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LEONURUS SIBIRICUS LINN.
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(Recetved September 4, 1946 ; read August 4, 1947.)

Since the beginning of this century a considerable amount of work has been
done on various genera of Labiatae. The earlier literature on the morphology and
embryology have been reviewed by Schnarf (1931). During the last few years a
number of important papers have been published. Laws (1930) described the em-
bryology of Lavandula. Ruttle (1931, 1932) investigated the embryo-sac develop-
ment of five species of Mentha and the embryo-sac and seed development of Lycopus
europaeus. Junell (1934) has given an account of the structure and morphology
of the gynoecium in some genera of Verbenaceae and Labiatae. He also studied
the development of seed in some ‘ verbenoid Labiatae ’. Recently Bushnell (1936a)
has studied the development of ovule and macrogametophyte of Monarda fistulosa,
M. didyma, M. punctata and Nepeta cataria. She found all of them similar except
for minor differences. Carlson and Stuart (1936) have investigated the development
of spores and gametophytes of six New World species of Salvia. The most important
paper in recent years is that of Junell (1937) whose extensive study comprises nineteen
genera and twenty-four species belonging to the three sub-families Lavanduloideae,
Stachyoideae and Ocimoideae. Though he has attempted to generalise the stages
of endosperm formation, his account lacks in detailed description of all the individual
species.

In India, Narasimha Murthy (1940) has described the embryology of three
species of Ocimum. The same author has subsequently published two short notes
on the endosperm formation in Leucas aspera (1941) and in two species of Anisomeles
viz., 4. malabarica and A. indica (1942).

The present investigation was undertaken before the publication of Narasimha
Murthy’s note (1942) on Anisomeles and a detailed and critical study has revealed
fundamental differences with the latter. As regards Leonurus, Billings (1909) and
Junell (1937) have recorded a fow mature embryological stages in Leonurus cardiaca.

MATERIALS AND METHODS.

Flower buds of varying stages of development and developing seeds of Anisomeles
and Leonurus both of which were found growing in waste places and fields of
Ballygunge, Calcutta, were fixed in field between 10 a.m. to 3 p.-m. on bright days.
Allen’s modified Bouin’s and Nawaschin’s fluids were employed as fixatives. To
facilitate proper fixation an exhaust pump was used at the time of fixing. Nawas-
chin’s fluid gave better results for all stages of Anisomeles while post-fertilisation
stages in Leonurus came out better in Allen’s modified Bouin's fluid. Materials
were dehydrated, cleared and embedded in paraffin in the customary ways. In
case of ovaries containing post-fertilisation stages, clearing was done in ceder-wood
oil. Sections were cut 8u-30u thick depending on the stage required for study.
Heidenhain’s iron-alum haematoxylin and Newton’s Iodine Gentian Violet were
used as stains.
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OBSERVATIONS,

The Development of the Floral Parts :—The development of the floral parts has
been studied in detail in Anisomeles indica. As the stages of development in
Leonurus were found to conform to that of Anisomeles, the description of latter species
is alone given here.

The primordium of the flower is at first visible in the axil of a bracteole as a
domeshaped protuberance (Fig. 1). The sepals are the first members to appear as
prominences from the sides of the dome (Fig. 2). As the calyx grows, the central
mass of cells (the primordium) again becomes broad and completely covered up by
the sepals (Fig. 3). The staminal primordia then arise from the base of the sepals
which are pushed out (Fig. 4). Soon after this the primordia of the petals emerge
from the dorsal surface of the stamens (Fig. 5). The central primordium still remains
undifferentiated ; it becomes wavy in appearance when the petals have just over-
grown the anthers. From this central portion the carpellary primordia arise (Fig. 6).

It appears from above that the order of development of the floral parts is sepals,
stamens, petals and carpels. Thus there is alternately acropetal and basipetal
successions of the different cycles, and this is a deviation from the general order of
development of cyclic flowers in which the cycles appear mostly in acropetal suc-
cession. Such deviations are reported in other families like Rosaceae, Compositae,
Dipsacaceae, Valerianaceae, Rubiaceae and Cruciferae. The order of appearance
of cycles noted in Anisomeles has also been observed in various members of Scrophu-
lariaceae by Schertz (1919), Srinath (1940), Srinivasan (1940) and by Krishna Iyengar
(1937-40). Webb (1902) has observed in Astilbe that the order of succession of the
floral parts is sepals, inner stamens, carpels, outer stamens and petals. The ap-
pearance of petals on dorsal surface of stamens is also reported in Primulaceae by
Pfeffer (1872). That the petals and stamens have a common origin one appearing
a little later than the other is evident when a later stage is examined (Fig. 7).

The primordia of carpels come out at the base of the stamens, after the latter
have been overgrown by the petals. In longitudinal section they appear as two
protuberances leaving a depressed area at the centre (Fig. 6). The origin of the
carpels is thus lateral. Examination of later stages shows that these really form the
wall of the ovary. By further growth of the wall and a simultaneous broadening
of the central portion, the cavity of the ovary is formed. When the wall meets at
the tip the ovules are seen to arise on the broadened central portion at the base
of the ovarian wall (Fig. 8). A transverse section of the ovary shows that the ovules
arise on the placenta formed at the margin of the two united carpels (Fig. 12). The
placental cushion thus takes its origin as a united structure, the two ovules growing
on the two sides of it in diametrically opposite directions. The ovarian wall, in the
meantime, join at the centre producing the ovarian cavity. The united carpels
continue their growth upwards to form the style and stigma (Fig. 9).

Formation of the Gynobasic style and lobing of the Ovary :— After the style has
grown to a certain length and the ovules enlarged in size (before the inception of the
archesporial cell), the basal portion of the former begins to grow downwards in
between the ovules (Fig. 10). - This process continues pari passu with the growth of
the ovules, and ultimately at the four-nucleate stage of the gametophyte it reaches
the basal portion, dividing the ovary into four lobes from inside each lobe containing
one ovule (Fig. 11). Along with this process the external surface of the ovary
opposite to the placental tissue inside becomes involuted gradually towards the
centre of the ovary (Fig. 12) and thus completes the ovarian lobing into four bits.
At this stage the inner mass of tissue at the mid-rib of the carpels (the ‘sterile carpels’
of Saunders, 1939) also grows towards each other and form a secondary septum.
The style does not fuse at the base but an empty space is left there. It follows
from the foregoing facts that the placentation is not wholly axile in nature but it
is a combined form of axile and parietal placentation.
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The general idea of the axile nature of the placentation {cf. Rendle (1935)) in
this family is thus not supported by the evidence obtained by a study of the

organogeny in the two species.
7
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Fies. 1-14. Anisomeles indica. Figs. 1-7.-—Stages in the development of floral organs. X 38.
CO-potals; AN—stamens ; X—point of common origin of petals and stamen. Figs. 8-11.—
Steges in the ontogeny of the gynoecium, growth and curvature of the oyules and the
formation of the gynobasic style (st). x38. Fig.12.—Transverse section of young
ovary. x38. Figs. 13-14.—Development of the obturator (obt) and integuments.
Fig. 13.—x 115. Fig.14.—x 38. Figs.15-18. Leonurus sibiricus. Stagesshowing the
curvaturo of the ovule, development of integuments and obturator (obt). x38. BSee
text for details.

The fleshy annular disc which is seen in the mature stages of the flower com-
mences to grow out round the base of the ovary at the time when the style begins
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to push in between the ovules as described above. In Anisomeles (Fig. 11), this is
rounded in outline and of greater thickness, whereas in Leonurus, it is thinner and
forms a cup-shaped structure at the base.

Development of the Ovule and the Integuments :—The ovule begins to curve away
from its orthotropous condition by unilateral growth before the inception of the
archesporial cell. When the curvature is less than ninety degrees, the archesporial
cell is differentiated in the hypodermal layer even before the appearance of the
integumental primordium. In the Labiatae, such an early inception of the arches-
porium has been observed and figured by Bushnell (1936a), Junell (1937) and Nara-
simha Murthy (1940). It is characteristic of many Scrophulariaceae, Solanaceae,
ete. but is also reported in distant families like Juglandaceae (Langdon, 1935) and
in Blyxa, a monocotyledon (Rangaswamy, 1941).

The integument appears when the megaspore mother cell becomes differentiated,
and the primordium is first noted on the side close to the funicle (Figs. 19-20). In
Amnisomeles the ovule attains the anatropous condition when the integument appears
on both sides of the nucellus (Fig. 13). The latter becomes massive at the mature
stage of the embryo-sac, and at the micropylar portion, it is 12-14 layers on the
side away from the axis and 7-8 layers on the other side. It is, however, thinner
at, the lower region bordering the embryo-sac. When the integument lies just below
the nucellar tip, the obturator appears at the funicular region overlying the nucellus
and the inner part of the integument (Fig. 13). It extends above the nucellar
portion before the micropyle is formed by the integuments. At the mature stage
it takes a massive form fitting over the micropyle like a lid (Fig. 14).

In Leonurus the attainment of the anatropous condition is delayed by the fact
that the obturator takes its origin earlier than it does in Anisomeles, i.e., when the
integuments are halfway around the nucellus (Fig. 16). It grows vigorously and
assumes a massive appearance and the curvature of the ovule is somewhat arrested .
at this period. When the growth of the ovule is followed up to the attainment of
its final form, it is noted that in Leonurus it curves along the funicle as well as along
its lower portion and the curvature is continued up to the tetrad stage of the mega-
spores resulting in a transverse orientation of the latter. Consequently, this brings
about a somewhat campylotropous condition which is more apparent in the mature
stage of the gametophyte (Figs. 17-18). Though Junell (1937) has figured such
forms in Physostegia, Sideritis and Notochaete and referred to the micropyles as beak-
like, hie has not made any statement regarding the ovular orientation in these cases.
In Anisomeles, however, the ovule curves only along the funicle retaining the anatro-
pous condition (Fig. 14).

Formation of the Megaspores—In a number of cases a multiple archesporium
has been observed in Leonurus. In one instance, as many as six archesporial cells
have been observed, and among these the upper two are slightly larger (Fig. 19).
The existence of two megaspore mother cells has also been detected, either super-
impesed or lying side by side, in Leonurus (Figs. 21-22). The megaspore mother
cell enters into the meiotic prophase long before the integument is fully grown, and
soon attains its maximum size and form. The fully developed megaspore mother
cell is much longer in Anisomeles in which it shows a long process lodged into the
nucellar tissue below (Fig. 38). Both the divisions of the megaspore mother cell
are unequal so that the lower dyad cell and the lowermost megaspore are longer
(Figs. 23, 24, 38, 39). Junell (1937) has recorded such a long megaspore in Molu-
cella, but in Lavandula the megaspores are of equal size (Laws (1930), Junell (1937)).
The rate of division generally slows down in the upper dyad in 4nisomeles (Fig. 39)
as figured by Sharp (1911) in Physostegia.

An abnormal case of a dyad and a tetrad, one partly overlying the other, has
been observed in Anisomeles (Fig. 41). The tetrad is fully formed while the dyad
is just organised. This appears to have developed from the differential growth of
two megaspore mother cells lying side by side. In two other instances in Leonurus,
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a triad and a tetrad one overlying the other has also been noted (Fig. 24A). A still
more peculiar and complex organisation has been noted in Leonurus, in which there
are ten megaspores arranged in an irregular fashion (Fig. 25). Of these, one of the
lowermost megaspores has developed into a four-nucleate embryo-sac without much
enlargement of the latter, three are much larger than those in a normal tetrad while
three are small and in different stages of degeneration and the remaining three are of
intermediate sizes but not very healthy. Thus from amongst the whole set one can
trace the concurrent development and degeneration of a number of gametophytes
and megaspores respectively.

Normally, the lowermost cell of the linear tetrad which is already enlarged
functions as the embryo-sac mother cell. It may be suggested that the precocious
enlargement of the lower dyad cell as also of the chalazal megaspore indicates the
potential fertility of the basal portion of the megaspore mother cell at earlier stages.

The disintegration of the upper three megaspores of the linear tetrad takes
place from below upwards in both the species studied. Fig. 40 shows the irregular
outline of the degenerating megaspore nucleus in Anisomeles as the first indication
of the process and this is also evident in Leonurus. The degeneration of the non-
functional megaspores is not completed until after the late two-nucleate stage and
is completed in Leonwrus at the initiation of the four-nucleate stage (Figs. 26, 27).

Nucellus :—The primary differentiation of the nucellus takes place when the
integuments are initiated and the megaspore mother cell enters into the meiotic
prophase (Fig. 20). Tt appears as a single layer above, and two layers on the sides
of the megaspore mother cell. When the latter increases in size, the epidermal
layer of the nucellus keeps pace with it by intercalary growth with the result that
the lateral cells of the nucellus (below the epidermal layer) are confined to the basal
regions of the dyad megaspore mother cell (Fig. 37). Ultimately these cells become
loosely arranged and degenerate with the organisation of the tetrad. The epidermal
layer also begins to disintegrate with the degeneration of thé upper three megaspores.
In Leonurus, degeneration of this layer is completed before the upper three megaspores
degenerate, while in Anisomeles, the reverse is the case. Such a simple and reduced
type of nucellus which has been termed ‘nucelle’ by Balicka Iwanowska (1899) seems
to be characteristic of the sympetalous families. Junell (1937) has found it in the
various species of Labiatae. .

In connection with the nucellus the most interesting feature observed is the
presence in Anisomeles of two or three nuclei in the lateral and lower.ce]l_s of th_e
nucellus (Figs. 37, 38). Among these one of the cells in the basal region 1s parti-
cularly larger, and all these cells characteristically persist through the developmental
stages. In two instances in Leonurus (Fig. 20), a basal nucellar cell has been found
to be binucleate. The nuclei of these cells disintegrate in the mature stages of the
embryo-sac. It is interesting to note that such binucleate nucellar cells were also
found to oceur at the tip of the abnormal dyad and tetrad stage of Anisomeles.
The occurrence of such multinucleate nucellar cells has not been recorded by previous
workers in this family. .

Another structural peculiarity is the periclinal division of the two epidermal
nucellar cells at the tip. In dnisomeles (Fig. 38) it is noticed after the dyad stage,
whereas in Leonurus (Fig. 22), it is seen to take place earlier. This feature has also
not been recorded in this family. .

The Development of the Embryo-sac :—The nucleus of the enlarging megaspore
divides at the centre. In Leonurus the two nuclei migrate to the extreme polt.as
but in Anisomeles the nucleus proceeding towards the chalazal end stops at a certain
distance before the pole and divides there (Fig. 42) so that in the resulting four-
nucleate gametophyte, the big vacuoles lie in between the two pairs of nuclei in the
former (Fig. 27) and below the two pairs in the latter (Fig. 43).

Rapid enlargement of the embryo-sac takes place at the four-nucleate stage
(Figs. 27, 28, 43); this feature has previously been noted by Schnarf (1917), Rattle



F1as,19-36. Leonurus sibiricus. Fig. 19.—Multiple archesporium. x400. Fig. 20.—Initiation

of integuments. (This figure is a magnified drawing of the ovule in Fig. 15.) x 250.
Fig. 21.22,—Double megaspore mother cells. x400. Fig. 23.—First division of the
megaspore mother cell. X 250. Fig. 24.—Linear tetrad of megaspores enclosed by the
integumentary tapetal jacket. x250. Fig.24A.—Triad overlying tetrad of megaspores.
X 250. Fig. 25.—Complex arrangement of a number of megaspores in two layers.
X 250. Figs. 26-27.—Two-nucleate and early four-nucleate gametophyte and degenera-
tion of megaspores. X 250. Fig. 28.—Late four-nucleate embryo-sac. Xx1556. Figs.
29-31.—Double embryo-sacs. Fig. 29.— x 250, Figs. 30-31.—x 1565. Fig. 32.—Multiple
embryo-sacs—three in upper and two in lower part. x185. Fig. 33.—Chalazal portion
of nearly mature embryo-sac. X 400. Fig.34.—Mature embryo-sac. Pr.end.l.=primitive

endosperm lobe. x115. Fig. 35.—Egg-apparatus. X400. Fig. 36.—Fertilisation,
X 400. See text for details.
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(1931, 1932) and Junell (1937) in their investigations on the various species of this
family. The enlarging embryo-sac pushes through the just degenerated macrospore-
and nucellar-cap and grows along the micropyle with a simultaneous dissolution of
the integumental issue. This leads to the formation of an upper broadened part of
the embryo-sac in contrast to the lower narrower part which is more or less cylindrical
and invested by a tapetal jacket of the integument (vide infra). The enlargement
is more pronounced in Leonurus where the micropylar portion is not only much
longer than the chalazal portion but also much greater in breadth thus offering a
sharp contrast which is lacking in Anisomeles. The latter species also differs from
Leonurus in having a greater development of the embryo-sac before the micropylar
extension which in its turn does not dominate in size and shape over the lower
portion.

Since the growth of the embryo-sac proceeds along the micropylar canal, the
resulting shape of the embryo-sac is also accordingly influenced. Tt is more or less
straight in Anisomeles and L-shaped in Leonurus. This dependency of the shape of
the embryo-sac on the earlier orientation of the ovular parts has already been pointed
out in connection with the development of the megasporangium.

The four-nucleate gametophyte passes to the eight-nucleate stage. During the
formation of mature gametophyte from this eight-nucleate stage, which has been
studied in detail in Anisomeles, one nucleus from each pole migrates towards the
centre and the two nuclei lie side by side just above the narrow chalazal part.
Simultaneously, the egg apparatus and the antipodal cells begin to organise at the
two poles. At the micropylar end, two nuclei become differentiated as the synergids,
which in this primary stage appear somewhat triangular in form as figured by Bushnell
(1936a). The other nucleus organises the egg cell which is attached to the micropylar
end of the embryo-sac. The egg is at this time much larger than the developing
synergids and a small vacuole is already developed at the upper end. At the anti-
podal end, one of the nuclei becomes invested by a cytoplasmic membrane to form
a small triangular cell, while the other two are enclosed within a common mem.-
brane below the triangilar cell and become longer and bigger in size as well (Fig. 44).
Later, the binucleate cell divides longitudinally into two long antipodal cells with
two divergent winglike processes in between which the third smaller antipodal cell
occurs. At this stage the antipodals are quite rich in cytoplasm and have prominent
nuclei indicating a physiological activity (Fig. 45). It is to be noted here that the
antipodals may be organised before the differentiation of the egg apparatus.

The egg apparatus in the later stages in Anisomeles becomes further differen-
tiated. The synergids become very long each having one large vacuole at the basal
portion which is perfectly round in outline. In the upper portion prominent hooks
develop and the nucleus lies just above the vacuole. The tips of the symergids
become extended into the micropyle as long pointed structures. The egg cell hangs

" below the synergids and possesses the usual structure. The cytoplasm seems to
have reserve food matters (Fig. 46).

In Leonurus, as in Anisomeles, the two polar nuclei migrate at that region of
separation of the upper and lower part of the embryo-sac, i.e., just at the mouth of
the narrow chalazal portion. It is interesting to note that the upper polar nucleus
is more than twice as large as the lower one; this smaller size of the chalazal polar
nucleus is significant in that the antipodals degenerate early (Fig. 33).

The shape of the antipodal cells has been found to be identical with that observed
in Anisomeles, there being two long lower cells with a smaller one fitting into the
upper portion of the long cells (Fig. 33). In the egg apparatus, each of the synergids
has a characteristic hook and a large spherical basal portion with a vacuole, and the
nucleus lies above it. The egg has a distinct stalk and the bulging lower portion
containing the nucleus hangs below the synergids (Fig. 35). R

In both the cases the antipodal cells degenerate very early and it is difficult to
trace them in a mature embryo-sac (Figs. 34, 46). The two polar nuclei remain side
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by side for a long time before fertilisation. In Leonurus, they fuse before fertilisa-
tion, but in Anisomeles, they have been found to fuse at the time of double fertilisa-
tion as will be described later on.

Double and Multiple Embryo-sacs :—Several interesting cases of double and
multiple embryo-sacs have been observed in Leonurus. In one case (Fig. 29) two
embryo-sacs, each with a four-nucleate gametophyte, have been found in which both
the embryo-sacs are almost of equal size; one of them has just started to grow above
the other. In two other instances (Fig. 30), one of these four-nucleate embryo-
sacs has grown considerably above the other which lags behind being pressed at the
side by the former. This stage must have been derived from a condition similar to
the double embryo-sac just described. In another case the smaller embryo-sac
lies at the micropylar part at the side of the larger sac and contains five nuclei—
one pair at each of the two poles and one at the centre. The lower portion of this
smaller embryo-sac is, however, deflected on the larger one (Fig. 31).

A multiple embryo-sac is illustrated in Fig. 32. There are three embryo-sacs
in the upper broadened part and two in the lower. Of the three in the upper, one is
an eight-nucleate gametophyte with four nuclei at the two poles, and the other two
are four-nuclgate, each having two nuclei at the two ends; of the two nuclei at the
lower end in each of the said four-nucleate embryo-sacs, one has developed a cyto-
plasmic membrane forming an antipodal-like cell and the other remains free. The
two embryo-sacs in the chalazal portion are typically four-nucleate.

Integumentary tapetum ;— The most specialised part of the integument is the
formation of a jacket of cells around the lower portion of the embryo-sac. The
earliest indication of these tapetal cells, is the differentiation (of 1-2 layers in
Anisomeles and 2-3 layers in Leonurus) of the innermost cells of the integument,
when the megaspore mother cell is in the meiotic prophase. These cells become richer
in plasma which take up more stain than the surrounding cells. In Anisomeles,
the cells of this innermost layer become long and narrow at the dyad stage of the
megaspore mother cell due to periclinal division and radial elongation of these cells
(Fig. 37). The final form of the tapetum is attained at the four-nucleate stage
when the cells of the innermost layer become longer, the nuclei having a flattened
and lobed appearance; the cells of the next one or two layers do not differ in shape
from the other cells of integument, but they remain deeply stained and also seem to
function like the innermost layer. At this stage the nucellus is destroyed and the
integument lies in direct contact with the wall of the embryo-sac.

In Leonurus, the cells of both the layers become flattened at the tetrad stage
and-divide anticlinally to form three to four layers which extend beyond the nucellar
tip (Fig. 24). In the mature four-nucleate stage of the embryo-sac the tapetal
layers become fully differentiated investing the originally jacketted narrow chalazal
portion (Fig. 28).

In both the cases a large mass of the integument tissue is disorganised due to
the growth of the embryo-sac as mentioned earlier. Naturally, the upper part of
the integument does not get the opportunity to organise a tapetal covering, though
it has got the potentiality, as indicated by the tapetal nature of the inner cells of the
integument above the nucellar tip before the extension of the micropylar part of the
embryo-sac. It will be pointed out later that this part of the integument becomes
the host, not only of the embryo-sac, but also of the micropylar haustorium which
is organised by the endosperm.

Fertilisation :—The stages of fertilisation have been observed in both the species
examined. Since pollen tubes have been seen to travel along the obturator the
function of the latter seems to direct the pollen tube towards the micropyle as
suggested by Narasimha Murthy (1940) who also detected it in species of Ocimum.

In both the species the pollen tube has been found to pass through one of the
synergids and discharge its contents into it. Consequently, the synergids in
question become dense black in colour as evident from their hooked structure,
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shown in the figures 47, 48 and 36. TFig. 47 also illustrates (in Anisomeles) the two
male nuclei which are somewhat elongated and the tube nucleus at the base of the
affected synergid. At the same time the polar nuclei are seen to be adpressed
to each other as a preliminary to fusion. It has been observed in Anisomeles that
before polar fusion both the nuclei migrate a little below the mouth of the chalazal
portion of the embryo-sac, and it is in a deeper region of the latter that triple fusion

Fras. 37—48. Anisomeles indica. Fig. 37.—Dyad megaspore mother cell. X 250. Fig. 38.—
Same undergoing division. x250. Fig. 39.—Almost completed tetrad of megaspores,
x 250. Fig. 40.—Same showing mode of degeneration from below. X 250. Fig. 41—
Linear tetrad overlying dyad megaspore mother-cell. x400. Fig. 42. Two-nucleate
gametophyte undergoing division. x400. Fig. 43.—Late f(_)ur-m)mleate embryo-sac.
% 250,  Figs. 44-45.—Formation of antipodal cells. x 400, Fig. 46.—Mature embryo-
sac. x155. Figs. 47-48—Stages of fertilisation and triple fusion latter preceding
syngamy. x400. See text for details.

oceurs, the polar nuclei fusing along with the second male nucleus (Fig. 48). Tt
has also been found in this species that double fertilisation precedes syngamy as
illustrated in the above figure. It will be seen that the first male nucleus has not
yet reached the egg, though the second one is in a state of fusion. This alsg suggests
the possibility that the male nucleus which is seen at the lowermost portion of the
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black synergid (Fig. 47) travels down quickly and unites with the fusing polar
nuclei before the other male nucleus could reach the egg. Such a state of occurrence
was claimed by Guignard (1901) in'Zea and Thomas (1900) in Caltha. Fig. 36 shows
in Leonurus that the vermiform male nucleus is adpressed to the egg. The tube
nucleus is seen at the cut end of a synergid which has been affected by the pollen
tube.

Development of the Endosperm and Endosperm-Haustoria :—The endosperm
formation is of the cellular type in both the species studied and the first division
results in a partition of the embryo-sac into two chambers. The directions of the
wall formation in the few primary divisions are characteristic and of systematic
value. The later developmental stages of endosperm have been found to be charac-
teristic of the two species. Since these primary and later stages of development
vary in the two species, the accounts are given separately. A comparative study
is deferred for the present.

Anisomeles indica:—The first division of the secondary endosperm nucleus is
accompanied by a transverse wall by which the embryo-sac is divided into two
compartments—a smaller chalazal chamber, and a large micropylar chamber which
includes the upper half of the narrow chalazal portion and the whole of the wifle
micropylar portion (Fig. 49). According to the nature of the second division the
development may be classified into two types viz., Type I. Both the cells divide
by a longitudinal wall (Fig. 51). This appears to be the dominating type. Type I1.
Only the upper cell divides by a longitudinal wall, the lower becoming a binucleate
structure without any wall formation (Fig. 50 shows the binucleate lower cell, the
upper being still undivided). The wall separating the two upper cells is in either
type extended upwards and completely separates them. The uninucleate two-celled
or binucleate unicellular structure resulting from a division in the lower cell does not
undergo any further division but directly becomes metamorphosed into a haustorium
which is recognisable by the gradual intensity of stain taken up during the succeeding
stages, as also by the slight increase in length.

In the two upper cells which result from the second division, the nuclei again
divide, the cell walls being laid down transversely. Three rows of cells are thus
formed, each row being composed of two longitudinal cells. The upper cells consist
of the whole micropylar part plus a portion of the chalazal part of the embryo-sac
(Fig. 52).

In these three tiers of cells the nuclei in the upper two tiers divide almost simul-
taneously with their spindles oriented more or less longitudinally the walls being
laid down transversely. The spindles in the upper tier are oriented at the mouth
of the chalazal portion so that the walls are laid down here, the result being the
complete separation of the upper and lower portions of the embryo-sac by cell-
partitions (Figs. 53, 54). This separation has got a physiological significance because,
generally, as a result of a transverse division of the two cells contained in the micro-
pylar part, a four-celled micropylar haustorium is formed (Fig. 55). Thus the whole
micropylar portion is devoted to the formation of a cellular haustorium.

The majority of the endosperm tissue is derived from the middle tier of the three
rows of cells represented in Fig. 52. It should be noted in this connection that due
to the nature of division of the uppermost tier described before, a part of the endo.
sperm is contributed by the latter. This point bears some significance which will
be discussed elsewhere (vide p. 208).

Deviations from the usual developmental stages as described above have been
detected in a fairly large number of preparations. Fig. 65 illustrates a fairly advanced
stage of the seed in which there are two long haustorial cells at the micropylar portion.
This appears to have resulted by direct transformation of the two upper cells in
Fig. 54 into the haustorial structure.

Again it has been found that of the four cells, which generally result in a four-
celled haustorium, three are in a dividing state (Fig. 56). An eight-celled haustorium



Fras. 49-67. Anisomeles indica. Figs. 49-56.—Showing stages in the formation of endosperm

and haustoria. Only outlines of cells and nuclei represented; vacuoles shown with
dotted lines. Fig. 52.—Three tiered stage. Fig. 53.—Upper tier in & state of division at
the constricted region producing haustorial cells (HC) and endosperm cells (END) in
Fig. 54, Z—Qospore. Figs. 49-50.— x 155. Figs., 51-56.—x115. Fig. 57.—Abnormal
3-nucleate 2-celled chalazal haustorium. x260. Figs. 58-61. Various types of
micropylar haustoria (8.celled in Fig. 61). X 155. Only outlines of cells and nuclei
represented in Figs. 57-61. Figs. 62-64.—Developmental stages of seed to show the
gradual unilateral extension of endosperm tissue (represented by dotted lines) and the
responsive growth of the integuments, M & CH representing micropylar and chalazal
haustorial regions respectively. x25. Fig. 65.—Advanced stage of seed. Fig. 66.—
Mature 4-celled micropylar haustorium; the lowermost are endosperm cells. Topmost
is cut end of synergid. x156. Fig. 67.—Mature chalazal haustorium. X260, See
toxt for details,
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represented in Fig. 61 seems to have been derived from such a configuration provided
all the four completed divisions. Even in a four-celled haustorium, there may be
considerable variations in structure. Fig. 60 shows four cells arra,nged peculiarly
in three layers. In the uppermost layer there is one cell with a cup-like upper
portion and a narrow base; in the next layer there are two long cells lying side by
side the right one having a long beak-like process below; a pear-shaped cell lies in
the lowermost layer. Fig. 66 illustrates a four-celled haustorium, in which the
upper two cells have grown vigorously with much larger nuclei and apparently
they are the most active, the other two cells having been suppressed, as it were, by
the two larger ones. An intermediate stage between a normal haustorium in which
all the cells are equally active, and the stage described above may be seen in Fig. 59,
where the cells are relatively unequal in size. In Fig. 58 one finds a binucleate
upper haustorial cell which must have resulted from free nuclear division of one cell.

In one instance, a ten-celled haustorium has been detected in which there are
intergrading forms of cells in size and contents. It is, however, difficult to demarcate
in this case as well as in many others the ‘haustorial’ and the endosperm cells proper,
because the haustorial cells also gradually merge into the endosperm cells in size
and staining capacity. A consideration of this feature is postponed for a later
discussion (vide para. 5, p. 206).

The active mlcropylar haustorial cells in general have got hypertrophied nuclei
with conspicuous nucleoli, and the cytoplasm is also very highly staining. In these
nuclei, dark staining bodies are present (Fig. 66).

The chalazal haustorium funections in the early stages of endosperm formation
and it attains its maximum development when the enddésperm is only a few cell layers
at its maximum thickness. It is broader in the upper portion and gradually tapers
downwards. It elongates to a certain extent towards the vascular trace and sends
in sucker-like haustorial branches into the cells below which appear empty in contrast
to the surrounding rich cells of the vascular trace (Fig. 67).

As deviations from the normal two-celled, or the less occurring binucleate
chalazal haustorium, a three-nucleate two-celled chalazal haustorium (one of the
cells being binucleate) and an absolutely uninucleate chalazal haustorium were
noticed as rare cases (Figs. 54, 57).

The chalazal haustorium begins to degenerate when the micropylar haustorium
has just started its activity. Gradually the whole haustorium disintegrates leaving
a large cavity bordered by the endosperm cells, At this time the latter become
very rich in plasma and have larger nuclei. They assume the role of an absorptive
organ deriving the food materials absorbed already by the chalazal haustorial cells.

As has been mentioned before, the real endosperm tissue develops from the
middle tier and partly from the upper tier of the three-tiered stage. The bulk of
the endosperm is, however, produced from the middle tier by repeated divisions
which are longitudinal in earlier stages, but transverse in the advanced stages. The
growing tissue thus becomes massive, and it increases in surface chiefly at the lower
region, so that in a fairly advanced stage the endosperm becomes somewhat pear-
shaped in appearance. With the growth of the endosperm, the innermost tapetal
layers which were most prominent in the form of a nutritive jacket of the developing
gametophyte, persist for some time though they do not appear to be conspicuous.
The cells gradually become more and more isodiametric due to the stretching of the
growing endosperm and they are not differentially stained as seen in the earlier
stages. When the globular form of the embryo is reached, the tapetal layers begin
to be crushed by the endosperm tissue. Along with this the destruction of the in-
tegumentary tissue also begins. The nuclei in these cells degenerate, the cells become
loose, and the walls also disorganise gradually. When the cotyledonary lobes of
the embryo are just differentiated, the integument becomes. greatly disorganised,
large cavities appear in the tissue, and only disintegrating loose cell walls are
present.
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With the growth of the endosperm tissue as well as that of the micropylar
haustorium, a constriction is produced at the junction of the latter and the endosperm.
This is evidently due to the longitudinal stretching growth of the endosperm and the
haustorium pari passu with the growth of the ovule as a whole.

It is interesting to note that when the micropylar haustorium has reached the
maximum development, the endosperm cells bordering the latter at the constricted
region become very large with rich contents and larger nuclei. They evidently
resemble the micropylar haustorial cells of the earlier stages. 1t also appears that
these have an absorbing and conducting function resembling those that have been
observed at tho chalazal end bordering the disintegrated haustorium.

The growth of the endosperm tissue is not uniform. It extends unilaterally
on one side of the chalazal end of the ovule (Fig. 62). As a response to this the
ovule also begins to grow on that side as a knob-like protuberance (Fig. 63). Con-
sequently, the rounded shape of the ovule becomes angular giving a different appear-
ance altogether. The growth of the ovule at the chalazal end is thus limited and
it is pushed at one side at a later stage when the endosperm has extended considerably
(Fig. 64).

It will be noted from what has been said above that the form of the mature
seed is not a consequence of an uniform enlargement of the ovule but it is the result
of an unilateral growth initiated at the response of the growing endosperm in a
particular direction. This feature is of importance in comparing the developmental
stages of the seed in this species with those met in other members of this family,
so far studied.

Leonurus sibiricus :—Considerable difficulty was experienced to follow the deve-
lopmental stages due to the peculiar orientation of the chalazal portion of the
embryo-sac (wherein the endosperm tissue develops). The deeply staining nature
of the cells in the primary stages and the further curving of the chalazal region
which gradually approximates the micropylar cavity in later stages makes the study
difficult. In fact Junell (1937) has admitted in studyving Sideritis and Physostegia,
the genera resembling Leonurus in structural complexities that he could not study
the developmental stages due to some of these impediments and he has described
only a few mature stages of endosperm of Leonurus cardiaca without any illustration.
He does not throw any light on the early developmental stages of endosperm in
Sideritis, Physostegia and Notochaele which can provide any basis for comparison
with Leonurus. In the present investigation, however, all the details have been
worked out which present on critical examination an immense amount of variation
in structural and developmental sequences.

Considering as a whole the development corresponds to two major types and the
first type can again be conveniently divided into two sub-types. Besides, other
variations have also been described below, indicating the probable stages in the
major types and sub-types from which they might have been derived.

In all the types the first division of secondary endosperm nucleus is always
followed by a transverse wall dividing the embryo-sac into a smaller chamber towards
the chalazal end and a larger chamber consisting of the rest of the upper chalazal
portion as well as the micropylar sub-division of the embryo-sac (Fig. 68)._ _'_I"he
main criterion for distinguishing the two types is the nature of the second division
in the upper chamber as to whether it is followed by longitudinal or transverse walls.
The descriptions of the different types and sub-types are, however, extended up to
the stages in which the micropylar haustorial apparatus is initiated.

Type I.—The upper chamber divides by a longitudinal wall at right angles to
the transverse wall aiready laid down at the first division. This longitudinal wall
does not divide the upper chamber completely as in Anisomeles but it extends only
to the mouth of the chalazal portion (Figs. 69, 73). The criterion for separating
the first two sub-types under the relevant type (Type I) is the orientation of this
longitudinal wall, i.e., whether the plane of the latter is at right angles to the plane
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Fics. 68-84. Leonurus sibiricus. Various stages in the development of endosperm and haus-
toria. Only chalazal portion of the embryo-sac is shown in all figures (excepting Fig. 69
and Fig. 74), since the endosperm develops in this region. Only outlines of cells and
nuclei represented. Figs. 69-72.—Stages of the sub-type A of type I. Figs. 73-75, 77.—
Stages of the sub-type B of type I. Figs. 76, 78.79.—Stages of type II. Figs. 80-84.—
Abnormal configurations of the endosperm representing mixed types of development.
All figures excepting Figs. 69 and 74 are shown at a magnification of x 250; Figs. 69
and 74. x180. See text for details.
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of the section or not. There can be no ambiguity in utilising this criterion because
it is in a single plane of the ovule that we can see the structures of the developing
endosperm in its proper perspective.

Sub-type A.—In this sub-type, the plane of the longitudinal wall is at right
angles to the plane of the section and therefore this wall is visible (Fig. 69). The
nucleus of the lower chamber divides once without the formation of a cell wall.
As will be pointed out later, the two resulting nuclei do not divide any more but the
whole chamber is directly transformed into a binucleate chalazal haustorium which
gradually grows in size.

The longitudinal cells produced at the second division in the upper chamber
divide again, almost simultaneously, followed by transverse partitions (Fig. 70).
Thus three tiers of cells are produced in which the two upper tiers consist of two
cells each and a lowermost tier composed of a binucleate cell. The cells of the
middle tier divide longitudinally (Fig. 71), but those of the uppermost result in the
formation of four nuclei the two upper nuclei being separated by transverse walls
laid down at the mouth of the chalazal opening (Fig. 72) (c¢f. Fig. 54 in Aniso-
meles). These two upper nuclei are the primary haustorial nuclei which are thrown
into the micropylar cavity to form a multinucleate haustorium by rapid divisions.

Sub-type B.—The longitudinal wall of the second division is oriented in the
plane of the section so that one can see two nuclei in different foci representing the
two cells (Fig. 73). The chalazal haustorium is organised from the lower chamber
as in the first sub-type. The cells of the upper chamber divide transversely giving
rise to four cells and the whole thing results in a three tiered endosperm corresponding
to Fig. 70, in the sub-type ‘A’ (Fig. 74). All the four nuclei divide simultaneously
(Fig. 75), but the result is somewhat different from the first sub-type. Here the
two cells of the middle tier divide transversely instead of longitudinally as in sub-
type ‘A’. TFig. 77 shows a little later stage where the lower cell resulting from the
transverse division of one of the cells in the middle tier has again divided longi-
tudinally. The two cells of the upper tier also divide transversely followed by
walls so that two free nuclei are separated out in the micropylar portion of the
embryo-sac.

It is now clear that in both the sub-types, the cells of the upper tier of the
three tiered stage of the endosperm do not become directly converted into the
micropylar haustorium but they divide again, and a part of the endosperm which
lies at the constricted portion of the embryo-sac is derived from this tier, the other
part being converted into a free nucleate haustorium.

Type I1I.—In the type under consideration, after the first transverse division
the spindle in the upper chamber is oriented longitudinally so that it necessarily
results in a transverse division (Fig. 76). A three-tiered stage homologous to that
of the first type is formed the difference being that in this type the two upper tiers
are composed of one cell each. The lowermost cell is, however, binucleate as in the
previous type. Fig. 78 shows a little advanced stage than this, in which the middle
cell (tier) has divided longitudinally. In Fig. 79 again, one observes that the middle
cell has divided by & dome shaped oblique wall, whereas the nucleus of the uppermost
cell is in a state of division in the longitudinal direction (i.e. it will result in a trans-
verse division). Though this type could not be followed to the end the few stages
clearly establish a different type of endosperm development. It is probable that
the nucleus which is in a state of division (Fig. 79) sets free a nucleus in the micropylar
cavity to develop into the haustorium. This is also supported by some of the
peculiar configurations described below (Figs. 82-84). o )

In one instance, of the two longitudinal cells of the middle tier in the three-tiered
stage of the first sub-type ‘A’ one cell has divided longitudinally and the other
transversely (Fig. 80). This may be regarded as an intermediate form between the
first two sub-types, since here we find both longitudinal and transverse divisions of
the middle tier. Fig. 81 shows another case which is essentially a derivative of the
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second sub-type and which possesses the characteristics of the variations of the first
sub-type just described above. Here in the middle tier (cf. fig. 74) one of the longi-
tudinal superimposing cells has divided longitudinally while the other has divided
transversely. The divisions of the uppermost tier have taken place as usual (cf.
Fig. 77) the only difference being that the lower two cells are seen to be separated
by an oblique wall. In the lowermost tier, however, one finds a two-celled chalazal
haustorium and this feature is to be noted as an exception. A similar two-celled
chalazal haustorium has been noted in another instance.

Two more abnormal cases have been observed, the essential feature of which
is that the sequence of divisions follows the first type in the primary stages, but
later shows the second type of development. Fig. 82 shows that the two cells of
the middle tier are separated by an oblique longitudinal wall which is transverse
in effect ; that is, one of the cells is blocked by the other; this is probably an aberrant
form of the stage represented in Fig. 69 where the spindle was a little oblique. In
the uppermost chamber one finds three superimposed cells which have almost
completed divisions. These three cells must have been produced by the cell derived
from the transverse division of the upper cell of the middle tier.

Figs. 83 and 84 illustrate cases which can be explained as follows. After the
second division as in Fig. 69 the cell away from the ‘primitive endosperm lobe’ has
divided longitudinally ‘Z’ while the cell on the side of the latter has divided obliquely
to produce two cells ‘X’ and ‘Y’ of which ‘Y’ produced a series of transversely
oriented cells ultimately setting free a nucleus at the micropylar cavity, which by
free nuclear division has organised the two primary haustorial nuclei. In Fig. 84
the cell ‘X’ has been shown to divide longitudinally after the oblique transverse
division.

Examination of later stages of the endosperm development shows that sub-
type ‘A’ of the first type is the predominant type though the other types also occur
in sufficiently large number of cases to warrant their generalisation. The ultimate
result in all the developmental types is the same, viz., the formation of a multinucleate
micropylar haustorium from the free nuclei set out by the endosperm cells, a
binucleate chalazal haustorium which is also endospermous in origin, and a central
endosperm tissue. Exceptional cases of two-celled chalazal haustorium have already
been described.

The micropylar and chalazal haustoria.—The large micropylar cavity of the
original mature embryo-sac becomes converted in a haustorium with free nuclei
embedded in it. The one or two nuclei originally produced by the endosperm as
the primary haustorial nuclei rapidly multiply by division. The number of nuclei
actually produced is found to be variable. Only six large nuclei have been found
in a fairly mature haustorium, whereas twelve nuclei occur in a young haustorium,
As many as sixteen nuclei are present in a few cases (Fig. 88), though other numbers
like eight and ten are also common. On examining a large number of mature
haustoria twelve seems to be the most general number (Figs. 80-91). It may be re-
called that in Leonurus cardiaca Billings (1909) claimed the number to be four to
six, while Junell (1937) counted eight and sixteen in two cases of the same species.

The micropylar haustorium begins to enlarge laterally destroying the integu-
mental tissue with the simultaneous increase in size of the ovule which also grows
vigorously. When the endosperm has grown to the size of the micropylar hausto-
rium (Fig. 88) a constriction is produced at the junction of the two. Junell {1937)
refers to this constricted portion in Leonurus cardiaca as a long canal. . But so far
as this species is concerned it cannot be described as a long canal as is found in
other genera like Stachys (Schnarf 1917), Sideritis, Molucella (Junell, 1937) etec.*
However, the length of the constriction is not maintained long as the growing
endosperm gradually pushes the micropylar chamber which also begins to enlarge

* Unfortupately Junell has not illustrated any tigure of Leonurus cardiaca.



Fies. 85-92,

Leonurus sibiricus. Later stages in the development of endosperm and haustoria,
Figs. 85-86.—Endosperm tissue just extending along ‘primitive endosperm lobe’.  Qospore
entering into endosperm, Z—Oospore. x180. Fig. 87.—Young stage of the developing
haustoria, endosperm and oospore. X 115. Fig. 88.—Later stage with 16-nucleate
micropylar haustorium. X 70. Fig. 89.—Still later stage showing degenerating chalazel
haustorium, massive endosperm and embryo and active micropylar haustorium (12-
nucleato). x38. Fig. 90.—Rather immature 12-nucleate micropylar haustorium.
Note persistent suspensor tube with smaller nuclei. X115, Fig. 91.—Mature micropylar
haustorium. X 115. Fig. 92.—Chalazal haustorium, X 180.
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at the basal portion laterally (Fig. 89). Measurements show that this is 209u long
and 104p broad at the mature embryo-sac condition, whereas at the mature haus-
torium stage it becomes 182u broad at the basal region, the length becoming reduced
to 143p (Fig. 89). Thus the change in shapeis effected by the increase in size laterally
and the simultaneous pushing of the basal portion by the growing endosperm.

The nuclei in the micropylar haustoria enlarge enormously and become 26u—
33'8u long and 14-4p-20-8u broad in the mature stages. They are elliptical or ovoid
in shape as in Anisomeles. The cytoplasm also becomes dense and takes up so much
stain that it becomes often difficult to make out the outline of the nuclei.

After setting free the primary haustorial nuclei in micropylar cavity the endo-
sperm begins to grow in bulk mainly along the ‘ primitive endosperm lobe’ bulging
out, as it were, in the direction just opposite and almost in the same line with the
micropylar cavity. It extends both laterally as well as longitudinally, the growth
being restricted to a particular direction already determined by the ‘primitive
endosperm lobe’. The chalazal region of the endosperm with its haustorium is
pushed to one side approximating gradually the micropylar cavity (Figs. 85-89).

The chalazal haustorium begins to function during the early stages of endosperm
when the micropylar haustorium is still in the process of differentiation. It reaches
its maximum development when the endosperm has grown considerably, the embryo
has become a globular mass, and the micropylar haustorium has just started func-
tioning. The nuclei of the haustorium become hypertrophied being as large as
those attained later by the micropylar haustorial nuclei. The cytoplasm is also
marked by its rich contents (Fig. 92). It is notable in this connection that during
its development the chalazal haustorium is drawn partly into the endosperm
evidently due to the stretching of this part along with the extension of the endo-
sperm. Some portion, however, remains outside the endosperm area to connect
the vascular trace from which the food matters are transported (Figs. 88, 89).

The fate of the integumental tapetum is somewhat different from the corre-
sponding stage in Anisomeles. The jacket portion surrounding the ‘primitive endo-
sperm lobe’ is immediately destroyed as the endosperm grows in this particular
direction breaking through the tapetum, as it were. Their identity is altogether
lost except at the constricted region, the most conservative part of the integument,
where least growth either of the endosperm or of the integument takes place. The
individuality of the other side of the jacket is retained for a short time but this also
gives way with the progressive pushing of the chalazal region which is brought
close to the micropylar cavity at the mature stages. The tapetal cells at the con-
stricted portion is disorganised only when the endosperm progresses in this upward
direction at a rather advanced stage.

The disorganisation of the integument tissue is apparent when the embryo
attains a massive globular structure. It is first visible in the form of cavities at the
lower region bordering the growing endosperm tissue. Gradually other cells also
become loose with their nuclei showing signs of disintegration. It is interesting to
note that the same thing happens simultaneously to the endosperm cells bordering
the embryo (Fig. 89).

An interesting case of the endosperm has been observed where all the cells
are multinucleate with very dense ¢ytoplasm and prominent nuclei just like a mature
haustorium. The embryo appears unusually vacuolated and disfigured and the
integument is much more alveolated. The whole structure is in striking contrast
to the normal cases where the endosperm is active only at the region bordering the
integument and disorganised at the portion surrounded by the endosperm.

The further growth of the endosperm tissue in the upward direction gradually
begins to obliterate the micropylar haustorial region which reaches its final form
when the cotyledons have differentiated distinctively. The haustorium is almost
completely effaced as the embryo assumes nearly its full size. Section of a very
mature embryo shows only one or two layers of the integument at the two extremities

2B
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of the embryo and it is probably completely destroyed at a time when the seed falls
off. A few layers of endosperm are also seen at this stage filled with deeply stained
reserve matters which indicate that some amount of endosperm persist in the
mature seed.

Development of the Embryo.—A considerable time elapses between the first
division of the secondary endosperm nucleus and the first division of the oospore.
In fact the latter process takes place when a fair amount of endosperm tissue is
formed. The oospore elongates extensively as a single cell forming a long tubular
structure. It traverses the whole micropylar cavity in this condition and enters
the summit of the endosperm tissue at the mouth of the chalazal portion of the
embryo-sac (Figs. 69, 74, 85, 86 in Leonurus, Figs. §1-55 in Anisomeles). The
greater length of the micropylar portion in Leonurus necessitates an equally long
tube to pass through, and consequently this structure is much longer than that of
Amnisomeles where the micropylar portion is relatively shorter. The entrance of the
oospore into the endosperm is very interesting in Leonurus where it has been found
to break through the wall of one of the two endosperm cells lying at the constricted
region of the embryo-sac and pass into the endosperm tissue destroying immediately
the cell in question (Fig. 86). The process reminds one of the entrance of the pollen
tube through a synergid. Even after entering the endosperm tissue it does not
divide, but still goes deeper, taking a more or less central position in the endosperm
mass (Fig. 87).

The details of the development of the embryo have been followed in Leonurus
stbirtcus and therefore the following account refers to that species only.

The first division of the oospore is followed by a transverse wall forming a two-
celled pro-embryo. Both the apical and basal cells now divide, the former longi-
tudinally and the latter transversely, producing a tetrad pro-embryo (Fig. 93). The
two juxtaposed cells at the apex then divide almost simultaneously (Fig. 95), or one
before the other (Fig. 94) by two vertical walls giving rise to a quadrant embryo at
the tip (Fig. 96). Just after this, the four cells of the latter divide periclinally to form
four long outer cells and four inner cells, and not transversely as in most other
angiosperms (Fig. 97). The dermatogen is thus differentiated with the formation
of the octant embryo, where all the cells are arranged in linear files instead of being
formed into transverse layers. An abnormal configuration illustrated in Fig. 98
indicates that transverse division of the cells of the quadrant embryo may also be
initiated. In fact this stage represents an intermediate form between the two
types. An exactly similar aberrant pro-embryo has been found by Soueges (1921)
in Glechoma hederacea.

The division of the basal cells of the tetrad pro-embryo is initiated simultaneously
with those of the apical cells. The formation of cells d and f by the division of the
middle cell of the tetrad pro-embryo is completed before the quadrant embryo is
developed (Figs. 94, 95) after which the lower cell ¢i divides transversely to form two
cells n and n’; the upper cell # again divides to form two transverse cells n”’ and n'’
(Figs. 97, 98). These divisions also take place before the octant embryo is formed.
The basal cell of the pro-embryo therefore gives rise to five cells viz. d, f, ", n" and
n’. Tt must be noted in this connection that the products of the cell n (i.e. the cells
d and f) are generally unequal, the upper cell d being smaller than the lower cell f.
The apparently very small size of the cell d represented in Fig. 97 is perhaps due to
a curving of the pro-embryo at that region, which is also indicated in the later stages.
Moreover, the partition between these two cells may also be qb].lquely oriented,
being inserted at one end of the horizontal wall of an octant cell (Figs. 98,103).

The series of divisions (mostly transverse) which follow after the separation
of the dermatogen layer both in the latter as well as in the four axi al cells results in
the differentiation of the different parts destined to be formed in the mature embryo.-
Figs. 99-102 illustrate a little later stages where further tangential and transverse
divisions of the inner cells have taken place. These figures show the differentiation



F16s. 93-112. Leonurus sibiricus. Stages of the development of the embryo. Figs. 93-96.—
Pro-embryo. Fig. 97.—Periclinal division of all the quadrant cells (¢) in Fig. 96 has rosulted
in four outer dermatogen cells (1, 2, 3, 4) and four inner axial cells. Fig. 98.—Abnormal
octant stage showing both transverse and tangential divisions. Figs. 99-100.—Showing differ-
entiations of the histogens of the embryo. l—stem tip and cotyledons; I’—hypocotyl. Figs.10l,

.102.—Differentiation of periblem (pr) and plerome (pl). Figs. 103-105.—Diverse mode of wall
formation at the hypocotyl region. Fig. 106.—Showing the products of Lypophysis cell;
pr —periblem; pl —plerome. Fig.109.—~Completion of root-cap by tangential divisions of the
dermatogen cells of the hypocotyl. Figs. 110-112,~—Abnormalities. Figs. 93-105 and 112.—
X 400. Figs. 106-108 and 110-111.—Xx 250. TFig. 109.—x 185, RA = Root apex. RC =
Root-cap. For details see text. )
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of the three histogens in different developing stages. Fig. 101 shows that the inner
octant cells which have produced two transverse layers of cells have again divided
tangentially to give rise to a layer of periblem (pr) on each side below the dermatogen
and two inner layers of plerome (pl). The demarcations of the different parts of the
pro-embryo are also clear. The apical row of cells (I) in Fig. 101 constitutes the
cotyledon and stem apex, while the lower layer (I') represents the hypocotylar
region,

The differentiation of the hypophysis which also takes place simultaneously
with the distinct separation of the layers I and I’ does not follow any strict rule
with regard to the corresponding stages of advancement of the hypocotylar tissue.
All the Figs. 99-103 show that the cell d has divided into two apparently unequal
cells, either by a straight horizontal wall or by a curved wall thus clearly establishing
its hypophysial nature by inserting the wall on the dermatogen cells of the hypo-
cotyl. Fig. 103 illustrates a case where an oblique wall has been laid after the
division of the cell d, one end of the wall being inserted on the peripheral membrane
of the pro-embryo, as has been reported by Soueges (1921} in Mentha viridis. The
separating wall may even lie entirely on the proembryonal membrane (Fig. 104,
where both the cells have again undergone vertical and oblique divisions respectively),
the lower cell from d actually forming a part of the suspensor thus extending the
differentiation of the hypophysis to a later stage. Soueges (1921) expected such a
sequence in Mentha and Glechoma but could not actually detect any such case. The
upper cell of the products of d appears narrow (Figs. 99-102) possibly because of the
curving of the embryo at this region as already suggested.

The first horizontal walls appear in the laver I’ after the differentiation of the
two cells of periblem on two sides and two cells of plerome at the centre (Fig. 99).
When the eotyledonary lobes have just differentiated there appear two layers of
periblem and two layers of plerome on each side of the hypocotylar axis just below
the hypophysial derivatives (Fig. 106). The outermost layer of the plerome cells
is the pericycle.

An interesting case of a periclinal division of a dermatogen cell to add to the
periblem of the layer I has been observed (Fig. 100). This is significant in that it
may contribute to a precocious differentiation of the root-cap. :

The contributions of the hypophysis to the embryo is the next important con
sideration. Both the cells derived from d usually divide vertically producing a
tetrad hypophysis (Figs. 101, 102, 103) but the lower may exceptionally segment
transversely adding to the suspensor filament (Fig. 99). The two lower cells of the
tetrad hypophysis divide tangentially to produce four cells which give rise to the
median portion of the root-cap by further vertical divisions (Figs. 106-7, RC). The
two upper cells derived from d contribute to the root apex by continuing vertical
divisions (Figs.106-8, RA) or both by vertical and transverse divisions (Fig.109,R4A).

In the upper portion of the root on the two sides the two root-cap layers are
joined by the tangential divisions of the dermatogen pertaining to the hypocotyl
where it extends to a certain distance (Figs. 108-9).

Several irregular configurations of cells of the hypophysial region lave also
been noticed as illustrated in Figs. 110-112. It is interesting to note that Soueges
(1921) has also observed similar abnormalities. As stated by him it is impossible
to trace the sequence of divisions which lead to these configurations.

DISCUSSION.

A. Development of the ovule and integuments.—Working on Labiatae Schnarf
(1917) and Junell (1937) have generalised their opinion regarding the nature of the
ovule which they consider as anatropous. But the course of curvature of the ovule
in Leonurus sibiricus shows that though in the primary stages (up to the formation
of the tetrad of megaspores) the ovule curves along the funicle, which is the feature
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of anatropous forms, it begins to bend along the body of the ovule in the later stage.
Due to this the mieropyle forms a long curve and consequently the mature embryo-
sac presents a shape in which the longitudinal axis of the latter is curved along a
definite angle. It is therefore obvious that the ovule in Leonurus cannot be strictly
described as anatropous, and a semi-campylotropous form would be the proper
designation.

An interesting feature of the ovule is the development of a massive obturator.
The presence of an obturator has been reported in this family by Narasimha Murthy
(1940) in Ocimum species, Ruttle (1931-32) in Mentha and Lycopus and Bushnell
(1936a) in Monarda species. According to Bushnell it is absent in Nepeta cataria
and the sketches of Sharp (1911) and Junell (1937) indicate that it is absent in most
of the genera studied by them except in Hormium pyrenaicum (Junell, 1937). Thus
it appears that this structure is not universally present in this family. The presence
of pollen tube along the obturator suggests that the latter acts as a guide to the
pollen tube. The occurrence of the obturator therefore indicates a special adaptive
feature taken up by genera of diverse affinities, and cannot be attributed to a pro-
gressive evolutionary line in this family.

B. Development of the megaspores and the female gametophyte—The degenera-
tion of the upper three megaspores of a linear tetrad from below upwards observed
in both the species studied is a unique feature in contradistinction to the most
general condition of degeneration from above downwards as observed by Junell
(1937) in several species of Labiates, Narasimha Murthy (1940) in Ocimum species
and Bushnell (1936a) in Monarda.

The degeneration of the non-functional megaspores and the nucellus which
starts more or less at the two-nucleate stage of the embryo-sac in Leonurus and
Anisomeles (vide text) has also been observed by Junell (1937) in Pogostemon pat-
chouli, Hormium pyrenaicum and Lavandula spica. In Leonurus the megaspores
and in Anisomeles the nucellus completes degeneration only at the initiation of the
four-nucleate stage. Such a late degeneration of the megaspores and nucellus seems
to be characteristic of this family.

The shape of the mature embryo-sac in different members of the Labiatae is
worthy of consideration. Schnarf (1917) has already pointed out that in the majority
of Labiatae with a few exceptions, the embryo-sac is differentiated into two parts,—
‘a lower narrow part surrounded by epithelium and an upper broadened part whose
surrounding is not epithelial’. Carlson and Stuart (1936), however, found out two
distinet forms of female gametophytes in the same genus Salvia—a short form
without a bounding epithelium in 8. splendens, S. leucantha, 8. greggit, distinguished
as the §. splendens type, and a long form with a bounding epithelium extending
about two-thirds the length of the gametophyte in 8. mellifera, S. agiana, and
8. columbariae—designated as the S. mellifera type. Junell (1937) added to some
of the exceptions and stated that in Lallemantia tberica and Salvia tilivfolia, the
distinction between the two parts is not possible. It seems that the latter species
would come under the 8. splendens type of Carlson and Stuart (1936).

From a comparative study of the form of embryo-sac in Anisomeles, Leonurus
and those of other species described previously, two distinet types of gametophytes
can be distinguished amongst those characterised by the presence of an epithelial
jacket. Amnisomeles and Leonurusrepresent each of the types respectively. Leonurus
agrees with the type of gametophyte where the upper micropylar patt is very broad
and long and the lower chalazal portion surrounded by the tapetal jacket is com-
paratively much narrower and shorter. This type is also illustrated by Sideritis,
Physostegia, Notochaete, Plectranthes, etc. Anisomeles on the other hand can be
conveniently grouped with the proposed second type of gametophyte where the
micropylar part is comparatively shorter in length and the chalazal portion is not
much narrow, and this form is exemplified by Hormium, Pogostemon, Molucella,
Lavandula, Ziziphora, Perowskia, Salvia splendens, ete. Other genera like Ocimum,
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Hyptis, ete. would then be intermediate in character. It is to be noted further that
in the two types thus distinguished the post-fertilisation developments agree in their
general features.

The structure of the gametophyte as observed by Narasimha Murthy (1940)
in Anisomeles does not agree with my observations. The present study reveals a
perfectly rounded base and a long pointed upper portion of the synergids and this is
inconsistent with Narasimha Murthy’s figure which shows a flattened base and a short
upper portion. The size and arrangement of the antipods is also at variance with
the observations of the said author. It will be of interest to note in this connection
that Carlson and Stuart (1936) have found the antipodals to consist of nuclei in
Salvia species.

The disintegration of the antipodal cells before fertilisation has also been noted
by Schnarf (1917) and Bushnell (1936a). Junell (1937) has referred to the antipodals
in Labiatae he studied as ‘inconspicuous’ but that is probably because he found them
in later stages when they generally degenerate. Such ephemeral antipodals have
been reported in diverse families, e.g., Potamogetonaceae, Rubiaceae, Solanaceae,
Verbenaceae, ete.

Schnarf (1917) stated that fusion of polar nuclei before fertilisation is a charac-
teristic of Labiatae, but as observed in Anisomeles, Junell (1937) also mentions the
occurrence of polar fusion at the time of fertilisation in Lycopus europaeus and in
certain species of Mentha, and he has also found indications of this condition in
Pogostemon patchouli. So the general statement made by Schnarf (1917) seems to
be invalidated.

C. Abnormalities in the development of megaspores and embryo-sac and related
structures.—The occurrence of a number of cases of & multiple archesporium has
already been described. Schnarf (1917) and Strasburger (quoted by Schnarf) have
noted the presence of two archesporial cells in Galaeopsis pubescens, and Lamium
respectively. Junell (1937) has reported the presence of potential archesporial
cells in Molucella and Pogostemon around the base of the developing megaspore
mother cells as also in earlier stages. Multiple archesporium has been recorded in
numerous other families, but its origin is a debatable question. It may be derived
from one archesporial cell as indicated in Figs. 21, 22 showing two superposed
megaspore mother cells. Alternatively, the multiple archesporium observed at such an
early differentiation of the ovule as also the position of the archesporial cells (hypo-
dermal and two sub-hypodermal layers) point to the possibility of their individual
differentiation.

The formation of two megaspore mother cells, double and multiple tetrads
some of which show all megaspores having a tendency to function have been recorded
in the text. The similar development of two megaspore mother cells has been
observed by Junell (1937) in Pogostemon patchouli where he found in one instance
two tetrads developing side by side. Furthermore, in the later stages in Leonurus
two to five embryo-sacs have been seen to develop side by side, one of them reaching
up to the eight-nucleate stage.

Tt is therefore not very difficult to explain the occurrence of double and multiple
embryo-sacs. It is very likely that from the double and multiple archesporium the
double megaspores are formed, the latter again resulting in the double tetrads
(Fig. 24A) out of which only the two chalazal megaspores developed into the charac-
teristic double embryo-sacs. The multiple embryo-sacs can easily be contemplated
to arise from the functioning of five of the megaspores of the tetrad complex in
Fig. 25, which possibly resulted from a double or multiple archesporium and mega-
spore mother cells. Unfortunately no preparation has been obtained which shows
a degeneration or differentiation into typical mature embryo-sacs of one or more
gametophytes of the double and multiple embryo-sacs respectively. However, it
seems that ultimately only one of these functions by the suppression of others, as
such a tendency is indicated by the several instances in the double embryo-sacs.
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The occurrence of double and multiple embryo-sacs has been reported for a long
time in a number of families, Coulter and Chamberlain (1903) summarised com-
prehensively the occurrence of such abnormal gametophytes in angiosperms. Hurst
(1931) found two archesporial cells developing up to tetrad in Rosa mollis, and more
than one embryo-sac in diploid and polyploid species of Rose. More recently Joshi
and Venkateswarlu (1935) in Lawsonta, and Bhaduri (1935) in Withamnia, Physalis
and Nicottana have recorded the occurrence of more than one embryo-sac (see
also Puri (1914) in Moringa oleifera). '

Compton (1912) in Lychnis alba x L. floscoculi and Woodworth (1930) in Alnus
rugosa have attributed this occurrence of double and multiple embryo-sacs to the
hybrid origin of the plants concerned. The occurrence of the multiple embryo-
sacs in families which are absolutely unrelated does not permit to make out phylo-
genetic significance. Only those cases where all the megaspores of the tetrad seem
to function can be said to have analogy with the microspores.

The abnormal occurrence in Anisomeles of binucleate and trinucleate cells in
the chalazal and lateral region of the nucellus below the megaspore mother cell and
subsequent stages needs consideration. Bhaduri (1935) found a chalazal nucellar
cell to be binucleate in Brunfelsia. Since he found previously in Solanum melongana
a chalazal nucellar cell functioning as a megaspore mother cell up to the linear tetrad
stage, he concluded that in Brunfelsia the binucleate chalazal cell, which has been
followed up to the four-nucleate stage might represent a stage in ‘Lilium type’ of
embryo-sac development, ‘since no partition wall has been observed during the
binucleate condition’. But such a conclusion seems to be untenable in the light of
the present investigation in Anisomeles, where a number of binucleate and trinucleate
nucellar cells persist characteristically through the different stages of development
and ultimately the nuclei degenerate; and further in the abnormal dyad and tetrad
stage the two epidermal nucellar cells at the tip are binucleate, and in one of them,
again, the nuclei are found to be in a fusing state (Fig. 40).

Another feature of structural importance in the embryo-sac of Leonurus is the
rounded chalazal portion (‘pr. end. [’ in Fig. 34) which I have called the ‘primitive
endosperm lobe °. The terminology is based on the designation of a similar structure
in Physostegia by Sharp (1911) who found a small protrusion of the embryo-sac at
the same position which he termed ‘endosperm lobe’ on the ground that ‘it is soon
to contain all the endosperm formed’. Sharp’s figure shows that the whole of the
extremely narrow region including the ‘endosperm lobe’ excepting the antipodal
end contains the first formed endosperm cells.* In Leonurus also this portion of
the chalazal region of embryo-sac contains all the endosperm cells formed primarily,
and the chalazal haustorium lies at the extreme end of the embryo-sac. In fact
the structural difference in the two genera lies in a precocious enlargement of this
portion in Physostegia. In Leonurus the endosperm cells grow in the same direction,
and it is difficult to distinguish the structure in the two genera at a little later
stage. It, therefore, seems justified to call the particular region of the embryo-sac
of Leonurus as ‘primitive endosperm tobe’ which appears as a prominent protrusion
in the mature embryo-sacs of genera like Physostegia and Notochaete.

D. Integumentary tapetum.—The occurrence of tapetal jacket of the integu-
ment surrounding the lower part of embryo-sac is almost universal in this family
except in a few species of Salvia (Carlson and Stuart, 1936) and Lallemantia iberica
(Junell 1937). 1t is present in the majority of the sympetalous families as a charac-
teristic structure. The restriction of the tapetal jacket to the lower portion of the
embryo-sac i8 also a characteristic of the Labiates, but this is also found in several
members of the Scrophulariaceae, and Lentibulariaceae (Kausik, 1938).

* The narrow antipodal region of Physostegia virginiana contains the chalazal haustorium,
as shown later by Schnarf (1917) and not & hypertrophied binucleate antipodal cell as Sharp
(1911) claimed earlier,
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The significance of the tapetum from the functional point of view is a long
debated question. Diverse interpretations have appeared in accordance with the
development and structure of the tapetum observed by investigators in different
families. In the late nineties of the last century, Balicka Iwanowska (1899) ascribed
a nutritive function to the tapetum which was supported later by Goebel (1923).
Palm (1915) expressed the view that the tapetum serves as an embryonal tissue in
the earlier stages and has the chief function of providing the transport of nutritive
materials to the endosperm tissue and embryo. The idea of the digestive function
of the tapetum suggested by Lavialle (1922) got support from Junell (1937) in
Hyptis pectinata, where the author found the glandular development of the tapetal
cells. Aeccording to Junell, the tapetal cells in Hyptis helped in dissolving the
integumental tissue, and the absorption of the food matter from the dissolved
integument takes place chiefly through the micropylar haustorium ; he rejects the
nutritional hypothesis in view of the cutinized nature of the tapetal cell walls.

The loss of identity of the tapetum in the post-fertilisation stages in Anisomeles
and Leonurus and particularly at the very early stages of endosperm development
in the latter genus would not lend any support to the theory of nutritive and diges-
tive functions in the later stages of seed development. On the other hand the con-
spicuous form of the tapetal jacket in the earlier stages of embryo-sac development
as well as the differential staining capacity from the outer part towards the innermost
layers of the integument comprising-the tapetum indicate a function of nutrition
to the embryo-sac in the pre-fertilisation stages. The greater development of the
tapetal jacket on the side of the ‘primitive endosperm lobe’ in Leonurus and the
rapid extension of the endosperm on this part only would favour the idea that the
meristematic character of the tapetum helps in intercalary growth of the integu-
ment for the increasing size of the endosperm which grows chiefly along the tapetal
jacket in the primary stages. This explanation of the function of tapetum was also
given by Schnarf (1921) and Svensson (1925).

The argument of a protective function of the tapetum to the endosperm and
embryo advocated by investigators of other families like Compositae, Campanula-
ceae, Scrophulariaceae, Podostemaceae, ete. is out of question here as the tapetal
jacket is non-existent during these later stages.

E. Endosperm and endosperm-haustoria.—Before embarking on any discussion
of the development of endosperm and the coincident formation of the haustorial
apparatus, it is desirable to discuss Narasimha Murthy’s (1942) observations in this
respect.

Narasimha Murthy has stated that ‘three primary tiers of two cells each are
formed in the embryo-sac. The uppermost cells divide once more by transverse
walls into four cells which enlarge and organise micropylar haustorial apparatus’.
But the present study reveals that the two uppermost cells divide in such a manner
as to produce two cells which lie below the tapetal opening (Fig. 54), and two upper
cells which divide again and form the micropylar haustorial cells. The derivation
of the micropylar haustorial cells thus takes place entirely differently. Further,
he has not been able to find out the other type, viz., the free nuclear division of the
chalazal chamber ultimately converting into a haustorium. The frequent variations
in the number of micropylar haustorial cells cannot be expected from such a super-
ficial study (see pp. 207-208 for further details).

It is now proposed to consider the position of the two genera in relation to the
types of endosperm as determined perviously by various workers. The entirely
different nature of endosperm development leading to the formation of haustorium
will also be pointed out.

As early as 1917 Schnarf working on a large number of Labiatae distinguished
four types of endosperm development in this family on the nature of the second
division in the two cells resulting from the transverse division of the secondary
endosperm nucleus. Sculellaria type (also in Prostanthera) :—In upper as well as
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lower chamber longitudinal walls are formed. Brunella type (also in Satureja, Thy-
mus, Salvia): In the upper chamber a longitudinal wall is formed. The lower
chamber is transformed into a binucleate- haustorium. Galaeopsis type (also in
Physostegia): As in ‘Brunella type,” the difference being that the chalazal chamber
is small and degenerate soon. Stachys type :—The upper chamber is divided by a
transverse wall. The chalazal chamber is transformed into a binucleate haustorium.

He further stated that in Scutellaria a cellular micropylar haustorium is formed,
and in the rest the micropylar haustorium is composed of free nuclei, the number
of nuclei being larger in ‘Stachys type’ and fewer in ‘ Galaeopsis type’.

Junell (1937) was the first to take exception to Schnarf’s classification when
he stated: ‘It is certainly best to consider the ‘Galaeopsis type’ as a special case of
the Brunella type’. In Salvia mellifera Carlson and Stuart (1936) has described
an unusual type of development, but their account is misleading. They have
stated that a binucleate micropylar haustorium is formed primarily as a result of a
division of the daughter nucleus derived from a division of the endosperm nucleus
in which the spindle was longitudinally oriented. Curiously enough, they have
neither figured nor described any transverse wall resulting from the latter division
and in the legend of the figure the micropylar haustorium is described as two-celled.
They further state that a longitudinal division takes place in the lower daughter
nucleus and one of the nuclei migrates at chalazal region and organises a binucleate
chalazal haustorium by one division; but again, they have figured a two-celled
haustorium (according to the explanation of the figure). In fact they have made a
captious blending of the conception of cellular and free-nuclear structure which is
of foremost importance in endosperm studies. Their description of the S. splendens
type shows the development to be of the ‘Stachys type’. It is difficult to take the
account of 8. mellifera as substantiated and probably a re-investigation will lead to
the same conclusion for the latter species.

From the standpoint of Schnarf’s classification, Anisomeles would evidently
fall under the ‘Scutellaria type’, when we consider the dominant type of develop-
ment in the genus, i.e., in cases, where a longitudinal wall is formed in the chalazal
chamber. Again according to the second type, i.e., when the chalazal chamber is a
binucleate structure, it comes under the ‘Brunella type’ and particularly resembles
Pogostemon patchouli and Elsholizia cristata, where Junell (1937) found a binucleate
chalazal haustorium associated with a cellular micropylar haustorium.* Anisomeles
tndica, thus, evidently represents the intermediate form between the ‘Scutellaria
type’, which has been considered as the most primitive type on account of the un-
differentiated cellular haustorium, and the ‘Brunella type’. The transitional nature
of the genus is further evidenced by the occasional binucleate micropylar haustorial
cell (Fig. 58) and one of the chalazal haustorial cells (Fig. 57)—a tendency towards a
free nuclear haustorial apparatus.

The primitive nature of the cellular haustoria which is characteristic of the
‘Scutellaria type’ is obvious in Anisomeles, where frequently the micropylar haus-
torial cells gradually merge into those of endosperm without a distinct demarcation,
and this is very clearly represented by the occurrence of ten haustorial cells and a
number of intergrading endosperm cells below. It evidently indicates that the
haustorial system is gradually evolved by the differentiation of the terminal cells
of the endosperm developed for a better supply of nutrition to the embryo via
endosperm. The occasional presence of uninucleate haustorial cells (Fig. 54) would
suggest the same feature, where one terminal endosperm cell is devoted to the absorp-
tion of nutritive materials.

The varied type of endosperm development in Leonurus presents a puzzling
situation at the outset. On the one hand, the first type (Type I) essentially follows

* Actually, however, the 2 micropylar cells do not develop into & haustorial structure but
degenerate early (Junell, 1937),
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the ‘Brunella type’ in so far as the nature of the second division is concerned.
(From Schnarf’s point of view no distinction can be made between the two sub-
types of the first type). The second type, on the contrary, unmistakably represents
the ‘Stachys type’. Fortunately, however, all the intermediate stages between the
different types and sub-types have been observed. The abnormal configurations
in Figs, 80-81 represent the forms intermediate between the first two sub-types.
Again, Figs. 82-84 clearly represent the stages by which the ‘Brunella type’ can give
rise to ‘Stachys type’. Tt is particularly remarkable that in these abnormal cases,
the development of the endosperm primarily follows the more primitive ‘Brunella
type’ and then gradually leads to the ‘Stachys type’ by the adoption of transverse
divisions, On the other hand, in the abnormalities representing the first type
(Type I) which essentially follows the * Brunella type’, the occasional presence of a
two-celled chalazal haustorium illustrates the primitive cellular condition of the
chalazal haustorium characteristic of the ‘Scutellaria type’, which thus reappears
in the unusual cases. This is a further evidence of a derivation of the ‘Brunella
type’ from the ‘Scutellaria type’ (vide supra).

It is now clear that the observations of the varied types of endosperm deve-
lopment in Leonurus enables one to draw up the stages through which the ‘Brunella
type’ gradually passed into the ‘Stachys type’. The ‘Stachys type’ is undoubtedly
the highest type of endosperm development in Labiatae with a highly differentiated
multinucleate micropylar haustorium and a free-nuclear chalazal haustorium.

It is a matter of coincidence to investigate these species of Anisomeles and Leo-
nurus concurrently, the former showing the evolution of ‘Scutellaria to Brunella type’
and the latter indicating the stages of derivation of the ‘Stachys type’ from the
‘Brunella type’. Even in the same species of Leonurus there are indications of the
most primitive to the highest type of endosperm development from the standpoint
of Schnarf’s unmistakable classification.

Junell (1934, 1937) added Amethysten coerulea and Prostanthera lasianthos to
the ‘Scutellaria type’ and ‘probably Ajuga’ to the ‘Stachys type’ and stated that
(apart from Stachys) in the S.F.s. Lavanduloideae, Stachyoideae and Ocimoideae, i.e.
in the Labiatae with gynobasic styles, the endosperm development takes place after
the ‘Brunella type’, the contributions of Schnarf (1917), Laws (1930) and Ruttle
(1931, 1932) confirming his statement. But the present study offers the strongest
criticism to such a generalisation; both being under the S. F. Stachyoideae, Ani-
someles and Leonurus together show all the types of development. Narasimha
Murthy’s (1940, 1941) accounts of Ocimum species (S. F. Ocimoideae) and Leucas
asgera (S. F. Stachyoideae) show the developments to be of the ‘Stachys type’
and these further do not support Junell’s conclusion.

It is now desirable to consider the nature of the further development of endo-
sperm leading to the formation of micropylar haustoria as it differs from the processes
described by the previous investigators.

Though Schnarf (1917) did not make any rigid statement in regard to the further

"development of endosperm leading to the formation of haustorial apparatus, Junell
(1987) generalised a developmental sequence in the ‘Brunella type’ as follows: ‘In
the division of the central nucleus a transverse wall is formed. The nucleus in the
basal cell formed thereby divides itself once without the accompaniment of a wall
formation during this division. In the upper primary cell a longitudinal wall is
formed in connection with their division, and in each of the two long cells formed
thereby a transverse wall is laid down at the level of the tapetal opening or a little
deeper. In this stage one can distinguish between the different parts in the endo-
sperm. Below lie the basal, usually two-nucleate cell. Next to this and above,
I have found two parallel cells. These are usually surrounded by a tapetum layer
and forms the beginning of a real endosperm tissue. The third part which includes
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in general an upper broadened part of the embryo-sac usually becomes formed
into a haustorium like the basal cell.” *

It has already been pointed out how the present study in Anisomeles reveals
the exact nature of the endosperm and haustorial development differing from Nara-
simha Murthy's observations. Still more interesting is the occurrence of a similar
feature in the developmental stages of Leonurus. The descriptive portion has shown
beforehand that the micropylar haustoria in both the sub-types of Type I is derived
as a part of the uppermost cells of the three tiered stage of the endosperm. Un-
fortunately the last stage of the second type (T'ype II) could not be obtained, but
as stated previously, there seems to be no doubt that the developmental position
is the same as in the previous type, when we look into the abnormal cases where the
later stages are nothing but representing the second type. This is further suggested
by the deepseated position (in the tapetal jacket) of the spindle in the stage in Fig. 79.

It is of profound interest to notice that the so long generalised sequence of the
stages of endosperm which gives rise to the micropylar haustorial cells or nuclei is
entirely altered in the two species studied. As already generalised by Junell for the
‘Brunella type’ and also evident from the other types worked out by the various
investigators, the micropylar haustorium is derived in those species (according to
the said authors) wholly from the upper part of a primary stage of endosperm
represented by three superposed regions. In fact this is also the feature existing
in the other families like Scrophulariaceae, Lentibulariaceae, ete. It is but quite
natural for Narasimha Murthy (1942), who probably biased with the results of
previous investigations concluded the same general mode of development for Ans-
someles. The segregation of the said uppermost part into a portion of endosperm
and the micropylar haustorium in Anisomeles and Leonurus is thus the principal
feature which demarcates these two species from the other members of the family
in a comparative study.

The sudden deviation (in Anisomeles and Leonurus) from the general process
might appear as very striking but a closer analysis of Junell’s paper (1937) would
reveal that he has been able to trace the details of the ontogeny of the micropylar
haustorium in only six out of the nineteen genera he has attempted, and in the rest
either he could not find any stages or his interpretations are purely inferential.
His illustrations of Molucella, Ziziphora and Pogostemon (Figs. 3b, 4d and 6e of
Junell, 1937) are easily comparable to Fig. 52 of Anisomeles and in these cases he
himself mentions that the uppermost tier lies within the tapetal jacket. It is very
probable that more critical study will bring out the crucial stage by which the segre-
gation of this tier is effected.

Two other features of the micropylar haustoria remain to be discussed. The
first is the persistence of one synergid in a few instances of Anisomeles, which has taken
up a definitely haustorial function, apparent in comparison with the other haustorial
cells (Figs. 65,66). Persistent synergids have been reported to occur in several mem-
bers of Compositae, Scrophulariaceae, etc. Its significance seems to lie in the de-
velopment of an accessory haustorial.organ which is to be regarded as an improved
micropylar absorbing system. The other structure of importance consists of the
persistence and enlargement of the tubular portion of the uppermost suspensor cell
lying in the micropylar chamber and connected with the filamentous suspensor and
embryo in Leonurus (Figs. 88-90). The presence of nuclei in this structure as well
as the considerable enlargement (in breadth) is a strong evidence which leads one to
suppose that this has got a definite physiological function. It seems probable that
the nutritive substances absorbed by the micropylar haustorium are conveniently
passed through this suspensor cell to the embryo by the cellular filament. The wide
funnel shaped portion of the tip of this cell is a further evidence in support of this
explanation. Junell (1937) mentions the occurrence of persistent suspensor tubes

* Translated from Junell’s paper,
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in Hyptis and Molucella and Carlson and Stuart (1936) describes ‘active’ suspensor
tubes in the micropylar haustoria of Salvia splendens.

It will not be out of place to discuss a significant point in regard to the extension
of the endosperm tissue in the two species which as I have previously said
represent two distinet types of embryo-sacs. The unilateral growth of the endosperm
in a direction opposite to the micropylar haustorium occurs in both the species.
But in Leonurus it takes place from the very beginning, whereas in Anisomeles it is
delayed to a later stage. Thus the tendency for this unilateral growth which showed
signs in the more primitive Anisomeles at a later stage in seed development is initiated
in Leonurus at the very earlier stages, being already determined in the structure of
the mature embryo-sac, indicating an advancement in the latter species which is also
evident in the structures of endosperm and haustoria.

F. Embryo.—With the limited literature available to the author, the only
important work on the embryogeny of this family seems to be that of Soueges (1921)
who has investigated three species of Labiatae, viz., Glechoma hederacea, Mentha
viridis and Lamium purpureum. Besides this, Sharp (1911) has described only a few
primary segmentations in Physostegia virginiana but the account is too restricted
to favour a comparison.

According to Soueges (1921), the embryogenic behaviour of Mentha viridis and
Glechoma hederacea are more or less similar, while Lamium purpureum presents a
very irregular mode of development. The two former species have been distinguished
by Soueges from that of Capsella bursa-pastoris in the following developmental
features: (a¢) Early differentiation of the hyphophysis from the middle cell of the
tetrad pro-embryo, (b) The suspensor is represented by a simple thinned filament,
(¢) The difference in the speed of segmentations of the two apical and basal cells of
the embryo.

The embryogeny of Leonurus sibiricus differs from those of Mentha viridis and
Glechoma hederacea in several important points: (1} In the two species mentioned the
longitudinal cells of the quadrant embryo divide by transverse walls to produce an
octant, but in Leonurus the four cells divide perclinally differentiating the four
dermatogen cells in the octant stage itself. (2) As a consequence the differentiation
of the embryo into the layers ! and I’ is delayed to the sixteen celled stage of the
embryo in Leonurus, in contradistinction to Mentha and Glechoma where the layers
{ and I’ can be made out in the octant stage itself. (3) The early division of the
cell m to produce d, the progenitor of the hypophysis tissue, which occurs simul-
taneously with the division of the two apical cells. It thus takes place still earlier
than that of Mentha and Glechoma when the cell m divides after the formation of the
quadrant and the octant embryo respectively. (4) Soueges has mentioned in
Glechomu that the cell ¢i rarely divides to form two cells » and »’ and may even lose
its power of division, the filamentous suspensor being derived mostly from the cell
m. But the early division of the cell n even at the octant stage in Leonurus indicates
that the derivation of the suspensor is equally favourable from elements n and m.
(6) The occasional derivation of the periblem by a periclinal division of the dermatogen
cells. (6) The frequent divisions of a few upper suspensor cells to form two layers.

Since Leonurus differs from Mentha and Glechoma in several important points,
the resemblance of the former to Capsella becomes still more far-fetched. The early
differentiation of the dermatogen and the consequent delay of the formation of the
layers  and I’ in Leonurus represent a fundamental deviation from the ‘Capsella’
type. .

The hypophysial region shown in Fig. 112 is strikingly similar to some of
Soueges’ figures for Lamium purpureum. The oblique nature of the walls in the
abnormal cases (Figs. 98, 112) indicates the possibilities by which the comparatively
more ‘Capsella’ like developments of Mentha, Glechoma and Leonurus could have
been derived from that of Lamium purpureum or vice versa. Again the presence of
a tangential wall in the aberrant octant stage in Leonurus (Fig. 98) a similar



210 J. K. GANGULY: STUDIES IN THE EMBRYOLOGY OF

occurrence of which was found by Soueges in Glechoma, represents a more or less
intermediate form which correlates the early dermatogen differentiation in Leonurus
with the ‘Capsella’ like formation of octant in Mentha and Glechoma.

The heterogeneous nature of the embryogenic behaviour in the different members
of Labiatae which has already been pointed out by Soueges is further emphasised
by the still more deviating mode of development in Leonurus. It now appears from
a study of the embryogeny of Leonurus that it would not be safe to make any general
statement regarding the sequence of segmentations which would characterise the
family as a distinet type.

SUMMARY.

1. The paper deals with the ontogeny of the flower, development of carpels, ovules, integu-
ments, female gametophyte, fertilisation and formation of endosperm and haustoria in 4niso-
meles tndica O. Kze and Leonmrus sibiricus Linn. It also embodies the embryogeny of the latter
species.

2. The carpellary primodia arise from the base of the stamens and grow up to form the
wall of the ovary. The latter grows inwards through the four ovules and forms the gynobasic
style which fuses with the funicle at a later stage.

3. The curvature of the ovule is of different nature in the two species and produces two
types of ovules; ultimate form of embryo-sac also depends on this mode of curvature; two
distinet types of gametophyte have been noted.

4. The degeneration of the upper three megaspores takes place from below upwards.
Development of the gametophyte is normal.

5. The synergids have got distinct hooks. The antipodals are ephemeral.

6. Polar fusion takes place just before fertilisation in Leonurus. In Anisomeles, the fusion
occurs along with double fertilisation.

7. Rapid development of the embryo-sac takes place at the four-nucleate stege. The
mature embryo-sac consists of two distinet regions.

8. The nucellus is of a simple type. A division of the two upper nucellar cells occurs in
both the species. The occurrence of bi- or tri-nucleate nucellar cells throughout the earlier
stages in Anisomeles and occasionally in Leonurus is remarkable.

9. An integumentry tapetal jacket is organised which encloses the chalazal portion of the
embryo-sac, and lies against the latter after the earlier degeneration of the nucellus.

10. Various abnormalities have been noted in connection with megasporogenesis and female
gametophyte development in Leonurus. Of these the occurrence of multiple archesporium,
double and multiple tetrads, double and multiple embryo-sacs, are notable.

11. In Anisomeles double fertilisation precedes syngamy. *

12. After fertilisation the secondary endosperm nucleus divides immediately to form two
transverse chambers. The upper chamber by a series of characteristic divisions organises a
micropylar haustorium which is generally a four-celled structure in Anisomeles, and twelve-
nucleate in Leonurus. The chalazal chamber forms a binucleate haustorium (in Leonurus and
occasionally in Anisomeles), or a two-celled haustorium (in Anisomeles and rarely in Leonurus).

13.- The sequence of divisions leading to the formation of the micropylar haustoria are
described in detail in Anisomeles and Leonurus, and they have been shown to be different from
those observed by previous investigators. The important point in this connection is that the
uppermost tier of a three-tiered stage, which results from the divisions of the secondary endo-
sperm nucleus, is not directly transformed into the micropylar haustorium but divides again, the
products being a portion of endosperm and haustorial cells or nuclei. o

14. The methods of endosperm development and subsequent formation of haustoria in
Leonurus have been classified into two broad types of which the first type is, again, subdivided
into two sub-types. The probable stages of evolution of the primitive types of endosperm
development to the more advanced types heve been shown with the aid of abnormal configurations
in Leonurus.

15. After the degeneration of the respective haustoria, the endosperm cells bordering the
latter become very rich in cytoplasm, especially in Anisomeles.

16. A general similarity exists in the extension of the massive endosperm tissue in both
the species though they are structurally different before the growth. .

17. Due to the activity of the micropylar haustoria and endosperm cells the integument
is largely destroyed and totally disappears during the later stages. The endosperm cells sur-
rounding the embryo also become destroyed by the activity of the latter. .

18. Three nutritive portions are thus organised in the seeds for the embryo, viz., the
micropylar and chalazal haustoria and the endosperm tissue.

19. The persistence and increase in size of the upper portion of the suspensor and the
occasional persistence of the synergids in the micropylar haustoria of Leonurus and Anisomeles
respectively are noteworthy.
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20. Detailed embryogeny has been studied in Leonurus. The main features of distinction
with the ‘Capsella type’ have been discussed.
" 21, The embryo is filled with starch in the mature stages and is surrounded by a thin
starchy sheath of endosperm.,

In conclusion, the writer wishes to express his deep sense of gratitude and indebtedness to
Dr. Ilabonto Banerji, D.Sc., F.N.I., under whose able guidance and constant encouragement
the work was carried out. His thanks are also due to Dr. J. C. Sen Gupta, Head of the Depart-
ment of Botany, Presidency College, and to Mr. P. C. Maulik, Lecturer in Languages, Calcutta
University, for their kind help in translating certain German and French literature.

REFERENCES.

Balicka Iwanowska, G. (1899). ‘Contribution a letude du sac embryonnaire chez certaines
Gamopetales.” Flora, 86, 47-71. .
Bhaduri, P. N. (1935). ‘Studies on female gametophyte in Solanaceae.” Jour. Ind. Bot. Soc.,
14, 133-149.
Billings, F. H. (1909). ‘The nutrition of the embryo-sac and embryo in certain Labiatae.’
Kansas Univ. Sci. Bull., 5, 67-83,
Bushnell, E. P. (1936a). ‘Development of macrogametophyte in certain Labiatae.” Bot. Gaz.,
98, 190-197.
Carlson, F. 8. and Stuart, B. C. (1936). ‘Development of spores and gamectophytes in certain
New World species of Salvia.” New Phyt., 35, 68-91.
Compton, R. H. (1912). ‘Note on a case of doubling of embryo-sac, pollen tube and embryo.’
Ann, Bot., 26, 243.
Coulter and Chamberlain (1903). ‘Morphology of Angiosperms.” New York D. Appleton
Company.
Goebel, K. (1923). ‘Organographie der Pflanzen inobesondere der Archegoniaten und Samen-
pflanzen.” 3 Teil: Jena.
Guignard, L. (1901). ‘La double fecondation daus le mais.” Jour. Botanique, 15, 37-50.
Hurst, C. C. (1931). Embryo-sac formation in diploid and polyploid species of Roseae. Proc.
Roy. Soc. Bot., 109, 126-146.
Joshi, A. C. and Venkateswarlu, J. {1935). ‘Embryological studies in the Lythraceae 1.” Proc.
Ind. Acad. Sci., 2, 481-493.
Junell, S. (1934). ‘Zur Gynaceummorphologie und systematik der Verbenaceen und Labiaten
nebst Bemerkungen uber ihre Samenturcklung,” Symb. Bot. Ups., 4, 140-144,
(1937). ‘Der Samenentwicklung beieinigen Labiaten L.” Sartryck wur Svensk Botanisk
Tidskrift, Bd. 31, 67-100.
Kausik, J. B. (1938). ‘Pollen development and seed formation in Utricularia coerulea L.’
Sonderabdruck aus. Beihefte zum Bot. Centrabl. BD 58, Dresden.
Krishna Iyengar, C. V. (1937, 1939a, 1939b, 1940a, 1940b). ‘Development of the embryo-sac
and Endosperm Haustoria in some members of the Scrophularineae I-V.” Jour. Ind.
Bot. Soc., 16, 99-109; J18, 13-20; 18, 35-42; 18, 179-189; 19, 5-17.
Langdon, M. L. (1935). ‘Embryologie of Carya and Juglans,’” Bot, Gaz., 96, 93-117.
Laws, Dominikus (1930). ‘Zytologische Untersuchungen uber den Formenkreis von Lavandula
spica L. Diss. Berlin.
Lavialle, P. (1922). ‘Sur le role digesty de I’epidermic interne du tegument ovulaire des Com-
posees.” Bull. Soc. Bot. De France, 69.
Narasimha Murthy, S. (1940). ‘Studies in the Labiatae I. Embryology of Ocimum sanctum
L., O. canum Benth and O. basilicum Benth.' Jour. Mys. Unw. Sec. B. Science 1.
(Part X): 97-104.
(1941). ‘The development of endosperm in Leucas aspera Spreng.’ Curr. Sci., 10,
257-259.
(1942). ‘Endosperm formation in Anisomeles sp.” Curr. Sci., 11, 284-285.
Palm, B. (1015). ‘Studien uber Konstruktionstypen und Entwicklungswere des Embryosackes
der Angiospermen.’ Stockholm. .
Pfeffer, W. (1872). ‘Zur Bluttenentwicklung der Primulaceen und Ampeliden,” Jakrb. Wiss.
Bot., §, 194-215.
Puri, V. (1914). *The life-history of Moringa oleifera Lamk,” Jour. Ind. Bot. Soc., 20, 263-284.
Rangaswami, K. (1941). ‘A morphological study of the flower of Blyza echinosperma Hook.’
Jour. Ind. Bot. Soc., 20, 123-133.
Rendle, A. B. (1935). ‘The classification of flowering plants,” Vol. II. Dicotyledons. Cem-
bridge Biological series, Reprint first edition: 506.
Ruttle, M. L. (1931). ‘Cytological and embryological studies on the genus Mentha.’ Garten-
bauwiss, 4, 428-468.
(1932). ‘Chromosome number, embryology and inheritance in the genus Lycopus.’
Gartenbauwiss, 7, 54-177.
Saunders, E. R. (1939). ‘Floral morphology’ II, Cambridge, W. Heffer and Sons Ltd.: $47-449.




212 J.K.GANGULY: STUDIES IN THE EMBRYOLOGY OF ANISOMELES INDICA O.KZE, ETC.

Schertz, F. M. (1919). ‘Early development of floral organs and embryonic structure of Scro-
phularia myrlandica.” Bot. Gaz., 68, 441-50.

Schnarf, K. (1917). ‘Beitrage zur kenntnis der Samenentwicklung der Labiaten.” Denkschr,
Akad. Wiss. Wien., Math. Nat. K1.No. 126.

(1921). ‘Kleine Beitrage zur Entwicklungsgeschichte der Angiospermen. II.

Klugia Zeylarnica.” Qesterr. Bot. Zeitschr, 70, 255-261.

——— (1931). ‘Vergleichende Embryologie der Angiospermen’: Berlin.

Sharp, L. W. (1911). ‘The embryo-sac of Physostegia.” Bot. Gaz., 52.

Soueges, R. (1921). ‘Recherches sur I’ embryogenic des Labiees.’ Bull. Soc. Bot. France,
68, 441-464.

Srinath, K. V. (1940). ‘Morphological studies in the genera Calceolaria and Herpestris.,” Proc.
Linn. Soc. Lond. session 152, 1939-40, Pt. 2: 152-174.

Srinivasan, V. K. (1940). ‘Morphological and cytological studies in the Scrophulariaceae. II.
Floral morphology and embryology of Angelonia grandiflora C. Morr. and related genera.’
Jour. Ind. Bot. Soc., 19, 197-222.

Svensson, H. G. (1925). ‘Zur embryologie der Hydrophyllaceae, Borraginaceen, und Helio-
tropiaceen.” Uppoala Univ. Areokr. Mat. Oct. Naturvetensk. 2.

Thomas, E. M. (1900). ‘On the presence of vermiform nuclei in a Dicotyledon.” Anns. Bot.,
14, 527-535.

Webb, J. E. (1902). °A morphological study of the flower and embryo of Spiraes.” Bot. Gaz.,
33, 451-460. (For correction of names see Rehder (1902) in Bot. Gaz., 34, 246-).

Woodworth, R. H. (1930). ‘Studies in the Betulaceae III. Parthenogenesis and polyembryony
in Alnus rugosa.’ Bot. Gaz., 89, 402-409,



