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INTRODUCTION.

The genus Wahlenbergia is a member of the family Campanulaceae, placed by
Engler and Prantl (1897) in the tribe Campanuloideae, subtribe Wahlenbergineae.
The only previous work on the embryology of this genus is by Rosén (1932) who
has described the mode of endosperm formation in an unnamed species and reported
it to be of the Codonopsis type.

MATERIALS AND METHODS.

The only species of this genus in South India is Wahklenbergia gracilis Schrad.
It is an erect perennial herb with linear leaves and blue flowers on long pedicels.
The fruit is a loculicidally dehiscing capsule with persistent calyx teeth. The
material was collected at Ootacamund at a height of about 6,800 ft. Tt was fixed in
formalin-acetic-alcohol and at the 709 alcohol stage the mature ovaries were
treated with Carnoy’s fluid for half an hour. Subsequent treatment was carried
out according to customary methods and sections were cut at a thickness of 10-20.
Staining was done in Heidenhain’s iron-alum haematoxylin with eosin as counter-
stain,

MICROSPOROGENESIS AND MALE GAMETOPHYTE.

The wall of the young anther is made up of three layers in addition to the tape-
tum (Fig. 1). Of these, the outermost is the epidermis; next we have the endo-
thecium which acquires fibrous thickenings at a later stage; the third is the middle
layer which remains undivided and disorganises when the anther is mature. The
tapetal cells are at first uninucleate but soon become binucleate and at the same
time the cytoplasm becomes vacuolate.

The microspore mother cells undergo the usual reduction divisions and form
the microspores which are arranged tetrahedrally. Quadripartition of the micro-
spore mother cell takes place by cleavage furrows.

The mature pollen grain is trinucleate, with a prominent tube nucleus and two
small male nuclei (Fig. 2). The exine is in the form of a hard thick wall showing a
reticulate pattern on the surface and beset with minute spinescent projections. The
intine appears as a thin delicate membrane. There are four germ pores situated
on slightly elevated portions of the exine (Fig. 3).

MEGASPORANGIUM AND THE FEMALE GAMETOPHYTE.

The tricarpellary, trilocular, inferior ovary has an indefinite number of ovules
borne on axile placentae. The ovules are anatropous and unitegmic. A smglp
hypodermal archesporial cell becomes differentiated in the nucellus (Fig. .4) and is
followed by the appearance of the integument (Fig. 5). The archesporial cell is
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overarched by the nucellar epidermis and functions directly as the megaspore
mother cell (Fig. 6). After the usual reduction divisions a linear tetrad of mega-
spores is formed (Figs. 7 and 8). Occasionally a T-shaped tetrad may be found
(Fig. 9) as in Cephalostigma Schimperi (Kausik and Subramanyam, 1947) and some-
times the upper dyad cell divides by an oblique wall (Fig. 10). As a rule, the upper
three megaspores degenerate and the lower enlarges further (Fig. 8). Tt undergoes
three divisions and produces the mature embryo sac (Figs. 12 and 13) which is there-
fore of the monosporic eight-nucleate type. Rarely, the third megaspore may
enlarge (Fig. 11), a feature also recorded for Lobelia trialata, a member of the allied
family Lobeliaceae (Kausik and Subramanyam, 19458).

At about the two-nucleate embryo sac stage the cells of the nucellar epidermis
are destroyed, excepting a few towards the sides. At the four-nucleate stage even
these are destroyed so that the embryo sac lies in direct contact with the inner
epidermis of the integument which becomes differentiated as the integumentary
tapetum. The latter- shows its maximum development when the embryo sac is
fully formed and is ready for fertilisation (Fig. 15).

The ®uily organised embryo sac (Fig. 15) is long and tapering at both ends.
The synergids are elongated and have pointed apices. They also show the charac-
teristic hooks (Fig. 16) already reported for Cephalostigma Schimperi (Kausik and
Subramamyam, 1947a). The pear-shaped egg is situated between the two synergids
and shows a conspicuous nucleus at the base. The two polar nuclei meet just
above the centre of the embryo sac and fuse to form the secondary nucleus. The
antipodals are organised as definite cells. Sometimes the antipodal cells are
differentiated before the egg apparatus (Fig. 14). Such a feature has also been re-
ported in Isotoma longifiora (Kausik and Subramanyam, 1945a), a member of the
Lobeliaceae. The antipodals degenerate at the time of fertilisation and are then
seen as darkly stained masses. This is in general accordance with the condition in
the Lobeliaceae and Campanulaceae (Kausik and Subramanyam, 1945a,b and
1946a, b) except that there is a slightly earlier degeneration of the antipodals in
Wahlenbergia.

The pollen tube destroys one of the synergids during its entry into the embryo
sac, but sometimes both the synergids may remain intact. Double fertilisation has
been ohserved (Fig. 17).

ENDOSPERM.

Endosperm development is of the ab initio cellular type. The first division
of the primary endosperm nucleus is followed by the laying down of a transverse
wall (Fig. 18) to give rise to a small primary micropylar and a large primary chalazal
chamber. Next, a vertical wall is formed first in the micropylar (Fig. 19) and then
in the chalazal chamber (Fig. 20), thus resulting in a four-celled stage. A transverse
division now follows in the lower pair of cells (Fig. 21) and immediately afterwards
in the upper pair (Fig. 21), resulting in the formation of four tiers of paired cells.
The two cells of the first tier form the micropylar haustorium and those of the lower
tier give rise to the chalazal haustorium after undergoing one (Fig. 2.2) or perhaps
two transverse divisions (Fig. 23). The remaining tiers of cells which lie between the
haustoria undergo further longitudinal and transverse divisions and give rise to the
endosperm. Thus the sequence of wall formation, schematically represented in
Fig. 24, closely corresponds with that in the Codonopsis type found in other members
of Campanulaceae (Rosén, 1932, and Kausik and Subramanyam, 1947a). .

® The micropylar haustorium is two-celled (Fig. 25), each cell forming a prominent
lateral hump or bulge and containing a conspicuous nucleus and & dense mass of
cytoplasm. Lying in the midst of a rich nutritive tissue belonging to the integument,
this haustorium remains active for a long time. The activity of the chalazal haus-
torium, which is also two-celled (Fig. 26), stops at an earlier stage. In a mature
seed it is seen as a darkly stained compressed structure lying in a mass of collapsed
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cells. The endosperm fills the entire seed cavity (Fig. 27) and all its cells, except
those in the neighbourhood of the developing embryo, contain large quantities of
starch. The embryo with its slender suspensor, which now appears to be quite
shrivelled up, lies deeply buried in the mass of endosperm tissue.

SEED-COAT.

In the mature seed (Fig. 27) the outer epidermis of the integument becomes
thickened and forms a hard and rigid protective covering. Tts cells are elongated
along the longitudinal axis of the seed (Fig. 28) and owing to the conspicuous thicken-
ing of the inner tangential and the radial walls the cavity of each cell is reduced to a
narrow space (cf. Lobelia trigona studied by Kausik, 1935). Each cell is in com-
munication with its neighbouring cells by means of canals which traverse the entire
thickness of the cell wall (Figs. 29 and 30). The canals are long and narrow and
branch towards the outer as well as the inner sides of the cells. In a transverse
section at the region of these canals the cell cavity appears in the form of the letter

‘T’ (Fig. 31).
EmBRYO.

The development of the embryo closely follows that described by Souéges
(1936, 1938) and Kausik and Subramanyam (1947a) for other members of Cam-
panulaceae, and Crete (1938), Hewitt (1939) and Kausik and Subramanyam (1945
and 1947b) for some members of the Lobeliaceae. Stages in development are
presented in Figs. 32—61. The embryogeny corresponds to the Solanad type of
Johansen (1945). A case of polyembryony was met with in the present form and this
has been separately described (Subramanyam, 1947).

SUMMARY.

The wall of the anther is made up of three layers, external to the tapetum. The tapetal
cells become binucleate. The endothecium is fibrous. The pollen grains are trinucleate at the
time of shedding. The exine is very finely spinescent and there are four germ pores.

The ovary is inferior and trilocular with an indefinite number of anatropous unitegmic
ovules borne on an axile placenta. The innermost layer of the integument forms an integu-
mentary tapetum. Megasporogenesis proceeds normally and the embryo sac is of the monosporic
eight-nucleate type. The synergids are very long and show characteristic hook-like projections,
The antipodal cells are ephemeral. Double fertilisation occurs.

Endosperm is of the ab initio cellular type and follows the Codonopsis type (Rosén, 1932).
The endosperm develops haustoria at the micropylar and chalazal ends. The micropylar
haustorium is made up of two uninucleate cells and appears to be more aggressive than the
chalazal endosperm haustorium which is also two-celled and uninucleate.

Development of the embryo follows the Solanad type (Johansen, 1945) as seen in other
members of Campanulaceae and Lobeliaceae.

The mature seed contains a large mass of endosperm. The seed.coat consists of a single
layer of cells whose outer walls become thickened.
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ExXPLANATION TO FIGURES.

Wahlenbergia gracilis Schrad. (Figs. 1 to 18.)

[~

Portion of a transverse section of a young anther showing wall layers, binucleate tapetum
and microspore mother cells, X 485.

Three-nucleate pollen grain. x485.

Pollen grain in surface view showing four gemm pores. x4835.

Young nucellar primordium and the archesporium. x291.

Megaspore mother cell and the integument initials. X 291.

Anatropous ovule showing megaspore mother cell. X291,

Megaspore mother cell in division. x679.

Linear tetrad of megaspores; the chalazal cell enlarging. X679,

T-shaped tetrad of megaspores. X679,

Megaspore tetrad with oblique wall in the upper dyad cell. x679.

T-shaped tetrad in which the third megaspore shows signs of enlargement. X 679.

Two-nucleate embryo sac showing division of nueclei. x430.

Formation of the eight-nucleate embryo sac. X 485.

14. An young eight-nucleate embryo sac showing the early differentiation of the antipodals,
before the organisation of the egg apparatus has been completed. X 485.

15. Mature embryo sac showing egg apparatus, the degenerating antipodal cells, and the two
polars in close juxtaposition. X485. )

16. Upper part of the embryo sac showing the elongated hooked synergids and the egg cell.
X 679. :

17. A stage in double fertilisation, showing remnants of the pollen tube. x485.

18. Primary endosperm nucleus in division, X 4853.
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Wahlenbergia gracilis Schrad, (Figs. 19 to 31.)

19 to 23, Stages in the development of the endosperm and the differentiation of the micropylar
and chalazal haustoria, X485 each.

24. Diagram showing sequence of wall formation in endosperm.

25, Two-celled micropylar haustorium in advanced stage. X 485.

26, Two-celled chalazal haustorium in advanced stage. X 485.
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27. Longitudinal section of & mature seed, showing the embryo with collapsed suspensor, the
persisting micropylar haustorium, the almost collapsed chalazal haustorium, and the
thick-walled seed-coat. Xx291.

28. Surface view of the epidermal cells of the seed-coat showing thickenings. X485.

29. The same under a separate focus. X 485.

30. The canals connecting the adjacent cells. X 970.

31. Epidermal cells of the seed-coat in transverse section. X485,

Wahlenbergia gracilis Schrad. (Figs. 32 to 61.)

32-61. Stages in the development of the embryo. The primary segmentation walls are
indicated by thicker lines. X291 each.

ca—Apical cell of the two-celled proembryo; cb—Basal cell of the two-celled proembryo ;
m and ei—Cells derived from the basal cell eb; d and f—Cells derived from the cell m ;
n and n’—Cells derived from the cell ¢i; [—Superior cell derived from the apical cell ca,
from which the cotyledons are later differentiated ; I'—Inferior cell derived from the
apical cell ca; @ and B—Cells formed in the superior octant; pk and h—Cells derived
from I, from which part of the hypocotyl is formed ; ha and 2b—Cells produced from % ;
sec—Initials of radicle ; ¢c¢”—Initials of the stele ; hc and kd—Cells produced from hb;
d or d 7—Cell or cells produced from one of the cells of the suspensor ; de—Dermatogen ;
pe—Periblem ; pl—Plerome.



