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3.

STUDIES ON THE COMPARATIVE CYTOLOGY.CF THE ANNUAL AND
BIFNNIAL VARIETIES OF MELILOTUS ALBA.

Introduction.

Biennial white sweet clover has been known in the Uni ted
States for many years and was, according to Gray (12), orig-
inally naturalized from Europe. In 1856, Prof. Tutweiler of
Green Springs Academy, Alabama, received a small quantity of
white sweet clover seed from the Secretary to the United
States Consul in Chile (7). Whsther this represents the first
introduction of the sesd into the United States is a matter
of question.

The first evidence of thse existence of an annual variety
of whits swest clover seems to be somswhat obscure. It wes
probably observed by 8. M. Tracy as early as 1898 foi, in "For-
age Plants and Forage Resources of the Gulf Sfates", he says
of it: "a few plants will produce seed the first ysear and a
few will live three yeara" (46). Socmetime before 1216, Dr. V.
B. Gernert, then of the Illinois Experiment Station, discover-
ed the annual variety and propagated it (46). Pieters (46)
states that the variety was also observed in Alkanesas in 1916.
The attention of agronomists was first called to the new var-
iety, however, by Professor H. D. Hughes (48) of the Department
of Farm Crops of the Iowa State College, who, sometime pievious
to the spring of 1916, in the experimental plots of the common

white sweet clover, found a2 form which produced an annual root
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and died at the close of the season. Nothing 1is known as to
where the seed, from which this annual white eweet clover
originated, cams from. Coe (8) states that in the winter of
1216 a quantity of Melilotus alba seed which had been grown in
Hale Co., Alabama, the previcus summer, wes purchased for ex-
prerimental purposes. Approximately five per cent of the plants
grown from this seed flowered abundantly and matured seed in
Seprtember, 1916. All the other plants from this seed produced
first year's growth typical for the ordinary biennial variety.
None of the plants which flowered the first year lived through
the winter of 1816-1917, whereas only a small per cent of the
typical biennial plants winter-killed. Seed was collectsd from
the plants which flowsred the first year and, when planted, pro-
duced typical annual plants and flowered the first season. The
annual varjety has been sc uniform in structure and behavior
that Coe (8) has desoribed it @s a new variety, naming it Mel-

ilotus alba Desr. var. amua n. var. (Annual White Sweet Clover)

Ths annual may be distinguished from the biennial varisty
in that in the annual the food and energy are used to form a
central vertical stem which flowers the first season, whereas
in the bienniﬁl they give rise to numerous lateral branches
which die down at the end of the firat season without flowering.
From buds on the crown of the biennial plant, lateral branches
arise during the second season and produce numerous flowers,

The present investigation was undertaken for the purpcsse
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of ascertaining whether any oytologioal differences exist be-~

tween the two varieties.

Materiale and Methods.

Material was collected from plants grown both in the
greenhouse and in the field. The entire study was made from
young flowering racemes of both the annual and biennial var-
leties, taken when the racemes were from .5 to 1.5 cm. long.
Stages varying from the very esarliest, when the anther was a
mere mass of meristematic tissue, to mature pollen greins,
could easily be secured on the same section by cutting the
racemes longitudinally. The material was killed and fixed
in chromacetic acid of medium strength, or in medium chrom-
acetic acid to which were added ten drops ,of two prer-~cent os-
mic acid per 50 cc. of solution. Sections were cut 3-10 u
thick, stained either with Haidenhain's iron-alum haematoxy-
lin or Fleming's trirle stain. Much of the material, espec-
ially in the study of the pollsn-mother-cell wall, the special
wall formed around the microspores, and the walls of the
pollen grain were studied in living as well as iixed condition.
Chromosome counts ware made both in sections of fixed material,
and in living condition by the use of Belling's (4) iron-
aceto~carmine method.

The cytological situation found in the annual variety

will be desoribed first, and statements regarding the bisnnial
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will be made at the and of the discussion of the annual.

-THE ANNUAL VARIETY.
Development of the Anther.

The development of the anther ia, in general, similar

to that desoribed by Warming (66), who furnished the first
detailed account of microsporangium development. In Melil~
otus the anther first apresrs as an oval mass of meristem—
atic cells which socon becomes four lobed in cross section.

In each lobe thers is & layer of radially elongated hypoder-
mal cells (figz. 1), the archesporium, the cells of which

are easily distinguished by their large size, dense cytop-
lasm, large nuclei and comspicuous nuclecli. These calls
soon divide by periclinzl wells forming two layers, the out-~
sr of which is the primary parietal, and the inner the prim-
ary sporogenous layer (fig. 3). The cells of the primary
parietal layer divids further, eventually forming three cwm-
centric parietal layers (fig. 8), the outermost of which dev-
elors into the endothecium, whereas the innermost layer be-
comes the tapetum, and the middle laysr remains undiffersn-
tiated. Contrary to the usual situation, the spore-mother-
cells of Melilotue are formed by the continued division of
but a single longitudinal row of these sporogenous cells,
rather than by the division of the whole transverase row. 1In
cross section, this cell appears considerably larger than the

adjoining cells of what is ordinarily regarded as the primary




6.

sporogenocus layer (fig. 3). In longitudinal section, it
appears as a row of from five to eight cells (fig. 4).

By successive divisions (fig. 5) this large sporogenous

cell forma a mass of from six to eight mother=-cells in c¢ross

section (fig. 6), and from six to ten cells in longitudinal

section.

Regting Stage and Synizesis

In the sporogenous cells just previous to the form-
ation of the mother-gells thsa chromatin apprears in small
clumrs, most of which are in contact with the nuclear mem-
brane. Two nucleoli z2re frequently seen in each nucleus at
this stage. |

The rollen-mother-cslls are rolyhedral in shape and
their cytoplasm is more dense than that of the surrouﬁding
cells. The nuclei in the resting stage are 5-7 u in diameter.
The chromatin is at first rather clumped around the nuclear
mambrane but it socon assumes the form of & loose reticulum
(fig. 7), in the midst of which is a single nucleolus, which
exhivits =z differentiation of structure into a central region
which is scmewhat transyarent, and a peripheral region which
stains deeply (fig. 7). As nuclear development proceeds the
central region of the nucleolus beccmes morse transparent.
(fig. 13). During the resting stage, as well as succesding
stages, the nucleolus shows little buds (fig. 7-10) being

g e e o
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comgtricted off at its surface, suggesting that nucleolar
material is given off intc the nuclear sap and that it may
be ussd in the further development of the nucleus. Mot~
gomery (43) in his yaper on the morrhology of the nucleolus
has given a comprehensive raview of the literaturs covering
animal and plant nucleoli down to 1897, and Wager (65) has
in 2 similar manner reviewed the botanical literature on the
subject up to 1904, MNontgomery, as = result of his study

of the literature, and of his own work, ccncludes that the
ground-work of tha nucleoclus is variable in consistency and
that vacuoles ars often present. In animel egg-cells titwo
kinds of nuclecli arz often fcund, the nucleolus proper, and
the paranucleclus. In some ¢ases, s double nuclsolus is
found, sach part of which represenits a trus nucleolué, and
this double nucleolus may be composed of a true nucleolus,
and 8 chromatin-nuclsclus, ths latter bsaring a close re-
lation to the chromatin. H® gonsiders that the nucleclus
has its origin in the first place from the oytoplasm and that
it consists of substances taksn into the nucleus from the
cell bedy. Tﬁese subs tences are probably related to the nut-
rition of the nucleus, znd are either nutritive in funcotion
or are waste products. In general, he finde no evidence that
the nucleoli bear a genetic relaticn to the chromatin. Wager

(85) concludes from his studies cn Phaseolus that nucleoli
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may be composed of plastin, a non-chromatin homogeneous
refractive slightly stainable substancs, or "of plastin
combined with chromatin in varying quantities®". He finds

that when the chromatin network is prominent the nuclesolus
may ba absent or, if present, it gives little or no rsaction
for chromatin, but when the chromatin thread is not promin-
ent, the nucleolus is large and gives & strong reaction for
chromatin. He thinks the nucleolus is not an independent
crgan of tha nuclsus but is a part of the nuclear network
which stores or elaborates chromsatin, which is concerned in
the formation of the chrcomosomes and possibly of the spindles,
and that in some cases a part of it may be extruded into the
cytoplasm, whers it disapprears, In the rsccnstruction of the
daughter nucleci he finde that mest of the chromatin ultimately
passes intc the nucl:clus. He is of the opinion that the
vacuclar structurs of nucl:celi is generzl, ana that there is
at least a partial separatioun of the nucleolar substence into
rlastin and chromatin, or a grsater accumulaticn of chromatin
in the perirheral layer. WNichols (44), working on the form-
ation of the pollen fro@ the pollen-mother-cell in Sarracenia,
goncludes that the nucleolus elabcrates chromatin. Bhe finds
that after synizesis the nuclsolus often shows a centrzl dark
ragion and a rerirheral light rezion, and that from the central

mass winute svheres are budded off which escare into the nuc-
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lear sap and are absorbed and distributed along the ret-
iculum. 8he finds that there is not only a physical, but
also a chemical change in ths nucleoclus, as is shown by its
reaction to stains. Gregory (31), studying pollesn develop-
ment in sweat peas, observed that the nucleolus ssrves as a
store~house for most of the chromatin during the resting
stages between mitosis.

The behavior of the nuclsolus in Melilotus indicates
that the nucleolus is comyosed of z reriphsral region of
chromatin and 2 central more transparent region which may be
composed of plastin, as suggeated by Wager (65), and that
chromatin is elaborated by the nucleclus and is cast off
into the nuclear sap, where it 1s used in the thickening of
the reticulum, and that the nucleolus serves as a store-
house fcr chromatin during interkinesis.

Early in the heteroiypic prophass, the leptonema stage
is initiated, and during the development of thls stage the
nuclear reticulum assumes g mcre distinctly thrsad-like
appearance (fig. 8.) Becauss of the small size of the nuc-
leus, ths writér has been unable to follow furthsr the be-
havior of these threads and ¢oan make no statement as to
whether or not they pair at this stage. The first evidence

of synizesis 1s the appearance of a clear space at one side

of the nucleus and the thickening of the threads c¢f the
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chromatin network. The threads now contract forming a very
tight knot at one side of the nucleus, in which the nucleolus
is at first entirely imbsdded but from which it soon emerges
(fig. ¢). The synizesic ball evidently remains intact for a
relatively long time, as shown by the large number of nuclei
found in this stage. Santos (52) has disproved the conten-
tion of lawson (35) that synizesis is due to a sudden growth
of the nucleus rather than to a contraction of the reticulum,
for hs finds by accurate measurement, that there is not only
an enlargement of the nucleus but also 2 contracticon of the
reticulum during synizesis. In Melilotus there is a definite
contraction of the reticulum as well as an increass of 3-4 u
in the diameter of the nuclsus during synizesis., The syniz-
esic ball now loosens and appears as a system of anastomosing
threads (fig. 10) which are double. The threads bescome rather
uniformly distributed throughout the nucleus end are certain-
ly now much thicker in the pachynema (fig. 11). No second

contraction stags was observad.

Diakinesis.

The threéd now breaks up intc a number of irregular
pieces, the chromosomes (fig. 12), which scon become more reg-
ular in outlins, and, either bend in such a way as to have
one and of the chromosome fold over the other end, or assume

the ghape of a figure U. In either case a break occurs at the
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bend of the chromosome, thus forming the two compcnents
of the bivalent chromoscme. These components of the bival-
ént chromosome at first become so arranged as to form a
figure X or V or 0, btut eventually come to be in contact
throughout their entirs length (fig. 13), 1In diakinesis
the writer has been able to establish beyond doubt, both
by counts in secticns of fixed materisl, and by the use
of Belling's (4) iron-aceto-carmine method for living mat-
erial, that the number of bivalent chromoscmes is eight
(fig. 12). This diakinesis figure clesrly shows that the
chromosomes are double. One of these chromosomes is U
shaped and is in the stage just pre&ious to breaking at
the point of greatest ourvature, to form the two compcnents
of a bivalent chromosoms. The nucleclus at this stage shows
2 sharyp demarcation into the inner transparent, and the
outer deeply staining zone.
The Heterotypic Divisjon.
As the heterotypic division is initiated thse nuclear

membrane graduzlly bescomes thinuer and finally disaprears.

The nucleolus also disappears entirely at this stage. The

chromosomes 2t first become arranged rarallel with the long
axis of the heterotypic spindle on which they soon assume
various positions, however, (fig. 14). Figure 15 represents

a section cut af right angles to the long axid of the heter-
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ctypic spindle through the equatorial region, and shows a
crosg section of the sight bivalent chromosomes. This is
the most favorable stage for determining the number of chrom-
osomes and many Of the preparations,; in this stage, show

the number of bivalent chromosomes to be eight. The members
¢f ths bivalent chromoscmes now separate along their line of
contact and the compcnents of each bivalent chromosome go

to the opposite rolea. In the anarhase of the heterotypic
division the chromosumes arse clossly groupsd together (fig.
18), presenting a rathar flat chrcmatic mass, in which it is
of ten impossible to distinguish the individual chrcomosomes.
They soon become serarated, however, and the group assumes

a mcre svrherical form, Befores the nuclear memdbrane can be
distinzuished arcund each chrcmosome group, one can without
difficulty see that there are eight chromosomes at each
pole. Fach nuclear mass now bscomes enclosed by a membrane
and it is still possible to see that there are eight chromo~
somes in the nucleus (fig. 17). As the daughter nuclei en-
large slightly, the chromoscomes become more or less complete-
ly fused together (fig. 18), but soon break up into numerous
small slumps. A nucleolus is formed in each of the dauchter
nuclei which now show a more or less definits chromatin net-~
work (fig. 12). Thus, contrary to the usual eituation at

the end of ths heterotypioc division, the nuclei of Melilotus
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are completely recomstructed. By this time, the spindle
fivers of the heterotypic spindle have entirsly disapreared
and there is no evidence cf even a trace of a cell plate or

vall or cleavage furrow across the spindle at any time.

The Homotyric Division,

The daughtsr nuclsi remain in the resting stage (fig.
12) for only a short time. The next asucceeding stage the
writer has found in his preparations is rerresented by fig-
ure 3C, in which the univalent chromosomse of the desughter
nucleus are sesn to be ssparated at their ends. A deerply
staining nucleolus is also seen. Just what the proecedure
betwesn the resting stage (fig. 18) and the rsappearance of

the univaleat chromosomes is, the writer has besn unable

to determine as the preparations lack ths intervening stages.

The muclear membrane and nucleolus of each daughter nucleus
disappsar and the univalent chromosomes become arranged on
the homotypic spindies. The position ¢f the spindles with
reference to gach other ie variable. They may be parallel
or at right angles to each othar just as rerorted by C. H.
Farr (12-15) who finds & variable arrangement of the spindle
fivers in Nicotiana, Mapgnolia, Sisyrinchium and Nelumbo.
Figure 31 shows a view in which the homotypic spindles are
at rizht angles to each other. The section is cut through

the equatorial region of one of the apindles, through the




14,

chromosomes, and clearly shows the number of chromoacmes

to ba eight. Although no evidence of & 3plit in the chromc-
somas is seen in this section, they do split very soon

after this stage and the components of each univalent
chromosoms go to the oprosite vrolea. In the anaphase of

the homotypiec division the chrcmosomes are at first closely
massed togsther, just as in the heterotyric. They soon be-
come seprarated and can be counted before the nuclear membrane
is formed. A membrane 1s soon formed around each of the four
nuclel and here again the number of chromeosomes is sssn to be
eight. (fig. 22). A nucleolus is formed in each nucleus at
this stage. Soon the chromosomes break uyv into small frag-
mants which are distributed throughout sach nucleus. 1t is
interesting to note that in this stage four, and in the sim-
ilar stage of the heterotypic division, two deeply staining
bodies not unlike centrcsomes are seen in the cytoplasm (fig.
17, 32). The writer has beer unabls to ascertain either the
origin, function or final disposition of these bodies. The
nuclei at the end of the homotypic divisicn are tetrahedrally

arranged.

The Wall of the Pollen-Mother-Cell.

The pollen-mother-cells are at first polyhedral in

shape (fig. 6) and each surrounded by a thin membrane. During




15.

synizesis a clear hcmogeneous substance is secreted by the
protoplast which is at first seen only at ths corners of
the mother-csll just as synizesis is initiated (fig. 9).
A3 the development of the nucleus proceeds, the protoplast
becomes entirely surrounded by this homogensous substiance
(fig. 10), until in ths pachynema it becomes Juits maszive
(fig. 11). Microchemical testes clearly show this wall to
e conpesed of practically rure callese. During the sec-
retion ¢f this callcse wall the protoplaat assumes & .
srherical form.

The first case in which a wall of this kind was found
associated with the pollen grains was noted by Mangin (41).

In the tetrads of Cérex xyipasria this wall was found tc con-~

gist of thickenings which alternate with the pores of the

poller grains. In Jungus silvaticus the wall was CObszrved

to form partitions batween the microspores of the tetrad.
The microchemical rezctions given by this substance showed
it to be composed of = substance which ¥angin oalled callcse.

In Gentians officinalis and Campznuls rapunculoides Mangin

(42) noted zome veriations in the chsmicsl nature of this
rollen-mother~csll wall., Further evidence of the naturs of
this wall is givan bty Besr (1) who demcnstrated in Qenothsra

visnnis and Aucuba jsronica the rresence of a similar rollen-
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aother-cell wall which was composed of pure calleose. In

a later paper (3) he describes in Jpomea purpurea & sim-
ilar wzll which contains callose and pectose. Farr (13)
describes and figures in ths reollen-mother~cells of Nicot-
iana, a similar wall which takes a dsep orange stain, when
orange G is used. He considers this wall t¢ be carbo-
hydrate in nature. By the use of ths microchemiocal tests
used by Mangin and by Peerx, namely Ruthenium red, lachmoid,
aniline blue, corallin scda, congo rad, caustic potash,
and NaOH, the writer has found this massive wall in Melil-
otus to bz composed of practically pure calloss,

Hill (37) belioves that in the sisve tubes of Pinug
callose may criginate directly as the result of protoplasmic
activity cr indirectly by the tranaformation of celluloss.
Beer (1) thinks there is no doubt that in the case ¢f the
wsllgs of pollen-mother~-cells the ocalloss coriginates dirsct-
ly from the activity of the protorlast, for he observas no
disappearance of celluloss or pectose to account for its
origin. In Mslilotug the original thin membrans cof the
rollsn-mothar-cell is very poor in gelluleas, and the call-
ose wall formed is so massive that there c=n be nc poss~—
ibility of its having originated by the transformaiion of

cellulose., The writer considers it, therefors, a dirsct

e mp e s it o
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product ;of the protoplaat of the mother-cell in Melilotus.

The Furrowing Progsss,

No further change occurs in this callose wall until
ths rssting stags ét the end of the homotypic 4division.
Figure 33 shows ths condition of the protoplast as the hom-
otypic division nears completion. The spindle fibers are
quite conspicuocus in this stage, but they scon begin to
disappear (fig. 23). When the spindle fibers have z2lmost
sntirely disappearsd, infoldinge occur at the perirhery of
the protoplast equidistant from the nuclei, and at right
angles to the former spindles. The subsequent behavior of
the pretoplast in the formation of the microspores in Msi-
ilotus is very unlike that ordinarily observed in micros-
pore formation and a detalled descoription of the process
will therefore be given.

It had long besn thought that the quadripartitiocn or
simultzneous division of pollen-mcther—-cells in dicotyledons
occurred by means of cell plates. Farr (12~15) has shown
that quadripartition in certain dicotyledous, as well as in
at least one monocotyledon, scours by e process of furrow—
ing after the homotypic mitosis is comrlste, and that thers
is no evidence of eny cell plate formation. He states (i2)

"It aprears that in no instance is the evidence conclusive
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that guadripariition of ¢h2 votlen-mothar-celle of any

dicotylsdons is effected by msans of gell plates." In

Nicofizna ths four nuclzi at the sad of the homotypic div-

izion are tefrahaedrally arrznged, anid & furrow is formed
sleng the sguator of ench of the sriadles, ferming four
lobea, each of which beccmes = microaporz. &s the furrows
rroce3d from the reriphery of the mother-cell toward the
center there are four syuidistant inveginaticons ci the
mother~call #sll which eventuzxlly aeect in the centsr of ths
tetranucleats c=1l, dividing it intc four unicleated rroto-
rlasmic massss. Thus the vartitioa walls betwsen the four
microsrores arc cortinuations of the wull of the pollen-
mcther~g:1ll. There ia no evidancs of cell piate f ormation
or ¢l furrvowing at the end of the hetsrotypic division. A
8imilar aituation cccurs in the other dicectyledens siudied,
as walil as in Sisyrinchium, a monocotyledon. In Maznolis,
in which the tetr=ds are of the bilazter:l typc, he [inds
that sueh tetrsds arz wlsc formed by furrowing. 4fter the

heterotyric mitosis, however, a cleavage furrow degins to
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thus resulting in the formation cf four microspcres. 1In
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his papers, a very comrlete review Of the litersture deal-
ing with the subjeoct of furrowing may be found. Wanda K,

Farr (18) reports that in the rollen-mother-cslls of Cobaea

gcandens alba, less dense areas of clear cytcplasn extend
across ths eguators ¢f the hcmotyric spindlss during the
precass of furrowing, and thet as the furrows advance, they
work in between the fiters which zre in their paths and
later surround them.

In Melilotus at the end of the homctyric mitosis the
spindile fibers become comrlately resorbed and the protorlast
is seen to contzin numerous small refrsctivs vscuoles which
are uniformly distributsed, snd which are aprarently filled
with cell sap for they were not stained by any of the stains
which the writer emrloyed. These vzcucles persisit in the
cytoplasm even aftsr the four microspores are inderendent
of each othar (fig. 24, 26), tut disaprear as the pollen
zrains begin to differsntiate. Soon less dense areas are
raocoznizable in the cytorlasm, extending midway between the
nuclai and-reaching from the periphery to the center of the
rroteoplast. Rown of wvacucles, largsr than those previously
mantioned, and whish are formed Yy fuslon of the smaller

vacuocleg, ars gasn to extend across thess hyaline areas.
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(fig. 24). VWhile this takez »lace there is evidently an
inorsase in the density of iths cytorlasm in the vicinity
of ths nucleus, whicn is due to the movement of cytorlasmioc
material from the regions of cytoplasm equidistant from
the nuclei. That there is such a movement of cytorlasm is
evidanced bty the aprrearance of the vacuoles which at this
stage are elongated with their ends pointed toward the
nuclei (fig. 24) and, furthermore, by the fact that the
granules of the oytorlasm between the nuclei often shcw a
linear arrangement and give the arpearance ¢f being under
tesnsicn. The vacuoles as seen in figure 34 soon fuse, form-
ing larger vacguoles which are variable in shape, thus lsav-
ing only a few strands of cytopiasm connecting the four
protcplasmic masses (fig. 85). Finally the few connecting
strands beccme severed by iancoming surface furrows, and the
microspores thus become separate protoplasmic masses with a
wide furrow betwesn them. The new surfaces at the edge of
the protoplasts adjoining the furrow are rough and irregular,
caused by the rupture of the strands of cytoplaem which
connected the microspore macses. The furrow scon bacomes
narrower and more regular in outline, due %c the tursor of
ths protoplasts as the newly formed plasma membranee adjcin=

ing the furrow approach each other,




This methnd ky which the cle-vare of ths cvterlasn
occure in Melilotus is not uniike that chaerved in the
Phycomyveetss and the Myxomycetss hy vericus worksre. Har-

rer {33} found in Synchitrium, that afitsr ths aingla nucleus

Jdividsa rereatedly forming a large number of nuclei in the

vegatative body, the rrotoplest is eventually divided into

w

large number of uninuclested masses of protoplasm ty

narrcew intersecting cleavage furrows, which originate at the
reriphery and progress inwerd. In Pilobolus hs observed

2 nurber of small vacuoles arranged in a dome~shared laver
parallel to the periphery of the sporangium. Thase vacuoles,
which sre at firat arharicul, vecome flettansd rarallel tc
ths aurface of the sprorangium and fipally fusec edge to edgs,
Torming o furrow which, aided vy a cleft starting at the

rariphery, cuts ocut the columellz. 2nly a few strands cf

e

s
9
4

1tr that of the col-

-
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protoplasr connect the ercrs rplasma s
um21lla as the furrowing procesae which delimite the columella
nears comrletion. The gyors plasms now becomes mare vac—
uolats and surface furrows progress ianwerd, mestinz the
vacuoles, thus cutting the plasmas into irrepgular multi-rniuc-
lsated maeses. In Sporedinia ths process is very similar.

A curved ragion of large wacuoles ias formed and these vac—

ucles gradually flatten, ocutvlining the surface of the colum=~

L g e e e s
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ella. The vacuoles tend to fuse, and some come to lis close
to the cell wall and finally rupture the plasma membrane,
allowing the cell sap to filter out and evaporate. The two
membranes bordering the cleft epproach each other and a

wall is laid down between thew. Swingle (59) found a sim-
ilar situation in Rhizogpus and Phycomyces. In Rhizopus the
cytoplasm, nuclei and vacuoles stream toward the periphery
of the young sporangium making the outer region denser. A
layer of large round vacuclez is formed and these vacuoles
are arranged parallel tc the surface of the sporangium.
awingle (59) finds that a cleft, formed by the fusion of
these vacuoles, is met by a surface furrow coming from the
base of the sporangium, thus cutting cut the columella. The
aspores are formed by intersecting surface furrows which

push inward, as well as by others which push outward from
the columella cleft. In Phygcomyces, however, cleavage occurs
by furrows whioh yugsh in various directions from vacuoles in
the cytoplasm. Schwarze (53) recently cbserved a similar
behavior in'#arious sporangia, notably in those of Sporodin-

ia grandis and Mucor mucedo. There is much similarity be-

tween the method by which the spores ars formed in Pilo-

bolus, Spcrodinia and Rhizopus, and the method cof the farm-

ation of the miorosvores in Melilotus. Thias is esvecially
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truve in the method as described for Pilobolus by Harper
as comrarad with that which the writer has dsscribéd for
Melilotus, for in both cases there are rows of small vac-
uoles which fuse forming furrows, which are met by furrgws
that progress inward from the periphery. 1In both cases
also, a few atrands of cytoplasm connect the protoplasmic
masaes after the furrowing process is almost oonmrleted.
The mechanics of cleavage and furrowing has recsived
considerable attention by various workers. Bfitschii (5)
interyrreted furrowing and cell division as the result of a
higher surface tension at the equator of ths cell, caused
by the flow of protoplasmic currents toward the centiro-
somes, and the work of MoClendon (358-40) adds credence %o
this theory, whereas, on the coentrary, Robsrtson (47;49)
considers furrowing as due to a decrease in surface ten-
sion at the equator, caused by the diffusion of materials
from th2 nucleil toward that region. That Bfitschli's ob-
servations were probably correct is shown by the work of
9rek (54-55), in which, by using droplets of oil and mer-~
cury in water he was able to imitate furrowing by lowering
the surface tension at the two poles of the droplet, there-
by inoreasing the surface tension at the equator. Moreover,

he observed streamings in ths droplets and in dividing sggs.
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This interpretation is further corroborated by Chambers

(8), who found that two semi~solic masses are formed at the
poles, and that the elongation of the egg is caused by the
growth of thes2 masses. Finally a cleavagse furrow devslops
in the more fluid portion of the egg substance midway be-~
tween the daughter nuclei. The hizhest surface tension is,
of course, in this more fluid region. 1In this same connecti-
ion, Kite (34) from a preliminary study of cell divisicn,
concludes that it is very largely the result of "concowitant
shrinking and swelling or change in water holding power of
different portions of ths oytoplasm.® Recently, however,
Sray (30) has shown thet it is unnecessary to assume the
occurrence of regions of differential surface tensicn on

the cell surface. Using fertilized animal eggs, es well as
two drops of cil in acid and normal sea water, he found that
the shape 6f the dividing ocell is the result of an equil-
ibrium between a force inside the oell and surface tenslion.
He atiributes cell division to the movement of two asters
awzay from egch other, and maintaina that the cleavage furrow
is due to an eguilibrium between the effect of this movement
on the protoplasm and the surface tension on the surface of
the cell. Farr (12) thinks that the nuclei, after the sec-

ond division of the mother-cell, bshave as though bearing
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electrical chargses of like sign, thus repslling each other,
whereas the rlasma membrane bears charges of opposite aign.
The reaulting attraction c¢f ths nuclei for the plasma mem-
brane, the attraction of parts of the membrane for each |
other and the repulsion of the nuclei for each other all
contribute to tha furrowing procesn. This theory is not
wholly unliks that held by other investigators, who attrib-
ute furrowing to the attraction of the nuclear membrane and
the plazma membrane for each other. While this theory
seams plausible, it will doubtless lack general acceptance
until mors exprerimental evidence is at hand to subatantiate
it.

The matter has besn approached from a different angle
by other workers who find that the furréwing process is, in
many cases, to be attributed to thse fusion of vacuoles.
Harper (23) is c¢f the opinion that cleavage might be connect-
ed with the loss of water and indicates the similarity of
surface furrowing to the cracking of the surface of a dry-
ing mass of a colloidal substance. He considers this explan-
ation by itssif as ihadequate, for tha multinucleated mass
is segmented with refersnce to the distribution of the nuclei,
since the ultimats masses of protoplasm are uninucleated,

and he sugcests that the regular segmentation of unimucleated
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masses might be attributed to less loss of water in the
vicinity of the nuclel than elsewhers. In a later papsr,
Harper (35) connects this with the effects of alkalis and
acids on the imbidition of water by oolloids, and suggests
that a locallized concsntration of acid in the sroreplasm,
involving & differential water holding power, would deter-
mine ths orientation of the cleavags furross, since the
cleavage planes would follow those zones containing the
least water, thus delimiting the acid-containing aress. 1f
the chemical nature of the nucleus would make it a center
of water concentration, uninucleanted apores would therefore
be produced. Swingle (59) has explained the cleavage pro-
cess in Bhizcorus and Phycomyges on the basis of localized
contractions of the c¢ytoplasm and doss not consider the
nuclei as directly influencing contraction. The explanation
is very simple but there is no suggestion as to the origin
or cause of these local contractions.

The evidencs in Melilotus indicates that the planea of
cleavage are predetcrmined by rather hyaline areas loczted
midway betwesn the nuclei, and extending from the periphsry
in a manner described by Harper for Pilobolue (33) and for
Fuligo (34), in which these hyaline areas extend between

the nuclei after the early stages of cleavage have been init-
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iated. W. K. Farr (16) found similar hyaline areas extend-
ing acrcss the equators of the spindles of the pollen-mother-
cells of Commea which areas were accentuated by denser areas
around the nuclei. In Melilotus, these hyaline areas are
atparently due to the movement of the granular material from
these regions of the cytoplasm to the vicinity of ths nucledi.
This is agcompanied by the extrusion of liquid into vacuoles
which fuse, forming largsr vacuoles, thus leaving the cyto-
plasm of the four masses of protoplasm which are t0 become
microspores, connected by only a few strands of cytoplasm.
These strands are soon severed by the pressurs exsrted by
the liguid within the vacuoles, and by surface furrowe which
originate at the periphsry. The nuclei play an important
part in determining the planea of cleavage and sincs the
movement of pranules toward the nuclei would be initiated

at regions eguidistant from the nuclei, it is evident that
ths cleavage planes would be formed at these regims. It

is clear that the cleavage furrcows are formed almost entirely
by ths fusion of vacuoles and that the furrows which origin-
ate on the surface do not progress centripetally until the
vacuolization is well advanced, and that the furrcws proceed
but a little distance before cutting into the large vacuoles.

This formation of the furrows through the cytoplasm until
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they meetl the vacuoles is doubtless due to higher surface

tension in the regions where the vacuolas are seen.

Formation of the Specisl Wall

Just rrevious to the appearance of the hyaline arsas

in the cytoplasm, 2 denser, more refractive layer of ocall=-
os2 is secreated betwesn the border of ths protoplast of the
pollen-mother-cell and the callose wall which has already
besn descoribed (fig. 83-35). This is the beginning of the

gpecial wall, described by Strasburger (58). As ths clsav-

age furrows are formed by ths fusion of vacuoles the grscial
wgll assumes a wedge shaped apprearance (in section) at the
rerivhery of the voprotorlast at the outsr border of the equat-
orial zone {fig. 25). As shallow furrows are formed by the
invagination of the plasma membrane, due tc the higher sur-
facs tension of the proterlast in these regions, the wedge-
shaped rogions of ths desvoloping special wall follow the in-
vaginzrins plasma memorene, which advances but a short
distance befcrm it cuts into the large vacuoles at which
time it breaks at the innermost point. The inward movement
of the surface furrows and of the gpecial wall is delayed
until the furrcws formed by the vacuoles ars almoaf\ébmplet—

ed (fig. 35). After the severing of the strands of cyto-
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plasm, and the narrxowing of the furrow, the protoplasts
of the young microsrores sscrete between them a homogeneous
substsncse which is shown by its microchemical reactions to

be callose. The blunt wedges of the specizl wsll, which up

to this time have protruded into ths furrows only a short
digtanoe, become more sharply triangular as seen in secticn,
and mwove inward frowm thse periphery by the depcsition on
their inner surface of the callose which is sscreted by the
protoplasts (fig. 38). Thess partition walls advance csn-
tripetally until they meet in the center, and even when

rey come in coiutact at the center, they are still very
rarrow and somewhat irregular (fig. 26)}. By the continued

secretion of callose this wall bacomes uniformly thickensed

around *ths four microspores (fig. 37), finally attazining

i%n maximum thickness as shown in fig. 38. This is the

maturs gpecial wall which surrounds each microepore. Iu

living material, the tetrad cf spores can ail this stixge be
easily teased out and studied in the liviagg condifion.
Then mounted in water the original mothsr-csll wall can
sasily be distinguished from the gpecial watl, Although
both arzs homogenecus, the specizl wall is wors refractive
and more compact. By firm rressure on the cover glass the

microspores with the gpecial well enclesing them can be
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freed from the mother-~cell wall as it 1s much more resist-
ant to pressure. The microsrores sre more or less loosely

enclosed within the gpagial wall, and it ie frecuently

roasible to see narrow sraces between the grecisl wall and
the migrosrpores. This may also be observed in fixed mat-
erial (fig. 28) and is evident, even before ths protoplast
of the mother-c:21ll has divided to form the microsrores

(fig. 23, 24). Figure 39 shows the special wall and ths

mothar~cell wall from which the microspores have bsen
freed by rressure on the cover glass. By avrrlying a few
drops cf resorcin blue (lachmoid) sclution to living
grours of tetrads of microspores, the two walls ars sasily
distinzuishable. Both walls arc stained a brilliant Dblus,

put the special wall becomes wmore deeply stained and is

more refractive than the mother wall, %hen fixed material
is sectioned and stasined with safranin, gentian violet,
and orange &, the mother wall is stained pale orange, whare-

as the special wall is much more deeprly orange-stained and

has the appéérarne of being more compact. Beer (1) repcrts
that in Qenothers, septa are develcped between the cells of
ths tetrad, forming an extennion of the mother-cell wall.

Ir a later paper (3) he describes and figures this greocial

wall around the cells of the tetrads of Ipomoea, and finds
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that 1t is compesed of callese ana pectose.
The callosa aother-cz2ll wall of X2lilotus deseribed

above, persists for 2 zhort time after the grecial wall

is comovlete. As the walls of the pollen grains form, how-
aver, the mother-cell wall gradusliy disappears, breaking
down into & substance, the chemical nature of which has not
bezn fully detsrminsd, although s ane pectic materials are
vrressnt. The gpecial wall also now begins to disintegrate,
gtartine 2t the perirhery. In living meterisl, stained
with resorcin blue, a remnant of the special c¢callose wall
is gsecn between and extending part way around, the micros-
rorss, the rest of the srecial wall having underseone =z
chemical and physical chsnge. Eventuslly this remnant dis~
integrates aud the rollen grsins are set free in a sémi—
liquid matrix. As ths callose wzlls disappear there is a
noticeable thickening of the exine of the rollen grains
which rapidly snlarge, and in doing sc, change from a srher-
jcal to an ellipticz2l form (fig. 3C). The thickening and
enlargement continue until the prollen grains are mature.

axine is comypletaly 1lzid Adowsn befeore the intine begins

Th

[J]

to form. The maturs pollen grein has thres lonpitudinal
grooves on its surface which are bsst seen in oross section

(fig. 32). On each groovs midway betwsen the ends of the
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rollen grain is a2 pore (fig. 31), which is formed as the
exine thickens, by ths failures of the daposition of any
exin® material =2t this point. The exine siains a deep red
when safranin and gentian violet ars used, whersas the in-
tinzs stains viclet. In maturs pollsn grains the nuclsus
haa divided and the gensrativa cell is clearly seen (fig.
31).

The taretal cells ars guite largs, usumlly larger than
tre rollen-mother-cells, are uninucleate znd havs dense
cytorlasm. Thers is nc’evigen? c;angp in the structure
or contants of thess cells un%il the rpollen grains are
rather well devél@psdraéd.tha exins 1s fcrming. At this
roint, the deerly sfaining'nucleus gradually loses its con-
tents, and soon appears to be no danser than the cytéplasm.
It is only wksn the rollen grains are nearly mature that
ths tavetum is disintegrated and is represented only by

R

ccocasiomal fragments of the protoplast sesn zmong the pollen

grains.

Ths Biennial Veriety

serinticn ig based on siages found in

&

The feoregcing d
the annuzl variety put it serves equally well as a deacrir-

tion of the wiennial, for inno cass has sny differcnce besn

found batween the two varieties from & cytological standroint.
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Trere is uniformity in number, size and shape of the
chromosomes as well as clcse conformity in all other oy~
tological behavior, at least so far as spermatogenesis

is concerned. That the two varieties are morphologically
and physiologically distinct from the standpoint of their
habit of growth, %there is nc doubt. Attempts were made to
induce the biennial tc flower during the first season by
bringing plants into the greenhouse near the end of the
growing season. The plants grew very little, and although
kept in thes greenhouse for more than a year, did not flower.
However, when they were allowad to remain cutdoors until
they had besn exvrossed to freezing weather, and were then
taken inte ths greenhouse, they imrmediately began to grow,
and formed new shoots which flcwered in two and ome-halfl
months, If the biennial is left in the fisld during the
winter, afper its first season of growth, it rroduces new
sh-ots in the spring, and these shootz flower abundantly.
Althcugh the annual, if kept under favorable conditions will
continue growth and reproduction for a longer period than
it normally doea, it is killed by allowing it to remain out-
doors over winter.

Thus Mslilotus alba has two functionally distinct.

types which are alike oytologiczlly. Cases in which morph-
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clogical and physiologicel differences in plants are
acccmpanied by chromosome differences, as wsll as ocases
in which structural and functional differences have no
corresvonding chromosom2 changes are of frequent occurr-
ence. Numerous examples of beth are found in the lists-
of plants with their chromosome numbers by Tischler (61)
and by Ishikawa (238), and of animals by Harvey (26).

The mutations in the genus Csnothera, for examrle, fall

into two groups: (1) these accompanied by change in
chromos ome number, and (2) those in which no chromosome
altsration cccurs. These cases are summarized by Cvsreem
(46) for Qe. bienniae and by De Vries and Boedijn (10) for

Ca. Lamarckiana. Most investigators who have studied the

o

species and varieties in this genus regard them as nmutat-
ions which are accompanied by and are often the result of

a change in chrcmosome number, or as the result of factor
changes. Tackholm (60-61) investigated 157 distinoct forms

of the genus Rosa. The section Caninae is characterized

by thz remarkably constent arpearance of seven gemini and

14 univalent chromoscmes, or 14 gemini and seven univalents,
or seven gemini and 38 univalents in the pollen-mother-cells,

Ail other sections of the genus have 7, 14, 21, or 38 gem-
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ini and no unpaired chrcmosomes in melosis of the species
and srecies hybrida. 1t is esyecially interesting to note
that in his work, speciss and related varieties were cften
found to have differsnt chromosome numbers, whereas cther
apecies belonging to widely serarated sections were freg-
uently found to have the same chromosome number. In this-
same connection, Rosenberg (51) working on the genus Creris
found four species with three, eight with four, four with
five, one with eight, one with nine and cns with twenty

chromosomes. OStudies on the cytolo:ry of different species

cf wheat show that Triticum monococcum has 14, T. diococcum,

T. polonicum, T. durum, and T. tur:idum have 28, and I.

spelta, T. vulgare snd T, compactum have 42 chromosomes.

Especially interesting are ths results of Collins and Mann

(9), who founi that a oross betwesn Crepis setosa, which

has fcur pairs of chromosomes, and C. biennis which has

twenty pairs, produced vigorous Fj individuals which show
much less irrezularity of meiosis and in pollen formation

than do the Fy hybrids of a oross between C. setosa which

has four pairs of chromosomes and C. capillaris, which has
thres pairz. They conclude that hormality of reduction
does not depend upon similarity of chromosome number, but

rather upcn likeness of internal composition of chromosomes.

e S oo e e+ e



3.

A similar oonclusion was reached by Gregory (33), who, as
a rosult of & atudy of two zisnt races of Frimuls sinensis,
ong of which had twelve pairs of chromosomes, and the
other, 34 pairs, is of thz opinion thaﬁ the results ob-
tained throw nc light on the relationehip between the fact-
ors and the chromoscmes. Moreover, Jorgensen (31) recent-
ly obssrved that in Callitriche stagnalis, soms plants
havs a haploid number of fivs whereas other plante have
ten as a haploid number, zlthough the twc kinds of plants
hava cnly very slight morrhologicel differences. These
rlants show various irregulsrities in the heterotypic div~
ision. Although he considers this species as a compoesite
of more than one spacies on a cytological basis, it is
clear that even 30 large a difference in chromosome number
may not always be asaociated with corresponding couspic-
uous morrhelogical differsnces.

From the consideration of morphological behavior as
related to chrcmosome behavior it is evident that morphol-
ogical changes may occur without visible changes in chrom-
ogomes. Likewise, there may bse varlability in chromcsouss
without corresponding morprhclogical chenges. The two var-

ieties of Melilotus alba exemplify functional differences

with no visible corresronding cytologioal change, at least

T et e o
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so far as spermstogenesis ia concerned, and it seems that
any exylanzation of ths morrhological difference must go
beyond the chromosome as an entity. There is evidently
a difference in factors between the two plants and these

factors are beyond the reelm of cytological investigaticn.

Abnormal Pollen,

In materisl which was collected from a field cf plants
cf the snnusl variety, numerous pdllen grains were foung,
the volume of which was from five te six times that of the
normal pollen in the same anther. The abnormal grains
navs less dense vacuolate cytoprlasm and porea'are absent
con ths exine (fig. 37). The prollsn-mother-cells which
give rise to the abnormal grains are saeily identified.
At an esarly stage they stain much less densely than do¢ nor-
mal mother cells (fig. 33). This is rarticularly notice-
able in the nucleus, which although of normal size, seems
to be greatly lacking in chromatin for the reticulum stains
a very dull gray, whereas normal nuclei in the same section
are stained deeply. The nucleolus, however,is deeply stain-
ed. When diakinesis is reached the chromocsomes axrs stained
very fesbly, and freguently all that is seen of the chromo-

game is a membrane like adge with a few feebly stained

£t e gy e e
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granules on the iaterior. In this, as well as succeeding
stages, the protoplast is ncrmally spherical in shape but
here the protoplast has failed to round ur, and is usu=lly
the same shape as that of the mother-cell whoen in the rest-
ing stage, that is, rolyhedral (fig. 34). The writer's
material shows no mitotic figures of either the hetero-
typic or the homotyric division. The next stage observed
was after the homotyric division had taken placs and was
represented by numsrous mother-cells, sach with four nuc-
lei (fig. 34). The aprearance of the mother cell at this
stage is very differsnt from that of a normal mothsr cell
for the protoplast is still irregular in shaps and the
nuclei are variously arranged. Rogers (50) studying the
biennial variety, reports that one of the four nuclei en-
larges and the other three degenerate. The writer's mat-
erial does not show this condition, fcr some of the oldesst
vollen grains in ths preparations show four lazrge well
organized nuclei (fig. 37), and in no case have any degen-
srating nuclei been found. Pollen-mother-czlle have been
found, however, in which several of the nuclei had fused
(fig. 39). OQccasionally giant pollen grains are found
which show the presencs of a generative cell (fig. 38).

In anthsrs containing bHoth normal and abnormal rollen, num-
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grous normal grain@ have s generative cell, whereas in all
other material which contained only normal greins, the
appearance of the generative cell was extremely rare.
Thus, each pollen-mcther-cell usually forms cnly one
rollen grain which is very large. Occasionally, however,
cross walle arve seen at verious stages of completion,
varying from no cross walls 40 ¢asss in which complete

oross walla are foramasd. Same mother=-cells werse seen in

which only cne cross wall was formed (fig. 38). In others

110 wall was formed but thae slongated pollen grain became

somewhat constricted in the middle. In cther cases, both
2roe3 walls wsre formed, but the four microspores thus
formed remained joined together (fig. 35). Whethar or not
these large pollen grains are capable of germination, has

not bsen determined.

The occurrsnce of abnormal pollen grains is not un-

common, especinmlly in hybrids. The cases reported naturally

fall into two groups, those in which more than four grains
are formed from a single mother~cell, and otherse in which
legs than four are formsed. Of the former, cases are rath-

er numerous. Wille (66) summarized the work of earlier

workers, especially Hofmsister, Tangl, Wimmel, and Tschist-

iakoff, and added the results of his own extensive invest-
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igationse. Five micrcerores were found in Funkis ovate, -
Fioaria ranunculoides, Stellariz glauca, Sglerantihus snnus,
Prunus cerssus, RumeXx patientias, Azales indioa, Lonicexrs
ccerulea, Syringa persica, and Symphytum officinale., Six
microspcres were reapcrted in Homercesllis fulva, Ficaris
anunculoidss, Elatine hexandra, Cgornus sanguinsz, I~
icera coerulesa, and Fugh is sp. Seven miorosrcres were

observed in Fuchsia sp., and & doubtful case of fourteen

is rerorted in the same genus. Azslea indica shcowed eight,

and eight tc twelve were found in Lonigera cocerulea al-
though their origin in some c2ses was doubtful. Stras-
vurger (57) found nine coming from a single mother-cell

in Hererocallis fulva, and Juel (32) and Fullmer (17) re-

ported six to eight for the same spsciex, Miss Lyon (37)
rerorts five or six micresrores of equal size produced hy

a single mcthar-osll in Xurhorbia corollata. More recent-

1y Beer (3) reinvestigated Fuchsia and found six to ten
microspores from a2 single mother-cell to be of freguent
ocourrenca. The sm2ll pcllen grains formed ars well organ-
ized. His study of the nuolear divisions led him to con-
clude that the numbers are the result of irregularities in

chromosome distribution during the anaphase.
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Tischler (63) made a careful investigation of three
races of Musa sapientum, the edible banana, and found
that each of the three races has a different haploid
chromosoms number, 8, 16, and 34. He found a close corr-
elation between chromosome number and the volume of the
pollsn grain for, whereas the chromosome numbers ran 8,
16, and 34, ths voclume of the rollen grains is in the
ratico 1:13:3., 1In pollsn-mother-calls having the incrsas-
ed numbers there were irregularities in pollen formation,
to the extent that zs many as eight pollen grains were
gsometines formed from & single mother-call. Jeffrey,
Longley, and Penland (29) investigating known hybrids or
species, concluded that polyploidy is a common result of
incompatible specisec crossas. This is frequently sccom-
panied ty the formation of four normal and several small
abortivs polleﬁ grains from a single mother-cell, due to
the irregular bekavior of the chromosomes during meiosis.
Very recently Longley (38) carsfully studied the genus
Rubus cytologically. Ths diploid species ars regular in
m2iocgis and in prollen formation, which fact he considars
as avidence of pure species. The polyploid species show
much irrsgularity in chromosome distribution and polleﬁ

formation frequently resulting in polyspory. Since thess
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forms show such similarity in irregularity to those found
in known hybrids, he considers the group to be made up of
hybrid species and forme. Jorgensen (31) investigated

the genus Cgllitriche and okscrved that in C. stagnalia,
the haterotyplc division is irregular to the extent that
micronuclel are sometimes formed, resulting eventually
in the formation of some small pollen grains which dis-
integrate at an early stage. As many as eight pollen
grains may be formed from 2 single mothsr-gell,

Cases in which less than the regular numher of pollen
grains $s formed from a mother-cell are fewer. Wille (67)
rerorts the occasional ocourrence of two from a mother-
ell in Convellaris multiflora, Asggragga offiginalis,
Aconitum narellus, Fuphorbia lathyrus, Begonia sop., Sax-
ifrapga caespitosa, Azales indiea and Syringa vulgaris.
Three microsyores were reported for Saxifrags caespitosa,

Azalea indiea, and Lonicsra coerules. Collins and Mann

(9) found that in Fj plants of a2 cross betwesn Creris

setosa which has four pairs of chromcscmes and was used

as the pistillate parent, and C. carillaris which has
thraz pairs of chromoscmes, various irrsgularities occur
in pollsn formation. A large number of the tetrzds ars

normal although in many cases only two or three micros-
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rores are formed. In =2 smaller number ¢f cases, five or
six microspores are formed from a mother-cell, the size of
the microsrores corresponding to ths size of the enclosed
nucleus. Gates (13) noted erratic behavior in the form-

ation ¢f ths pollen grains in Csnothexas gigas, a mutant,

in which aocsessory lobes are somsetimes formed on the poll-
en graina. 8terility of the vpollean was quite common.

Instances in which only one microspore xresults from
a mother-cell are very rars. Elfving (l1), Wille (67)
and Strasburger (56) found in several srecies of the Cy-
yeracese that only ocne functicning microspore is formed
from a mother cell as the other threé members of the tet-
rad disintsgrate. Juel (33) observed in Carex acuta that
in meiosis, seach division is followed by the formation of
a gell plate. These rlates arxe resorbed and the four nuc-
lei 1ie fres within the mother-cell wall, which becomes
the microsypore wall, Three of the four nuclei then degen-
erate, ’

The fofmation of abnormal pollen is often éssociated
wlth hybridity, although hybridity cannot be considered as
the sole cause of pellen abnormality or sterility. 1In
Melilotus it seems as thourh the glant pollen grains are

the result of hybridity, and the writer is inclined to

e et e o s s e,




44,

think that it is duse to hybridity betwsen the annusl and
biennial varieties, for plants havs been found in fields
of the annual variety which had the arpearance of being
netural hybrids, for they possessed both annual and bisnn~
ial characters, 1In some of tha flowsrs of these plants
giant pollen grains have besa found and this occurrences

of giant pollen grains in material which seems to be hy-
brid betwzen the two varieties suggests the explanation

of the cause of tha giant ypollen grains.

Discussion.

That the two varieties of ¥alilotus alba axe distinct

is evidenced by their different functicnal activity which
reasults in their different habit of growth. That the two
varisties are distinct is shown by the fact that it is
impossible to force the biennial to flower by providing
conditions suitable for its continued growih at the end of

the growing season. The annual varisety, as all other ann-

uals, continues ncrmal growth and reproduction if suitable

conditions are provided zs the unfavorable season aprroaches.

Attention hez already been called to the fact that
from an examination of rublished 1lists of chromosomes in

plants and animals it is evident that the number of chromo-
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somes shown by the sapecies of a genue is often variable,
The chromecsomes are of ten in multiples, but ocecasionally
sreciss differ by only one or twe palrs of chromosomss.

on tha other hand, these chromosome lists show that there
are gsrecies of a genus which, although morrhclogically
distinct, have an identical chromosome number. In Qen-
othera which has already been mentioned, although soms
srecies =nd varistiss show different chremosome numbers,
there are others which havs an identical number. It is
evident, thersfore, that there are two categories of be-
havior with reference to chromosomes and morrholocy. In
the first, morphological difference is associated with
chromosome difference. In the second, morphologiosl 4iff-
erence in srecies or varietles is unaccompanied by vieible
chromosome variztion. Since the chromoscmes are regarded
as the structures in whiech plant or animal charactef det-
ermining factors reside, and since nc chrcmosome d;ffer-
ences are @vidsnt in many cases wherse morphologioal\diff-
ersnces exiét, it is logiczl to conclude that these morph-
ological differences are brought about aznd ars sccompanied
by changes within the chromosome itself. The two variet;es

of Melilotus alba would differ, therefore, not only in
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fﬁnctional characters, but in character determining
factars within the chromoscmes. Jeffrsy (30) is of the
opinibn that the origin of new species is tc be attirb-

uted to hybridizati~n betwesn specles, although hs says

- that 1t ia "impossible to regurd hybridization as the un-~

iversal and sols cause of tho aprearance of new-srecies.”

Cther workars, of whom the most outstanding is De Vries

(84), rsgard mutation es the ouuse of new apecies. 1t

is generally conceded that the annual varisty of Meliloctus
alba has originated from th=2 bhiennial variety, but as tc
whether its origin is to be attributed to hyobridization

of the biennial variety with asnother species or to mut-
aticn within the biennizl itself, the writer's investiga-
tions have thus far not produced evidence to draw any con-
clusions.

The furrowing process in Malilotus is espacially
noteworthy for the formation of the furrows by vacucliza-
ticr has not been previously described in ths formstion of
micrcerores. From a careful study of the process it sceews
svidant that there is a movement of graznulasr gytoplaszmic
material toward the nuclei from the regions of the proto-

plast, equidistant betwean the nuclei. Thus, hyaline
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areas are formed and there is 2 higher surface tension

in the vicinity of these areas than around ths nuclei.

There is an extrusion of liquid intc vacuoles which socn

fuse, eventually forming rows of large vacuoles which would

be continucus furrows, but for the fsw strands of cyto-

plasm between them. The furrows which progress inward

from the periphery until they'meat the vacucles, ars the

result of the higher surface tension in thess regions.

The furrowing process may not be due to the same czuses in

all organiams, but from the study of the writer's material

and from a study of the careful work of Bfitschli, HcClendcen,

Sprek, Chambers, and Kite, the writer would conclude that

the furrows which proceed from the reriphsry o¢f thzs proto-

rlast ars to be attributed tc the higher surface tension

in ths equatorial regions, whereas the cleavage of the oy~

tonlasm in the dseper regions cf the cell ias caused by the

gxtrusion of liguid inte vacuoles which fuse forming furrows.
The cccasional formation of but a singls pollen grain

from each mothar-g211 is quite unusual, and the only caaes

revorted sre those for the Cyreracsaz which have been men-

tioned. Maslilotus differs from Carsx, described by Jusl,

in that = new wall is formed around the single microspore

whereas in Carex ths old mother-cell wall becomes the mic-




48'

rospore wall directly. Strasburger (56) and Juel (33)
found in Hewmsrceallis fulva that during the heterotypic
divisicn ons or mcre chromcsomes failed to pass to either
role and that these chromoscmes gave rise t0 small super-
numerary microspores, although Fullmer (17) considers

these sxall microspores as due to the division ¢f the mem-
bers of the tstrads., The writsr has not observed the
maictic division in Melilotus but both divisions occur,

for ir the abnormal pollen grains four nuclei may be seen.
Although there may be irregularities in the heterctyric or
homotyplc divisions in the mother-cell, irregularitise cer-
tainly exist rrevious to these divisions, as evidenced by
the apprearance of the mother-cells while in the resting
stags, for they are then very abnormal in arrearance, part-
icularly s0 in being almecst devoid of chrematin., Abnor-
mality cccurs, thersfore, further back in ths life history
of the plant than the meiotic division. The writer is
inclined to regard this abnormality as due to hybridity
between the ‘annuel and the biesnial varieties. Furthsr
evidence that irregularity in pollen grain formaticn is due
to hybridity has been given by Jeffrey (30) for a number
of plants in which it seems that pollen abnormalities are

unguesticnably due tc hybridity, particularly in species
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of Potamogeton, Rubus, and Ranunculus, and Longley (36),
from his investigations on the genus Rubus, concludes
that "pultirlication of apeccies in this genus hac-taken

rlace by hybridization in their natursl habitats.”

Conclusicns.,

Thae evidence sscured from a garsful study of thse

cytologiczl vhenomena in spermztogenesis in the annual

and biennial varieties of Melilotus alba indicates that

the two varieties are identical cytolegieslly, 2lthouzh

they are functicnally distinct. The evidence at hand
warrants nc conclusion as t0 the exact method of origin
cf the annual variety.

The development of the anther is similar to the usyal
mathod of anther devalopment, with ths excerticn that the
rollen-mother-cclls in esch anther lobe are derived from
2 s8ingle row of cells of the primary crorogenous layer
rather than frcm the whole layer.

In both varieties thes haprloid number of chromosomes
is eight, the diprleid sixteen.

The daughter nuclei at the end of the heterotypic
Aivision arc completely rsorganized before the homotyrie
division is initiated.

Quadripartition of the pollen-mother-cell is effected

by means of furrows which are formed largely by a system




50.

of vacuoles which are met by ingrowing surface furrows,
advancing centripetally only a short distance before cutt-
ing into the vacuoles. The process is not unlike that des-
oribed for certein fungi. There is at no time any svidence
of the formation of a cell plate across ths equator of the
apindles. |

Puring the early stages of nuclear development a
massive callose wall is secreted by the protoplast of the-
rollen-mother-cell. As cleavage is initiated, the srecia
Nall, ocompcsed of dense refractive callose, is secreted
around the protoprlast just inside of the first calloss
wall. As the cleavage furrows are nearing completion, the

grecial wall sadvances centripetally with the furrows which

soon cut inte the vacuoles. Partitions are formed befwaen
the young microspores which are continuations of the in-
coming callose special wall. These partitions are forrmed
by ths deposition of & callose secretion of the protcplasts
on the surface of this incoming wall.

Giant péllen graine each containing four nuclei, are
Tfound in bcth varieties, each reollen grein being the entire
vroduct of a single mother-cell in which walls have failed
tc come in to form the tetrad.

The writer wistes to express his appreciation to Dr.
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J. K. Martin, under whose directicn the work was carried
on, and to whom he 1is gzreztly indebted for advise and
criticism, and to Dr. E, J. Lindstrom for veluable sugg-

gations during ths course of the investigsticn.
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EXPLANATION COF FIRURES.

All figures highly magnified but not drawn to the same
scals.

Fig. 1.~ Transverse section of anther lobe showing
the archesporium. X 450,

Fig. 2.~ Transverse section of anther lobe showing
the primary parietal and the primary sporogenous layer.

x 450,

Fig. 3.- Transverse section of anther lobe. The
sporogenous c9ll, which is to give rise to the pollen=-
mothor-cells, is easily distinguished, x 450,

Fig. 4.~ Longitudinal view of the sporogenous row,
a single cell of which 1i¢ sszen in flg. 3. x 450, |

Fig. 5.~ Transverse view of anther lobe. The spor-
ogenouz ¢ell seen in fig. 3. has divided. X 450,

Fig. 6.~ Group of pollen-mother-~cells in anther lobe.
Transverse view. x 750, |

Fig. 7.~ Median section of nucleus in resting stage.
x 1500,

Fig. B8.- Leptonema satage ~ median section. Nucleolus

differentiated into two regions. x 1500,

Fig. ©.=- Synizesis stage. Chromatin massed at one
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side of the nucleus. Nucleolus shows a bud being cmst-
ricted. Callose mother-cell wall being secreted at cor-
ners of the protoplast. x 1400.

Fig. 10.~ The anastomosing threads are seen as the
nucleus comes cut of synizesis. The caliose mother-cell
rartly formed. x 1400.

Fig. 1l.- Pachynema stage. Threads much thicker,
Nuclsus is still seen. Callose mother-cell wall fully
formed. x 1400.

Fig. 13.- Chromatin thread has broken up into a nunm-
ber of irregular pieces. x 1400,

Fig. 13.~ Median view of nucleus at diakinesis stage,
showing eight bivalent chromoscmes and the nucleolus which
is differentiated intc the two regions. x 1400.

Fig, 14.- Side view of heterotyric metaphase, showing
the chromosomes. X 1500.

Fig. 15.~ Polar view of the heterotypric metarhase,
showing ths eight bivalsnt chromosomes, which are easily
sesn to be &ouble. x 1300,

FPig. 16.~ Side view of heterotyric anaphase. Chrcmo-
somes closely massed together., ©Part of the callose mother-

¢ell wall is shown. x 1400,
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Fig. 17.~ Side view of heterotypic telophase. Chromo-
somes distinct and some ars seen to be partly split.

Fight univalent chromosomes are easily ssen in the lowsr
nucleus. Two centrosome-~like bodiss are seen. x 1500.

Fig. 18.~- Nucleus of late heterotypic telophass.
Chrcomosomes havs fused. x 1800,

Fig. 12.- Resting stage of nucleus at end of heter-
otypic divieion. Rucleus completely reorganized. x 1700,

Fig. 20.~ Xedian section of nucleus just previous to
the initiation of the homotyric division. The chromo-
somes are split at ths ends. Hucleolus is still svident.
x 1700,

Fig. 21.- Median ssction of homotypic metarhase. Pol-
ar view of cne spindle shows eight chromcsomses. Srindles
are nearly at right angles. x 1500,

Fig. 83.~ Telophase of homotypic division. Three of
the four nuclei are seen. In one nucleus the eight chromo-
aomes can eéaily be counted. Three of the four centros—
ome~like bodies are shown. x 1500.

Fig. 83.~ Nuclei in resting stage. Sprindles have
almost disappeared. Protoplast has begun to invaginate

at the periphery, equidistant from the nuclei. First evid-
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ence of special wall shown around the protorlast. Cutside

of this a part of the mother-cell wall is shown. x 1500C.

Fig. 24.- Vacuoles have been formed in rows equid-
istant from the nuclsi by the fusion of smaller vacuoles.
Shallow furrow evident at top of figure. Many of the
original small vacucles are seen. X 1500,

Fig. 3 .- Largs wvacuoles formad by fusicon of smaller
onea. Only a few strands of cytorlasm connsect the fut-
ure microsprores. OCytorlasm has become denser around the
nuclei. Srecial wall has thickened slightly. x 1500,

Fig. 36.~ The few connecting strands of cytoplasm
geen in fig. & have been severed, forming continuous

furrows. Specizl wall has advanced into the furrows.

Many small vacuoles are seen. X 1500,

Fig. 37.-~ Srecizl walls have met in center, forming

partition walls between the microspores. Special wall
thickens. Mother-cell wall shown in part. x 1500,

Fig. 38.- Srecial wall complete. Cytoplasm of mic-

rospores more compact. Part of mother-cell wall shown.

x 1500.
Fig. 3%.- View of calloss mother-cell wall and

special wall drawn from living material. x 400.
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Fig. 30.- Young pollen grain. Exins just forming.
Two pores are shown. X 1200,

Fig. 31.- Mature pollen grain showing thick exine and
generative cell. x 1000.

Fig. 33.- Transcverss section c¢f matur2 pollen grain.
The three grooves are evident. Intins also seen. x 10CO0,

Figures 33-39 are nct drawn in proportion to actual
aiZ2e a3 ccmpzred with the other figures. These figures
represent abnormal stages.

Fig. 33.- Abnormal pollen=-mother-cell which is teo
give rise to a giant pollen grain. Scant amount of chrom-
atin in nuclzsus. x 800,

Fig. 34.~ Abnormal pcllen-mother-cell at end of hom-
otypiz division. Thres of the four nuclei shown., Proto-
rlast has failed to rcund up. x 700,

Fig. 35 .- Tetrad from abnormal mother-cell. Micros-
rores have failed t0 separate. The wall between them is
exine. x 300.

Fig. 36.- Pollen-mother~oell has formed conly two mic-
rospores ty a single cross wall. x 300,

Fig. 3?.; Giant pollern grain containing four nuclel.

¥o pores in exine. x 30C.
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Fig. 38.~ Giant pollen grain with generative cell.

x 300,
Fig. 32.- Giant pollen grain in which the four nuc—

lsi have fused in pairs. x 300,
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