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Abstract. Embryology ofEnicostema hyssopifolium (Willd.) Verdoorn. and Exacum saulieri
L. has been investigated. Anther wall development is of the dicotyledonous type and at
matu¡ consists of the epidermis, fibrous endothecium, i -2 middle layers and the tapetum
which is uniseriate with uninucleate cells. Connective tapetum is also differentiated. Pollen
grains are triporate and 3-celled at anthesis. Poilr degeneration at various stages of
development is common. The bicarpellary, syncarpous and unilocular ovary bears anatropous, unitegmic and tenuinucellate ovules on parietal placentae. Embryo sac deveiopment is of
the polygonum type. Fertilisation is porogamous and the endosperm is ab initio nuclear.
Embryogeny is of the Solanad type.
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1. Introduction
The family Gentianaceae which comprises 80 genera and 900 species is world wide in its
distribution. They live in a wide va¡
ofhabitats and include arctic and alpine plants,
halophytes, saproph~es, hydrophytes and marshy plants. The embryological studies
in the family are quite meagre and hence the present investigation is taken up on
Enicostema hyssopifolium (Willd.) Verdoorn. and Exacum saulieri L. The earlier work
in the family has been reviewed by Schnarf (1931 ), S¡
(1941), Mecoy (1949),
Maheswari Devi (1962) and Maheswari Devi and Lakshminarayana (1977).

2.

Materials and methods

E. hyssopifolium was collected locally and E. saulieri from Kodaikanal and were fixed
in formalin-acetic-alcohol. Customary methods of dehydration, infiltration and
embedding were followed and the sections were cut between 7-12 q in thickness and
stained in Delafield's hematoxylin.

3. Observations
3.1

Microsporangium, microsporogenesis and the male oametophyte

The androecium usually consists of 4 stamens (figure 2A) in E. saulieri and 5 in
E. hyssopifolium, but rarely 6 stamens as in E. hyssopifolium (figure 1 A). The
archespo¡
consists of a plate of 4 - 6 rows of cells (figure IB) which undergo a
pe¡
division and produce an outer p¡
parietal and ah inner primary
sporogenous layers. The former divides further and give ¡ the tapetum and 2 wall
layers (figures 1 C-E). The hypodermal layer develop fibrous thickenings and forros
the fibrous endothecium (figure 2B). Sometimes, it is multiseriate towards the
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Figure 1. Enicostema hyssopifolium. A. TS offlower showing 6 tetrasporangiate anthers. B.
TS part of anther showing archesporium. C. TS part of anther showing p¡
sporogenous
and p¡
parietal layers. D. TS anther lobr showing the primary sporogenous cells,
tapetum and wall layr Also note the tapctum from the connective side. E. TS part of anther
showing the pollen tetrads, tapetum and wall layers. Note the vacuolated connective tapetum.
F. Pollen grainsjust separated from the tetrad. G. Degenr
pollen grains from a tetrad. H
and I. 1 and 2-nucleate pollen grains. K. TS of tetrasporangiate anther showing degenerating
pollen grains and fibrous endothecium. Note the fibrous thicknenings in the connoctivr cells.
L. Sporangium enlargr to show the degenr
pollen grains and the fibrous endothecium.
ct, connective tapetum; d al, degenerating anther Iocule; d pg, degr
poUen grains.
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Figure 2. A - E and I and K - M . Exacum saulieri. F - H and J. Enicostema hyssopifolium. A.
TS of flower showing 4 anthers. B. TS part of anther showing poUen grains and fibrous
endothr
C. 2-nucleate pollen grain. D. TS of anther wall showing dehiscing point. E,F.
TS of ovaries. G, H. Ovule showing 1 and 2 archesporial cells respectively. I. Ovule showing
megaspore mother cell. J. Anatropous, unitegmic and tenuinucellate ovule with megaspore
mother cell. K. Megaspore tetrad. L. 4-nucleate embryo sac. M. Mature embryo sac.

connective side (figure 1K). The middle layer is ephemeral. The tapetum is of the
secretory type and is uniseriate with uninucleate cells (figures ID, E). It is dual in origin
as it is de¡
partly from the parietal layers and partly from the cells of the connective
tissue. Sometimes the connective tapetum protrudes into the anther lobe (figure 1E) as
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in E. hyssopifolium. The primary sporogenous cells divide in all planes and forros an
extensive sporogenous tissue (figure ID). Simultaneous cytokinesis in the pollen
mother cells result in isobilateral and tetrahedral tetrads of which the latter are more
prevalent (figure lE). The young uninucleate pollen grains possess dense cytoplasm
and a large nucleus (figures 1H, 2B) which undergo ah asymmetrical division and cuts
offa small lenticular generative cell towards the periphery anda large vegetative cell to
the centre. In a short time, the wall separating the two nuclei disappear and the
generative nucleus moves towards the vegetative nucleus (figures 1I, 2B, (2) where it
divides to forro two male cells. The pollen grains are triporate and 3-celled at shedding.
In E. hyssopifolium the exine is smooth but in E. saulieri (figures 2B, C) it shows
reticulate bands of thickenings. The dehiscence is longitudinal and the dehiscing point
is clearly demarcated (figures I J, 2D).
Degeneration of pollen at various stages of development is quite common. The
degeneration starts from the tetrad stage and sometimes one, two or all the pollen
grains of a tetrad degenerate (figures 1F, G). In E. hyssopifolium the entire pollen sac
(figure 1L) and in some tases all the 4 pollen sacs of ah anther become crumpled and
degenerate (figure 1K). In a few instances all the anthers of a flower ate degenerated.
3.2

Me9asporangium, megasporo9enesis and the female 9ametophyte

The ovary is superior, bicarpellary, syncarpous and unilocular with numerous
anatropous, unitegmic and tenuinucellate ovules (figures 2I, J) on parietal placentae.
The placenta is suppressed in E. saulieri (figure 2E) whereas in E. hyssopifolium it is
forked at the base into two branches (figure 2F). The archesporium is generally
unicelled (figure 2G) but rarely 2-3 celled in E. hyssopifolium (figure 2H). It directly
develops into the megaspore mother eell which undergoes the usual meiotic divisions
resulting in a linear tetrad of megaspores (figures 2K, 3A). The chalazal megaspore
develops into ah 8-nucleate embryo sac of the polygonum type (figures 2 K - M , 3 A D). The mature megagametophyte is broader in E. hyssopifolium (figure 3D), narrower
and elongated in E. saulieri (figure 2M). The egg apparatus consists of ah egg and two
flask shaped synergids which are hooked in E. hyssopifolium (figure 3D). The two
polars fuse in the centre of the embryo sac. Three antipodals are uninucleate and
ephemeral in E. hyssopifolium but persist upto the endosperm stage in E. saulieri
(figure 3F). Rarely 2-3 embryo sacs are observed in E. hyssopifolium (figure 3E) and
these are probably produced by the functioning of more than one archespofial cell of
the ovule.
3.3 Fertilisation
Pollen grains are monosiphonous and the fertilisation is porogamous. Pollen tube
enters through one of the synergids and discharges its contents through a terminal
pote. Syngamy and triple fusion ate almost simultaneous and the pollen tube persists
upto a few endosperm nuclei are formed (figure 3F).

3.4 Endosperm
Endosperm is of the ab initio nuclear type. The first division of the primary endosperm
nucleus precedes to that of the zygote (figure 3F) and the nuclei formed undergo a
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Figure 3. A-E. Enicostema hyssopifolium. F-K. Exacum saulieri. A. megaspore tetrad. B,
C. 2 and 4-nucleate embro sacs respectively. D. Mature embryo sac. E. Double embryo sacs.
F. Embryo sac showing zygote, persistent pollen tube, endosperm nuclei and persistent
antipodals. G. Embryo sac showing linear 8-,:elled proembryo and cellular endosperm. H.
Cellular endosperm. I. Nuclear divisions in the endosperm cells. J, K. Embryogeny.

series o f simultaneous free nuclear divisions and produce a large number o f free nuclei
which lie in the periphery o f the e m b r y o sac. Cell wall formation commences from the
periphery and extends to the centre (figure 3G) ultimately filling the entire embryo sac
with the cellular tissue (figure 3H). D u r i n g further development the walls o f the
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endosperm cells are thickened. Nuclear divisions are quite common in the endosperm
cells (figure 31). The mature seeds are endospermic.
3.5

Embryogeny

Due to the paucity of the material, only a few stages in the embryogeny were traced in
E. saulieri. The zygote divides transversely and produce a two celled proembryo. The
terminal cell ca and the basal cell cb undergo one more transverse division each and
give rise to a linear 4-celled proembryo comprising 1, 1; m and ci. The ceUs l and l'
undergo one more transverse division each and produce !1, 12, and 11", 12' respectively.
Thus a 6-celled proembryo is formed (figure 3J). The lower three tiers namely lx,/2 and
lŸ undergo further divisions (figure 3K) and contribute to the major portion of the
embryo proper. As the derivatives of the ca contribute to the embryo proper and cb to
the suspensor, the embryogeny conforms to the Solanad type.

4.

Discussion

In Gentianaceae, the androecium usually consists of 4 or 5 stamens, but 6 stamens in a
flower are observed in E. hyssopifolium. Fibrous endothecium is present in E. saulieri
unlike the 3 species of Exacum studied by Maheswari Devi (1962). The tapetum is dual
in origin and uniseriate with uninucleate cells. Uninucleate tapetal cells were also
observed in Enicostema litterale (Srinivasan 1941), Swertia carolinensis (Mecoy 1949),
Exacum pumilum, E. petiolare and E. bicolor (Maheswari Devi 1962) and in
Centaurium ramosissimum (Vijayaraghavan and Usha Padmanabhan 1969). On the
other hand multinucleate tapetal cells were reported in Limnanthemum cristatum
(Srinivasan 1941; Maheswari Devi 1962) and tapetal cells with nuclear fusions in
L. indicum (Maheswari Devi 1962). The cells of the connective tapetum are morphologically different from those of the parietal tapetum in the two species studied at present.
Such dimorphic tapetum was reported earlier by Periasamy and Swamy (1966) and
Vijayaraghavan and Ratnaparkhi (1973). Pollen degenerations as reported in the
present investigation, were reported earlier in E. petiolare, Canscora decussata
(Maheswari Devi 1962) and Centaurium ramosissimum (Vijayaraghavan and Usha
Padmanabhan 1969). The persistent antipodal cells like in E. saulieri were reported in
C. ramosissimum (Vijayaraghavan and Usha Padmanabhan 1969). Embryogeny in
E. saulieri is of the Solanad type and corroborates with the hitherto investigated taxa.
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