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INTRODUCTORY.

N spite of the activity which has of recent years been
manifested in the study of the fertilization and embryogeny
of the Abietineae, the genus Picea has been seemingly neglected.
In fact, our knowledge on the cytology of the sexual repro-
duction of Picea remained almost stationary for nearly ten
years. In thelight of the recent studies on the other members
of the Abietineae, it is highly desirable that similar investiga-
tions should be made in Pzcea. It was with this object that
the work described in the present paper was undertaken.

But few investigators have hitherto studied the development
of the gametophytes and fertilization in Picea. Hofmeister
(’51, ’58, ’62), who made the first careful and extensive studies
on the life-history of the Conifers, has only incidentally
referred to Picea. '

Strasburger ('69) in his first work on the fertilization of the
Conifers described the structure of the archegonium and the
formation of the proembryo in Picea excelsa (P. vulgaris) with
several figures. He traced the pollen-tube into the arche-

[Annals of Botany, Vol, XVII. No. LXVI, March,1903.]
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gonium, and affirmed Hofmeister’s observation regarding the
presence of a closed pit at the apex of the tube. Three years
later Strasburger ('72) made a further contribution to the
embryology of Picea by describing the process of embryo-
formation in Picea ecxcelsa.

In 1878 Strasburger observed two ‘ primordial cells” in the
pollen-tube of Picea excelsa, and mentioned that these cells
dissolve one after another before fertilization takes place;
later, the sperm-nucleus, which, he thought, was formed from
the contents of the tube, appears in the upper part of the egg
and finally fuses with the egg-nucleus. In his * Angiospermen
und Gymnospermen,” Strasburger ('79) makes the statement
that it is the foremost of these two ‘primordial cells’ in the
pollen-tube which becomes active in fertilization. In 1884,
by a study of Picea excelsa, he confirmed Goroschankin’s ob-
servation ('83) on Pruus as to the passage of both sperm-nuclei
into the egg, but pointed out that only the one in advance
fuses with the egg-nucleus.

The same author in his work on the pollen of the Gymno-
sperms ('92), in which he showed that Belajeff’s observations
(’91) on the development of the pollen-tube in Zaxus baccata
are in general true for other Gymnosperms, gave the results
of observations on the germinating pollen of Picca excelsa.
In the mature pollen-grain just before pollination he observed
that the third prothallial cell or central cell! has already
been divided into the stalk- and generative cells, the two other
disintegrating prothallial cells being seen as two slit-like
bodies. He also found that the generative cell divides into
two sperm-cells before it passes down into the pollen-tube.

In the following year Belajeff (98), in his second paper on
the pollen-tube of the Gymnosperms, described the further
development of the pollen-tube in Picea excelsa. According
to him the generative cell divides into two sperm-cells before
it moves down into the pollen-tube ; the stalk-cell is broken
down and only the nucleus follows the sperm-cells, finally

! T take the third prothallial cell as homologous to the central cell of the
Pteridophytes, and the latter term is used throughout the paper.
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overtaking and passing the latter, and is found near the tip
of the tube with the vegetative nucleus.

The material for the present studies was collected from
three grown-up trees on the campus of Cornell University,
during May and June of 19or and 19o2. The cones of one
tree had smooth oval scales, while those of the other two trees
had scales somewhat rhomboidal in shape with wavy margins.
The three trees looked almost alike in the shape and size of
the leaves, and in general appearance. Histologically, at
least so far as the structure of the ovule is concerned, I failed
to find out any difference between these two forms. As
Picea excelsa is exceedingly variable, presenting a number
of varieties and forms, perhaps little importance should be
attached to these individual peculiarities ®.

Flemming’s chrom-osmo-acetic acid solution of the stronger
concentration was almost entirely used as the fixing fluid.
The material was washed, dehydrated, decolorized, and im-
bedded in paraffin in the usual way. The sections were cut
usually from 8 to 12 p in thickness. For staining, Flemming’s
safranin, gentian-violet, and orange combination was exten-
sively used. Sometimes this stain was used without safranin
and gave some good results.

The present studies were conducted in the Botanical
Laboratory of Cornell University, and I wish to express here
my best thanks to Professor G. F. Atkinson for his kind advice
and helpful criticisms.

DEVELOPMENT OF THE MALE GAMETOPHYTE.

In the mature pollen-grain, just before pollination, the
central cell is usually divided into the stalk- and generative
cells, and the disintegrating remains of the first two prothallial
cells can be seen merely as two thin and darkly staining
bodies between the stalk-cell and the pollen-wall (Pl. XVI,
Fig. 6). This fact has already been noticed by Strasburger
(’92). According to him ZLarix behaves in the same way as

! On the variations of Picea excelsa see Schrater, "98.
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Picea, and differs from Prnus, in which the division of the
central cell takes place after pollination.

Fig. 1 shows a pollen-grain in which the central cell is still
undivided. Several stages of the division of the central cell
are shown in Figs. 2-5. Figs. 1-6 are drawn from sections
of the anthers, collected a few days before pollination. In
the same anther, or even in a single section, I was often able
to find out all the different stages figured here. The stalk-
and generative cells are almost equal in size and structure
when they are formed ; they usually contain several nucleoli
(Fig. 6). The nucleus of the vegetative or tube-cell is oval
or sub-spherical, and is situated very close to the free end of
the generative cell. It contains usually two or sometimes
more nucleoli (Figs. 1-6).

In the neighbourhood of Cornell University, Ithaca, N. Y.,
pollination takes place during about the second week in May.
The dates varies somewhat by seasons. At the time of
pollination, the female cone stands erect, the scales being
divergent. It is about one-third or one-fourth the length of
the mature cone. After about a week or ten days, the scales
are closed and the cone begins to droop downward.

The germination of the pollen-grain seems to take place
in a few days after pollination. Soon after the formation of
the pollen-tube, the tube-nucleus, which has usually a single
nucleolus about this time, moves down towards the tip of the
tube (Figs. 9, 10). Both the generative and stalk-cells continue
to increase in size (Figs. 7-10). The generative cell enlarges
more rapidly, and its nucleus soon assumes a more or less
spherical shape with a prominent nucleus; its cytoplasm
becomes dense and deeply staining (Figs, g-11). The cyto-
plasm of the stalk-cell on the contrary assumes a vacuolate
character. Its nucleus grows but slightly, and one or more
prominent nucleoli, which were obsetved in its early stage
of development, are now replaced by one or several small
granules ; sometimes one of the granules is slightly larger
and seems to represent a true nucleolus (Figs. 7-I1).

In the meantime the stalk-cell is detached from the inner
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wall of the pollen-grain, and together with the generative cell
moves down into the pollen-tube (Figs. 11, 12). Strasburger
('92) states that in Picea cxcelsa the generative cell divides
in the pollen-grain, and of the resulting two cells the one in
advance is smaller than the other!. Belajeff ('93) also ob-
served in Picea cxcelsa that the generative cell divides into
two before it leaves the pollen-grain, and only the naked
nucleus of the stalk-cell enters the pollen-tube. Dixon ('94)
made a similar observation in Pznus sylvestris. Miss Ferguson
('Ol g), in her studies on the development of the pollen-tube
in several species of Pinus, obtained very different results.
She found that the generative cell enters the pollen-tube
before it divides, and also demonstrated that the whole stalk-
cell moves down into the pollen-tube. My observations in
Picea agree with Miss Ferguson’s in both points.

The generative cell, as it passes into the pollen-tube, is
more or less elongated and increases much in size ; it has no
definite cell-wall, and is somewhat irregular in shape (Fig. 12).
The stalk-cell, which is attached to the generative cell at its
lower side and more or less surrounded by the cytoplasm of
- the latter, seems to move down the pollen-tube more rapidly ;
it passes by the generative cell, and soon afterwards is seen
at the lower end of the latter (Figs. 13, 14).

Shortly after this the generative cell divides. The process
of the division has not been trace(ivery carefully, but judging
from several division-figures so tar observed, I may say that
in general it is very much like that of Pinus as studied by
Miss Ferguson ('012). The mitotic figure, like Fig. 15, suggests
that the spindle may very likely be unipolar in origin as in
Pinus. The cell-plate is formed at the equator of the spindle,
but persists only for a short time and finally disappears, as
was already noticed by Miss Ferguson in Pinus (Figs. 16-20).
Soon after the division the two sperm-nuclei are separated
from each other by a considerable distance (Fig. 17). Gradually

1 ¢ Bei Picea vulgaris sieht man die grosse Antheridialzelle sich ebenfalls schon

im Pollenkorn theilen. Die vordere generative Zelle ist auch bei Pzcea kleiner als
die hintere’ (Strasburger, '92, p. 25).
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the two nuclei approach each other, or rather the lower nucleus
moves towards the upper one, until they come to lie in the
uppermost part of the common cytoplasm (Figs. 18-21). The
two nuclei are not equal in size, and the upper one seems to
be always smaller. This inequality in size could be detected
as far back as the formation of the daughter-nuclei (Fig. 16).
Miss Ferguson (01 @) made a similar observation in Pzuzus. She
also demonstrated the fact that in Pznus two sperm-nuclei are
surrounded by the common cytoplasmic mass; two sperm-
cells never being formed as was supposed to be the case by
former investigators (Strasburger ‘92, Belajeff ‘93, Dixon 94,
Coulter “97).

At this time the pollen-tube has reached nearly half way
down towards the archegonium. After the formation of the
sperm-nuclei the downward growth of the tube is comparatively
rapid. The pollen-tube is somewhat sinuous in its course,
but I have never observed it to branch, as is often the case
in Pinus.

The sperm-nuclei increase in size after they are formed,
and present a densely granular appearance under a low power,
although these granules seem to be somewhat reticularly
arranged under a high power. The nuclei, when mature, often
stain intensely, taking the violet in Flemming’s triple method.
They seem to contain several nucleoli, but the latter are often
obscured by the other densely staining structures (Figs. 19-22).
Fig. 15 shows two mature sperm-nuclei near the tip of a pollen-
tube which has reached the lower part of the nucellar cap
almost approaching the neck of the archegonium. The stalk-
cell with its characteristic nucleus is found at the lower end
of the sperm-cytoplasm.

The nucleus of the stalk-cell usually takes the violet stain
in the triple method. It is very much like one of the nuclei
of the nucellar cap both in its size and staining character
throughout its entire history in the pollen-tube. Although
Miss Ferguson for the first time clearly established the fact
that the stalk-cell remains intact throughout its entire history
in the pollen-tube, a careful examination of Strasburger,
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Belajeff, and Coulter’s drawings! leads me to think that they
too saw the entire stalk-cell in the pollen-tube ; it was, how-
ever, interpreted by them as a mere nucleus.

The tube-nucleus, which is often somewhat irregular in
outline and has a prominent nucleolus, is always located near
the tip of the pollen-tube (Figs. 10-16, 18-21). This nucleus
seems to play an important part in the elongation of the
pollen-tube ; it has been observed in Giznkgo (Hirase '98) and
Cycads (Ikeno ’98, Webber 01) that when the tip of the
pollen-tube ceases to grow and the other end of the tube
begins to elongate, a little while before fertilization, the tube-
nucleus migrates to this new growing portion.

The starch-grains, which can usually be observed in the
mature pollen-grain, increase much in size and amount after
the formation of the pollen-tube. Very often these grains
have deeply staining portions, which I have not sketched in
my drawings, in their centres. They are probably the cracks
or spaces left by the dissolution of some of the starch in the
centre of the grain. The starch-grains also appear in the full-
grown stalk-cell shortly before its passing into the pollen-tube ;
after the cell has entered the tube starch is no longer visible
in it (Fig. 11). The stalk-cell with starch-grains was also
observed in Zamia by Webber ('01).

EARLY DEVELOPMENT OF THE ARCHEGONIUM.

The archegonium usually develops from a superficial cell
at the apex of the female prothallium. When the prothallium
reaches a certain size, some of the cells in the uppermost
layer cease to divide, but continue to grow, so that they are
distinguished from the adjgxcent cells by their larger size and
larger nuclei. These are the initial cells of the archegonia
(Figs. 23, 24). While this archegonial initial is only a few
times as large as the adjacent cells it divides, giving rise to
a small upper cell, the mother-cell of the neck, and a large
lower cell, the central cell of the archegonium (Figs. 25, 26).

1 Strasburger *92, Figs. 43, 44 ; Belajeff ’93, Fig. 16 ; Coulter *97, Fig. 5.
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The smaller cell soon divides into two cells by an anticlinal
wall; these two cells then divide several times by both
anticlinal and periclinal walls and form the neck of the
archegonium. The neck of the full-grown archegonium
usually consists of four to eight rows of cells, with two to
four cells in each row (Figs. 27-36, 41). Strasburger made
a similar observation in 1869, and stated that the neck consists
of two to four tiers of cells.

The rapid growth of the central cell takes place soon after
its formation. The cytoplasm presents a very vacuolate
appearance in the early stage of development (Figs. 27-31).
But as the central cell continues to grow the cytoplasmic
contents become more dense, and the number and size of the
vacuoles gradually decrease. When the archegonium reaches
its full size only a few small vacuoles are found in the more
or less finely granular cytoplasm, and now a few so-called
proteid-vacuoles begin to appear (Fig. 32). The nucleus is,
from the first, always situated at the apex of the cell just
beneath the neck. It has one prominent nucleolus, and some-
times one or two smaller ones may be present (Figs. 26-36).
Enveloping the central cell is a layer of cells rich in proto-
plasm and with large nuclei ; these are the sheath- or wall-cells
of the archegonium, and correspond to the follicle-cells of the
animal egg in their function. These cells are differentiated
from the adjacent endosperm-cells very early in the develop-
. ment of the archegonium.

The number of archegonia in each ovule varies from two
to seven, the most common number being four. Of over four
hundred ovules studied, I kept an account of the number of
archegonia in about three hundred of them, and found that
about one-half had four archegonia ; about one-fourth had
three, and about one-fifth had five archegonia, while eight
cases were met in which each ovule contained six archegonia.
In four cases an ovule was found with two archegonia, and
but a single ovule with seven archegonia was met with. This
agrees in the main with the observation of Strasburger (’69),
who found three to five archegonia in each ovule of Picea excelsa.
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FORMATION OF THE VENTRAL CANAL-CELL.

As the central cell prepares for division the deeply staining
substance, which is coarsely granular, accumulates near the
centre of the nuclear cavity, in a condition suggesting
synapsis, similar to that observed by Murrill (00) in Zsuga.
Soon there appears, along the lower side of the nucleus,
a clear court which at first assumes a crescent shape in
section, and later approaches to a conical form. Sooner
or later delicate fibres make their appearance inside the
court ; similar fibres also appear on the upper side of the
nucleus. These fibres seem to represent the beginning of
an extra-nuclear spindle. At the same time the upper and
lower sides of the nucleus become more or less irregularly
indented (Pl. XVII, Figs. 37, 38). The fibres seem to press
the nuclear membrane from both sides, and finally to enter
the nuclear cavity by the dissolving away of the membrane,
which first takes place where the fibres are attached. Fig. 39
shows a stage in which the nuclear membrane is still intact,
except the side close to the fibres where it is beginning to
disappear. Chromosomes about twelve in number are found
inside the nuclear cavity.

The spindle, when fully formed, is more or less pointed
at the lower end and somewhat blunt on the upper side.
It seems to lie wholly within the boundary of the original
nucleus, so that one who had not seen the earlier stages of
division might interpret the origin of the spindle as intra-
nuclear (Figs. 40-43). The various stages of the division
are shown in Figs. 37—48. The two daughter-nuclei are
considerably different in size when they are formed, the
nucleus of the egg being several times larger than that of
the ventral canal-cell. The process of division is in the main
similar to Pznus as described by Miss Ferguson (014) ; the
only noticeable difference is that no accumulation of chrom-
atic substance has been observed in the early stage of division
in Pinus. No trace of the dense fibrous mass beneath the
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nucleus, from which the lower spindle arises, as described
in 7Zsuga by Murrill (00), has been observed in Picea.

The ventral canal-cell shows signs of disintegration very
soon after its formation. The nuclear membrane seems to
break down very soon, and the nuclear substance becomes
scattered throughout the cell. In the mature archegonium
ready for fertilization, the ventral canal-cell usually appears
as a lenticular or crescent-shaped cap-over the top of the egg,
with a deeply stained mass of granular substance; and a dis-
tinct nucleus is no longer visible in it (Figs. 34, 35, 48).
In a few cases a fibrous structure, as observed by Black-
man ('98) in Pinus sylvestris, was found in the ventral canal-
cell of Picea. It may probably represent the remains of the
spindle-fibres, as suggested by Blackman.

In several preparations showing the division of the central
cel, I was able to count the number of chromosomes, and
twelve, or approximately twelve, were always found, as
already noticed by Blackman (’98) and Miss Ferguson (‘01 4)
in Pinus, instead of eight as counted by Dixon ('94). The
number of chromosomes in the dividing nuclei of the sheath-
cells and other cells of the female prothallium has always
been found to be approximately twelve, as already found
to be the case in Pznus by Blackman (’98), Chamberlain ('99)
and Miss Ferguson ('00 ¢), while their number in the cells
of the nucellus was invariably more than twenty, the actual
number being very likely twenty-four.

MATURATION OF THE EGG.

The egg-nucleus, soon after it is formed, begins to increase
in size, becoming considerably enlarged before the disappear-
ance of the spindle-fibres (Figs. 47, 48). As the nucleus
moves down towards the centre of the egg, it continues to
enlarge until the centre is reached (Figs. 34, 35). After the
division of the central cell, the few vacuoles, if there are any,
in the cytoplasm gradually disappear, and at the same time
an increase in the number of proteid-vacuoles takes place.
Each proteid-vacuole at first contains a number of granules
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often differing in size, and these granules then seem to unite
into one or more larger ones. At a later stage, about the
time of fertilization, the proteid-vacuoles, each with a single
large granule occupying the larger part of the vacuole, are
often observed. In addition to the proteid-vacuoles several
granules varying in size can be seen scattered all through the
egg-cytoplasm. Thus the egg-cytoplasm, which appeared to
be finely granular before the formation of the ventral canal-
cell, presents a much coarser structure about the time of
fertilization (Figs. 33-35, 49-5I).

The origin of the proteid-vacuoles is not at all clear,
although there is no doubt about their being a kind of
nutritive substance.  Hirase (’95) observed that the granules
in the egg of Ginkgo were of nucleolar origin, being derived
both from the nucleus of the central cell and from the nuclei
of the sheath-cells. Arnoldi (’00 @) thought that substantially
the same thing takes place in Ceplalotaxus. Ikeno ('98)
observed the passing in of the substance secreted by the
nuclei of the sheath-cells, through the numerous pores in the
wall of the archegonium, into the egg, and he ascribed to this
substance the origin of the proteid-vacuoles. Arnoldi ("00 &)
described a remarkable migration of whole nuclei from the
sheath-cells into the egg in several species of Pinus.
Murrill ('00) and Miss Ferguson (01 4) have both failed to
find such passage of nuclear substance from the sheath-cells
into the egg. In careful examination of numerous archegonia
in all stages of development, I was not able to find even a
single case representing such a passage in Picea.

The mature egg-nucleus, situated at or near the centre
of the archegonium, usually contains one or more large
nucleoli and often several smaller ones ; but it is not always
easy to distinguish the latter from the chromatic granules
in the nuclear reticulum. The reticulum presents a more
or less granular appearance and stains violet with the triple
stain. The nucleus is usually somewhat oval or elliptical
in shape, its average size being 100 pu by 120 (Figs. 35,
49-51).

B b
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FERTILIZATION.

The date of fertilization varies for the same and different
trees much as pollination does. In 1go1 the earliest date for
fertilization was June 15, while in the same tree the conjugat-
ing nuclei were observed as early as June 7 in the following
year, the process being apparently most active on the gth or
1oth. The difference may largely be ascribed to the unusually
early season in 19o2, and the condition in 19o1 may probably
represent that of the normal year. Generally speaking, we
may say that in the neighbourhood of Cornell University the
fertilization of Picea excelsa takes place about the middle
of -June.

The egg seems to be fertilized about five days or a week
after the formation of the ventral canal-cell. The pollen-tube
reaches the egg by penetrating the neck of the archegonium,
and nearly the whole contents of the lower part of the tube,
including the two sperm-nuclei, pass into the egg.

In the mature egg which is ready for fertilization, a vacuole
was often observed just beneath the neck. Sometimes a few
smaller vacuoles may also be present near the larger one.
Miss Ferguson’s suggestion about the similar vacuole in Pznus
Strobus is very instructive ; she says that ‘ this opening in the
cytoplasm represents the last act of the egg in its preparation
for the reception of the sperm-nucleus.” But I am not quite
ready to accept her interpretation without making more
careful and extensive observations. The vacuole was some-
times observed in the egg after fertilization (Figs. 51, 52).

The larger sperm-nucleus immediately moves down towards
the nucleus of the egg. There is no evidence that the sperm-
nucleus increases in size after entering, as was supposed to be
the case by some investigators (Coulter '97). The sperm-
nucleus is much smaller than the one figured by Strasburger
(‘84 @), being about one-third the diameter of the egg-nucleus.
The sperm-nucleus first comes in contact with the egg-
nucleus and soon begins to press itself against the latter.
Thus the sperm-nucleus becomes more or less imbedded
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in the substance of the egg-nucleus ; but the walls of both
nuclei are still intact (Figs. 49-51). Later stages in the con-
jugation of the sexual nuclei have not been observed. The
fate of the second sperm-nucleus, tube-nucleus, and stalk-cell
after their entrance into the egg has not been followed in the
present studies.

DIVISION OF THE FERTILIZED NUCLEUS AND FORMATION
OF THE PROEMBRYO.

The fertilized nucleus soon divides into two smaller nuclei.
The karyokinetic spindle of this division is shown in Fig. 52.
The two daughter-nuclei thus formed increase rapidly in size,
and then divide simultaneously. The four free nuclei soon
increase in size. When they have reached their full size, they
begin to move down toward the base of the egg (Figs. 53, 54)-
Upon reaching the base of the egg, the four nuclei arrange
themselves in a plane, and they are surrounded by a deeply
staining mass of protoplasm, which is much more finely
granular in structure compared with that of the rest of the
cgg (Fig. 55)-

The four nuclei then divide simultaneously in a plane trans-
verse to the long axis of the egg (Fig. 56). After the complete
formation of eight daughter-nuclei walls are formed between
them, and a tier of four completely walled cells is cut off below,
the upper four nuclei still being freely exposed above to
the partially segmented cytoplasm of the egg (Fig. 57).
Strasburger (84 4) figures the formation of the complete wall
in the four-celled stage in Picea cxcelsa, and the figure is
repeated in his later publications ('97,°02). Blackman ('98)
also describes, in Pinus sylvestris, the formation of walls
between the four nuclei. According to him, ‘the two walls
are formed at right angles to one another and to the base
of the oosphere; each nucleus thus lies at the bottom of
a kind of shaft which is open above.’ Miss Ferguson (00 &)
failed to find any sign of wall-formation in the four-nuclei
stage, and mentions that ‘in the five species of Pines which

Bb2
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I have studied, cell-walls do not arise until after eight nuclei
have been formed.’

Strasburger('84.4), describing the later process of proembryo-
formation, states that the lower four of the eight cells divide,
and the process is again repeated by the lowest four ; thus
finally there are three tiers of four cells each, with four free
nuclei above them!. Coulter and Chamberlain (’01) give
a similar description of the corresponding process in Piuus
Laricio: ‘ The cells of the single completely walled tier then
divide simultaneously, and two tiers are organized. The
process is again repeated by the lower tier, and the result
is three tiers of four cells each.’

The result of my observations is somewhat different from
the above-mentioned process, which seems to be generally
accepted. According to my observations, at first, the four
nuclei of the upper incompletely walled cells divide simul-
taneously, and another tier of completely walled cells is
formed right above the lower tier (Fig. 58). Then the
division is undertaken by the cells of the lowest tier and
the formation of the proembryo is accomplished (Fig. 59)2
At this stage, therefore, there are four tiers of cells, of four
cells each, the upper tier being incomplete since the nuclei are
separated from one another by walls, but freely exposed above
to the food supply of the egg. '

ABNORMAL ARCHEGONIA.

Several abnormal archegonia have been observed in the
course of the present investigations. The archegonium with-
out a neck was often noticed (Figs. 60-61). This neckless
archegonium has probably been originated from a cell below

! ¢ Die das Ende des Eies einnehmenden vier Zellkerne theilen sich in derselben
Richtung weiter und die dem Ei-ende niheren wiederholen noch einmal die
Theilung. So finden wir schliesslich in dem vom Halstheile abgekehrten Ende
des Eies drei Etagen von je vier Zellen und iiber diesen im Eikorper vier freie
Zellkerne ’ (Strasburger ‘84 4, p. 483).

2 According to Miss Ferguson’s unpublished observation, which was kindly sub-
mitted to"me, the process of proembryo formation of Pinus agrees with my result
in Picea.
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the superficial layer of the prothallium. In one of them the
ventral canal-cell was found at the side of the egg, instead of
the top (Fig. 61). - Two archegonia, lying one above the other,
were observed several times, and both archegonia were found
to be somewhat smaller than the normal one. The lower
archegonium, which is usually larger than the upper one,
has no neck-cells, but the ventral canal-cell is usually formed.

Fig. 62 shows a double archegonium, in both parts of which
the central cell is still undivided. The division of the central
cell does not always take place simultaneously. In Fig. 63
the nucleus of the lower archegonium is dividing while that of
the upper one remains still undivided. A later stage is shown
in Fig. 64 ; the nuclei of both archegonia are already divided
and each egg-nucleus is approaching the centre of the egg.
The disorganizing ventral canal-cell, which is somewhat
lenticular in shape, is seen on the upper left-hand corner
of the lower archegonium ; that of the upper archegonium
is found in another section, and is not sketched here.

SUMMARY.

1. The mature pollen-grain contains the large tube-cell,
two smaller generative and stalk-cells, besides two disinte-
grating prothallial cells. The third prothallial cell or central
cell divides into the stalk and generative cells before pol-
lination, asalready described by Strasburger. This division
seems to take place within a few days before pollination.

2. Pollination takes place, in the vicinity of Ithaca, N.V.,
about the second week in May. The pollen-grain germi-
nates in a few days after pollination.

3. Soon after the formation of the pollen-tube, the tube-
nucleus leaves the grain, and is found near the tip of the tube.
The generative and stalk-cells, which are nearly equal in size
and structure when first formed, begin to increase in size, and
soon the two cells present very different appearances. The
generative cell enlarges more rapidly, and its nucleus assumes
a more or less spherical shape with a prominent nucleolus, its
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cytoplasm being very dense and finely granular, while the
stalk-cell has a smaller nucleus and very vacuolate cytoplasm.

4. About two weeks, or a little more after pollination, the
generative cell followed by the stalk-cell moves down into the
pollen-tube. The stalk-cell soon passes the generative cell
and attaches itself to the lower side of the latter.

5- The generative cell, after passing into the pollen-tube,
is more or less elongated and somewhat irregular in its
outline. It has no well-defined cell-wall, and the nucleus
occupies at the time of its division the upper part of the
dense protoplasmic body. :

6. The division of the generative cell has not been followed
in detail. The process seems to be very similar to that
of Pinus, as studied by Miss Ferguson. The cell-plate
formed at the equator of the spindle later disappears, and
two sperm-nuclei, which are unequal in size, remain surrounded
by a common mass of cytoplasm.

7. The sperm-nuclei, which are separated by a considerable
distance when they are formed, soon come to lie together
in the uppermost part of their cytoplasm, and early attain
their full size, the lower one being always larger.

8. The archegonium usually originates as a single super-
ficial cell in the micropylar end of the female prothallium.
Very early in its development it divides into two cells;
the upper smaller one forms the mother-cell of the neck
and the lower larger one develops into the egg-cell.

9. The number of archegonia in each prothallium varies
from two to seven, the most usual number being four; three
and five are the next common numbers ; six is less common,
while two and seven are extremely rare.

10. The central cell is at first very vacuolate, and its
nucleus always remains close beneath the neck-cells. Later,
its protoplasmic contents gradually increase, and the vacuoles
begin to disappear. When the central cell is fully developed
and its nucleus is ready for division, the number and size
of the vacuoles become very much decreased, while a few
proteid-vacuoles begin to appear in the cytoplasm.
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11. In the division of the central cell the spindle-fibres first
arise from a clear court along the lower side of the nucleus
and grow into the nuclear cavity where they are joined by
the fibres from the small upper pole, which also originates
outside of the nucleus but without any special court. The
spindle, when fully formed, is more or less pointed at the
lower end and somewhat blunt on the upper side.

12. The nucleus of the ventral canal-cell when it is formed
is much smaller than that of the egg, and very soon shows
signs of disintegration. The ventral canal-cell rarely presents
the appearance of a normal cell ; at the time of fertilization it
may usually be seen as a small somewhat lenticular or cres-
cent-shaped, deeply staining body, just beneath the neck-cells.

13. The egg-nucleus, soon after it is formed, begins to
increase in size, and moves down towards the centre of the
egg. The mature egg-nucleus is more or less oval or ellip-
tical in shape, and presents a deeply staining somewhat
interrupted reticulum ; its average size is about 100 u X 120 .
When the ventral canal-cell is cut off, the vacuoles have
nearly disappeared from the cytoplasm of the egg, and the
proteid-vacuoles become numerous and prominent. About
the time of fertilization the egg-cytoplasm presents a more
coarsely granular structure.

14. At the time of fertilization, the greater part of the
contents of the pollen-tube including the two sperm-nuclei
are discharged into the egg. The larger sperm-nucleus soon
moves down and conjugates with the egg-nucleus. The
sperm-nucleus first imbeds itself in the side of the egg-nucleus,
and both nuclei retain their membranes intact for some time.
The further changes in the conjugating nuclei have not been
followed. The second sperm-nucleus remains unchanged in
the upper part of the egg for some time, and probably dis-
integrates there finally. The fate of the stalk-cell and the
tube-nucleus has not been followed.

15. The fertilized nucleus soon divides into two smaller
nuclei. These two nuclei then divide simultaneously, and the
four resulting free nuclei soon attain full size and move down
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to the base of the archegonium. No wall is formed between
these four nuclei, as supposed to be the case by some previous
investigators.

16. The four free nuclei at the base of the archegonium
divide simultaneously. After eight nuclei are completely
formed, the walls are laid down between them, as in the case
of Pinus described by Miss Ferguson.

17. The upper four nuclei now divide, instead of the lower
four as described by previous investigators, and then follows
the division in the four cells of the lowest tier. The pro-
embryo thus formed consists of three complete tiers of four
cells each, and the tier of four nuclei which are separated
from one another by walls but freely exposed above towards
the main mass of the egg-cytoplasm.

18. Among several abnormal archegonia observed, the
archegonium without neck-cells was often noticed. In one
of them the ventral canal-cell was seen at the side instead
of at the top of the egg. Double archegonia, one arche-
gonium lying above the other, were observed several times.
The lower one, which is usually somewhat larger than the
upper one, has no neck-cells, while the formation of the
ventral canal-cell usually takes place in both of them.

BoTANICAL DEPARTMENT, CORNELL UNIVERSITY,
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EXPLANATION OF FIGURES IN PLATES XVI
AND XVII.

Ilustrating Dr. Miyake’s paper on Picea excelsa.

All figures were drawn with the aid of a camera lucida, using Zeiss’s and Bausch
and Lomb’s mfcroscopes. The abbreviations used are: g, generative cell;
5.c., stalk-cell ; #7., tube-nucleus; s.p.!, first sperm-nucleus ; s.2.%, second sperm-
nucleus; z.c.c., ventral canal-cell ; e.z., egg-nucleus.

PLATE XVI.

Figs. 1-6. Pollen-grains in different stages of development, a few days before
pollination. Fig. 1. The cenfral cell is still undivided. Figs, 2-5. Various
stages in the division of the central cell. Fig. 6. A stage after the division of the
central cell. p., disintegrating prothallial cells ; c.c., central cell. x 250.

Fig. 7. A pollen-grain about to germinate. X 250.

Fig, 8. The same, later stage. x 250.

Fig. 9. A pollen-grain soon after germination ; the tube-nucleus is just moving
down the pollen-tube. x 250,

Fig. 10. A later stage; the generative cell is considerably enlarged, and the
tube-nucleus is found near the tip of the pollen-tube. x 250.

Fig. 11. Upper portion of a germinating pollen-grain, a little before the passage
of the stalk- and generative cells into the pollen-tube. Starch-grains are found
in the stalk-cell. x z50.

Fig. 12. A later stage; showing the passage of the stalk- and generative cells
into the pollen-tube. x 250.

Figs. 13, 14. Later stages than in the above; the stalk-cell has already passed
over the generative cell, and is found at the lower side of the latter. x 250.

Fig. 15. Division of the generative cell. x 250.

Fig. 16. The sperm-nuclei just after their formation ; the spindle with a cell-
plate is seen between them. x 250.

Fig. 17. Similar stage, but little later; two nuclei are much more separated.
The remnants of the spindle are seen near the upper nucleus. x 250.

Fig. 18. The two sperm-nuclei are approaching each other; remains of the
spindle are still seen. x 250.

Figs. 19-21. The sperm-nuclei after all traces of the spindle have disappeared,
lying in the upper part of their cytoplasm. x 250.

Fig. 22. The full-grown sperm-nuclei near the tip of the pollen-tube ; the tube
is almost approaching the archegonium. x 250.

Fig. 23. An archegonial initial. x 110.

Fig. 24. The same, later stage ; the nucleus is preparing to divide, being in the
spireme stage. X IIo.

Fig. 25. Nucleus of the archegonial initial is just dividing. x 110.

Fig. 26. After the division; the larger central cell and the smaller mother-cell
of the neck are formed. x 110,

- Figs. 27-31. Later stages in the development of the archegonium. Fig. 31
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represents an archegonium which has nearly approached to its full size, but its
cytoplasm is still quite vacuolate. x 110.

Fig. 32. A still later stage, little before the division of the central cell. x 110.

Fig. 33. An archegonium showing the division of the central cell. x 1710.

Fig. 34. An archegonium just after cutting off the ventral canal-cell.

Fig. 35. Mature archegonium; the ventral canal-cell is shown right below the
neck-cells. x 110,

Fig. 36. Upper portion of an archegonium, showing the nucleus of the central
cell shortly before division. x 5o0.

PLATE XVII,

Fig. 37. Nucleus of the central cell preparing to divide. x goo.

Fig. 38, The same, later stage; a rupture in the upper right-hand corner of the
nucleus was probably made during preparation of the section. x 500.

Figs. 30-45. Various stages of the division to form the ventral canal-cell.
X 500.

Figs. 46, 47. Formation of the two daughter-nuclei, x goo.

Fig. 48. Early stage in the development of the egg-nucleus, showing also the
disorganizing ventral canal-cell. x 500.

Fig. 49. Entire egg-cell, showing the first sperm-nucleus approaching the egg-
nucleus, The second sperm-nucleus, which is located near the top of the egg,
is found in other section. x IIo.

Fig, 5o. A later stage, showing the first sperm-nucleus just coming into contact
with the egg-nucleus. The second sperm-nucleus is found in other section near
the top of the egg. x 110.

Fig. sx. A still later stage; the first sperm-nucleus has partly imbedded itselfin
the egg-nucleus. The second sperm-nucleus is found in the upper portion of the
egg. x IIO.

Fig. 52. The spindle of the first segmentation. x 110,

Fig. 53. The two daughter-nuclei resulting from the first segmentation. x 11o.

Fig. 54. A later stage, with the four segmentation-nuclei. One of the nuclei
is not shown in this figure, being found in other section. x 110,

Fig. 55. The four free nuclei at the base of the archegonium ; only two of them
are shown here. x 110,

Fig. 56. Basal portion of an archegonium; the four nuclei are dividing.
x IIo.

Fig. 57. A later stage, showing the eight nuclei of the proembryo; the walls
are laid down between the nuclei. x 110.

Fig. 58. A still later stage, showing the division of the nuclei of the upper
incompletely walled cells. x 110.

Fig. 59. Formation of the proembryo is nearly completed; the nuclei of the
lower tiers are in the late telophase of division. x 170,

Figs. 60-64. Abnormal archegonia. Figs. 6o, 61. Archegonia without neck-
cells; in Fig. 61 the ventral canal-cell is formed at the side of the egg instead of
the top. Figs. 62-64. Double archegonia in various stages of development.
X 1lo.
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