VOLUME LXVI NUMBER 3

THE

"BoranNicaL GAZETT:

SEPTEMBER 1918

L4)

SUSPENSOR AND TARLY EMBRYO OF PINUS

CONTRIBUTIONS FROM TIHIE HULL BOTANICAL LABORATORY 242

Joun THRODORE BUCHHOLZ
(WITII PLATES VI-X AND THRET FIGURES)

Tt has long Deen recognized that the embryos of plants furnish
trustworthy morphological features for comparison in the study of
phylogeny, but the surprising variations found in the proembryos
of various gymnosperms have always heen more or less of a stum-
bling block.  This work was undertaken with the hope that a more
critical study of the suspensor and early embryo of Pinus and of
the phenomenon of polyembryony might prove of value in properly
interpreting the rather flexible program that has been ascribed
to this genus,  Here it is, also, that we find a striking parallel to
some of the early cleavage phenomena involved in the biology
of twins in animals, a subject of some current interest to
zoologists.

This paper will limit itself largely to such phases of the embry-
ogeny of Pinus as were most effectively studied by means of a
special technique for issection, developed by the writer, and to a
discussion of the relation of the early Pinus embryo to other conifer
types. Certain phases of the later embryo will also be described,
but the development of the internal features of the late embryo will
be treated in another paper.
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Historical

A summary of views in regard to t]_u:’ cnlbl'_\-:mgwn)-' ol conifers iy
given by COULTER and CHAMBERLAIN (10), so that it will sullice
to note those features in the historical development of the subject
which concern our owrn investigation,

RosErT BROWN (2), in discussing the similaritics of the ovulate
structures of cycads and conifers, mentioned his own observations
of occasional polyembryony in conifers, which was known 1o he o
constant feature in cycads. 1In a later (v atise (3) he announced
polyembryony as o constant feature among several gencra of the
Pinaceae and felt convinced that this feature is common to the
entire family. Ie noted the origin of 1 he embryos from M eorpus-
cula” or “arcolae,” 3-6 in number, at the upper extremity ol the
“aminos” (endosperm), and pointed out that this provision of
several ““ corpuscula” was like that in cycidds, where it also made
possible the development ol several embryos,  He called the suss
pensors “ funiculi,” finding that these frequently branch to form
still other embryos. '

MireEL and Sracu (27) announced their results from o careful
study of several pines and also Linge and Taxus, conhirming the
work of Brown and extending our knowledge to other forms, In
this account these workers were the (st to use the ferms 2 suspoen-
‘gor” and “rosette,” although in their otherwise excellent bgures
they show 5 cells in each ticr of the carly embryo, 5 rosette colls, and
5 vertical rows of cells coming [rom the base of the corpusculum,

ScHLEIDEN (36) gave the first accurate general description of
the development of the early embryo, beginning with the “embry-
onal globule” on the end of the suspensor. s views regarding
the earlier stages of the embryo were confused by his erroncows
conception that the pollen tube formecd the embryo.  Ile pointed
out the correct order of appearance of the stem tip meristem and
cotyledons, and gave a good account of the formation of the sus-
pensor in its late stages after it becomes massive, deseribing it as
an elongation of cells from the radical portion of the embryo.

Harrrc (15) was possibly the first to point out that the upper
end of the suspensor is a single cell, but he regardad this cell as
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heing of vegetative origin. He described a “nest of cells” from
which individual cells clongate, and thought that the embryonal
tip cell was cut off some time after elongation.,

Sepacur (38) agreed with SCHLEIDEN that the pollen tube
enters the corpusculum and produces the embryo at its base.
He described the rosette correctly as consisting of 4 cells instead
of the 5 shown by MIRBETL and Spacu.  ScuAcHT described the 4
tiers of 4 cells cach, known to us as the end product of the pro-
embryo stage. He announced definitely that the 4 rows of cells
in Pinus FPumilio always separate into 4 embryos and believed
that they would split up further. In Taxus baccata and Abies he
reported no splitting ol the product of the corpusculum into several
embryos.

Gorrsens (14) gives a critical review and confirmation of the
facts known at the time and a more accurate description of the
corpusculum, which he found 1o originate in some unpollinated
cycads, and is therefore independent of the pollen.

CHormeistir (17) made a careful study of all stages in the
development of the ovule and confirmed the facts then known.
He pointed out how wonderfully simultancous fertilization occurs
in all the plants of the same specics and how rapidly the pro-
cmbryo stages are passed through. He was the first to regard
the terminal ¢ell of the carly embryo as an apical cell.  He thought
also that the later embryo and scedling grow by means of an apical
cell, and even believed he could demonstrate it in the ad.ult stem
tip of conifers.

PrrrzERr (32) denied the existence of an apical cell in the stem
tip of conifers, but confirmed HOPMEISTER’S work in regard to the
existence of an apical cell in the carly embryo, although he assigned
to it only about § segments as a maximum for Thuje, and in
Pinaceae he stated that the apical cell stage was even shorter. He
calls attention in his conclusion to the fact that this may be taken
as a case of embryonic recapitulation of the pteridophyte manner
of development. He published no figures.

STRASBURGER (38) made a very careful study of the embry-
ogeny of 8 or more genera of gymnosperms. In many particulars
he corroborated the former accounts. IHis many excellent figures
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are accurate and most of them still 11.~w!'ul.. He denies the existence
of an apical cell in all but the Cupressineas, where he found g
definitely organized apical cell in the carly embeyor o Pinus and
other Abictineae he finds this stage omitted or not constantly
present, an indication that these ire ess }}l"l}’l)lll\‘t“ than the Cupres-
gincae, In the further ditferentintion of the embryo he goes
into greater detail than any previous worker.  In i’:’:‘m.v and Pieea
the plerome tip of the root is set ofl about o 5 mm. from the apex
of the cylindrical mass of cells which is now about o 5 mm, long,
measured to the point where the cells form suspensors, In the
account, which he siays is practically the siwme for all the conifers,
the stem tip meristem is next in appearance, followed by the
cotyledonary primordia which arise in o cirele about this point.
His description of the cotyledon and stem tip development is suhe-
stantially the same as that of Senneipes 1300 AU this stape
of development the embryo reaches the lower end ot the endosperm,
and further growth and clongation hring the vadival end of the
embryo hack Lo the place of origin of the suspensar,

STRASBURGER states that the number of cothrvos beginning
development may be as high as 20, all but one of which abort in
various carly stages of development.  In Pieea vulgiris he s
that the 4 rows of cells of the proembryo do not separte, bat all
4 of the embryonal cells at the tip of the suspensor contribute to
the formation of 1 embryo.

The accounts, by the carly workers, of the proembryo stages
differ widely.,  Scuacirr (35) shows corvectly the completed pro-
embryo when it consists of 4 tiers of 4 cells cach with the upper tier
open to the egg. Straspurcrr (38, 301 attempted to explain
the stages between fertilization and  this completed proembryo,
but, like other carly workers, he failed to recognize the nature and
extent of the free nuclear divisions,  Cuasmprriaty i5) deseribed
some details in the development of the proembryvo, and later
CourtEr and CHAMBERLAIN (9) figured o more complete series
of these stages. T'rrcuson (x3) added still more, working on 6
genera of Pinus, and found, as did Mivarxe (28) in e, that the
upper tier of 4 cells, in the S-celld proembryo, divide before the
lower. Later, Kitvant. (xg) found both orders of elivision in
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Pinus Laricio, between the upper and lower tier of this stage, and
also made o detailed study of the order’ and manner of develop-
ment of walls in the proembryo, a thing which had confused many
previous investigators,

Covrrer (8) and CourtEr and CHAMBERLAIN (9) described
some of the early stages in the developing embryo, and, like STrAS-
BURGER, denied the existence of a true apical cell stage. They also
stated that the lower tier of the proembryo may develop into a
single embryo, or that the vertical rows of cells frequently become
separated to form 4 embryos. One of these may even divide by a
vertical wall and the 2 daughter embryonal cells hecome organically
separated (8), developing subsccuently as 2 separate embryos on the
end of the same suspensor.  This would give us a very fluctuating
program of possibilitics in the development of the early embryo of
Pinas. .

SAXTON (33), in a study of the embryo of Pinus pinasier, gives
some of the stages in the development of the embryo between. the
proecmbryo and the ripe sced. e concludes that an apical cell
stage exists, which develops several segments, and in one case
shows an embryo which he estimates as one of 30 cells, which still
has an apical cell.  He describes as anomalous some of the ordinary
stages, and his account is rather incomplete, in many respects less
adequate than that of QIRASBURGER - (38), to which he does not
refer.  SaxtToN also finds that “the cotyledon primordia are
exactly equal and equivalent in their origin.”’

Investigation

MATERIAT, AND METHOD

The cones of Pinus Banksiana were collected from the dunes
near Miller, Indiana, during the summers of 1914 and 1916, at
weekly intervals during the latter part of June, July, and August.
Cones of P. Laricio were secured from the parks in Chicago in 1914
and 1910, and from Richmond, Indiana, in 19IS. P. sylvestris
was also secured with the Richmond collections, and P. Igc'k@qta
was collected at Conway, Arkansas, during the summers of 1914
ancd 19135.
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The embryos were removed from the ovutes in the living con-
dition by dissection under water, and these embryvos with thejr
suspensor systems were stained and ll](ﬂllftt“[] s [‘)l‘l'ln:hll{‘l'lt prepiira-
tions. Studies were also made from serial sections cul in parafiin,
but most of the drawings accompanying this paper were made from
the dissected prepzu‘atio.ns mounted in Venetian turpentine, Uhe
latter were found to be superior to anything ¢lse for wstudy of the
coiled suspensors and the further development of the rosette,

[

Fre, ro—Ilustrating methods of holding and dissecting prine ovabes

DissrcrioN.~The disgsection must he done with livinee materiad
under a dissection microscope, or preferably under o hinocular
microscope with magnification ol about 2o,  T'he gimetaphytes are
removed from the testa and placed in water inou wiatchulass,
A very useful tool for the dissection, which must be exceented wnder
water, is a needle whose point has bheen attened and ground to
form 2 cutting edges, as shown in B, text g, 1. The naked
gametophytes, after heing removed from the ovule, are held with
forceps in the position shown in fext g, «, A, PFrequently the
nucellus may be found, resembling a thin cap over the el of the
gametophyte, and must first be removed, amd sometinies the guane-
tophyte may still he surrounded by the thin inner testa, The
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forceps with which the gametophytes are held should be small and
have weak springs, in order to avoid crushing the tender tissue..
With the dissecting tool B the end of the gametophyte is removed
along the line xy. By teasing a little deeper into the tissue around
the edges of the archegonia it is possible to loogen the embryos
at the bases of the archegonia, allowing the rosettes to be pushed
out by the suspensor as in £, text fig. 1. '

Usually o little gentle stroking with slight pressure in the
direction « to b with the dissecting instrument leld nearly hori-
sontal (to avoid crushing the tigsue) is sufficient to loosen the
embryo and gradually force it out. A slight pressurec with the
forceps on the sides of the pametophyte at the proper moment
may help.  Sometimes pametophytes must be  split vertically
along the line ab before the older embryos can be removed.

When the embryos are imbedded move Armly, it may be impos-
sible to dislodge them by these methods,  Sometimes it has been
found! possible to remove embryos withh the complete suspensor
system by chipping away picées of the gametophyte, first from
one side and then from the other. This is accomplished most
casily by rolling the gametophyte over alter each chip has been
removed, cutting off picces xg &y X (text fig. 1, C) alternately, until
the embryos are sufficiently loosened.  Any method of pulling the
embryos out by taking hold of the upper part of the suspensors
without first loosening the embryos below results in an incomplete
embryo and suspensor system. In spite of the greatest care and
perseverance it is often impossible to remove the suspensors and
embryos without some of the latter breaking off. Which of the
preceding methods is 1o be used will depend somewhat upon the
condition and stage of development of the embryos.

Tn the carlier studics, which were carried out in this manner,
many embryos werce found abnormal, in which the protoplasts
had escaped from the cells and could be found as dark staining
masses near the empty cells.  Careful stucdy revealed the fact that
this was an osmotic phenomenon, due to the fact that the dissection
was executed under water. The cells have a high osmotic pres-
sure, and when placed in water they swell and break in a short
time. This may be avoided by dissecting the embryos out under



192 BOTANICAL GAZETTE [sErram
a 0.3 gm. molecular sugar solution. This strength of solution is
still low enough to allow the cells to hecome Tully turgid, and was
found satisfactory for a number of species.  Doubtless the strength
of solution required will vary somewhat with the species and with
the condition of the material.

KILLING AND STAINING.—After removal the embryos may he
transferred to the killing fluid by means of a pipette with @ 2 mm,
opening. A good fixing agent is 0 per cent formalin in 50 per cent
alcohol, and it is at the same time an excellent preservative in which
they may be kept indefinitely, hut aqueous formalin alone is not
satisfactory. The embryos should he washed  through  several
changes of water before staining, and may be transferred direetly
to water from the solution. ‘The staining was done in salteellar
watchglasses with Delaficld’s hacmatoxylin or safranin, The
haematoxylin was used for most of the preparations and was
diluted to one-half of its usual strength.  The water is removed
with a pipette and a few drops of the stain applied for 5 o minutes,
which will stain them very deeply. At this point one ol the most
difficult steps is encountered, namely, Lo prevent tosing the material
while the stain is being removed, It was found best to dilute the
stain with water until the watchglass is Tull.  The upper Lwvers of
the solution may now be removed without disturbing the embryos
at the bottom, but great care must be exercised o prevent Josing
the embryos, and the material should be watched as the pipette
is filled by holding it over an illuminated white surface, as on the
stage of a block dissecting microscope. More water is added and
the operation repeated until the liquid is clear,

The overstained embryos are now de-stained with acidulated
water (about one drop of HCI per 200 ce, of water).  The stain is
extracted slowly and must be watched over a low power micro-
scope. The de-staining should be continued until the cytoplasm
is well differentiated from the nucleus in the embryonal cells
at the tip, and the suspensor cells should still be slightly hlue,
Very thorough washing is necessary to remove all traces of the
acid or the preparations will fade. If safranin is used, it is
advisable to overstain and then extract the stain to the desired
point. ‘
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MouNTING.—After the last washing 1o per cent glycerine is

added and the material set aside to evaporate in a place protected
from dust. When the concentrated glycerine is washed out with
g5 per cent alcobol, great care must be exercised to prevent.injury
to the preparation. ‘Several changes of alcohol will be necessary
to remove all the glycerine, and after washing twice in absolute
alecohol the ro per cent Venetian turpentine is added and the
" watchglass placed in a desiccator, It is not desirable to allow the
Venetian turpentine to get too stiff, as the specimens will be broken
in mounting. If more of the 1o per cent Venetian turpentine is
acdded to thin it down, as is frequently done, it causes the cells to
swell, the cell walls separating from the protoplasts, leaving a
permanent clear space between., I the Venetian turpentine must
e thinned down, it should be done by adding about 85 per cent
Venetian turpentine.  The preparations may be picked up for
mounting by means of a ncedle with a curved point, or a spear
point. In handling them they should be picked up in a drop of
Venetian turpentine and not by attempting to pull them out.

Preparations were also made by changing the embryos from
concentrated glycerine into glycerine jelly. These mounts were
not very satisfactory and compare very unfavorably with those
prepared in Venetian turpentine,

MITIIODS FOR SERIATL sECTIONS.—The ovules were prepared for
the fixing agent by removing the testa completely from the game-
tophytes. This can be done without crushing the latter by slicing
away one side of the ovule down to the gametophyte with a sharp
scalpel, then slicing away the edge, whereupon the gametophyte
may be pried out without injury by inserting the point of the
scalpel under it. TI'or the early proembryo stages it is not neces-
sary to remove the gametophytes from the testa, but a slice should
be cut from one side, or better from opposite sides, to permit
good fixation. The older testa cuts with dificulty, and it was not
possible to get good sections of P. Banksiana when the coat had
been left on in stages after the carly clongating suspensor.

The naked gametophytes were removed and placed for 20-30
hours in the killing fluid, consisting of a chromic-acetic mixture

2 per cent chromic, 1 per cent acetic). After washing overnight



194 ROTANICAL GAZITTL B rTEM DR
in running water they werce dehydrated through ilv.t'l”rﬂ‘ series of
graded alcohols, as follows: 3, 12, 20, 35. 50, 7O 830 05 and 100
per cent. The xylols were &lﬁ(: {:t'u_(lul, Im.l Joms (']H::‘\{'l_}‘l 15, 30, {;0,
70, 85, and 1oo per cent. ,I_hc. material T\':m intlrated \\’.lih
paraffin by adding the latter a little at o Lime, and preventing
actual contact of the paraflin with the muterial by means of o
perforated cardboard shelf fitted into the vial, o centimeter above
the material. :

Longitudinal and cross sections were cul serindly o g thick and
stained by the asual methods employed for iron-alum hacema-
toxylin. A counterstain of gold orange wis I'm_mul. very effective
in bringing out the otherwise transparcnt walls, The wold orange
is dissolved in the clove oil to saturition.  This s then decanted
off and about one-fourth the volume of {resh clove ol added. This
solution is poured on the slide after it has been stained aned cleared
in xylol. Only about o minute is necessary to stidin the walls: 4t
continued longer it colors the eyloplasm also, The gold arange his
a great tendency to crystallize out as the oil evaporites, capeciad]y
i the stain is too highly saturnted. Tt is therefore audvisable (o
rinse the slide with clove oil, followed by xylol.

Tn more recent work it was found that very brilliant prepari-
tions may be stained with sofranin el lHght green as lollows: the
safranin must be a concentrated solution in go per cent aleohal o
full strength stock solution was used), with the sections left in it
1-3 days. After a rapid wushing in 30, in So, and then in of poer
cent aleohol the scctions were placed in light green (bt 1 paer
cent in gg per cent alcohol) 25 minutes.  The time for the action
of the light green varies with the age of the material, the steength of
the stain, and the length of time the sceetions were stadned in
safranin. It is desirable, therefore, to stain all the sections of ane
collection at the same time, and not to mix several collections in ane
staining. Omne or two trials will enable one 1o determine how long
to leave the sections in light green, and the remaining slides miy be
carried through by this time schedule. I left in light green too
long, the safranin will be washed out of the nueled, and if taken
out too soon the light green is not impregnated in the coll walls
sufficiently to give the desired hrilliant contrast.  From light
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green the slides must he transferred rapidly through gs per cent
alcohol, absolute alcohol, alcohol-xylol, into xylol. The de-staining
process is not checked until the sections have reached the pure
xylol solution;  thus only a short dip should be given into each
solution. Although safranin with gentian violet, Delafield’s haema-
toxylin, and iron alum haematoxylin with light green were all tested,
they were found much less satisfactory than the iron-alum hacma-
toxylin with gold orange or the safranin with light green.

FORMATION OI CORROSION CAVITY WITIIIN GAMETOPHIYIT

The first change that is noticeable in the tissue below the arche-
gonia is a starch deposit, which appears in the cells of this region
about the time of fertilization, or a few days later. In the living
gametophyte this deposit makes the tissue appear opague, and it
gradually spreads down into the central part of the gametophyte
until this white opaque region comes Lo occupy o funnel-shaped
region extending Jownward from the archegonia.  About the time
the embryos hreak through the bases of the archegonia the cells at
the center of this opaque region break down, at first in the large part
of the funnel nearest the archegonia. ‘This forms the beginning
of the corrosion cavity, an opening which, as it enlarges, assumes
the shape of a slightly (lattened trumpet. At the same time the
starch-containing zone enlarges and bhecomes MoOre conspicuous.

Sections like that shown in fig. 1 indicate clearly that the diges-
tive action of an enzyme on the endosperm doubtless precedes the
clongation of the suspensor. The embryo is soon pushed so far into
this cavity by the clongation of the latter that further elongation
can only bring about its well known coiled and twisted condition.
The importance of this mechanical action of the suspensor in keep-
ing the embryo pressed into the bottom of the corrosion cavity is
better realized when one tries to dislodge some of these embryos by
dissection. .

Many ovules were examined in which the gametophytes had
well developed corrosion cavities, yet no traces of embryos could
be found in them, indicating that the archegonia may secrete the
digestive enzymes to form the cavity even though the eggs have
not been fertilized. Many sections of this kind may be found in
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the collections of ovules made from one to two weeks after Tertilizg.
tion. These soon dry up and wither away within the hardening
testa, so that one would not include them in the later collections
of material if the testa is first removed.

The subsequent cnlargement of the corrosion cavity to accoms-
modate the growing embryo is unquestionably due to digestive
enzymes secreted by the embryo itself. The archegonin disappear
as recognizable structures soon after the primary suspensor has
fully clongated. The rosettes are usttidly Tound pressed agninst
the top of the cavity, which now includes the space oceupied by the
archegonia after the latter have broken down.  An unfertilized
archegonium withers away soon after the Tormation of the corro-
sion cavity, its place being marked by wshrunken chip of hardened
protoplasm which is often molded into the shape of the lower por-
tion and side of this organ, Laler this disappears also,

EMBRYO DEVELOPMENT

This investigation takes up the development ol the embryo
beginning with the 16-celled stage, which has genervally heen
recognized as the end stage of the proembiryo, TS necessary, how-
ever, to consider some of the well known carlier stages, and for
these facts we will depend upon the results of previous workers
which have been reviewed in the historicad discussion.

Of the 4 tiers of 4 cells cach, the lowest constitutes the embry-
onal group, cach of which is an apical cell of one cutting faeey the
next tier above constitutes the suspensor group, cach of which
elongates to form a primary suspensor eell; the third tier has heen
called the rosctte, and its further development has never before
been followed out; and the uppermost tier of cells, which have
incomplete walls and are in open communication with the epg,
sooner or later disintegrate. Fig, 1 shows a longitudinal scetion
through the base of an archegonium after the suspensor cells have
begun to elongate and before any of the cells of the embryonal tier
have undergone further division. In fig. 38 the cmbryonal tier
has given rise to a tier of cells () Letween it and the SUSPUNSOT,
and at the left in fig. 37 an embryonal ¢ell may be seen in anaphase
of division.
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SuspENSOR.—-The tier of suspensor cells elongates and pushes
the tier of embryonal cells into the cavity below. When the
suspensor cells have clongated slightly more than in fig. 1, the
embryonal cells give rise to the first embryonal tube initials (er),
and by the time the suspensor cells have elongated to the stage
shown in figs. 30 and 4o another transverse wall has appeared in
the apical cell below, giving rise to es, the sccond embryonal tube
initials.  This is soon followed by the elongation of the first
embryonal tube initials (fig. 6, ;) to form tubes like the suspensor
cells, the (irst embryonal tubces. This added part of the suspensor
is the sccondary suspensor. |

Separation of the vertical rows of cells soon follows the division
of the embryonal cells, although it may occur earlier, as is the
case in fig. 37 at the left.  In none of the species of pines studied
was o single case found in which the 4 vertical rows of cells did
not separate to form 4 enmibryos. It will be seen from a study of
figs. 39, 40, 41, and 44 that the clongating fivst embryonal tubes
are no longer in an even tier, and one of the embryos has already
cained the lead in penctrating the endosperm.  The struggle for
supremacy between the 4 primary embryos of an archegonium 18
well shown in figs. 40, 41, and 44, while in figs. 43 and 45 two arche-
gonia are concerned.

Since the primary embryos have now separated, we shall regard
one of these 4 as the unit for discussion. One of the 4 suspensor
cells and all of the cells formed below it by the embryonal cell
constitute one primary embryo, while all the embryos produced
by an egg will be spoken of ag an embryo system.

It is evident from a study of the development of the early
part of the suspensor that the primary suspensor tubes never divide
to form other tubes or cells. Likewise, an embryonal tube never
undergoes division after it has begun to elongate, but an embryonal
tube initial cell may divide by a vertical wall before elongation,
as ¢, in figs. 6, 8, 14, and 20, Or & in figs. 1o and 10. When the
embryonal tube initial divides and gives rise to 2 or mole cells
in a tier, these clongate together into a collateral group of embryonal
tubes (figs. 47—50), forming a suspensor division. These suspensor
divisions are all parts of the sccondary suspensor, but when they
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consist of 4 tubes, as in fig. 50, they ook very much like the lower
part of a group ol primary SUSpEnsOrs. IFor (‘.\".:ll'l'l'[)lt‘. Hothe ¢
group of fig. 50 were stuclied from scctions '.ml_\j. with the EI[)[)L“!“
part of the suspensors confused as they are e by gy i’n‘t.:alcm;,: it
impossible to trace any of the tubes back to the rosetie), it would
be natural to mistake this perfect suspensor division as the group of
primary suspensors. It s quite possible that o study of such
sections has given rise to the statement that in Dinus all g ol the
embryonal cells may contribute to the formation of ¢ embryo, or
they may form 4 embryos,

The initial cell for the second embryvonal tubs G and Tor the
third and subscquent embryonal tithes are cut off s segments of the
apical cell, first by transverse 3 alls, and lader s obligue sepgments,
The initial cell of an carly embryonal tubie may clongite into
r-celled suspensor division, resemblings o primary suspensar cell, or
it may first divide by a vertical wall as ¢ i tyrs, O oand S0 e an
shows e, as a single clongated cell and e, with 3 colln, while tig, 20
shows e of 4 cells.  There is considerable variation in the number
of cells found in the embryonal tube groups of corvesponding sus
pensor divisions, and variations are Trequently fonnd amony the
individuals of the same embryo system,

After the initial cells of the embryonal tubes begin to divide
by vertical walls and clongate to form the suspensor divisions,
each succeeding bundle of embryonal tubes consists of more cells
than the tier above it (figs. 40-g2).  Only one exception to this has
been found among the soo or more dissected preparations of
various pines, and this one was 2, Laricio, shown in tig 2y, Here
s and ¢; (not shown) are single-cetled, ¢, is of » cells, and ¢, again
1-celled, while ¢, and e, will undergo other divisions bhefare beginning
to elongate. Careful examination of many prepuritions indicates
that the separation of the 4 primary cmbryos precedes the division
of any of the embryonal tube initinl cells by vertical walls,

The primary suspensor, that is, the first suspensor division, is
often collapsed and withered by the time . or more divisions have
formed. The upper parts of collapsed suspensors are shown in figs,
65 and 68, while fig. 40 still has a turgid primary suspensor. ‘The

¥

primary suspensors {recquently collupse in about the stage shown
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in fig. 40 or soon alter. and the cells of the older portion of the
secondary suspensor also collapse in turn, so that in an older embryo,
like that of fig. 51, the upper part of the suspensor cannot be
studied.

In order to determine the amount of variation in the early
suspensor divisions, several hundred preparations of P. Banksiana
were oxamined and the types of suspensor development noted.
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11, 2,-—Craphic statistical summary of variations in carly suspensor divisions of
Pinus Banksiane: the figures indicate the number of examples of the various types
of suspensors observed, and their distribution in pervcentage.

The results are summarized in the diagrams of text fig. 2. It was
common in mote than four-fifths of the cases examined to find the
single primary suspensor followed by a z-celled embryonal tube
(€r), this followed by 2 or more cells in the next suspensor division,
after whicl the tubes interlock and clongate irregularly, as in figs.
47, 49, and sr.  Less than one-Afth of the cases were found with the
primary Suspensor followed by 2 successive single-celled suspen-
sor divisions and 2 or more tubes in the fourth suspensor division
¢;.  Only about 1.6 per cent of the embryos were found to have
the first embryonal tubes or second suspensor division of 2 cells.
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In nearly 5 per cent of the cases the rosettes were elomnded to
resemble suspensor cells,

It will be seen that the third cmbryonal tube roup, or fourth
SUSPENSOr division, alwiys consisls of 2 or mure cells, ond after
this division or the one Tollowing the tubes berin to eloneate and
interlock to form the suspensor. The transation from the jointed
to the interlocked wnd more missive portion ob the suapensor is well
Mustrated by hgs, 47, 49 50. awnd ST

The suspensor becomes more anel ore nueesve e the eimbiryo
increases in dinmeter, The embryvo s st paeshed e e s poss
sible into the corrosion cavity by the mechanical action af the
suspensor; later il rentains nearly stationary in the lower end of this
cavity, hut continues Lo give oft the suapensar by the suevessive
elongation of the cells from the rmdical vnd ot the embevos finadly,
as the embryo develops 1o e full size, the vaddical prartion aymin
renches the archegonial end of the cavity, A the root cap hevomes
differentiated in the embryo. it ey beoseen that this ortan el
the suspensor gradually merge it e others T Gt the e suse
pensor is formed from the root caps By the aneees Ave clongaition of
layer after layer of cells,

FroNeaten crLts,  The nuelei ol the aspenar vells and
embryonal tubes always seem to hedled ce dderiite sige relidtion o the
cells, A large suspensor tube may frequentiv eontain o naeleus
larger than an entire cell in the embryonal joronp at the apex,
The position of these nueled is alwirvs at the cinbryonal end ol these
tubes. More of the evtoplivan ot the vell i ey fonmed here,
near the nuclei.  The ends of these celle containing the nuelel are
frequently enlarged considerably. Otten e v The prinmery sus-
pensor cells hreaks lovse at the lower erd during ehoansation, Figs,
41 and 45 show such tubes which continued 1o enlaree at the
lower end andd formed s halloon, while 1, 30 whowe wn earlicr stipe
in another tube,  These phenomeny are not unoommon,

BasAL DLATE. A thivkened plate ¢ 26 i deposited above the
rosette soon after the suspensor begdns too elonpate Sontething
similar was found in Podocar pus, where Crares 102 calla it a vetlulose
plug, “a novelty among gymnosperins. 10 G cadled i *hasal
plate” by the writer beeause it s phite rather thoun o plug, and its
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chemical nature in Pinns was not determined.  The word “basal”’
seems Ntting boecause it is, in a real sense, basal to the embryos in 1ts
position. Doubtless carceful search will reveal this in many other
gymnosperns. Whether the rosette 1s present as in fig. 41,
clongated as in g, 54, or ahsent as in Podocarpus, the basal plate
is always formed in the cgg cuvity on the walls toward the
embryos.

APICAT, CELL~\ distinet apical cell stage exists from the time
the embryo cells first have walls.  In fig. © the suspensor cells (s)
arc the first segments of their respective apical cells (@), Here
the 4 primary cmbryos are apparently still united; hut if they may
be looked upon as organizing distinct from each other, the 4 cells
which gave rise to the lower 8 cells of the 16-celled embryo are
embryo initial cells. The work of CourreRr and CHAMBERLAIN (9),
FrrcUsoN (13), and KITDANL (19) has shown that these which we
call embryo initial cells were formed in the mitosis between the
g-nucleate and S-nucleate proembryo, the place where KInpAuL (19)
found that the hrst walls appeared.  ERGUSON (13) and KInDamHL
(xg) found that the rosette and upper open tier organize next,
from the upper 4 nucled (although KILDATIL found exceptions to
this), and therefore this lowest tier of the 1z2-celled stage is a hold-
over since the hrst appearance of walls. _

The second segment of the apical cell is the initial cell of the
first embryonal tube.  This segment, as well as the third and
fourth, are formed by an apical cell of 1 cutting face. TFigs. 1—6
all show apical cells of a single cutting face, while in figs. 7, 8, 9, 11,
ane 12 the first oblique wall of the apical cell has appeared. This
wall is sometimes only slightly tilted, as in fig. 9, or it may be nearly
vertical, as in figs. 10 and 14.

The stage at which this oblicue wall first appears is not always
the same. A large number of embryos of P, Banksiona were
examined in order to determine the average condition in this respect.
This study showed that these variations are somewhat similar to
those foune in the number of tubes in the early suspensor divisions.
In nearly two-thirds of the cases the first oblique wall appeared after
the primary suspensor and 2 embryonal tube initial cells (3 sus-
pensor divisions) had been formed by the apical cell of one cutting
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face; one-fourth after 2 SUs|ensOr divisions; amd one-tenth after
4 suspensor divisions had heen Tormed, . |

It is often difficult to determine with certainty in an embeyo like
fig. 15, for example, at what stigre the tirst oblicue wall was formud,
Here the last horizontal wall is tilted slightly, so one might think
that this was modilied by growth after the first oblique wall
appeared; but it is also possible that this segment was rst formed
with a perfectly horizontal wall, and this ter enlarged on one side
to appear slightly oblique, so that the tiest veal oblique wall is the
one which appears nearly vertical.  While these two interpretations
could be given to lig. 15, in making the stady referred toin the
foregoing paragraph, the slightly obligue wall was looked upon ag
though it has been formed in an oblique position by the apical
cell,

A stage in which the apical cell has 2 entting faves does not
exist, or it is so shorltencd that iU Gt eastly e recognized,
Figs. 15 and 16 have only o oblique sepments cut off, but these
are probably the first 2 segments of the apicad eell stigre with
cutting faces.  Apieal cells with 4 cutting Gwees are fountd in
embryos only slightly larger, such ws s oy and o800 Figel ogo2y
are all from whole mounts in Venetinon turpentine el show
pyramidal apical cells of 3 cutting fues,

Many irregularities are found in regarnd ta the position of the
apical cell. It is frequently so far to one side of the tip of the
embryo that it might he overlooked in some serial seetions, A
section of an embryo like figs. 17, 20, or 28, i cut in another plne,
would not show the apical coll so favorably, and might be mistaken
for an embryo without an apical coll,

A very puzzling case is shown in fir ava. b Fig. 21e shows
the embryo in a high focus, with the shadows of nuctei of o lower
focus shown by the dotted lines.  Fig, 216 shows the nucled and eell
walls of the same as seen in low Tocus,  This looks like an cmbryo
which has no_apical cell, and it is on the basis of veery similar
figures that StrASBURGER (38, 30). and other workers sinee, have
denied the existence of an apical coll as a4 constant feature.  In this
particular instance the apical cell is at one corner of the lawer tier of
4 cells.  Itis cither the cell to the right in high focus, or the lower
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cell to the left. Ifor instance, if it is the upper right cell, then
cither the cell below it or the one in the same plane of focus beside
i is its last segment, while the remaining 2 cells together consti-
tute the next to the last segment.  The other cells of the embryo
may well have arisen while the apical cell had 1t cutting face.

Fig. 13 shows a case very gimilar to fig. 2ra, but somewhat
younger. L the apical cell and the last segment shown here
should both divide with walls in the plane of the paper, and the
noxt tier of 2 cells above this (e,) should do the same, it would not
differ essentially from fig. 214, b, TFig. 14 is in the same stage as
fig. 13, but with the e, suspensor division clongated.

In longitudinal sections the apical cell and its segmentation
may usually he scen (ligs. 25-29). [Fig. 31 is an embryo of about
200 cells, one of the smallest embryos that could be found without
an apical cell, and fig. 3o is a larger cmbryo of about 275 cells,‘ﬁhic’:h
apparently ¢till has one. g, 32 shows a larger embryo of 750
cells which no longer has an apical cell; and fgs. 350 and 350 show
the Nest 2 seclions through the end of an embryo in which the
apical cell is replaced hy o meristematic group.  Tligs. 34a to 344
are consceutive cross-sections through an embryo a little larger
than that of fig. 32, 1n which the apical cell may still he found, prob-
ably in an arrested condition, hefore the meristematic group of cells
has bhecome active,  Tig. 34¢ is a diagram combining sections
34a to 34c¢ and showing the relation of the segments to the apical
cell.

Figs. 33¢ and 330, sections through the tip of an embryo slightly
smaller, show an apical cell and segments as diagrammed in fig. 33¢
This shows the segments arranged clockwisce, while in fig. 34¢
they arc counter-clockwise.  This difference is casily accounted for,
since the serial sections on these 2 slides run in opposite direc-
tHons through the embryos. In fig. 34 the views of the cross-
sections proceed toward the apical cell from the hase of the embryo,
while in fig, 33 they proceed from the apex inward. The segments
thus appear in the same order on the embryo and proceed 1n the
same direction as the thread ol a wood screw, heginning at the point
which corresponds to the apical cell and passing back along the
thread toward the older scgments. This is probably the usual
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arrangement of the spiral of segmients, s nooexceptionswere
found in an examination of severial other cases, althoush no exten-
sive study of this feature wits undertaken.

The carly apical cell Torms o slightly compressed and slightly
conical mass of cells.  When the apical coell ceases tao function, as
in fig. 32, the embryo is more unitormly evhindrical, sometimes
slightly club-shaped. The apical cell vanishes long hetore the stem
tip, the cotyledons, or any of the hody regions are recagnizable,
and nearly all of the carly part of the conbirvo tormed by apical cell
growth goes to form the suspensor by the clongtion of Layer after
layer of cells from the hasal pirt of the by,

ROSETTE AND ROSETTE EMBRYUR

No investigator scems (o have followed the developiaent of
the rosette further than through the eiarly stapes of clongation of
the suspensor. That the open cells of the tier abuve the rosette
disorganize has Dheen stated by vitrious workers, The writer has
also been unable to find any triaces of these nuclei af The upper open
tier after the carly stages of suspensor elongation, il doubtless
they disintegrate.

The rosette has usually been regarded s agroup ol vells between
the main body of the egg and the suspensor, hiving no particalar
function. This view has proved to be ervoneous, for the rosette
is a group of young embryo initinls which will produce embryos.
These embryos are bounded by thick walls ancd are not so free to
clongate as the primary embryos helow thermn,

After o little delay, during which the wljoining primary sus-
pensor cells elongate, the rosette colls divide, ws shown in one of the
rosette cells of fig, 58, also in some of the rosette cells seen in polar
view in fig. 5g. A wall soon appears in one of the 2 daughter cells,
inclined at an angle to the first (lg, O, aned rosette ol 1y g0),
forming the secondd segment of the apical cell. The apival cdl
continues to cut off segments on 2 or mote siddea, and the later
embryo appears to have 3 culting fnees,  Fig, 65 s o oside view
of a group of rosctte embryos and shows well the apical cell and
its segmentation, and (s) the upper portion of the collipsed primary
suspensor,

et ‘
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None of the rosette embryos has been foun

d to reach stages much
i advance of those shown in figs. 64-038.

In some of these the
embryonal tubes elongating from the hasal portion of the embryo
have formed a recognizable suspensor, which often appears freakish,
as in fig. 03, modified no doubt by the unfavorable position and
the unccual thickness of the walls of the rosctte cells.

It will be scen that the orientation of these rosette embryos
s variable.  In fg. 07 they have begun to elongate in various
directions.  The direction of the apical portion and the suspensor
must he determined by {he (st few divisions, and figs. 5004
show that these arc likewise quite variable. Before the rosette
embryos have developed much beyond the carly stages, such as
fig. 50, the archegonium hreaks down, and these embryos may be
found pushed up against the top of the corrosion cavity by the
suspensor,  liven hefore the archegonium has completely broken
down the rosette is frequently tilted by the twisting suspensor
helow, and it is quite probable that the orientation of the rosette
embryos is related to the position of the rosctte when the first divi-
sions occur in these embryo initinl cells, a thing that may well
account for the lack of uniformity or regularity. |

Tt often happens that some of the rosette cells disorganize
carly and fail to produce embryos. Rosette cells may be found
with no visible nuclei, or with nuclei in various stages of disinte-
gration, while the neighboring rosctie cells are producing embryos.
While these exceptions occur, it is evident that the normal product
of an archegonium is 8 embryos.  This makes polyembryony
o much move extensive phenomenon {han hag hitherto been recog-
nized.  All of the species of Pinus investigated showed this peculi-
arity, P. Banksiana, P. Laricie, . cchinala, and P. sylvestris.
Rosette embryos develop less rapidly than the 4 primary emhbryos,
abort in carly stages, and ‘¢ is entirely outside of the range of
probability that they may ever contribute the embryo of the seed. ;

ELONGATION O TILI ROSETTE.~—Another abnormal phenomenon
that was occasionally noted was that of elongated rosctte cells
resembling the primary Suspensors. Tig. 53 shows & rosette in
the first stages of clongation; fig. 54 shows another that is well
advanced.,  Elongated rosette cells were found in nearly 5 per cent
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of ‘the total number of pn-pnruliuu:« cxamined i connection with
the study qummarized in test g 2

A condition which Jemonstrites that these rosette cells are
potentially embryos, even when they elonate o torm stspensors
or embryonal tubes, is shown i thr a4, inowhich aomitotic figure
may be seen in the lower porlion ,“" apper b These choaated cells,
Tig. 55 shows this mitotic (eure ol e 54 entarred. An ovdinary
SUSPENSOr coll or embryonal fubie his never beens foand to apdergo
division after clongation, The vrigdn of the colbo mtermedide
Detween the clongated rosetle aned The prinary suepeeneor of g 50,
andd of 1 rosette in li 57 aeemed s pzale until the cee shown
in fig. 54 made it apparent that these cetbe iy arka trean the
rosette tube. They are termitel celbe ot The poeette crnbirves that
were formed after the rosette velb haed began T cloeate, The
rosotte cell at the left, i b wa. beee o o lens 1 pirent sbage,
probably preparing for the firal nitiocde i the Lot of
elongated rosetle cmbryn of thin kind,

POLYEMIBRYONY

In Pinus polyembryony oo mueh e estensdve phiononenon
than is generally known. Since the poaetie prstaves 3 embryos,
and 4 others are alwiys prociuced by the splittinee o the lower
primary embryos, 8 embryos iy be tormed o on hovertilized
egg. The gruuLt:ﬁt,ﬂm‘lmlwt‘ ol vinbiryos poesibde v 5 fivne- the nume-
ber of archegonia, which might rewhi s bigeh e ano b adb ool the
archegonia, present in some species, wore textiliond Fertitigdion
must he very nearly simultianeons in alb the are beworda sod other
conditions very faverable i the maxinne punher o crnhryos
is to be produced,  Fig, iy shows an ctbrvo ormpebes, which lad
a delayed start and wias aiunted frome the boeginnge, e dogulition
which is frequently found where nsore et 5 an hesonin e
fertilized, with 1 more or less delned,

In the various pines studisl, g s The ittt number of
embryo sets that were actually found, ik pelated 1o o of the
4y §, Or G archegonin,  Two or 4 aryheponia were the o mnmber
fertilized,  Tn 2. Banksiona, with only o or g archegonba, i L
a number is not possible as in 2. Lardcie Dinee the vones ol the

B T
i
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material studied were poorly pollinated, as was indicated by the
relatively few grood ovules and sceds developed per cone, no doubt
the maximuny possible number of embryos was not to be found in
these collections.

The terminal embryo of the group is the successful one in the
struggle for supremacy among the embryos.  In very exceptional
cases the successful embryo has been found to he the second one
instead of the terminal. Occasionally an embryo develops with
the reversed orientation, and the abortive embryos are frequently
found in this reversed position.

Cases were also Tound where less than 4 primary embryos were
produced from an archegonium, where one of the vertical rows
of cells was aborted with little or no clongation ol its suspensor,
or the embryo initial cell “eolf was aborted.  This condition might
give the impression that one of the 2 or 3 primary cmbryos is
composaed ol 2 vertical rows of cells that failed to separate in the
normal way, were it not for {he Tact that when one of the embryos
aborls in this way there are less Uhan 4 suspensor tubes or first
embryonal tubes.

No embryos have been found to arise from 2 or Mmore vertical
rows of cells combined.  Such an embryo would have 2 apical
cells, and wherever an cmbryo possesses a single apical cell and
looks normal in other respects it is safe to conclude that it has come
from one of the 4 embryonal cells, Another simple criterion is that
of tracing the suspensor back to the rosette,  Lian embryo could be
found attached to 2 primary suspensor cells, without the possi-
bility that an embryo has been lost in dissection, it would indicate
that =2 primary cmbryos were combined, but in this. case the
embryo should also have the appearance of heing double, and the
awmber of embryos present in the complex should be one less than
the usual number.  The writer Tound several cases which he sus-
pected to be Jdouble embryos, but when they were more carefully
studicd they failed to fulfll these conditions. -

TwiNg.—So far as I have heen able to find, no embryos arise
by a further splitting of onc of the 4 primary embryos. Since the
terminal cell of the early embryo is an apical cell, an equal splitting
could only occur alter the formation of a vertical wall, as in figs. 10, .
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13, T4 and 1g, and no cases b tawin embryvos T tormed Biyvosach g
vertical splitting could be found. The cmbryvos never oven show
tendencies to round ofl al (hese nearly vertival cleaviees, ar upon
the formation of any wall other than the one which separades the
4 primary embryos.  Such ciwins T wonhd |u~_«*:wil}' recosniaed
in dissected [il’lfl)ill'u.{it)llﬁ. since they wounlid be found attached by
their sccondary suspensors (o cumined stspensor, beading hack toa
single primary suspensor coell

When the 4 primary embryosare aectivned in stugees hetore they
are completely sepaurted, it s possibles g rare vises, that 2
embryos may be so cul as (o appreste fo be at the tip ol o single
suspensor ov cmbryonal  tube, Fhis might ook e the 2
embryos had arisen on the end of the samne stspensor by the splitting
of a single one, espucially i wome of the adjoinding sevtions are lost,
The writer had the opportunity of cumininyy the oririnal slide
from which the drawing of o twin cmbryo " leed been publizhed (8,
Upon critical examinition it proved to show trces ot the wadl ol
gecondd suspensor coll Trom which the studn ot Bt washoed ot
and is more correctly shown in g g Gne of the adjnining
sections, which happened to be aovery thick one, is misaing from
the slide. Tt was possibly Tost oft during the staining, s the
accidentally thick sections of i@ series often are, Tat the recoenition
of this sccond suspensor cell gives el of the ctnbryos in this
figure its own suspensor and indiviates that these 2 cmbryos were
2 of the primary group of ., cectivmed in st rether unusual position,
The possibility that one of the .y priniry ey cankd split o form
2 has been claimed by several investigattors, bt e other Frres
showing twin embryos of pines vould he frnnel in the literature
on this subject.

Another type of twins is tht Tound when of the members of
the embryo complex develop to fuir size to furm the ature seed
embryos.  Although polyembryony is such oan extensive plies
nomenon in Pirus, the writer hits never been alibe toted aomature
seed with 2 fully and cqually developed esbryondone wis
always considerably larger than the other, and these were not
very common, When these o cmbryes are memhers of  the
same embryo system, the twin formation s due tooa vleavage
phenomenon, and is similar to that of duplivate twins in animals,



1918] BUCHITOLZ—PINUS 209

TIE LATER EMBRYO

In mnln‘yam ol P. Banksiana, the size of fig. 47, the apical cell
may usually still be found, but by the fime the stage shown in Lg.
g1 is ¥ ached it has disappeared. The cylindrical mass of cells

L { K

171G, 3.---Development of stem tip and cotyledons;
of root tip; shaded wrea, meristem of stem tip; M, 1, J,

dotted line represents plerome
K, fusing cotyledons.

the stage shown in fig. 52 1 reached

enlarges, and about the time
by the

the cells near the tip begin to organize into an arch, shown
dotted line of text fig. 34. Under this arch is the plerome of the
root tip, the first hody region Lo appear. The Eegir_lg}_@m,_organizes
outside of this dome and is thickest above it on the side toward the
suspensor, where it merges with the tissue of the massive root
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cap This curved coll arrangement usy B revormized in the
H . . » 9 -‘ . .

whole embryos mounted Venetian turpentine or Taslsimy, but
sections show the details of this cell orpaniastion wieh better,

The stem til) nuLy D 1'1'(‘{!;.‘,’“1?.!‘11 MR, ?wllg.',_lll ]ll"n“lht\'!’il[li'{? in

the position formerly accupied by 1‘lu~ apiead cell bt dong alter
this cell has disappeared. Homay fiest he seenin crhryvos aboul
175 X400 #; and in Hving "'IHIH':\“H:-‘ i]l%w‘,q*q‘ll*‘t] nl!l’lllltlt'l‘ witfer i
transparent arcd develops i the tissies pearat, which s chown by
the shaded aren of B text . 4. e cmbeso erbaree., amd by the
time it has reached the size of 17 the circle ol eat viedenary primordia
is recognizable. The number of e primordin, Hike the number
of cotyledons, is not constant, aned rnge s rome ey Although
the cotyledonary primordinare wettly epdly devehopesd when they
first appear, somoetimes Huy are Barper of apiitl el an ol
side than on the other Pigee Joand A e canes where
primordia formed only 1oentvledon, Fige, 0 and 1 oshow the
same thing in carlior stigres, nd e bt vhiler than A do uot
reveal a double tip on the bhrosed vetslesdom it i Vo b rapidly
outgrown, Many broad cotvledans nay ave a b vrigin, but
some of them seem to apise lirectly iron 3 nod primardinm,
Although embryos like T R A 1 O T UL R D
and 77, those that do not dhow Tusing primosdieg there i e bt
o distinet tendeney in £, Hanbsiams to eechioe e number ol val vl
dons. The mature cmbryo frevuently Tues only ety Lehomis, wnd
4 or g are the usual munbers,  Tu 40 Leerdide fsiuy primordia
were not foundd, hut here there are pattnile o o ot vt viedons,
and there seems to be no tendeney e pecdinee their mnher,

The embryos of these 2 spesies e o temdeney o yRow
slightly zygomorphically. [ sonine vitars Ui et todate from
the first appearance ol the primepdin. 111 woaally ot very
pronounced, but an embryv of 1 Laerisfo, oxtremehy abmormal in
this respect, is shown in text e, of. Heve the SRR ] of the
cotyledons on one side is nesrly coanplete, o corpdition which,
in the presence of a cotyledonary b, wothd peendi i embryo
similar to the monovotyledonous vihryog s den pibied in revent
work (1), Although 2 primordia sormetie omihitngse to oy @
single cotyledon, none of these pine ernhirves have ool vledonary
tube at any stage of their developaneat,
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ABNORMATLITLIIES

Among the sceds of P. Banksiana onc was found in a germi-
nated lot which had developed in the reversed position. The coty-
ledons and hypocolyl were protruding about 13 mm, [rom the
micropylar end of the seed, while the root tip was imbedded in
ithe endosperm. It il without developing much heyond this
stage. Some ol the aborted embryos of the pine seed are fre-
quently reversed, and LAND (20) described a young embryo of
Thuja which was directed toward the micropyle. IEmbryos ma-
tured in this position are very rare; this case which was germi-
pated was the one case of the kind found in connection with this
investigation. -

Among the many huwddreds of ovules from which the testa was
removed preparatory Lo Qisseetion or imbedding, many Cases (at
least tT5) were found with 2 gametophytes in the same aovule.
They occurred i Lwo witys, end Lo end and side by side. The
end to end gametophytes often joined oblicuely, anc cach game-
tophyte is necessarily Tormed by the functioning of 2 MCEApsores.
Whether these gametophytes helonged to the same tetrad row or to
different tetrads is o matier of conjecture, but one would think that
the side by side and oblicquely joined prothallia have more probably
developed from megaspores of different tetrads. P Banksiana,
which was most largely dissected, yiclded the most of these double
gametophytes. Geveral were also T ound of P. echinala ancl two of
P. Laricio. Tt is not surprising that a very primitive conifer like
Pinus should occasionally show this feature.

A few ovules were found in which the terminal embryo aborted
and the second one dominated over the others, which is very
anusual. Two sceds were found which contained 2 embryos, hut
in each case the embryo pair was quite unequally developed.

One sectioned ovule of . Banksiane was found in which the
customary splitting of the embryo complex did not take place as
completely as usual. By a carclul study of the serics it is clear
that cach of the 4 embryos is pursuing its own independent develop-
ment and has its own apical cell.  Onec of the 4 embryos is clearly
the largest and will no doubt dominate over the others quite as
well as if they were morc completely separated.
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Discussion

APICAL CELL.-STRARBURGEE (381 was the trst tocast doubt
upon the existence of an apical celbin the cinbryo ol the Abietineae,
He felt doubtiul of it becuuse it did notappear tor he oo vonstant
feature. The instances iy Pinus deseribed aned frared by him in
which he considered the apical cell ahsent are praetically the same
as some of the more unustal ones deseribed in this paper. He
regards embryos like fygs, tic 8 Al e s having noapical ecll;
and while he recognized thitt in embryes ke dige, 1o aned 18 an
apical cell seems to be present, he considered thisapical vell prowth
not constant and that i has no phylogenetic signibicinee.

Cournrir (8) expresses (he opinjon that an apivat cell is only
simulated in Pinus and does ot i pesdity exiat P probably
misled by the appearanee of nearly vertical aliliepie walls in the
torminal cell and by embryos ke tigs. 14 aned e, Corerer and
CHAMBERLAIN (0, 10) (o not mention an apical cell,and thies bnply
that such a stage does not exist, bt point out et the prroblem of
the development of the pine cmbryo after the nrst few divistons s
an open one,

gaxron (33) overlooked Qrrasprrores work 38, 301, and
although COUTLTER hadd expressed the apinion that an apical cell
is only simulated, he is inelined to regard the verminal vetl of the
P. pinaster embryo as an apival cell. When e Failed to tind an
oblique spindle he ceemed not ity convineed alont the existenc
of a true apical cell, which he figured onldy P yeun einhryos up
to 30 cells,  Tor these reisons the writer comddersd 10 necessary
to give considerable study and sl tention Lo (he proot of the exist-
ence of an apical cell in the earky embrye,

A series of embryos (fgs, o, 7, 8 10, 13, el ey he selected
¢howing the first oblique wall in all pusitions, from nestrhy trunsverse
to vertical,  This variation in the hest ahligue winl B e an
occasional embryo hard to explitin s havinoan apical cedl, IFigr, 138
shows how the next wall comes i, and adter this stase the apieal
cell may casily he found, esvep! that it is Dregquenthy very ch
one side.  The apical cell vuts the Tird obdigue seginent al no
fixed stage, but probably at the thne when the embryn s well
separated from its neighbors i the embryo ey=tent, ‘Phis same



1g18) BUCHHOLZ-—PINUS 213

cause may also account for the varintion in the time of appearance
of the vertical walls i the initial cells of the carly embryonal tubes.

SQTRASBURGER (38) also cites the case of an embryo gimilar to
fig, 210 as disproving the constant existence of an apical cell, but
fig. 210 has an apical cell; it is one of the 4 cells of the apical tier,
one of the adjacent colls is its last segmend, while the two remaining
cells constitute the next older segment.

An embryo like lig. 214, Lut in which the e. tier of cells has
elongated, looks 50 much as though it shows the oviginal 4 embryonal
cell rows going into a single embryo that doubtless this impression
could be created from o study of serial seetions only.  When STRAS-
purerr found a stage very similar to fig. 21a, however, he was
able to trace the suspensor back to a single tube and recognize that
it is only one-fourth of the product of the egg.  According to his
explanation the embryo from this stage on develops like that of
Picea, in which the whole of the fortilized cgg unites to form T
embryo, and has no apical cell. All of my investigations have failed
to support this view, but, on the ‘contrary, embryos slightly older
than fig. 21a, such as figs. 10, 18, 22, andd 28, always have an apical
cell, and this cell may usually still be found in embryos of s00 OT
more cells.”  Certainly the instances where the apical cell cannot
be found in embryos having severad hundred cells or less are rarc,
and the most exceptional cuases found in this investigation have
heen figured and described.  Iovery cssentinl condition for an
apical cell 1s cantisfied. It has the proper position on the embryo,
being at or near the apex of a body with polar differentiation; it
has the same general shape as the apical cell at the stem tip of a
fern; and it has recognizable segments which may be related in their
regular turn to the 3 cutting faces, even in some embryos of 800
cells. '

Trom a comparative study of the embryos of other conifers it
is probable that this apical cell fepture is retained more generally
than one would supposc, According to STRASBURGER (38) the
Cupressincac all have this feature. CORER’S (7) study of the.
embryo of Taxodium does not conflict with this view, for in many

1 Ratimated roughly by counting the average number of cells in diameter and
length and applying the formula frr?, '
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cases he was able to determine the succession ol walls in young
embryos, which suggests the possibility that an apical cell may
be found here. In Podocarpus Coreg 16 tyrves a0 number of
embryo stages, some o which may have an apival celly in others it
appears doubtful,  ArNoLDL (1) and Lawson (220 show figares for
the carly embryos of Sequoia aned Sciadopitys in which the embry-
onal cell has Tormed 1 or more verticanl walls, o condition which
precludes the possibility of an apival cell, aveordime to the views
of some investigalors. However, accordimg o the later sligres
of Sequoid, figured Hy SHAW (371wl ArNorpr (rtoan apicad coll
arrangement exists, anedd it is possilile that the vertical walls were
only the first obliquely plitced walls of the apival cell, o vondition
which oceurs occasionadly in Pinaes, aed b oeaplained in connection
with figs. 13, 14, 15, and ara. mAaNTON {34 Ahenws some of the
st.agus in Actinostrobus which are st ive ol apival cell, and
doubtless it may be found inomany of the conifers, 1
certain to be absent, even i osone of the Abietinene, iF STRAS-
JURGER’S account of Pivea (381 s correct, for 1 2l g vells ol the
Jower tier of the proembryo together produce o embryo, the apical
cell loses its identity from the start,

Tt is evident that in ey @ primitive condition is fovnd, in
which the apical cell is still fanetional forw comsiderable period, and
that in some derived conifers this his been reGiined more or less,
while in some evolutionary Hnes it hi heen suppressed or com-
pletely climinated.

APICAT, CRLIL IN RELATION To PROEMBRYO, e of the gread
difficultics in accepting the apical cell s bavinge phyvlogenetic
significance has been the impression thi Howeh o shire may he
found it does not exist from the start. I towking over the Fevas
ture it is apparent that many workers do pol recopnize i apical
cell as such, unless 1t cuts off ablique aegments fronn several
cutting faces, Their apical cell would begin ondy with the hirst
oblicue wall. By studying the heltvior of the segments in forme-
ing the suspensor the writer Tas shown thiet the embryonal cell
is a hemispherical apical cell of o single cutt i fave, and that the
primary suspensor cell i its first sepgment. We need not expeet
to go farther back in the procmbryo than to when the embryo

st s
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initial is organized; the stage previous to this 1s a free nuclear
division which organizes these several equivalent cells.  Thus the
procml‘)ryo stage in Péus is the stage in which the divisions occur
that bring about cleavage polyembryony.

I_’jI{(")]F:M.H‘R.Y().-W'~'1‘llc free nuclear division which occurs after
the 4 nuclei descened to the hottom of the cgg is followed by
walls which are complete for ihe lower tier of cells, but leave the
upper tier in open communication with the egg. Thus, when the
upper tier divides to form the rosette and the open tier above it,
the cleavage is stitl essentially a free nuclear division,  According
to [rreUsoN (13) and Kinoairn (19), this upper tier of the 8-celled
proembryo usually divides before the lower, and in the resulting
ca-celled stage all of the cells with complete walls, namely, the 8
colls of the lower 2 tiers, are embryo initials, which henceforth
grow by means of an apical cell. This fact sugpgests the possi-
hility that the upper open tier may also represent @ tier of similar
initials which has beeome abortive,  This scems probable when we
consider that in Pénus the lowest Ler produces embryos immedi-
ately; the rosetle ier only after some delay, and then not always;
while the upper open tier represents a group of initials that failed
to organize. The presence of this upper abortive tier suggests a
ceduction from a more extensive form of polyembryony.

The lower tier of the S-celled proembryo sometimes divides
hefore the upper ong, according to KILDAIL (19), who also con-
frms this order. No proof exists {that the upper tier ever under-
goes another division when the lower one divides first, and it is
possible that the nuclei shown in her fig. 1x would have collapsed
without undergoing further Jdivisions. This would give us, in
this case, only 8 embryo ‘mitinls instead of 12 (counting the upper
open tiers as potential embryo initials), of which only 4 function.
It scems cvident that this order of division is rather uncommon.
According to the interpretation that the embryos are separately
organized by means ol initial cells in the proembryo, the latter
stage has a new significance as it real preliminary stage in the
emhryogeny. However, the proembryo stage should bhe con-
sidered closed in Pinus when the [ a-celled stage is reached, rather
than the 16-celled stage, and in the instance shown by KILDAHL
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the proembryo is complete in the S-celled stage "l'h“-‘* lar * pro-
embryo'" has heen recognized Jargely s tern ol convenienee to
describe the stafges preceding the clongation of the suspensor,

PoLyEMBRYONY. - The writer has found 0 necessary to dise
tinguish between the polyembryony caused by the simultancous fer-
tilization of several cggs and that brought about by the separation
of the embryos of a Hil!p{]l‘ U The Lttter Torm of pttl}'t‘!l'llll'}'l:ll}',
which is spoken ol as eleavagne ])ti]}.‘(‘]nl11‘}"'()1!)".” i no doubt a
constant feature ol Pinus, aned mmay possibly e Tonnd i some of
the other genera of this tamily. The statement that = adl o cells
of the lower tier may unite to form o singhe erahevo, or they may
separate to produce 4 embryvos,” may hold tor the Abiletinene as g
group. The writer has Tound separtel prinsry cmbryos inall of
the species of Phnes examined, which ineludes I'.osvleestris, Tor which
QrRASBURGER reporls only 1 embryo per arvheponinm,. Forms
like Z/huja (20) seem to <how splitting of the cmbryos at times,
while in other cases the archegonimn produces only 1 embryo,
Coknr (7) found the cmbryos splitting apart i Davodinm und
also in Podocarpus (6). Sonme ol these moree modern forms are
therefore not constant like Pinny in this respect.,

Polyembryony by cleavage fronn 1o oo donht o primitive
gymnosperm charneter, even though it b persisted ta the fphedra
level, where it is on ity way 1o elimination.  No angiosperme bas
shown this form of polyembryony, which i further proof that i is
a primitive character. Aside from its pliviogenetic significance,
the featurc of polyembryony is i wondertully effective means for
the possible climination of untit eimbiryos, involvimg s it does in
Pinus some 32 embryos when archegonin soee Tevtilized,

Although no matured twins hive been Foutned to arise by the
cleavage of the egg in Pinus, this has beensdenonst pated tor (rinkgo
by Lyon (26).  Iere we have clome pacradlel 1o the andmad twins
which are formed by cleavage, and Lyox has shown that the
twin embryos may originate from the s arehesoninm, remain
organically connectud, and develop equadly to the nndtarity of the
seed,

TARLY BEMBRYO IN RELATION Tu OTHEE CONIFRE EMBRYOS.
The known stages of the proembryos in Pivea 1281, Abivs (20),
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Psendolarix (30), and Lsuga (31) are reported as similar to Pinus;
the embryo is sald to consist eventually of 4 tiers of 4 cells each.

In Sciadopilys Lawson (25) found & free nuclei hefore organiza-
tion into ticrs takes place.  This is very significant, for here we
may have this extra [ree nuclear division result in more embryo
initials, a thing which would bring about a greater display of cleav-
age polyembryony than in Pinus.  Judging from the figures of
Arnonbi (1), this conclusion scems justified, for the central group
of cells shown in several of his figures is doubtless made up of many
embryo initials from which the embryos are clongating.  The
writer believes that cleavage polyembryony is o very primitive
[enture, and it is therelore possible that the embryo of Sciadopitys
is more primitive than that of Pinus,

Little is known in regard Lo {he rosclie of other conifers. The
‘work done on Picea (28), Abies (29), and Tsuge (31) does not include
the stage showing the suspensor clongating. Mivake and YAZIN
(30) have ligured o stage tn Psewdolarinc with the suspensor elon-
gated, which proves (hat o rosctte group cxists in this genus. It
is not safe 1o conclude that a rosette exists in all forms in which the
proembryo is organized in tiers like Pinus,

Tn Psendotsuge LawsoN (24) reports a proembryo similar to
Pinus, but does not show which tier of cells elongates, or whether
A roselte exists. Ile applies the term “rosette” quite generally to
the upper tier of free nuclei where no rosette cell group exists.
Likewise, CoxEr, in his work on / sodocar pus (6) and T'axodium (7),
uses the term “rosette’ to designate the group of {ree nuclei above
the suspensor,  While these investigators apply the term “rosctte’’
here, it is evident from a comparison of the figures that a rosette
homologous to that of Pinns does not exist in Podocarpus, Taxo-
dinm, or Cryplomeria. The term “rosette,” as first used by
Mirser and Seact (27), applies to an unclongated tier of com-
pletely walled cells. LAND (20) showed that it is likewise the
uppermost tier of completely walled cells that clongates in Thuja.
‘The absence of a group of rosctte cells and of rosette embryos is a
more advanced character, found only in the more recent conifers.

SAxTON (34) has described the embryo of Actinostrobus, which
repeats the proembryo of Sequota in completely filling the egg
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with walled cells.  Tour of the 6 cells in Aedinostrobus organize
as embryo initials and give rise to embryos, Neither ArNoud:
(1) nor LAWSON (22), in their work on Seguoie, Jollowed  the
embryo development very e, They probablyv studied the develop-
ment of only @ single embryo from ciech e TE seems proly-
able that the other 3 cells which are cut oft by walls in the first
» divisions of the proembryo of Seguofe may represent embreyo
initials, and more careful stwdy may perbaps reveal secondary
embryos avising from 1 or more of these other 5 oeellss Like
the rosette embryos in Pimes. these posstble seconditry embryos
in Sequoia may develop only after some deby, and thus casily he
overlooked,  Actinostrobues, and possibly Sequoin, represent forms
in which cleavige polyembryony has been retained more or Jess,

The cleavage polyemhbryony of Py sugreests o explanition
of the proembryo of Ephedra, deseribed by Srrasnrrcre G381 and
Lany (21). Ilere the 8§ free nuelet of the procmbrya orgimize
with walls as embryo initiaks, and frome 4 to g ol them produce
embryos.  The embryo initinds organize only sd the hottom of
the egg in Pinus, while it fephedra they orpinize with walls hefore
reaching the hottom, Jphedra has thus retanesd, i moditied
form, a very ancient character, that of cleavige polvembryony, i
character which indicutes that this plat has descended from the
Coniferales.  According to the testimony af their embrvogeny,
such forms as Pinus and Actinostrobus must he looked upon as the
nearest conifer relatives of Jphedra.

A comparative study of conifer embryos stiggests severi] possible
evolutionary lines of advance,  One of these is the one heginning
with Pinus and culminating in Lphedra, in whivh vleavage poly-
embryony is retained in some muoditusd Torm, The apieal cell
fentire is retained among the more primitive embryos of this line,
but apparently lost by the time the fophedra fevel is reached,

The abictincous embryo of the type represented by Picea 38)
would be produced when all the embryo initials togrether develop
r embryo. Here the lower tier is an even one, s it the embryo
develops uniformly o meristematic gronp of 4 cell replaces the
apical cell from the first,  Thus Piced miay represent the culminating
abictineous embryo type, while Pinus represents the primitive type,
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In his work on Cephalotaxus SrRASBURGER (38) shows in pl. 19,
fig. 53, what is possibly a rosette embryo group, although he does
not refer to it in the text. [t is of interest in this connection to
note also that the Ceplalolaxus embryo has a cap which associates
it with Araucaria (4 38) and Agathis (r2). All of this suggests
another possible line of advance from a Pinus-ike ancestor, through
intermediate forms like Cephalolaxus, and @ culmination in the
embryo of the arau sarian type.  Thus it looks as though nearly
all the embryos of Coniferales may be derived from an ancestor
with cleavage polyembryony and an apical cell like Pinus, differ-
entiating into the several more ot less distinet lines of specializa-
von, This is a strong argument in support of the theory that
Pinus is o very primitive and ancient genus.

POLYCOTYLEDONY.~Lf polycotyledonous  gymnosperms have
been derived from dicotyledonous ancestors, One would expect that
in the ontogeny of the cotyledons 2 primordial zones would
first appear, and these 2 zones divide up and give rise to the
primordia of the separate cotyledons. On the other hand, this
investigation goes to prove the opposite; namely, that the poly-
cotyledonous condition {s the more primitive, and the tricotyle-
donous or dicotyledonous condition derived.

Most of the work which has heen done on polycotyledony has
heen based upon the vascular anatomy of the seedling (16). The
arguments that favor the derivation of polycotyledonous embryos
by a splitting of cotyledons are based on anatomy and are well
summarized by Courrir and CHAMBERLAIN (10), who state that
¢3¢ must be remembered that these same facts may be used also as
evidence that the dicotyledonous condition hag arisen from the
fugion of more numerous cotyledons.”

SaxToN (33) also doubts the origin of polycotyledons from
dicotyledons, and concludes from a study of cross-sections of
P. pinaster that “the primordia are exactly equal and equivalent
in origin.”’ However, he produced no direct evidence to indicate
that fusions of the many cotyledons may have occurred.

The study of the ontogeny of the cotyledons brings out facts
not hitherto considered in connection with this problem. In
speaking of cotyledonary fusions, it must be understood that full
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grown cotylecdons did not fuse, but 1 cotyledon 1“ developed in
the place formerly occupiced by 2. The number of cotyledons iy
actually reduced by fusion of the primordia. |

A zygomorphic tendency, which is usually only very slight, is
evident in nearly all mature embryvos of 20 Banksiana, hat only
occasionally in the early stages of the embryo,  This zyvgommphy
of the matured embryo is, no doubt, a sccondary result due to the
shape of the seed, for it is always oriented within the sced in the
same manner, and the zygomorphy is less pronounced in the case
of P. Strobus, which has o more regularly shaped seedo The
zygomorphic tendency Tound in some carly cmbreyos cannot he
related to the shape of the seed, and ix no doubt duce to certain
hereditary tendencies.  The most extreme case found ttext g, 37)
was that of P. Laricio. When zyvgomorphy is pronounced, as in
this case, it furnishes an interesting paridlel to the development of
certain monocotyledonous embryos at the stage when primordia
develop, as shown recently by Counreg amd Laxp (xxo). In Pinus
the zygomorphy never goes 1o sieh an extreme as in the mono-
cotyledonous embryo, and no cot yledonary tube s Tormed in any
of the pines that were stucied, That we hoave well developed
cotyledonary tubes among the Abictineae is shown by the work of
Hirr and DEFrANE (16) and by the recent work ol [TeretnNson
(18) on Keleleeria. The cotyledonary tube would bhe formed
as a natural accompaniment af a coadeseence ol the many cotyle-
dons by fusion; its very existence wmong the historically recent
gymnosperms is a further indication that cotyvledonary fusion has
taken place, rather than a splitting. It is interesting to pote in
this connection that the number of cotyledons in Keleleeria is 4, @
rather reduced number.

Summary

1, A special technique for disseeting ovules, statining and
mounting the embryos, and an improved method of wLaining
embryos in serial sections have heen deseribed in detail.

2. The corrosion cavity results from an ensyme, which muay
- be secreted by the unfertitized emrs as well as the embryo.

3. Two forms of polyembryony must he recognized i gymno-
sperms, namely, cleavage polyembryony wud the polyembryony
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due to pleurality of archegonia, In Piénus one usually finds hoth
types associated in the same ovule, and cleavage polyembryony
always oceurs in the several species of Pinats that were investigated.
It is probably a constant feature of this genus.

4. The rosette consists of a group of embryo initials which
usually produce embryos,  Rosctte embryos, like 3 of the 4 primary
embryos, are alwuys aborted.

. Jhach embryo of a system may be traced back to an initial
cell, one of the first completely walled cells of the proembryo. The
8 embryos formed by the cleavage of the egg are therefore definitely
organized from the time of the last free nuclear division.

6. A further splitting of one of these 8 embryos into “twins”
was not Tound 1o oceur in Pinus. I rare cases 2 matured embryos
were found in an ovule, but they were very unequal and due
simply to the incomplete dominance of a single embryo.

7. The carly embryo develops by means of an apical cell which
oxists from the time the first walls appear in the proembryo. This
apical cell persists for o considerable period, being still recognizable
in ecmbryos ol goo-700 cells,

8. The apical cell represents a primitive fern character, which is
recapitulated in the embryogeny of Pinus.

9. Less than 4 primiry embryos per archegonium may be pro- |
duced in case one ol the embryo initials, or the carly apical cell,
disorganizes.

so. ‘The suspensor is formed Ly the elongation of cells in the
basal portion of the embryo, a process that hegins with the elonga-
tion of the first apical cell segment and continues until the maturity
of the embryo,

11. Sugpensor cells or embryonal tubes never divide after
elongation, but roscette cells may clongate and later divide in form-
ing the rosette embryos, showing their greater potentialities and
their distinctness from the suspensor cells which they resemble.

12. Considerable variation occurs in the first sccondary sUS~
pensor divisions, also in the time of appearance of the first oblique
walls formed by the apical cell; oth are doubtless related to the
time of separation of the embryos. \ |

13. Cleavage polyembryony 'is o primitive character which
Pinus, Sciadopilys, Actinostrobus, and doubtless other genera have
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retained. [Ephedra has also retained it in a modified form, and
this definitely associates Gnetales with the Coniferales rather than
the cycads. |

14. The other evolutionary lines suggested in the discussion
likewise assign a primitive position to Pinus, so that this ancient
type seems to be genetic to several conifer lines.

1s. The body regions of the later embryo, so far as they have
been determined, appear in the following order: plerome tip of
root, periblem and root cap, stem tip, and cotyledons. '

16. There is a distinct tendency in P. Banksiana toward a
reduction in the number of cotyledons, attested by the [act that
2 primordia have been found to form z broad cotyledon. This
suggests that the dicotyledonous condition has been derived from
the polycotyledonous condition through cotyledonary fusions.

17. Cotyledonary tubes are the result of past cotyledonary
fusions, and are found in embryos between the primitive polycoty-
ledons and dicotyledons.

18. The zygomorphic feature of a monocotyledonous cmbryo is
foreshadowed in the embryo of Pinus.

 This investigation was begun in the summer of 1914 at the
suggestion of Professor JouN M. COULTER, and continued through
the summers of 1grg and 1916. Acknowledgments arc duc to
Professor CHARLES J. CHAMBERLAIN, whose suggestions from time
to time were very valuable, and likewise to Professor W. J. G.
L.anp and other members of the botanical staff of the University
of Chicago, where the major portion of this work was done. The
writer is also indebted .to Professor Jomn H. SCHAFENER, who
kindly loaned the slide of fig. 36.

WesT TExXAS STATE NorMAL COLLEGE
Canvon, TExAS
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DESCRIPTION OF PLATES VI-X

Figures of plate VI from dissected ‘preparations, except figs. 1—g; figures of

plate VII all from serial sections; figures of plates VI and VII X 300; figurcs
of plates VIII-X drawn to same scale from dissected preparations and X 8o;
lettering in all figures as follows: a, apical cell; e, embryonal tubes; ¢, first
embryonal tube (or its initial cell if it marks an unelongated cell); e, second
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embryonal tubes; s, third embryonal tubes; o, portion of egg containing
upper open tier of nuclei; », rosctie cells; s, suspensor (primary suspensor);
p, basal plate (plate of thickening usually formed above rosette); all figures of
Pinns Banksiana unless otherwise indicated.

Fia. 1.—Scction through base of archegonium, showing suspensor cells (s)
clongating hefore lower tier of tip cells (a) found in 16-celled proembryo have
divided; early corrosion cavity forming; June 20, 1914,

T1Gs. 2-5.~Scections through a separated embryos all coming from the
same g, still even with cach other, but with their apical cell mitosis not
simultancous; mitosis shown results in sccond embryonal tube initial (e2);
June 20, 1014

Fia. 6—Vertical wall forming in sccond embryonal tube initial, which
will result in o 2-celled suspensor division, as shown in fig. 8, .

It 7.—Later stage than fig. 6, in which an oblique wall has been formed
hy apical cell and no vertical wall has yet appeared in any embryonal tube
initials. |

16, 8.~Later stage than g, 6, in which a 2-celled suspensor division has
hegun to clongate; frst oblique wall cut off by apical cell has just been formed;
Tune 30, 1010,

P16, o.o—Later stage, in which first oblique wall of apical cell is only
slightly tilted; a-celledd embryonal tube division has become well elongated;
July 1, 1010.

116, 1o.-Apical cell of Pinus Laricio, forming first obligue wall, in this
case almost vertical; July 6, 1010,

Tras. 11, 12.~—Usual appearance of embryos with first oblique wall formed
by apical celly June 29, 1910,

FiGs. 13, 14.—-Qceasional appearance of embryo after vertical wall has
been formed by division as shown in fig. 1o0; in fig. 14 embryonal tube initials
(upper cells of group) have elongated, leaving only 4 cclls below; fig. 13, June
22, 1014; fig. 14, July 1, 1010.

Fio. 15.—Pinus Laricio, showing how second oblique wall is formed by
apical cell after first has appeared vertical; July 16, 1910,

Fra. 16.~—Usual condition after first 2 oblique segments have been formed;
July 1, 1910,

F1c. 17.—Later stage with distinet apical cell placed slightly to onc side;
apical cell has 3 cutting faces; Junc 3o, 1910.

Fia. 18 —Usual condition of slightly older embryo; TJune 29, 1916.

7168, 10, 20.—mbryos with apical cell in rather unusual position;
June 30, 1916.

re. 21.~—T'wo views of same embryo; «, in a high planc of focus, showing
shadows of lower nuclei; &, showing only auclei of lower plane of focus and
walls; apical cell difficult Lo distinguish with certainty; June 22, 1914.

F1gs. 22, 23.—0Older stages than last, with distinct apical cells; July s,
1916.
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F16. 24.—Pinus Laricio: unusual suspensor in which third embryonal
tube initial (e,) remained undivided, although suspensor section above it has 2
collateral tubes; very exceptional; July 6, 1916.

Figs. 25—27.—Longitudinal sections showing successive stages in develop-
ment of embryo by apical cell with well marked segments; June 3o and July s,

1914. .

Fic. 28.—Embryo about same stage as fig. 26, but with apical cell placed
very much to one side; if section had been cut longitudinally and at right
angles to this plane, apical cell would have been obscured; July s, ro16.

Fic. 29.—Very late stage, in which apical cell is still active and segments
very distinct; July 5, 1914.

F1c. 30.—Late stage of embryo with apical cell which has probably become
inactive and is on verge of being eliminated; July 5, 1914.

F16. 31.—Embryo smaller than fig. 29, which no longer possesses an
apical cell.

F16. 32.—Embryo past apical cell stage; July 5, 1914.

F1c. 33.—Two successive cross-sections through the tip of an embryo
100 p.X 180 p, in which an apical cell may still be found; diagram 33c¢ shows
relations of segments; July 12, 1916.

F1c. 34.—Three successive cross-sections (a, b, ¢) through tip of an embryo
128 uX 280 p (larger than any other embryo shown on this plate) in which
apical cell may still be found, although doubtless it has become inactive;
d, section through widest part of same cmbryo; ¢, segmentation as recon-
structed from ¢, b, ¢, July 8, 1916.

F16. 35.—Two successive scctions through tip of embryo 108 pX 200 g,
showing no trace of apical cell.

F1c. 36.—Pinus Laricio: drawing of an embryo described (8) as coming
from splitting of a single embryo on end of a single suspensor cell, showing
faint wall of another suspensor cell to right; it is no doubt a case where 2
primary embryos have not completely separated and are scectioned in an
unusual position,

F16. 37.—Two embryo groups of neighboring archegonia in carly stage of
suspensor formation; apical cell of embryo to left is in mitosis giving rise to
first embryonal tube initials; all other embryos have already formed these
cells; separation of embryos evident; June 29, 1910.

F16. 38.—Embryos of same age showing early separation of the 4 primary
embryos of each archegonium.,

- Fres. 39, 40.—Successive stages in elongation of suspensors, first embry-
onal tubes, and separation of 4 primary embryos of archegonium; June 26—
30, 1016,

F16. 41.—More complete drawing of later stage with completely separated
embryos and partly elongated embryonal tubes; one of the 4 primary embryos
has broken loose from its attachment below and enlarged into a balloon at



"1918] : BUCHHOLZ—PINUS 227

lower end containing the nucleus; thick deposit of material, basal plate ($),
is shown on upper wall of rosette; June 24, 1916.

F16. 42.—Suspensor, of which lower end is beginning to enlarge into a
balloon; June 24, 1916.

Fi6. 43.—Embryo complex from 2 adjacent archegonia with 8 primary
embryos present and 1 set of rosctte embryos forming; all first embryonal
tubes have clongated and some of second embryonal tubes are about to elongate;
June 30, 1916.

Fi1c. 44.—Embryos from 1 archegonium of about the samec stage as
fig. 43; 1 embryo has heen left far behind in the “struggle for supremacy’’;
June 22, 1914.

T'1G. 45.—Embryo complex similar to fig. 43, but rather more advanced;
o balloon-like enlargement may be scen at end of 1 primary suspensor; one
of the 8 embryos has been aborted and one left far behind; July 1, rg16.

Fic. 46.—LEmbryo system from t archegonium in which primary sus-
pensors and frst embryonal tubes of sccondary suspensors have fully elon-
gated, while next divisions of suspensors are nearly half elongated; July 1,
1010, ' :

T16. 47.~Lmbryo in which third division of suspensor has completely
elongated and succeeding portions of suspensor are beginning to form embry-
onal tubes of unequal lengths that break joints; suspensor slightly crushed
below, thus separating embryonal tubes; July s, 1916.

Fio. 48.—LEmbryo slightly older than in fig. 47, but with less developed
suspensor becoming massive very suddenly; June 29, ro16.

F16. 40.—Embryo with very typical suspensor forming fourth suspensor
division (third secondary portion), with young embryonal tubes beginning
at base; July 5, 1916.

F1c. so.—Embryo of somewhat older stage than fig. 49.

Frc. s1.—Later massive embryo with characteristic secondary suspensor
made up of dovetailed embryonal tubes (or tubes that break joints) in which
suspensor divisions no longer appear; July 8, 1916.

Fic. 52.—Older embryo than fig. 51 shortly before differentiation of body
regions; July 8, 1g16.

F1c. 5s3.—Rosette in early stage of elongation (cases of clongating rosette
cells are found in 5 per cent of embryos of P. Banksiona). _

Fro. s4.—Rosette fully elongated, with a mitotic figure in lower end of one
of its cells; June 30, 10106.

Fic. 55.—Detail of lower cnd of elongated rosette of fig. 54, showing
division spindle.

Frc. 56.—Rosette elongated and divided into embryo of many cells, of
which figs. 54 and 35 was a delayed beginning; June 30, 1916.

F1c. 57.—Rosette cmbryo similar to fig. 56, with suspensor tube broken off
from below.
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Fic. s8.—Embryo system with first division of rosette embryo showing
in one of rosette cells, beginning of usual type of development of rosctte
embryos; June 27, 1916. .

Fres. sg-61.—Views of rosettes from above, showing stages in development
of rosette embryos; June 29~30, 1910.

Fie. 62.—Rosette embryo of Pinus echinala in oblique view, showing
apical cell; July 23, 1914.

FIc. 63.—Views of rosettes of 2 adjacent archegonia as scen Irom above,
showing different stages in which various rosette cmbryos may be found at the
same time; June 30, 1916.

F16. 64.—Later rosette embryos well developed, but no tubes clongated
to form a suspensor; July 8, 1910.

F16. 65.—Side view of group of rosctte embryos, one of which shows an
apical cell and distinct segmentation; primary suspensor () of lower 4 embryos
has entirely collapsed by the time this stage is reached; July 8, 1or06.

F1c. 66.—Side view of rosette embryos [rom 2 adjacent archegonia,
from some of which embryonal tubes have clongated to form a suspensor,
showing that rosette-cell proliferations are real embryos.

Fi1g. 67.—~Group of rosette embryos which have suspensors clongated
in various directions, although number of cells formed is less than in lig. 64,
where no elongation has thus far occurred; July 5, 1910.

Fic. 68.—Rosette group showing 1 embryo with suspensor clongating
under difficulty and distorted, on account of heavy wall found between rosette
and suspensor cells.

F16. 69.~Embryo system which was badly stunted, duc to delay in
fertilization or development, while 2 or more adjacent cembryo systems
gained supremacy; June 29, 1916.
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