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Cupressus funebris is a native of central China growing in a wild state below
3,000 ft. It attains a height of 70 ft. and a girth of about 6 ft. A few trees are
cultivated in gardens at Lahore and Amritsar from which the material for the present
investigation was collected. These specimens are very healthy and have produced
viable seeds for the past several years.

The freshly removed material was fixed on the spot mostly in Bouin’s fixative
Allen’s modification P.F.By; and Navaschin’s fixative. The thickness of the sections
varied from 8u—20u depending upon different stages. Stains used were either
safranin and gentian violet or safranin and light green.

The plant has a wide spreading habit. The main branches grow out but the
branchlets are pendulous. That is why it is commonly known as ‘ weeping cypress’.
The leaves are small, closely adpressed, opposite and decussate. The lateral pair
of leaves is folded face to face while the facial pairs are flattened, ovate and keeled
at the back.

In Punjab the female cones are initiated in the beginning of August and
seeds ripen after one and a half years in the month of February., Female cones of
two different ages, those of the current and the previous year, are, therefore, met
with on the plant from August to February.

The young female cones develop at the tips of young branches which become
slightly curved; they are small, roundish and composed of a short axis bearing
four pairs of decussate bracts or megasporophylls. The lower pairs of bracts are
larger than the upper. Each bract bears five ovules arranged in a series at its base.
The mature cone is 0-4" in diameter.

The male cones appear at the end of July, also at tips of small leafy shoots.
They are oblong. Each consists of an axis bearing six pairs of opposite and de-
cussate microsporophylls. The microsporophyll is oval in shape with acute apex
and bears three microsporangia at the base on the abaxial surface. The pollen is
shed in the last half of February when the cones turn brownish. After this the
cones fall off. !

Archesporium and the formation of megaspore.

The structure of the young ovule and the origin and development of the arches-
porium is on the same plan as in Cupressus sempervirens (Mehra and Malhotra, in
press). The ovule possesses a single integument. The archesporium is deep-seated in
origin in the nucellus (Fig. 1) and composed of 6-12 cells. A peripheral layer of
tabular cells is cut off from these, which is tapetal in function. The cells of this
layer may divide by periclinal walls once, forming two-layered tapetum. From the
Inner sporogenous tissue one or two mother cells may be differentiated (Figs. 2, 4).
In other cases the sporogenous tissue may have more or less grown in size by the
multiplication of its cells by ordinary mitotic division when the mother cells make
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their appearance. As in Cupressus sempervirens if “no mother cells are
differentiated for long, the sporogenous tissue undergoes considerable multiplication
of its cells until it almost fills up the nucellus. Such ovules finally degenerate.

Fie. 1.—Deeply embedded archesporium x 167. Fies. 2, 3.—One megaspore mother cell
differentiated, at prophase and metaphase respectively x 247. Fia. 4.—Two megaspore
mother cells differentiated from the sporogenous tissue x 247. Fias. 5, 6.—Two megaspore
mother cells at prophase and metaphase respectively x 667. Fia. 7a.—A diad formed
X 247, Fi1a. 7b.—Linear tetrad in the process of differentiation. The upper diad lagging
X 6617,

Different stages of the division of the mother cell are observed. In figs. 2,3 the
mother cells are observed in synapsis and the 1st division metaphase respectively.
Both of these are shown magnified in figs. 5, 6. The diad stage is seen in fig. 7a
and the further division to form a linear tetrad of four megaspores is shown in fig. 7b.
The upper diad is lagging behind and is at metaphase while the lower one is at
telophase. In C. sempervirens occasional tetrahedral, T shaped and 1 shaped
tetrads were observed (Mehra and Malhotra) and the same is the case in the present
species besides the tetrads of linear type. ' -

Embryo-sac development.

The functional megaspore enlarges. In a number of cases two megaspores
may start development but ultimately only one forms the mature gametophyte
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while the other degenerates. Degeneration usually occurs at an early stage of free
nuclear division. ‘

During its enlargement the cytoplasm of the functional megaspore becomes
thin. Its nucleus divides into two (Fig. 8). At the 4-nucleate stage a central sap-
vacuole appears so that the nuclei come to lie in the peripheral layer of cytoplasm.
The early divisions at least of these nuclei are simultaneous (Fig. 9). With the
further enlargement of the embryo-sac a very large number of free nuclei are formed.
They are all embedded in a very thin layer of cytoplasm at the periphery of the sac.
At this stage the female gametophyte is very prone to plasmolysis with ordinary
fixatives. During the later stages in the growth of the sac a few of the nuclei may
become inert and no longer participate in further division. Two such are observed
in a portion of the sac shown in fig. 10 at L.

The exact stage when wall formation sets in has not been determined, nor
the method of wall formation. In any case more than a thousand free nuclei
could be counted before any trace of laying down of walls. :

Fra. 8.—Two nucleate embryo-sac x 400. Fig. 9.— Simultaneous free nuclear divisions in &
4-nucleate embryo-gac (drawn from 3 sections) x 400. Fia. 10.—A part of the embryo-sac
at free nucleate stage. Two nuclei at I have become inert x 247. Figs. 11, 12.—Various
orientations in the primary neck cell division in archegonial complexes x 400. Fie. 13.—
Primary neck cell divided by a transverse wall and the .nucleus of each of the two cells
having divided, yet without wall formation x 400. Fie. 14.—Two tiered neck x g

The remaining cells of the sporogenous tissue around the developing embryo
sac form a nutritive jacket. The cells of this jacket serve as intermediaries in drawing
the food material from the nucellar cells outside and passing it on to the embryo-
sac. The nutritive jacket keeps pace with the growing embryo-sac by the division
of its cells as in Cupressus sempervirens. It ultimately perishes in nourishing the
gametophyte when the latter becomes cellular. This tissue is comparable to ‘spongy
parenchyma’ around the megaspore mother eell in Pinus and Ginkgo. The cellular
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female gametophyte is conical in shape. The micropylar end is broad and the
chalazal narrow.

Archegonia.

The archegonia arise on the micropylar end of the female gametophyte forming
an archegonial complex. The number of archegonia in a complex varies from 14-17.
Fig. 16 shows a transverse section through an ovule in the region of the archegonial
complex showing 17 archegonia cut through the region of the venter.

The initiation of the archegonia is rather rapid. Immediately after the embryo-
sac has become cellular throughout, the archegonium initials are differentiated from
the surface cells of the gametophyte at the micropylar end. The initials arise
adjacent to one another. In some cases even when the embryo-sac has not become
completely cellular, the initials make their appearance. They are conspicuous
by being slightly larger and longer than the rest of the cells and having larger nuclei.
No archegonial initials are observed to arise in lateral position. The archegonium
initial increases in size and becomes divided by a transverse wall into an upper small
cell—the primary neck cell—and a large lower cell—the central cell (Fig. 11A).

The primary neck cell divides into two. This first division may be transverse,
longitudinal or oblique even in the members of the same complex (Figs. 11, 12).
The two cells thus formed undergo further division. In an archegonium shown in
fig. 13 the vertical walls have not yet been laid after the division of the nuclei in
upper and lower neck cells. The number of neck cells in a mature archegonium
varies from 4-8. They are arranged in two tiers (Fig. 14). 1In the same archegonial
complex the neck of one archegonium may be fully developed while that of another
may yet be in the primary neck cell stage.

In all other Cupressaceae so far investigated the mature archegonia possesses a
neck of only one tier excepting Tetraclinis articulata where Saxton (1913) Teported
a neck of two tiers with more than 4 cells in each tier. In respect of possessing a
two tiered neck Cupressus funebris therefore resembles Tetraclinis.

‘When the primary neck cell is cut off the central cell contains very little cyto-
plasm, mostly confined to the upper end where its nucleus is located (Fig. 11). In
later stages the central cell develops in size and becomes filled with dense cytoplasm.
There, however, persists a large vacuole in the centre for a considerable time. The
nucleus of the central cell invariably lies above the vacuole. One or two more or
less spherical dense kinoplasmic masses arise above the vacuole in the vicinity of
the central cell nucleus (Fig. 17). In some cases another such mass may also be
present below the vacuole. Such dense kinoplasmic masses are also known in other
Conifers and in Ephedra.

The central cell nucleus remains undivided for a long time. The division
occurs just before fertilisation. Before division the central cell nucleus becomes
highly enlarged (Fig. 19). The division of the central cell nucleus is not strictly
simultaneous for all the members of the archegonial complex in an ovule. In some
the nucleus is yet at prophase while in others the chromosomes may have already
arranged themselves at the equatorial plate of the spindle. The spindle is definitely
intranuclear. The nuclear wall soon disintegrates and its remains can be seen
outmge the spindle zone while the chromosomes are still at the equator (Fig. 20).
During this division no wall is laid down so that no ventral canal cell is separated
but only a ventral canal nucleus is organised.

In the entire Cupressaceae the position appears to be the formation of a ventral
canal nucleus only. This is observed in Thuja occidentalis by Land (1902),
Thuja orientalis by Lawson (1907) and Juniperus communis by Ottley (1909). In
Widdringtonia cupressoides the ventral canal nucleus becomes evanescent after
formation (Saxton, 1910). The same author states that in Actinostrobus pyramidalis
there is no evidence of a proper ventral canal nucleus being cut off and that were

2B :



OF THE FEMALE AND MALE GAMETOPHYTES IN CUPRESSUS FUNEBRIS. 19

it not for the parallel evidence of its occurrence in the related genus Widdringtonia
one would be more inclined to consider that the ventral canal nucleus is not normally
present. Saxton (1910) also could not identify a ventral canal nucleus in Callsti%s.

Fi0. 15.—V.8. through an ovule showing an apical archegonial complex x 53. Fia. 16.—T.8. of
) femnle.gargetophyte through the region of archegonial complex. Venter of seventeen
archegonia visible x 83. Fio. 17.—Central cell of two archegonia with kinoplasmic masses
near the nucleus x 183. ¥ia. 18.—T.8. through an ovule when flattened x 27.

As above described the archegonial complex in Cupressus funebris is apical and
consists of 14-17 archegonia. The usual archegonial chamber is formed by the
overgrowth of the surrounding tissue of the female gametophyte. The archegonial
complex thereby comes to lie at the bottom of a shallow cup-shaped depression
(Fig. 15). The archegonia are packed together in a common conspicuous jacket
composed of 2-3 layers of cells. The cells of the jacket are squarish, take deep
stain and possess large conspicuous nuclei. The cytoplasm is dense. They often
become bi,nucleate.

All the investigated genera of Cupressaceae are characterised by the formation
of an archegonial complex. The position of this complex, as also the number of
constituent archegonia in each complex, is variable in different genera. In Cupressus
arizonicg the complex consists of 3-10 archegonia but the usual number is 6-8
(Doak, 1932). In Thuja occidentalis the common number is 6 (Land, 1902) while in
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Thuja orientalis the complex is formed of 23 or 24 archegonia (Lawson, 1907). In
Juniperus communis the range is from 4-10 (Nichols, 1910). In Libocedrus decurrens
Lawson (1907) states that the number may vary from 10-15. In all the above
members the archegonial complex is apical. On the other hand in other members
especially those belonging to Callitroideae the complex is lateral in position. In
Widdringtonia cupressoides and W. juniperoides Saxton (1910, 1934) recorded lateral
groups of archegonia, numbering usually 50 but with a range of 25-100 in the former
case and in the latter about 200. In Callitris a lateral group of 17-20 archegonia
are recorded by Saxton (1910). The same author found 25-30 archegonia in Jateral
groups in Actinostrobus pyramidalis. In Tetraclinis articulata an interesting position
is exhibited. The archegonial complex may be apical, or one apical and another
lateral or there may be two lateral complexes (Saxton, 1913). The number of
archegonia vary from 9-10.

The presence of jacket cells around the archegonial complex is a consistent
feature of all the Cupressaceae so far investigated excepting Callitris and Widdring-
fonia in which genera Saxton (1910«, 19100) found them either absent or very feebly
differentiated.

Number of nuclei in the cells of the female gametophyte.

The female prothallus cells of Cupressus funebris are uni-nucleate up to the time
the archegonium initials appear, but by the time the archegonia mature they become
2.3 nucleate. Their division is mitotic (Fig. 21).

In Callitris Saxton (1910) reported that the cells of the mature female gameto-
phyte become bi- or multinucleate. The same condition was found by him to be
present in Widdringtonia and Actinostrobus so that it is present in all the members of
the Callitroideac. In Tetraclinis, also investigated by Saxton (1913), multinucleate
condition of female gametophyte cells was noticed but in contrast to Callitroideae,
in some cells these nuclei fuse. The author draws a certain degree of comparison
with the condition in Welwitschia.

Form of the ovule,

The ovule when young is more or less circular to angular in outline in transverse
section but by the time the archegonial complex is differentiated it has become
flattened. 1In transverse section it then appears roughly triangular with a flattened
projection of the integument on either side (Fig. 18). The integument is now thick
and differentiated into three zones the outermost consisting of two layers of small
cells with dark resinous contents, the middle composed of two layers of thick walled
elongated cells mechanical in function and the inner zone of 3-5 layers of parenchy-
matous cells. The cells of the innermost layer of the latter are small and resinous.
Between the integument and the female gametophyte the nucellus is present. This
is 4-5 layers of cells in thickness. The cells of the epidermal layer of the nucellus
contain dark resinous contents. The innermost cells adjacent to the female game-
tophyte are shrivelled and compressed due to the haustorial action of the female
gametophyte during the course of its development.

The male gametophyte.

The male cones ripen by the last half of February in the Punjab when the
pollen is shed. Meanwhile the ovules become receptive and secrete mucilagin-
ous drops at the end of their micropyles in which the pollen grains become
entangled. These pollen grains are ultimately carried through the micropylar
canal to the apex of the nucellus. After the pollen is lodged, growth begins to take
place in the upper region of the bract scales. They become peltate and the cones
close by the-end of April.
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The pollen grains are shed in the one-celled stage as in Cupressus sempervirens
(Mehra and Malhotra). They are rounded to roughly triangular in outline.
Each is bounded by the usual two walls, the exine and the intine.

The first division of the spore takes place shortly after shedding, on the nucellar
apex (Fig. 22). The nucleus is seen in division at anaphase. A small cell is cut off
at one end (Fig. 23). This is the generative cell and the larger cell is the tube cell.
The cytoplasm of the generative cell at this stage is thinner and its nucleus smaller
than that of the tube cell. No vegetative cell is cut off.

After the first division the pollen grain sprouts; the exine ruptures and the pollen
tube is put out (Fig. 24). The tube penetrates very slowly; it does not branch but

F1a. 19.—Central cell nucleus enlarged prior to division x 400. FIa. 20.—The same at meta-
phase. Spindle intra-nuclear x 400.  F1q. 21.—Cells of the famale gametophyte at the time
of maturity of archegonia becoming bi-nucleate by mitotic divisions x 400. Fig. 22.—
Pollen grains on nucellar apex at snaphase of mitosis to give rise to generative cell x 53.
flg. 23.—Small generative cell cut off on one side %400, Fie. 24.—Formation of the pollen
ube X 53.

worms its way in between the nucellar cells pressing them aside and crushing the
cells that fall in its way. It is fairly wide. Four or five well developed pollen tubes
may be seen in a single ovule penetrating the nucellar region above the female
gametophyte as seen in a transverse section (Fig. 25). Much before the tube reaches
the archegonial complex the body cell and the stalk nucleus are already organised.
The body cell is not very large at this time though it is much bigger than either the
stalk or the tube nucleus. Both of these nuclei are about the same size. The body
cell at this time is not rounded but more or less oblong. By the third week of May
the pollen tube reaches the archegonial complex with its contents. The neck cells
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of the archegonia are by this time seen in the process of degeneration. The body
cell is now highly enlarged prior to division and its nucleus is surrounded by very
‘dense cytoplasm. The two sterile nuclei (the stalk and the tube nuclei) lie in a
common mass of cytoplasm usually in front of the body cell (Fig. 26) but sometimes
they may lie on the side or even behind. These nuclei are rather small and indis-
tinguishable from one another. The tube at its apex becomes very broad and almost
entirely fills the archegonial chamber. Often two pollen tubes each with its own body
cell reach the archegonial complex. Occasionally the pollen tube may invade
laterally between the female gametophyte and the integument (Fig. 27).

The large body cell gives rise to only two male cells. This invariably occurs
in the region of the tip of the pollen tube after it has reached the archegonial chamber,
never during the growth of the pollen tube. The male cells are identical; both are
hemispherical with their flat surfaces towards each other (Fig. 28). The nuclei are
surrounded by dense cytoplasm. Fig. 29 shows the apex of a pollen tube almost in
a transverse section. The two male cells have separated from each other and have
become almost circular in outline. ~

F16. 25.—T.8. through the nucellar apex of an ovule showing 5 pollen tubes cut transversely
X 70, Fr1c. 26.—Broad apex of a pollen tube above an archegonial complex showing a
large body cell, a stalk and a tube nucleus X 183. Fi1c. 27.—A pollen tube invading laterally
between the integument and the female gametophyte (drawn from three sections) X 53.
Fi1a. 28.—QGenerative cell divided into two equal hemispherical male cells; one sterile nucleus
is seen below x 400. Fie. 29.—Apex of a pollen tube cut transversely showing two male
cells, a stalk and a tube nucleus x 400.

The position as regards q:e variability in the number of male cells in the genus
Cupressus has already been discussed elsewhere in detail (Mehra and Malhotra).
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SuMMarY.

The archesporium is deep-seated in origin in the nucellus and is composed of 6-12 cells.

One or two megaspore mother cells are differentiated from the sporogenous tissue at an
early stage or later when the sporogenous tissue has more or less grown in size by the ordinary
mitotic division of its cells. If the differentiation of the megaspore mother cells is long delayed
the sporogenous tissue continues growth until it almost fills the nucellus. Such ovules
degenerate,

The mother cell divides to form a linear tetrad of megaspores. There may also be
formed T shaped or | she¢ped tetrads. The lowermost megaspore is functional. The develop-
ment of the female gametophyte follows the course usual for Gymnosperms.

An apical archegonial complex of 14-17 archegonia is organised which becomes situated
at the bottom of a shallow cup-shaped archegonial chamber, by the overgrowth of the surrounding
tissue. The archegonial complex possesses a common 2-3 layered jacket of cells. These cells
are rich in food and in later stages become binucleate.

The neck of the archegonium is bi-seriate with 2—4 cells in each series.

The central cell divides just before fertilisation. A ventral canal nucleus and not cell is
cut off.

The pollen is shed in uni-nucleate stage. No vegetative cell is formed on its germination.
In a well developed pollen tube a large body cell and two small sterile nuclei namely the stalk
and tube nuclei are observed prior to fertilisation.

Unlike in Cupressus arizonica, C. govanianas and C. sempervirens the body cell in the present
species divides to form two large male cells, In this respect it resembles with the rest of the
Cupressaceae, The division, however, occurs just before fertilisation at the apex of the pollen
tube.

The cells of the female gametophyte are uninucleate up to the formation of the archegonial
initials. But by the time the archegonia mature they may become bi- or tri-nucleate by the
mitosis of the original nucleus.
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