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ABSTRACT

External morphology and vascular anatomy of the flower of Sphenoclea zeylanica slong
with three species of Lobelia and two species of Campanula have been studied.

The sepals in 8. zeylanica and C. latifolic are oune trace organs, the marginal bundles
having been derived as branches from the median bundles. In Lobelia species and Campanula
canescens, on the other hand, sepal marginal bundles arise conjoint with petal midrib bundles.

In Sphenoclea the placental bundles are amphicribral while in Campanula there is a
ring of vascular tissue with endarch orientation which gives off branches to the placenta. In
Lobelia, on the other hand, there is a solid protostele which supplies the placenta.

The placental bundles in Sphenoclea are completely utilized in supplying the placenta
while in Campanula and Lobelia species some remnants of placental strands continue up to
the stigma.

The present anatomical studies do not render any support for the separation of
Sphenoclea from Lobelia and Campanula.

INTRODUCTION

The systematic position of the genus Sphenoclea has long attracted the attention
of botanists. While Engler (1897) and Hutchinson (1926) placed it under a special
section campanuloideae, Airy Shaw(1948) raised it to rank of a separate family and
suggested relationship with the Phytolaccaceae. Subramanyam (1950), on the
basis of his embryological studies, supported a separate family for this genus, but
he did not envisage any relationship with either the Phytolaccaceae or the Pri-
mulaceae, as was suggested by Airy Shaw(1948). .

As nothing is known about the vascular anatomy. of the flower of Sphenoclea
and its so called relatives, on Professor V. Puri’s suggestion, the floral anatomy of
this genus, and, for comparison, species of some other genera available have been
investigated.

MATERIAL AND METHODS

In all six species, e.g. Sphenoclen zeylanica Gaertn., Lobelia syphilitice Lirn.,
L. cardinalis Linn., L. erinus Linn., Campanula latifolia Linn. and Campanula
canescens Wall, belonging to three genera have been studied. The material of
Sphenoclea was collected from a pond about four miles north of Meerut and that of
Lobelia ertnus from a local garden. Campanula latifolia and Campanula canescens
were secured from the departmental collections. The material of two species of
Lobelia (L. syphilitica and L. cardinalis) were given to me by Prof. V. Puri from his
collection, made in U.S. A. in 1950.

All these materials were fixed in F. A. A. and passed through alcohol, xylol
series after washing thoroughly in running water. Fach material was embedded
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in paraffin, and cut into serial sections, 10-12 microns thick. The slides were
stained with crystal violet and erythrosin.

OBSERVATIONS
Sphenoclea zeylanica Gaertn.

The Flower and its Vascular Anatomy:—The flowers are sessile, bracteate and
bracteolate arranged densely in lateral and terminal spikes. The sepals are fused
at the base and the corolla is campanulate with five lobes. The five stamens are
epipetalous and alternate with petals. The cvary is inferior and bilocular. In
each locule there are many ovules on stalked placenta that is obviously axile. Style
is short with bilobed stigma.

At the base of the flower there is a small plexus of vascular tissue (Fig.2) from
which three traces diverge cut, one for the bract and two for bractecles (Figs.3-4,
br.brl). A little higher up, some ten or twelve traces diverge out from this plexus
leaving a small amour t of vascular tissue in the centre (Fig.5). In this tissue the
xylem elements are scattered and surrounded by phloem. At a higber level,
this centra! mass organizes itself in 3-5 (four being more common) amphicribral
vascular bundles with xylem in the centre. These are usually arranged in pairs
on opposite sides (Figs.6-7). But where there are only three, the odd bundle is
larger than the other two, and occurs on one side, the other two being on the opposite
side. Tt is interesting to note that while they are amphicribr:1 as a rule, they
become inversely oriented in some cases. The position and behaviour of these
bundles clearly indicate that they are ventral bundles of the carpels.

In a few cases, the central plexus organises itself into two concentric vascular
bundles with xylem in the centre and phloem all round. These are situated on
the septal radii and not laterally on either side. A little higher up, each of these
bundles splits into two branches which traverse outward towards the placenta of
their respective side. These are apparently the ventral bundles of the carpels
that remain fused in pairs in the lower region.

In the ovule-bearing region the carpellary ventrals diverge out into the cor-
responding placentae which are well developed, pendent and are as long as brcad
(Figs.7-9, Cv). They are completely utilized in giving out many ovular traces,
Further up, the placentae split apart in such a way that two half placentae of the
adjacent carpels remain fused together. An extremely narrow channel links up
the two locules, and the ovary becomes unilocular (Figs. 10-11). Beyond the
placental region the septae again fuse resulting in bilocular condition (Fig.12).

The ten peripheral bundles in the ovary wall distribute themselves equally
in two carpels. In cases where there are twelve peripheral bundles, seven pass
into one carpel and five into the other.

The ten peripheral bundles constitute the vascular supply of the remaining
floral organs. Five of these, situated on sepal radii, split up tangentially intc two
each (Figs.10-11). While the outer ones of these daughter branches (Fig.10, Sp)
form the sepal midrib bundles, the inner ones, after giving a branch each to the
ovary ‘“wall” (Fig. 12, sl), are destined to supply the antisepalous stamens (Fig. 11,
St). The sepal midrib bundles also give off some branches laterally (Fig. 14, Sm).
The other five peripheral bundles that are situated on petal radii give off some
branches to the ovary ‘“‘wall” (Fig. 12, sl) and the rest form the petal midrib
bundles, each of which sends off one branch on either side into the marginal region
of the petal (Figs. 15, 16, pt. pm). The branches in the ovary wall traverse into
the style and end in the stigmatic region (Figs.15-18).

The condition described above holds good for cases where there are only ten
peripheral bundles in the “ovary wall”’. It will be recalled that in some cases there
are twelve such bundles which distribute themselves somewhat differently. Two
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TegT-FI1G. 1.
Fig. 1. Semi.diagrammatic longitudinal section of

flower showing vascular supply to different floral organs. Numbers indicate levels at which
transverse sections have been shown in figures bearing the same number. Figs. 2-11. Serial
tranaverse sections of the flower from base upward. Note the migration of carpellary ventrals

into the placents in Fig. 8.
Br-bract trace ; Brl-the trace for bracteoles; ov—ovule; cv—carpellary ventrals; sp—

teepsl trace; pl—petal trace; St-steminal trace ; cd—carpellary dorsal; pl-placental lobe,

Figs. 1-11. Sphenoclea zeylanica.
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of the bundles pass out directly into two stamens and two other adjoining bundles
enter directly into two sepals without giving off any staminal trace (Fig. 13,
Sp.St.). Thus, this increase in the number of peripheral bundles seems to have
been brought about by a very early separation of the two staminal bundles from
their ccrresponding sepal midrib bundles with which they are usually fused up
to a higher level.

TEXT-FIG. 2

Figs. 12-16. 8. zeylanica. Serial transverse sections of the flower (cont.). Figs. 17-18.

Transverse sections of the stigma., )
Sl-secondary laterals ; Sm—trace for sepal margins ; Pm—trace for petal margin.

Lobelia

The Flower and its Vascular Anatomy :—The three species studied are L.
syphilitica Linn., L. cardinalis Linn,, and L. erinus Linn. The pedicellate flowers
of Lobelin arve arranged in simple racemes. They are bracteate, each with an
inferior bilocular ovary having numerous ovules on axile placenta. The calyx
is five-partite and the corolla is obliquely bilipped, the upper lip being two-partite
and lower three-lobed. There are five stamens with syngenesious anthers forming
a r%xlg round the style.



SPHENOCLEA ZEYLANICA GAERTN. AND SOME OTHER RELATED SPECIES 59

TEXT-FIG. 3

Figs. 19-32. Lobelia syphilitica. Fig. 19. Semi-diagrammatic longitudinal section o
the flower showing vascular supply to different floral organs. The numbers indicate the levels
at which transverse sections have been shown in figures bearing the same numbers. Figs. 20-31.
Serial transverse sections of the flower from pedicel upward. Fig. 32. T.S. of the stigma.
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The pedicel of Lobelia syphilitica contains a more or less complete ring of
vascular tissue with xylem differentiated at three places (Fig.20). A little higher
up a trace involving one of the xylem groups diverges out through the cortex and
enters the subtending bract in which it divides further into some branches (¥Fig.21,
br). After passing out the bract trace a ring of vascular tissue is formed
(Figs. 22, 23).

Higher up, somet en unequal traces pass out from the ring (Figs.23, 24). They
traverse obliquely upward from the receptacle and supply the peripheral organs
at a higher level. A small amount of vascular tissue in the form of a ring is left
in the centre (Fig.25). As the ovary cavity is about to appear, the central vascular
tissue becomes compact and protostelic with phloem surrounding the xylem (Fig.26).
From this solid vascular core a branch is given out to a placenta on either side
(Fig.27). Herein, it breaks up into small ramifications to form the vascular supply
of the ovules (Fig.28, ov). In some flowers the solid vascular core splits up in the
very beginning into two parts, each of which gives off a branch to its corresponding
placenta. This branch ramifies and forms the vascular supply of the ovules. Beyond
the ovule-bearing region the septa splits up in the middle and the ovary becomes
unilocular.

After supplying the placentae some vascular tissue is left at two places in the
centre. These strands migrate into the corresponding septal regions, and in doing
so, become inversely oriented (Figs.29, 30, Cv) and continue upward into the style
for varying height along with two other bundles. The latter two, occurring one
on each side and in a plane at right angles to the septum in the lower region of the
flower, are obviously the carpellary dorsals which have separated from the peripheral
bundles during their upward course (Fig.26, ed). These bundles after traversing
the style ramify profusely in the bilobed stigma, and thus disappear (Fig.32). The
carpellary ventral traverse the style, upto varying heights, and branches in the
upper region of the style. Kach stigmatic lobe bears many hair-like processes.

The ten peripheral bundles form the vascular supply of the peripheral organs;
two of these give the carpellary dorsals in the lower region. Five of these, occurring
on sepal radii, gplit up tangentially into two each (Fig.29). The outer ones of these
branches form the sepal midrib bundles while the inner ones, after giving off some
branches to the carpellary “wall”, supply the corresponding antisepalous stamens.
The other five alternating bundles, occurring on petal radii, give off two branches
each, one to each of the adjacent sepal margins (Fig.29, pt, sm). Besides, they
also send some branches to the carpellary “wall” (Fig.29, sl). The remaining portions
form the petal midrib bundles. Each petal midrib bundle gives two branches
to each of its margins (Fig.30, Pm). The sepal midrib bundle branches further
in the upper region. The branches in the carpellary “wall” are the secondary
laterals which may continue into the style for varying heights.

The condition in L. cardinalis flower is exactly similar to that in L. syphilitica.
The pedicel of L. erinus also has a complete ring which gives off only six traces. -
These latter split up into ten peripheral bundles, as they traverse obliquely upward.
In other respects the condition in this species is the same as in L. syphilitica and
L. cardinalis.

Campanula

The Flower and its Vascular Anatomy :—The flowers in the two species of
campanula, C.canescens Wall, and C. latifolia Linn. are sub-sessile. They are
arranged in panicled clusters (C. canescens), or simple racemes (C. latifolia). The
calyx is deeply five lobed, and the corolla is campanulate, usually five fid. The
stamens are five, free with filaments dialated at the base. The ovary is inferior
~ with three locules, each having many ovules on axile pla.centae The style is

cylindrical, and the stigma is shortly tri-lobed.
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TeExXT-FIG, 4

Figs. 33-54. Campanula canescens. Fig. 33. Semi—diagrqmmatic longitqdinﬂl section
of the flower showing vascular supply to different floral organs. Elgs. 34-50. Serial trunsveaze
sections of the flower from pedicel upward. Fig. 40. Shows the blfurcgtlon of p}acental strém d I
Note the aplitting of the placenta in Fig, 43. Fig. 51. T. S. of the stigma. Figs. 5254, Seria

transverse sections of the style showing staminal outgrowth bearing anther loculi.
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The stele in the pedicel of the flower of Campanula canescens is more or less
a complete ring (Fig.34). From this ring three unequal traces pass out to the peri-
phery leaving a small amount of vascular tissue in the centre. At this stage the
pedicel becomes trilobed and each lobe is supplied with a single trace (Fig.35). In
one lobe the vascular strands split up radially into three parts. The middle of
these is smaller than the other two (¥ig.36). In the case of second lobe the vascu-
lar strands divide only into two branches which behave differently (Fig.36). One
of them splits up into three, the middle of these being larger than the other two.
The other branch remains undivided. This lobe, therefore, has four vascular
bundles (Fig.38). In the third lobe also the vascular strands divide radially into
three parts but in this the middle one is larger than the other two (Fig.37). Thus,
in all, a ring of ten vascular bundles is formed (Fig.38).

These ten peripheral vascular bundles constitute the vascular supply of the
different floral organs. Five of these are situated on the sepal radii. These bundles
give off branches to the inner side, two of which form the carpellary dorsals, while
rest form the secondary laterals (Fig.43, cd, sl). The third carpellary dorsal is
received from the bundle situated on the petal radii (Fig.43, ed,). After supplying
the carpellary wall, each of the five bundles splits up tangentially into two, the
inner one of which forms the staminal bundle and the outer one the sepal midrib
bundle (Figs.45, 46, Sp. St).

The other five bundles situated on petal radii, send off two branches, each to
the margins of adjacent sepals and the rest form the petal midrib bundles (Figs.48, 49,
Sm. pt). Each petal midrib bundle soon gives out two lateral branches for the
margins (Fig.49, Pm). The five bundles situated on petal radii also send a number
of branches to the inner side. One of these forms the third carpellary dorsal, the
two others having been received from bundles on sepal radii (Fig.43, ed;), while
others form secondary laterals (Fig.43, cd, sl).

The vascular tissue which is left in the centre, forms a complete ring of vascu-
lar cylinder with endarch xylem. The xylem js interrupted and is hetter developed
at three places where the placentae are to develop later on while phloem forms
a complete ring (Fig.38). The placentae hang downward and so their lobes appear
in the ovary cavities before their attachment (Fig.37, pl). The central cylinder
gives out three branches, one to each placenta. This branch splits up into two,
and these traverse into the placental lobes of their respective sides, the placenta
being bilobed (Figs.39-42). Each branch gives out many ovular traces (Fig.40, ov).
The passing out of these three traces leaves only three bundles in the parent stele,
and these occur on septal radii. They have normal orientation (Fig.43, cv). In
the upper region the whole placental mass splits up in such a way that half placentae
of two adjacent carpels remain fused. Thus the ovary becomes unilocular (Fig.44).
Beyond the ovule bearing region the septae again fuse together resulting in a tri-
locular ovary once more (Fig.45). A trilobed cavity, the stylar canal, is also
enclosed in the centre, This cavity becomes circular and continues up to varying
heights within the style (Fig.47, cc).

The three central bundles left after the departure of the placental strands
traverse along with the carpellary dorsals into the style (Figs,49, 50, c¢d. ¢v). In
its upper region these bundles ramify profusely and supply the three lobes of the
stigma (Fig.51). Each stigmatic lobe has hairs on its inner side. Some trichomes
are also present on the ovary wall and the petals.

In a single case the gynaeceum, after bearing the ovules in the lower region,
proliferates and bears anthers in the upper region (Figs.52-54).

Campanula latifolia differs from C. canescens in that the vascular cylinder of
the pedicel of C. latifolia gives off four traces to the periphery. Three of these divide
radially into three each and occupy the three angles of the pedicel which has in
the meantime become trilobed in transverse section, the fourth remaining undivided
on one side. In €. canescens only three traces are given off from the vascular cylinder
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of the pedicel. Out of these, two divide into three each and one divides first into
two parts. One of these latter again divides into three. Thus finally a ring of
ten vascular bundles is formed in the periphery of both the genera.

The sepal supply of C. latifolia differs somewhat from that of O. canescens. In
Campanula latifolia the sepal midrib supplies branches to its margins. In C. can-
escens the petal midrib supplies the two margins of adjacent sepals. In other
respects it is similar to C. canescens.

CONCLUSIONS

As pointed out earlier this study was undertaken with the definite purpose
of comparing the vascular anatomy of the flower of Sphenoclea with that of other
species. There are some points in which Sphenoclea zeylanica differs from others.

As is well known the flowers in Sphenoclea are sessile and those of Campanula
and Lobelin are stalked. In addition, the flowers of Sphenoclea have bracts and
bracteoles, while Lobelia has only bracts, and Campanula lacks both bracts and
bracteoles.

The sepals in Sphenoclea zeylanico are essentially 1-trace organs, the marginal
bundles having been derived as branches from the median bundles. In Lobelia
species and Campanula canescens, on the other hand, the sepal marginal bundles
arise conjoint with petal midrib bundles. Campanula latifolia, however, resembles
Sphenoclea in this respect.

Sphenoclea zeylanica differs from other genera in the vascular supply of the
placenta. In this species the marginal bundles which supply the placenta are
amphicribral. In some cases they may be inversely oriented. These bundles
diverge out into the corresponding placenta, and are completely utilized in the
formation of ovular supply. In Lobelia the placental strands form a compact
solid core of vascular tissue. This solid core supplies branches to both the placentae,
and the remainder continues up to the stigma. Only in the genus Campanula
the placental strands are normally oriented and form a ring, and this supplies the
placentae. Whatever remains of this ring continues up to the stigma.

The occurrence of normally oriented placental strands in Campanula deserves
some attention. Usually in axile placentation, the placental strands are inversely
oriented with respect to the floral axis (see Puri, 1951, 1952). What can be the
possible significance of this feature is difficult to say. But a similar situation has also
been reported in Dianthus, Silene, Sedum and Azalea (Henslow, 1891). Subramanyam
(1955) recently re-investigated the condition in Sedum, and he has shown that the
placental strands are actually inversely oriented in this genus. Other genera also
need re-investigation in this respect. But the material of Campanula that has
been studied here, definitely shows normally oriented placental strands.

Thus we see that the differences in the vasculature of the flower of Sphenoclea,
Campanule and Lobelin are not of much importance. They are apparently just
minor differences and as such they do not provide any support for the separation
of Sphenoclea from the Campanulaceae.
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