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Some species of Torenia, T. Deli, T. Fourneri (Balicka-Iwanowska, 1899)
and T'. asiatica (Létscher, 1905 and Habermann, 1906) have already been studied
embryologically. In its systematic position this genus seems to be closely
related to the two species of Vandellia which have already been investigated
by the author (1940a). The extra-micropylar development of the embryo-sac,
the formation of four uni-nucleate micropylar haustoria which later on coalesce
to form a tetra-nucleate non-aggressive body, the general occurrence of a
uni-nucleate non-aggressive chalazal haustorium but an occasional formation
of a bi-nucleate body by nuclear division or by the fusion of two haustorial
cells, and the special nutritive as well as protective functions of the integu-
mentary tapetum are some of the noteworthy features of Vandellia.
Limmnophile and Stemodia (Krishna Iyengar, 1939b) also show a tetra-nucieate
micropylar haustorium and a single uni-nucleate chalazal haustorium during
the older stages in development. The affinities of Torenia to Vandellia and
the other members of the family already studied are dealt with in the present
paper.

MATERIAL AND METHODS.

The materials were collected from the forests at Hulikal in the Western
Ghats during October 1939, and fixed in Bouin’s solution. Sections were
cut 8p thick for the study of embryo-sac formation and 10-12p thick for
post-fertilisation stages. All were stained in Heidenhain’s iron-alum
haematoxylin. The account given below applies to both species of Torenia, but
7. hirsuta was studied in greater detail.

OvuLE.

The ovules are indefinite and arranged on a thick placenta whose cells
are filled with starch grains. The funicle is much elongated and forms a
characteristic bend in the neighbourhood of the micropyle (Fig. 1). The
nucellus is greatly reduced and there is a single massive integument whose
cells store considerable quantities of starch.
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Torenia hirsute

L.8. ovary (diagrammatic). Fic. 2. L.S. young nucellus with archesporial cell

x 640. Fie. 3. L.S. ovule with megaspore mother cell x 320.

Formation of linear tetrad of megaspores x 480. Fie. 5. Fully formed
embryo-sac X 320, Fie. 6, TFirst and second divisions of the primary
endosperm nucleus X 365, Fia. 7. The third and fourth divisions of the
primary endosperm nucleus X 320. Fic. 8. L.S. showing the endosperm
and the two kinds of endosperm haustoria X 160. Fig. 9. Micropylar

haustorium enlarged x 320. Fig. 10. Chalazal haustorium X 320.
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EMBRYO-SAC.

The hypodermal archesporial cell functions directly as the megaspore
mother cell (Fig. 2). This forms as usual a linear tetrad of megaspores
(Fig. 4). While this is being formed, the tapetum is organised from the
innermost layer of the integument and surrounds the nucellus. As usual
the three outer megaspores degenerate and disorganise, while the chalazal
continues to enlarge and grow further. Its nucleus divides and the two
nuclei migrate towards the two ends. At this stage the micropylar end of
the young embryo-sac is broader than the chalazal. The nucleus at each end
divides so as to form a pair of nuclei at each pole. The micropylar nuclei lie
side by side, whereas the chalazal are placed one above the other, leading
one to infer that spatial considerations are probably responsible for such a
position of the division spindles. The nucellar epidermis, which at first
consisted of richly protoplasmic cells, now begins to become more and more
flattened and reduced until the mature embryo-sac finally lies directly in
contact with the tapetum.

From the four-nucleate stage onwards the embryo-sac begins to enlarge
further and its upper portion thrusts itself out of the micropyle. The mature
embryo-sac thus shows a broad extra-micropylar part (Fig. 5) pressing against
the funicle and adjusting itself in the space available here. This feature is
not so pronounced in 7. cordifolia as in T. hirsuta. In Vandellia hirsuta
(Krishna Iyengar, 1940a) it was noticed that this part of the sac presses itself
not only against the epidermis of the funicle but also against the placenta and
partly against the integument. A similar feature is met with in Utricularia
(Kausik, 1938; Wylie and Yocom, 1928), Avicennia (Junell, 1934) and several
other plants. This part of the sac contains highly vacuolated protoplasm which
becomes dense in the region of the egg apparatus and includes several starch
grains, Its close contact with the funicular epidermis, which shows rich cell-
contents, suggests a direct nutritional relationship between the two structures.
Below this, the sac is slightly constricted but widens out again towards the
interior though to a small extent only. The two polar nuclei lie in this region.
Further downwards the embryo-sac becomes elongated, narrow and tubular
and includes the three small antipodals which are often placed in a row. The
protoplasm is highly vacuolated except in the neighbourhood of the egg
apparatus, polar nuclei and antipodals where the contents are dense and
include several starch grains—a feature also seen in Vandellia hirsuta. A
tissue composed of cells with rich cell-contents is seen bordering the micropyle
and the chalazal end of the sac. Shortly after fertilisation most of the contents
are lost and the cells show a thickening of walls.

Stages in fertilisation have not been studied. Just before this the two
polar nuclei fuse together to form a large secondary nucleus which presses
against one side of the embryo-sac. One of the synergids is destroyed during
fertilisation and the other degenerates soon after. The extra-micropylar
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part of the sac now begins to shrink slightly and the antipodals degenerate
and disappear.

Torenia hirsuta.

Fic. 11. Bi-nucleate chalazal haustorium x 365. Fie. 12. L.S. of an almost mature
seed showing the various parts X 165. Fria. 13. OIld micropylar haustorium
X 160. Fic. 14. Old chalazal haustorium X 160. Fic. 15. Some cells of
the integumentary tapetum x 160. Fia.16. T.8. of a seed X ca.97.

EMBRYO AND ENDOSPERM.

The fertilised egg does not show appreciable development unt. o
considerable number of endosperm cells have been formed. It develops into a
tubular body and squeezes between the cells of the endosperm tier. A few
stages in the development of the embryo were observed and these are similar to
those in other plants of the family studied by me.

The first division of the primary endosperm nucleus is succeeded by a
transverse wall which separates a chalazal chamber from the outer one (Fig. 6).
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The next two divisions are longitudinal and these are restricted to the upper
chamber (Fig. 7). The fourth division is transverse, thus resulting in the
formation of the micropylar and middle tiers of cells as seen in Fig. 7. The
middle tier undergoes transverse and longitudinal divisions to form the body
of the endosperm, while the chalazal chamber and micropylar tiers develop
into the haustoria. The endosperm is differentiated into two parts, the two
terminal regions composed of smaller cells and the middle region with larger
cells (Fig. 12). The latter stores large quantities of starch. The former are
richly protoplasmic and probably assist in the transportation of nutrition from
the haustoria to the deeply placed endosperm tissue.

ExDOSPERM-HAUSTORIA.

The chalazal chamber does not undergo any divisions, but develops
directly into a non-aggressive uni-nucleate haustorium (Fig. 10) which tapers
towards the chalaza. Occasionally the nucleus divides, thus making the
haustorium bi-nucleate (Fig. 11), but one of the nuclei does not persist. Thus
a fully formed haustorium shows a large nucleus with the reduced second
nucleus present or absent. This feature indicates a tendency towards the
establishment of a uni-nucleate body [cf. Vandelliz (Krishna Iyengar, 1940a)].
A mature haustorium shows a hypertrophied amoeboid nucleus with rich
chromatin material, surrounded by dense protoplasm. The significant cellulose
deposition met with in the two species of Vandellia is wanting here.

The four cells forming the micropylar tier organise themselves into four
haustorial cells, but the thin separating membranes disappear at a very early
stage resulting in a single tetra-nucleate body (Fig. 9). This too is non-
aggressive and its contents are highly granulated and take a dark stain. The
nuclei are amoeboid but smaller in size than the nucleus of the chalazal
haustorium. ¥rom the time of fertilisation onwards the extra-micropylar
part of the sac seems to shrink and recede till at last the haustorium occupies
only the dilated micropylar part of the embryo-sac.

The degeneration of the two kinds of haustoria sets in rather early, even
before the endosperm and embryo are fully formed. The nuclei of the older
haustoria show a tendency towards disintegration. A longitudinal section of
an almost mature seed is represented in Fig. 12 and an enlargement of the
older haustoria is shown in Figs. 13 and 14.

INTEGUMENTARY TAPETUM.

The tapetal layer, which sheaths the nondilated lower part of the embryo-
sac, begins to develop into a significant structure during older post-fertilisation
stages. It keeps pace with the enlargement of the embryo-sac by intercalary
growth. The pitch of its development synchronises with the time of senility
of the haustoria. Although all its cells are rich in protoplasmic contents,
those in the middle of the sheath become especially larger than the rest (Fig. 8).

2
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Torenia cordifolia.

Fre.17. L.S. of an ovule showing the 4-nucleate stage of the embryo-sac X 160.
Fic. 18. Fully developed embryo-sac X 320. Fre. 19. First division of the
primary endosperm nucleus X 320. Fr1a. 20, Second division of the primary
endosperm nueleus X 320. Fia. 21. Third division of the primary endosperm
nucleus X 320. Fia, 22, L.8. of a young seed showing the tapetum, endo-
sperm, embryo and haustoria X 160. Fra.23. Micropylar haustorium X 320.
Fi1a. 24. Chalazal haustorium x 320.

2B
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A transverse section of the developing seed (Fig. 16) indicates that there are
about five to six rows of such tapetal cells just when the haustoria show signs
of senility ; the presence of large nuclei and rich cell-contents and lastly the
gradual reduction of the integumentary tissue by a slow process of digestion
indicate a probable haustorial réle of these cells. The process of digestion
is so thorough that there is very little tissue left between the tapetum and
the outer epidermis of the integument. To facilitate the digestion and
absorption of the integumentary tissue the outer tangential wall of the tapetum
remains thin while the inner tangential wall is highly thickened. Towards
the two ends even the inner tangential walls are thin indicating that these
ends are the chanmnels for the transportation of the absorbed nutrition from
the tapetum to the developing endosperm and embryo. Thus the tapetum
discharges several functions. During pre-fertilisation stages it is a repository
of food material, but during the development of the endosperm it serves for
an active digestion, absorption and storage of the tissue-contents of the
integument and transportation of this material to the interior. The last
function seems to be the protection of the endosperm and embryo (as seen by
the thickening of its inner cell wall) since the epidermis, which is the only
other remaining layer of the integument, is not suited for a mechanical réle
on account of its thin-walled nature.

Discussion.

From the above account it is noticed that Torenia shows many points of
resemblance with Vandellia, Limosella and other genera of the family. These.
may be summed up as follows:—

Embryo-sac.—The presence of a reduced nucellus and the formation of a
normal eight-nucleate embryo-sac from the innermost megaspore of the linear
tetrad is the general feature of the family. Starch grains are met with in the
embryo-sacs of Alonsoa (Krishna Iyengar, 1937), Limnophila, Stemodia
(Krishna Iyengar, 1939b), partly in Sopubia trifida (Krishna Iyengar, 1940c)
and in many other members of Scrophularineae and other families. The
author believes that they probably have a nutritional réle to perform during
the pre-fertilisation stages.

There is some controversy regarding the number of antipodal cells in the
mature embryo-sac. Balicka-Iwanowska (1899) is of the opinion that these
are absent in the mature embryo-sac of Torenia asiatica, while Litscher (1905)
speaks of the disappearance of two of these antipodals and the extra develop-
ment of the third leading to the formation of a conspicuous haustorium. As
pointed out by Schmid (1906) it seems certain that Létscher mistook the early
initiated chalazal haustorium for an antipodal cell. In both the species of
Torenia investigated here the antipodals are clearly seen in the mature embryo-
sac, although they are reduced in size and disappear in later stages.
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The formation of a bend in the long funicle to enable the accommodation
of the extra-micropylar part of the embryo-sac seen is specially noteworthy
in the two species investigated here. A similar feature is reported in
Vandellia hirsuta (Krishna Iyengar, 1940a), although this extra-micropylar
development of the sac is wanting in Vandellia scabra. Many plants belonging
to other families related to Scrophularineae show varying grades of extra-
micropylar enlargement of the embryo-sac. Awicennia, Congea (Junell, 1934),
Utricularia (Kausik, 1938; Wylie and Yocom, 1920) and others are instances
of this kind. In many of these direct nutritional relationship between the
embryo-sac and the funicle, placenta and even the integument seems to be a
possibility as shown by the placental peculiarities and the rich contents of
the epidermal cells of these structures; but the lack of any specially stored food
in the funicular, integumentary and placental epidermis of the two Torenia
sp. leads one to doubt the capacity of the embryo-sac for establishing an
efficient absorptive réle in this case.

Endosperm and Embryo.—The development of the embryo is similar
to that in most other members of the family.

The organisation of the haustorium-initials at the two ends of the sac,
the development of the endosperm from the middle tier of cells (formed at a
very early stage) and the differentiation of the two regions of the endosperm
for transportation and storage are points common to several other members
of the family.

Houstoria.—As in most other members of the family the chalazal
haustorium is the first to be organised. The general occurrence of a single
large nucleus and the occasional presence of a degenerating second met with
in Torenia and Vandellia sp. (Krishna Iyengar, 1940a) indicate a tendency
towards the establishment of a single uni-nucleate chalazal haustorium seen in
Limmophila, Stemodia (Krishna Iyengar, 1939b), Gratiola (Glisié, 1933) and
Limosella (Svensson, 1928). A bi-nucleate haustorium is however often seen
in other members of the family studied by the author (1937, 19406). This
may be due either to a nuclear division or the dissolution of the separating
membrane between two uni-nucleate haustorial cells. The several parasitic
members of the family (Balicka-Iwanowska, 1899; Schmid, 1906; Glisié,
1931) and a few non-parasitic members also, like Antirrhinum (Schmid, 1906),
Alonsoa (Krishna Tyengar, 1937), Ilysanthes, Bonnaya (Krishna Iyengar, 19405)
and others, are instances of this kind.

The fusion of the four micropylar haustorial cells to form a single tetra-
nucleate body is a feature met with in many other plants besides Torenia—
Sopubia delphinifolia (1937}, Limnophila, Stemodia, Vandellia species and
others. In all the parasitic members the micropylar haustorium happens to
be a tetra-nucleate haustorial structure either from the commencement or at
least during the later stages. In early stages this may be formed of either
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four uni-nucleate cells or two bi-nucleate cells or it may be a single tetra-
nucleate body from the onset. While the parasitism is a highly evolved
" character it is rather strange that this does not seem to have any appreciable
influence either towards a reduction of the number of nuclei in the haustoria
or on their aggressive or non-aggressive nature.

The presence of a hypertrophied amoeboid nucleus with rich chromatin
material is quite characteristic of the older haustoria. A rich deposition of
cellulose also is seen in many haustoria, this being in the form of rods, threads
or net-like structures. While mechanical function seems to be its probable
role according to Schmid, it is not possible to explain why the cellulose rods
in Vandellia hirsuta should disappear in the very old chalazal haustoria unless
we ascribe to them a possible nutritional function.

Tapetum.—The integumentary origin of the tapetum with a rich accumula-
tion of protoplasm, starch or fat globules has already been described in several
members of the family. It is not necessary to mention the nutritional rdle
this layer plays during the development of the embryo and endosperm. While
acting as a repository for food materials during pre-fertilisation stages of the
embryo-sac, its behaviour has been noticed to be very varying during post-
fertilisation stages. In many members it happens to lose its contents when
the endosperm is developing, but in a few cases like Celsiz (Krishna Iyengar,
1939a), Vandellia (Krishna Iyengar, 1940a), Verbascum (Schmid, 1906) and
Torenia this layer shows a significant development. Some of its cells become
larger than others and show richer cell-contents and larger nuclei. The
arrangement of the two kinds of cells is noticed to vary in different
members. They alternate in Verbascum while in Vandellia there is no such
regularity. In Torenia the larger cells are in regular rows with about 5-6
cells in each row. The degeneration of the two kinds of haustoria (at a time
when the endosperm and embryo are not fully formed) and the conspicuous
development of the tapetal sheath synchronise, leading one to infer the import-
ance of the latter in the nutritional physiology of the embryo and endosperm.
The structural peculiarities of the tapetal cells also indicate their probable
digestive, absorptive, protective and storage functions.

SuMMARY.

1. In both Torenia cordifolia and T'. hirsuta the ovules are anatropous
and have a reduced nucellus with a single massive integument whose innermost
layer differentiates into a tapetum.

2. The single archesporial cell directly forms the megaspore mother
cell which gives rise to a linear tetrad of megaspores.

3. The chalazal megaspore functions and gives rise to a normal eight-
nucleate embryo-sac.
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4. The upper part of the embryo-sac which protrudes out of the micropyle
and becomes large and swollen contains the egg-apparatus. This is closely
adpressed to the funicular epidermis and seems to absorb nutriment from the
latter.

5. The chalazal haustorium organises first, and develops directly from
the chalazal chamber formed after the first division of the primary endosperm
nucleus. Generally it is uni-nucleate but sometimes bi-nucleate. In the
latter condition one of the nuclei begins to degenerate. This non-aggressive
haustorium is dilated towards the endosperm and narrow and tubular towards

the chalaza.

6. The four micropylar haustorial cells coalesce very early to form a
non-aggressive tetra-nucleate body.

7. Some of the cells of the integumentary tapetum enlarge significantly,
thus indicating a probable digestive, absorptive and storage function,
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