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INTRODUCTION.

According to Engler (1897) the genus Isofoma Lindl. belongs to the tribe
Lobelioideae of the Campanulaceae, while Hutchinson (1926) places it in a separate
family, Lobeliaceae, along with Centropogon, Siphocampylus, Laurentia, Pratia,
Lobelia and Cyphia. It comprises 8 species recorded from Australia and the Seciety
Islands. Kausik and Subramanyam (1945a, 1947b) have described the embryoclogy

of I. longiflora, and Rosén (1949) has studied the mode of endosperm formation in
1. axillaris.

MATERIALS AND METHODS.

I. fluviatilis, which is the object of the present study, is a slender herb, collec-
tions of which were very kindly made for me from the margins of some ponds between
Windsor and Richmond in New South Wales, Australia, by Mr. O. D. Evans. The
material was fixed in formalin-acetic-alcohol, dehydrated and embedded in paraffin
in the usual manner, and sectioned at a thickness of 10 to 16 microns. The sections
were stained in Heidenhain’s iron alum Haematoxylin with eosin as a counterstain.
Sections of the fruits were stained with safranin and light green.

FLOWER.

The floral parts arise in acropetal succession: sepals, petals, stamens and
carpels. Fig. 1 is a longitudinal section of a young flower bud showing the
disposition of the different floral parts. The flowers are bracteate and pedicellate
with two minute bracteoles. There are five sepals and five petals having a valvate
aestivation. Stomata are present on the outer epidermis of both (Figs. 2, 3).
The epidermal cells of adjacent petals present an interlocking arrangement (Fig. 4).
Further, while the outer epidermis of each petal consists of recfangular cells, the
cells of the inner epidermis are papillose with the nuclei situated close to their inner
walls (Fig. 5). .

There are five epipetalous stamens. The epidermal cells of the connective are
drawn out into long unicellular hairs (Fig. 6) so that the apex of the stamen is quite
hairy (Figs. 1, 6). The style is long and slender and bears a bilobed stigma. In
transverse section the style is circular and has a slender stylar canal (Fig. 7). The
cells surrounding the canal are small and compactly arranged, with conspicuous
nuclei and dense contents. This is the transmitting tissue. The epidermal cells
of the stigma are nippleshaped and densely cytoplasmic (Fig. 10). Those around
the apex of the style are drawn out into upwardly directed unicellular hairs forming

* Part of work done during the tenure of a Junior Research Fellowship of the National
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what may be called the stylar brush. In Lobelia assurgens (Rendle, 1938) and
L. erinus (Knuth, 1909) it has been noted that as the style protrudes through the
anther tube, the hairs of the stylar brush push out the pollen in the tube and are
checked above by the stiff hairs on the top of the anthers. It is probable that the
stylar brush and the hairs at the top of the anthers perform a similar function in the
present form and are probably special adaptions for cross-pollination.
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Fia. 1. L.B. of young flower bud to show arrangement of floral parts. X 30,
Fia, 2. Section of stoma on outer epidermis of sepal. X 970.
Fia. 3. Surface view of stoma on outer epidermis of petal. X 310.
Fig., 4. TInterlocking arrangement of adjacent petals. X 215.
F1a, 5. Portion of petal showing papillose inner epidermis. X 129.
F1a. 6. Unicellular hairs at the apex of the anther. X 129.
gl(}. g T.S. of gtyle, x485.
ic. 8.

L.8, of nectary (L—Locule; N—Nectary; P—DPetal; 8—Sepal; Sh—~Secretary hair;
St—Stamen ; Sy—=Style). x70. .
Fia, 9. Portion of nectary enlarged. X% 301.
Fia. 10. Bilobed stigma with papillose cells and stylar brush. X129,
Fia. 11. Portion of cross.section of anther lobe showing degenerated pollen mother cells and
enlarged tapestum. X 679.

F1a. 12. L.8. of flower showing absence of ovules in loculi ; note pollen grains in anthers. x 30,
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Around the base of the style there is a prominent nectary (Fig. 8, N') consisting
of glandular cells with conspicuous nuclei and vacuolate contents (Fig. 9). The
epidermal cells of the nectary are modified into long slender, uninucleate secretory
hairs (Figs. 8, 9).

MICROSPORANGIUM AND MALE GAMETOPHYTE.

A transverse section of the young anther lobe shows a plate of six to eight
hypodermal archesporial cells which divide periclinally to form the primary parietal
and primary sporogenous cells (Fig. 13). The cells of the primary parietal layer by
further divisions form the anther wall consisting of the epidermis, endothecium, a
middle layer, which soon becomes flattened and crushed, and the glandular tapetum
(Figs. 14-16). The cells of the tapetum are uninucleate at first but later become
binucleate (Fig. 16). The sporogenous cells undergo & few further divisions to form
the spore mother cells. Seven bivalents were counted in a polar view of the first
meiotic metaphase (Fig. 17). Quadripartition of the microspore mother cells
takes place by cleavage furrows and the microspores are arranged tetrahedrally,

In the mature anther (Fig. 19), the tapetum and the middle layer completely
disorganise and the endothecium develops the usual fibrous thickenings. The
outer wall of the epidermal cells is thickly cutinised. In young stages the epidermal
cells of adjacent anthers just touch one another (Fig. 18) but later they become
interlocked (Fig. 19) and exhibit an almost syngenesious condition.

The nucleus in the young microspore is situated in the centre (Fig. 20). Soon,
it moves towards the wall (Fig. 21) and divides (Fig. 22) to form a small lenticular

F1e. 13. Portion of anther lobe showing primary parietal layer and primary sporogemous
layer. X679. .

F1g. 14. Division of primary parietal layer. X 879.

Fic. 15. Portion of young anther showing epidermis, endothecium, uninucleate tapetum and
sporogenous cells, X 679.

Fia. 16. Later stage showing binucleate tapetum and microspore mother cells. X 679.

F1e. 17. Polar view of dividing mother cell showing seven bivalents. X 1455.

Fre. 18. Anther walls of two young and adjacent anthers. x430.

Fia. 19. Seme at a later stage showing fibrillar endothecium and interlocking arrangement.
X679,

Fia. 20. TUninucleate microspore. x970.

F1a. 21. Movement of nucleus near wall. x970.

Fia. 22, First division of microspore. x970.

Fia. 23. Two-celled pollen grain showing large vegetative cell and lenticular generative cell,
X 970.

Fia. 24. Mature pollen grain; note starch grains. X970.
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generative cell and a large tube cell (Fig. 23). The generative cell divides to form
the two male cells (Fig. 24). The mature pollen grain is ovoid and densely packed
with starch grains. There is a thick exine with three germ pores. The intine is
thin and membranous.

STRUCTURE OF THE OVARY.

The ovary is inferior, bicarpellary and syncarpous, with an indefinite number
of anatropous unitegmie, tenuinucellate ovules borne on axile placentae. The young
ovary wall consists of ten to twelve layers of cells (Fig. 25). The outer cells are
large and compact but the inner are smaller and more loosely arranged. Sparsely
distributed unicellular hairs are found on the outer wall. They are stiff and pointed
and their wall is beset with a number of minute projections (Fig. 26). In the mature
fruit, all the cells of the ovary wall enlarge in size (Fig. 27). The portion of the
ovary wall lying just below the base of the style undergoes certain changes. Here
two or three layers of cells immediately next to the inner epidermis become
prominently elongated and lignified (Fig. 28).

MEGASPORANGIUM AND FEMALE GAMETOPHYTE,

The single integument, which appears just after the differentiation of the
hypodermal archesporial cell, is at first made up of three layers of cells (Fig. 35)
but later becomes seven to eight-layered (Figs. 29, 30).

The hypodermal archesporial cell functions directly as the megaspore mother
cell (Figs. 33, 35). Sometimes there are two archesporial cells (Fig. 34). Tetrad
formation takes place normally (Figs. 36-39) and the chalazal megaspore functions.
Sometimes the upper dyad cell shows a belated division (Fig. 40) or the division is
oblique (Fig. 41). Occasionally the third megaspore shows signs of enlargement
(Fig. 42). The nucleus of the functioning megaspore undergoes three successive

Fie, 25. Wall of young ovary, Xx2l5.

F1a. 26. Pointed unicellular hair enlarged. X 679.

Fre. 27. Ovary wall at a later stage. x129.

F1e. 28, Upper portion of the ovary wall showing elongated layersJof lignified cells next to
the inner epidermis. X 129. Gt

F1as. 29-30. Portions of the integument at different stages of development. x129 each, ™

F1e. 31, Portion of the seed-coat enlarged to show the thickened epidermis, disorganised middle
layers and the endothecium ; note also the starchy cells of the endosperm. X 679.

F1a. 32, Epidermal cells of the seed-ceat in surface view showing thickenings and the radially
arranged canaliculae, X679,
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divisions (Figs. 43—45) to produce an eight-nucleate embryo sac (Fig. 46) of the
Polygonum type (Maheshwari, 1948).

During further development the cells of the nucellar epidermis are all destroyed,
8o that the mature embryo sac comes in direct contact with the innermost layer of
the integument (Figs. 29, 30). This consists of rectangular cells with prominent
nuclei and dense cytoplasm and forms the so-called endothelium (Fig. 47).

The mature embryo sac (Fig. 47) is elongated and tapering at both ends, The
synergids are elongated and bheaked, with the nuclei situated near the base. Some-
times they exhibit a filiform apparatus (Fig. 48). The pear-shaped egg is situated
between the synergids. The two polar nuclei meet in the centre of the embryo sac
(Fig. 46) and fuse to form the secondary nucleus. The antipodal cells (Figs. 46, 47)
usually degenerate immediately after fertilisation.

Fie. 33. L.S. of young nucellus showing primary archesporial cell, X 485.

Fig, 34. Same showing two archesporial cells. x485.

F1e. 35. Ovule showing megaspore mother cell. x291.

Fics. 36-37. Stagesin the division of the megaspore mother cell, X 970 and X 485 respectively.

Fie. 38. Dyad cells dividing. x879.

Fia, 39. Tetrad of megaspores. X 679.

F1g. 40. Belated division in upper dyad cell. x679.

Fia. 41. Dyad cells in division; note oblique division in upper cell. X679,

Fia. 42, Linear tetrad with third megaspore enlarging. X 679.

Fics. 43-45. First, second and third nuclear divisions in the formation of the embryo sao,
Fig. 43, x679; Figs. 44, 45, X485 each.

F1e. 46, Young embryo sac. X 485.

F1a, 47. Mature embryo sac showing starch grains. x485.

F1e. 48. Egg apparatus enlarged to show filiform epparatus in synergids. X679,

Fie. 49. A stage in double fertilisation. Xx679.
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A large number of starch grains are present in the mature embryo sac (Fig. 47)
and in the young endosperm cells (Figs. 53-56).

Fig. 49 is a stage in double fertilisation where the pollen tube has entered
between the two synergids. Sometimes the pollen tube enters the embryo sac
by destroying one of the synergids. In any case both synergids gradually shrivel
and finally degenerate.

ENDOSPERM.

The primary endosperm nucleus, which is situated in the centre of the embryo
sac, divides much earlier than the fertilised egg. A transverse wall is formed as a
result of the first division, forming a primary micropylar and a primary chalazal
chamber. A vertical wall is then laid down in the primary micropylar chamber
(Fig. 50) and this is soon followed by a similar wall in the primary chalazal chamber

Fros, 50-56. Stages in the development of the endosperm and the differentiation of the
micropylar and chalazal haustoria. X485 each.

Fie. 57. Two-celled micropylar haustorium at advanced stage. = X 485.

Fia. 58. Two-celled chalazal haustorium at advanced stage. x 485.

Fie. 59. Longitudinal section of mature seed showing the embryo, the micropylar and chalazal
haustoria, the starch-filled endosperm and the thickened epidermis, x 201,
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(Fig. 51). Sometimes, the vertical wall in the chalazal chamber is laid down at
right angles to that in the micropylar chamber (Fig. 52). A four-celled endosperm
is thus formed made up of two tiers of two cells each.

Next, transverse walls are laid down in both these tiers, first in the upper tier
(Fig. 53) and then in the lower (Fig. 54). The result is, an eight-celled endosperm
made up of four tiers of two cells each (Fig. 55). The two cells of the upper tier
develop into the micropylar haustorium and the two cells of the lowest tier form the
chalazal haustorium. The two middle tiers by further divisions develop into the
endosperm proper (Fig. 56). The sequence of development thus follows the
Scutellaria type of Schnarf (1931). A similar course of endosperm formation is
met with in various species of Lobelia (Hewitt, 1939; Maheshwari, 1944; Kausik and
Subramanyam, 1945b, 1946a; Subramanyam, 1949, 1951a).

The micropylar haustorium remains active for a long time (Fig. 57) and is made
up of two uninucleate cells with pointed tips. They have a vacuolate cytoplasm,
large nucleus and prominent lateral hump. This haustorium absorbs food from the
micropylar cells of the integument. The chalazal haustorium (Fig. 58) is made up
of two uninucleate cells which become extended and spread out towards the base.

Fies. 60-77. Stages in development of embryo. X291 each.

F1gs. 78-80, Basal parts’of three mature embryos at successive stages of development enlarged
to show completion of periblem and organisation of the root tip and root cap. X 485
each.

Lettering: ca—terminal cell of two celled embryo; cb—basal cell of two-celled embryo; m and
ci—cells derived from basal cell ¢b; d and f—daughter cells of m; l—lower daughter
cell of ca; I’—upper daughter cell of ca; ph and h—daughter cells of I; ha and
hb—daughter cells of h; hc and hd—daughter cells of hb; de—dermatogen;
pe—periblem ; and pl—plerome.
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It ceases its activities earlier than the micropylar haustorium. 'The endosperm
cells lying between the haustoria are densely packed with starch grains except in
the region immediately surrounding the developing embryo (Fig. 59).

EmBRrYO.

The division of the fertilised egg takes place only after the initial stages of
endosperm formation. It divides transversely forming a terminal cell ca and a
basal cell ¢b (Fig. 60). Of these, ca divides first by a transverse wall (Fig. 61) followed
by a similar division in ¢b (Fig. 62) resulting in the formation of a filamentous pro-
embryo of four cells, I, I, m and ci.

The cell I’ divides transversely producing p% and A (Figs. 63, 64) and A undergoes
a similar division to form ka and Ab (Figs. 65, 66). Synchronously the lowest cell
1 divides vertically (Fig. 64) and similar vertical divisions take place in ph (Fig. 65)
and ha (Fig. 66). Next 7 and pk undergo another vertical division at right angles
to the first thus producing two tiers of four cells each (Figs. 66, 67).

While these divisions are taking place in the lower tiers, m divides transversely
to form d and f (Figs. 64, 65). Meanwhile Ab undergoes a transverse division to
form ke and hd (Fig. 67). Cells kd, d, fand c¢i now constitute the filamentous suspensor
(Figs. 67-69). Of these, d divides vertically to form two juxtaposed cells (Figs.
66-71). The embryo proper is formed by the cells I, ph, ka and he.

Anticlinal walls are laid down first in tier p4 (Fig. 68) and then in tier I (Fig. 69);
this is followed by the laying down of periclinal walls in ! (Figs. 70-73) to cut off
the dermatogen. The inner cells of tier pk divide longitudinally separating the
future periblem from the plerome (Fig. 70). Both longitudinal and transverse
divisions occur in the further development of the plerome and periblem (Figs. 71~78).

While these changes are going on in the two lower tiers of cells, ha undergoes
further longitudinal divisions to form an arc-shaped group of four cells (Figs. 71~73).
Later the number increases to six (Figs. 74-78). The two innermost cells of this
group take part in the completion of the periblem (Figs. 77-80) and the remaining
cells contribute to the dermatogen and root cap.

The gell k¢ divides only in comparatively late stages. Two cells are formed
(Fig. 73) of which the lower divides transversely and the upper vertically and all
the derivatives take part in the formation of the root cap (Figs. 79, 80). A further
contribution is made to the root cap by the uppermost cells of the tier ha which
divide anticlinally as well as extra cells produced by the periclinal divisions of the
upper cells of the dermatogen belonging to tier ph (Figs. 79, 80).

In the maturing embryo (Fig. 77) the respective contributions of the primary
tiers may be summarised as follows: I gives rise to the cotyledons and the stem tip;
ph to the hypocotyl which has a central row of long and narrow plerome cells, a
middle zone of the more elongated periblem cells (the region shown dotted in
Figs. 77-80) and the outermost layer or dermatogen; ka contributes to the periblem
and a part of the root cap; and Ac to the remaining part of the root cap. An essen-
tially similar course of development is seen in other members of this family (Crété,
1938; Hewitt, 1939; Kausik, 1935, 1938; Kausik and Subramanyam, 1945a, b;
1947b; Subramanyam, 1949).

DEGENERATION.

Occasionally degenerations were noticed both in the anther and ovary.
Fig. 11 is a transverse section of a portion of the anther lobe where all the pollen
mother cells have degenerated. The vacuolate tapetal cells show granular contents
and have enlarged prominently. In the same flower, the ovules had developed in
the usual manner. In certain other flowers, however, pollen was formed normally,
but no ovules were seen in the ovary (Fig. 12).
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Seep Coar.

In the mature seed, only the epidermal cells and the endothelium persist
(Fig. 31). The middle layers of the integument are completely crushed. The
cells of the endothelium remain thin-walled and empty. The epidermal cells develop
characteristic thickenings. The lateral and inner walls of these cells are strongly
thickened due to deposition of lignin, so that the cavity of each cell is extremely
reduced. Kach cell is in communication with its neighbouring cells by means of
canals which are long, narrow and sometimes branched (Fig. 32).

DiscussionN,

The floral structure of Isotoma fluviatilis presents certain interesting features.
Around the base of the style there is a @rominent nectary whose epidermal cells are
modified into secretory hairs. The presence of stiff hairs at the apex of anthers,
the stylar brush, the formation of an anther tube by the almost syngenesious anthers
and the well-developed nectary at the base of the style are all special adaptations
for cross pollination.

Sparsely distributed unicellular hairs are present on the outer epidermis of the
ovary wall. The inner two or three layers of apical part of the ovary wall, next to
the inner epidermis, become prominently elongated and strongly lignified.

The haploid number of chromosomes is seven.

Certain variations seen during megaspore tetrad formation like belated division
in the upper dyad cell or its oblique division are also met with in other members
of this family (Subramanyam, 1949) and members of Campanulaceae (Kausik and
Subramanyam, 1947a; Subramanyam, 1948) and Stylidiaceae (Rosén, 1935;
Subramanyam, 1950, b, ¢; 1951b). The tendency for any one of the megaspores of
the tetrad to show signs of enlargement is also recorded for other members of this
family (Kausik, 1938; Kausik and Subramanyam, 1945b) and Campanulaceae
(Subramanyam, 1948).

The developruent of the male and female gametophytes is similar to that
reported in other members of the Lobeliaceae. Starch grains are present in the
mature pollen grain and embryo sac as in certain members of the closely allied
families Campanulaceae (Kausik and Subramanyam, 1947a; Subramanyam, 1948)
and Stylidiaceae (Burns, 1900; Subramanyam, 1951b). The filiform apparatus,
seen in the synergids, also occurs in Lobelia cardinalis (Cooper, 1942) and L.
pyramidalis (Subramanyam, 1949).

Development of endosperm follows the Scutellaria type (Schnarf, 1931) as in
Lobelia (Hewitt, 1939; Maheshwari, 1944 ; Kausik and Subramanyam, 1945b, 1946a ;
Subramanyam, 1949, 1951a) and certain members of Stylidiaceae (Rosén, 1935;
Subramanyam, 1950b, ¢; 1951b). Rosén (1949) reports the Codonopsis type in
Isotoma azillaris but this is only a farther elaboration of the Scutellaria type of
endosperm (see Subramanyam, 1950a). It is interesting to note that in Isotoma
longiflora (Kausik and Subramanyam, 1945a) two types of endosperm development,
viz., the Phyteuma type and Isotoma type, are met with in one and the same plant.
In the Campanulaceae the Codonopsis and Phyteuma types predominate (Rosén,
1932, 1949).

In the genus Isofoma the Scutellaria type occurs in I. fluviatilis, Codonopsis
type in I. axillaris (Rosén, 1949) and Phyteuma and Isotoma types in I. longifiora
(Kausik and Subramanyam, 1945a). Thus Isotoma shows similarities not only with
the genus Lobelia but also with members of the Campanulaceae,

The development of the embryo follows a fairly uniform plan in the Lobeliaceae
(Kausik, 1935, 1938 ; Crété, 1938; Hewitt, 1939; Kausik and Subramanyam, 1945a, b;
1947b; Subramanyam, 1949) as well as the Campanulaceae (Souéges, 1936, 1938;
Kausik and Subramanyam, 1947a; Subramanyam, 1948; Crété, 1948).
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It thus becomes evident that the families Campanulaceae, Lobeliaceae and
Stylidiaceae are closely related to one another not only in their floral characters but
also with respect to their embryology.
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‘SUMMARY.
L]

A nectary is present around the base of the style and the epidermal cells of the nectary are
modified into secretory hairs.

The wall of the anther consists of three layers external to the tapetum. The tapetal cells
are binucleate and are of the glandular type. The endothecium ig fibrillar, The haploid number
of chromosomes is 7. The mature pollen grain is three-celled and encloges starch grains.

The inferior ovary is bilocular with indefinite number of anatropous tenuinucellate ovules
borne on the axile placenta. Sparsely distributed unicellular hairs are present on the outer
epidermis of the ovary wall., The inner two or three layers of the apical part of the ovary wall,
next to the inner epidermis, become elongated and lignified.

There is usually a single archesporial cell and this directly functions as the megaspore mcther
cell. Sometimes two archesporial cells are present. Megasporogenesis proceeds normally and
the development of the embryo sac is of the Polygonum type. Starch grains are present in
the mature embryo sac. The synergids are beaked and sometimes exhibit a filiform apparatus.
The antipodals are organised as cells. Double fertilisation has been observed.

Endosperm development is cellular and follows the Scutellaria type. The micropylar
haustorium is made up of two uninucleate cells and is more aggressive than the chalazal
haustorium.,

Development of the embryo has been studied in detail.

The mature seed contains a mass of endosperm filled with starch grains. The epidermal
layer of the seed coat develops characteristic thickenings.
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