and endothecium are persistent, the latter developing the usual fibrillar
thickenings (Fig. 7).

Ovule, Megasporogenesis and Female Gametophyte
The ovary is superior and consists of a conical somewhat flattened
placenta bearing numerous parietal ovules. ~[he ovules arise as small
nucellar protruberances and further growth in them results in bringing
about an anatropus posture. They are unitegmic and tenuinucellate. When
the ovule is still erect a single hypodermal archesporial cell differentiates
(Fig. 9) which directly functions as the megaspore mother cell (Figs. 10
and 11). The megaspore mother cell undergoes reduction division to give
rise to a linear tetrad of megaspores (Fig. 12). Occasionally a 'T'-shaped
tetrad of megaspores may also be formed (Fig. 13). Of the four megaspores the chalazal one alone is functional. It divides thrice successively
to give rise to an 8-nucleate embryosac of the polygonum type, (Figs. 14,
15 and 16). The organised embryosac is 7-celled. The three antipodals
are organised as ceils and are ephimeral disorganising soon after fertilization. In the egg apparatus one of the synergids overlaps the egg.

Nutrition of the Embryosac
When the embryosac enters the uninucleate stage the nucellar cover disorganises bringing the embryosac into direct contact with the innermost
layer of the integument. This layer consists of prominent ceils with dense
~toplas'm constituting the endothelium. The endothelium does not cover
the embryosac completely. In addition to the integumentary tapetum
(endothelium) a placental nutritive tissue is organised at the micropylar
region of the embryosac. The micropylar portion of the embryosac slightly
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extrudes out of the ovule so as to get a direct contact of the placental
nutritive tissue, nevertheless the egg apparatus remains within the ovule.
Fertilization and Endosperm

Fertilization is porogamous (Fig. 17). Double fertilization is completed
earlier than syngamy. Sometimes the male nucleus can still be located in
the egg even after the first division of the endosperm.
The first division of the primary endosperm nucleus is transverse being
roughly perpendicular to the long axis of the embryosac. A transverse
wall is laid down following the first nuclear division. The endosperm is
ab initio cellular. After this division two endosperm chambers are organised,
namely, the micropylar chamber and the chalazat chamber (Fig. 17). The
former divides first vertically resulting in the formation of two juxtaposed
cells. This type of a 'T'-shaped cellular endosperm is known as scutellaria
type (Fig. 18) (Schnarf, 1931).
Next the chalazal chamber also divides vertically forming two cells. At
this stage the endosperm consists of four quadrately arranged cells (Fig. 19).
In the next division both the cells in the micropylar chamber divide
transversely (Fig. 20). At this stage the endosperm consists of 6 cells
arranged in three tiers of two cells each, namely, a chalazal chamber, a central
chamber and a micropylar chamber. The central chamber gives rise to
the endosperm proper. In the chalazal chamber the wall disorganises and
protrudes into the integument constituting the chalazal haustorium, this
remains binucleate throughout (Fig. 21). The micropylar chamber also
forms a haustorium at later stages but it does not seem to be as aggressive
as the chalazal one and scarcely comes out of the embryosac.
EMBRYOGENY

The first division of the zygote is delayed for a long time and it takes
place only after the organisation of a chalazal haustorium. This can be
expected because synagamy is yet to be completed even after the first
division of the endosperm.
The zygote elongates into a long tube and divides transversely to form
two superposed cells ca and cb (Figs. 22, 23 and 24). ca divides transversely
to give rise to 1 and 1', similarly cb also divides transversely to give rise
to m and ci (Fig. 25). This results in the formation of a linear proembryo.
"[he basal cell develops into a suspensor. As both ca and cb divide transversely embryogeny conforms to solanad type. Next divisions results in
the formation of a globular embryo with a two-celled suspensor (Fig. 26).
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The mature embryo is undifferentiated (Fig. 27) and is somewhat oval
in shape with the outer layer constituting dermatogen. At the apical region
of the embryo are a few smaller cells meristematic in nature. All the cells
of the embryo are infested with starch grains (Fig. 27). The seed coat is
made up of a layer of cells with thickened inner walls.
DISCUSSION

Wight considers Utrieularia smithiana as a species and separates it
from Utricularia caerulea Linn., on the basis of many taxonomic features.
Whereas Clarke regards Utricularia smithiana as a variety and names it
Utricularia caerulea var. smithiana.
It will be of interest to analyse which of these two views will be supported by embryological findings. Kausik (1938) has made a detailed
embryological study of Utricularia caerulea. The notable embryological
differences between Utricularia caerulea and Utricularia smithiana are as
follows.
Utricularia smithhTna

(a) Organogeny is acropetalous.
(b) Microspore tetrads are
tetrahedral and decussate.
(c) Megaspore tetrads are linear
and ' T'-shaped.
(d) Endothelium is incomplete
surrounding the embryosac
only at the central region
(e) Embryosac is not markedly
extraovular, egg apparatus
remains within the ovule.
( f ) Placental nutritive tissue is
found only in the micropylar
region.
(g) Endosperm haustoria particularly,
the micropylar part is not very
aggressive,
(h) In the mature seed the inner
walls of the outermost layer
are thickened,

Utricularia caerulea

(a) In Organogeny calyx is followed
by gynoecium, corolla and
stamens.
(b) Microspore tetrads are tetrahedral
only.
(c) Megaspore tetrads are only
linear.
(d) Endothelium completely covers
the embryosac.
(e) Embryosac is extraovular with
the egg apparatus coming out
of the ovule.
( f ) Placental nutritive tissue is found
both at the micropylar and
chalazal ends.
(g) Both micropylar and ehalazal
endosperm haustoria are very
aggressive.
(h) The inner walls of the outer
layer of the seed are not
thickened.
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While it is too expeditious to comment that these embryological
differences alone would decide the categorisation between Utrieularia caerulea
and Utrieularia smithiana, it may be safely said that coupled with the taxonomic differences these embryological data will certainly help in isolating
Utricularia smithiana as a separate species and not as a variety of Utrieularia
caerulea,
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EXPLANATION OF FIGURES

FIGS. 1-27. Figs. 1-3. Stages in organogeny, × 900 X. Fig. 4. Transverse section of
a young anther showing microspore mother cells, ×2,0t30 X. Figs. 5 avd 6. Decussate and
tetrahedral tetrads. Fig. 7. Endothecium showing fibrillar thickenings. Fig. 8. 3-nvcleate
pollen grain. Fig. 9. Female archesporium. Figs. 10 av.d 11. Megaspore mother cells.
Fig. 12. Linear tetrad with functional megaspore. Fig. 13.
'T'shap~d tetrad with functional m~gaspore. Fig. 14. Two-nucleate embryosac with integ,_mzentery tapetum (Endothelium). Fig. 15. 4-nucleate embryosae with integumentary tapetum. Fig. 16. Organised
embryosac with integvmentary tapetum and nutritive tissue. Figs. 17 to 21. Different stages
of endosperm development. Figs. 22 to ,~7. Different stages of embryo development.
(Figures from 4 to 27, × 2,000 X.)

