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THE MEGAGAM ET OPHY TE DEY ELOPMENT OF

CHRYSANTHEMUM LEU OANTHEMtJM L.
VAR. PINNATIFIDTJM LECQQ,. AND LAMOTTE

INTROJCTION
The female gainetophyte of angiosperme may be classi-

fled into three main types; monosporic, bisporie,
tetrasporic.

and.

The number of megaspore nuclei taking part

in the development of the megagametophyte is the determin-'

ing factor.

In the first,

only one of the four megaspore

nuclei takes part in the development of the megagametophyte.

In the second, two megaspore nuclei take part in

its formation, and in the third,

all four nuclei con-

tribute to the formation of the mature garnet ophyte.

According to Maheshwari (l5,pp.84-85), the monoaporie megagametophyte includes both eight-nucleate and

four-nucleate types,
is

corn'nonly

The monosporic eight-nucleate type

called the "Normal type" since it occurs

in more than seventy percent of ali species

sperms.

of anglo-

In this type a diad. and tetrad are formed by the

¡nelotie divisions,

The three megaspores toward the

mioropy].e degenerate after tetrad formation.

The nuc.eue

of the one functional megaspore divides mitotloally to

form a two-nucleate stage soon followed by a

nucleate and an eight-nucleate stage.

f our-

The eight-nucleate

2

gametophyte normally differentiates into a three-celled
egg apparatus,

a primary end.osperm cell

nuclei, and three antipodal oeils.
this type as the

with two polar

aheshwari classified

Po1ygonum type" after the discovery

that the other types of megagametophytes are not as

infrequent as originally believed.
The monosporic four-nucleate type mentioned above
occurs only in the Onagraceae and is known as the

"Oenothera type".
The bieporic eight-nucleate megagametophyte is

designated the "Allium type".

It

develops from one of

the two cells of the diad. produced by the first meiotic

division,

The second reduction division and the two

mitotic divisions occur with wall formation to give rise
to the eight-nucleate,

seven-celled stage.

The mature

stage is similar in structure to the "Polygonum typeI
The "Drusa typ

is considered to be tetrasporic.

The four megaspore nuclei present after the reduction

divisions divide once giving rise to an eight-nucleate
stage.

One additional division produces a sixteen-

nucleate megagametophyte with a three-celled egg
apparatus, a primary endosperrn cell with two polar nuclei,

and eleven antipodal cells.

present may vary because

of'

The number of antipodal celLs

degeneration or lack of

division of some nuclei during the eight-nucleate stage.

Fifteen-nucleate, fourteen-nucleate or megagametophytes

with fewer nuclei may be produced.
Severa], members of the genus Chrysanthemum have been

investigated with regard to embryo sac development.

Most

species seem to be of the "Drusa typeu with some variations, but the large degree of synOnOmy makes comparisons

difficult.

Some of the species now considered to belong

in the genus Chrysanthemum were originally placed on

various bases in other genera.
any species which is now,

For purposes of comparison

or has been in the past,

considered to be a Chrysanthemum, has been reviewed.
Table

i

list the Chrysanthemum species,

some of the synonyms,

together with

in which megagametophyte develop-

ment has been described.

The last column of this table

lists the haploid chromosome number or numbers for each
species.

TABLE

i

PARTIAL LIST OF SYNONYMS

Haplo Id
ChromoBome
Number

Chrysanthemum partheniwn (L.) Bernh.
Chrysanthemum praea].tuin Vent.

Pyrethrum parthenifoitum Wilid.
var, aureum Hort.

cinerartaefoliuru Vis.
Pyretbrum einerariaefoiiuin Trev.

Chrysanthemum

9

Chrisanthemum balsamita L.

Pyrethrum balsaminatum Ward

Balsamita vu].gar[iWilld.

Chrysanthemum alpinuzn L.

9, 2?

18

Chrysanthemum vulgare L.

Tanacetum vulgare L.
Chrysanthemum viseosum L.

9

9

5

The first description of megagametophyte develop-

ment in Chrysanthemum was given by Palm (cited by:

Maheshwari and Haque lS,p225) and (Schnarf 18pp.5?l-?2)
for Pyrethrum parthenifolium Wilid. var. aureum Hort.

According to Palm the megaspore mother cell undergoes
two metotic divisione without the formation of cell

walls.

Thus,

there are four megaspore nuclei within

a coenomegaspore.

The four megaspore nuclei divide

mitotica].ly to form an eight-nucleate condition.
is

This

followed by one additional division of each of the

eight nuclei, which resulte in a sixteen-nucleate

embryo sac.

At maturity the embryo sac consists of a

three-celled egg apparatus,

a primary endosperm cell

with two polar nuclei, seven uninuclear antipodal
cells, and one four-nucleate antipodal cell

Thus,

(Table 2).

the embryo sac development is tetrasporic,

since all four of the megaspore nuclei function and

actively contribute to the development of the gametophyte.

Fagerlind (cited by: Maheshwari l5,pp.114-l15)
and (Maheehwari and Maque l5,pp.255.*258), in 1941

studied specimens of

localities in Sweden.

C.

partheniuni collected at two
In material from one location the

four megaspore nuclei take up variable positions

following the first and second melotic divisione.

Frequently the three chalazal nuclei were seen in close
contact, giving the impression they were on the point
of fusion.

One instance was seen where only two

chalazal nuclei fu8ed.

Shortly afterwards the embryo

Bac elongates greatly and the nuclei, which were adjacent,

now become separated by vacuoles.
is

the largest one

ana.

The micropylar nucleus

the remaining nuclei show a pro-

,ressive decrease in volume from the micropylar to the

chalazal end of the megagainetophyte.
now divide simultaneously,

All the nuclei

resulting in four pairs of

nuclei, of which the two chalazal nuclei are the smallest.

These usually fail to take part in the next division so
that the last stage of the rnegagametophyte shows fourteen

nuclei instead of the sixteen reported by Palm.

Sometimes

fewer than fourteen nuclei are seen but this is due to a
subsequent degeneration of
in the chalazal end.

sorne

of

the original nuclei

In the fully organized embryo sac

the

antipodals nearest the micropylar end are uninucleate

but

the chalazal cell contains several nuclei which fuse

at a later stage to form a single nucleus.

from the other locality,

In materia].

the chalaza]. megaspore nucleus

degenerates soon after its formation, the remaining three
megaspore nuclei diviae to form six and then twelve nuclei
(Table 2).

7

Fagerlind(6,pp.1?5-176) in 1941, found Tanacetum
vulgare L.to have a megagametophyte similar to that of
the other

chrysanthemums studied.

The rnegaspore mother

cell undergoes the usual reduction divisions to produce
the

tetrasporic iour-nucleate stage.

between the nuclei.

Vacuoles appear

The next division, by mitosis,

results in the formation of eight nuclei.

usually

The micropylar

two are paired but the remaining six are in staggered

positions from the micropylar toward the chalazal end of
the embryo sac.
the

At times a nucleus, or

nuclei,

t

at

chalazal end do not take part in this division.

Thus,

following the last division,

the embryo sac may

contain sixteen, fourteen, or twelve nuclei.

Frequently

in the later stages there is a further degeneration of
one or two of the chalaza], nuclei so that embryo sacs

with fewer than twelve nuclei are not uncommon (Table 2).

Maheshwari and Haque(l5,pp.25?-?.58)reported. on
material of

C.

parthenium collected at the Brooklyn

Botanic Gardens in New York.

The two meiotic divisions

result in the formation of two and then four nuclei.
Their arrangement varies and at times the

two central

nuclei lay in close contact, but there are no nuclear
fusions.

The eight nuclei of the next stage lie

in

four pairs, with the rnlcropylar pair separated from the
other two by a large vacuole.

A last mitotic division

LJ

results in the formation of sixteen nuclei.

Following

this there are differentiated a three-celled egg apparatus
a primary endosperm cell with two polar nuclei, and

eleven uniriucleate antipoda]. cells (Table 2).

Battaglia (2,pp.490-494) in 1951, reported that
development of the megagametophyte of

follows the

O.

viscosuin

rethrum parthenifolium type.

As a result

of the first iciotic division two nuclei of equal size

are formed.

Both undergo the second melotic division and

the resulting four nuclei take up a linear arrangement.

Vacuoles appear and the four nuclei become separated, but

retain their linear arrangement.

The next division gives

rise to eight nuclei that lie in paire, with each pair

separated from the next by a vacuole.

The last nuclear

division varies due to differences in the time the
mitotie divisions occur.
similar to that in

A sixteen-nucleate

yrethrum

condition

thenifolium may result,

or one or more chalazal nuclei may fail to undergo the

last division.

This results in a fifteen- fourteen- or

thirteen-nucleate megagametophyte (Table 2).
F,gerlind,
in 1939,

(cited by Maheehwari l3,pp.29, 128-1öO)

Btudied specimens of Pyrethrum balsaminatum

Ward collected in the Stockholm Botanical Gardens.
He reported that following the first meiotic division
two nuclei are formed with the micropylar

nucleus much larger than the chalazal one.

undergo

130th

the second division and the resulting four nuclei take

up a one-plus-three arrangement.
i_s

The inicropylar nucleus

largest and functions as a megaspore nucleus, while

the others soon degenerate.

The functi3nal megaspore

nucleus divides to form two nuclei and tben four.

The

four are arranged as two pairs with a large vacuole in
between.

The next division forms eight nuclei, follow-

ing which are differentiated a three-celled egg apparatus,
a primary endosperm cell with two polar nuclei,

antipodal cells,

(Table 2).

and three

The nuclei of the antipodal

cells undergo some divisions, but the daughter nuclei
fuse to form a single, lobed nucleus.

Five divisions,

the first two of which are the reduction divisions,

occur

between the megaspore mother cells and the mature embryo
sac,

as in the normal type.

It is a tetrasporic type,

however, as all four megaspore nuclei are present in a
single cell which gives rise to the megagainetophyte.
JIart1noli.

of

(15)

in

l99, described the megagametophyte

Pyrethrum cinerariaefolium Trev. as tetrasporic.

The megaspore nuclei take up a one-plus-two-plus-one

arrangement.

The two central nuclei may become separated

from the two teruiinal nuclei by vacuoles and may fuse
together to form a single diploid nucleus

(Table 2), or

they may retain their position without fusing.

In the

lo
first caBe,

the next d1v1sion gives rise to six nuclei,

a haploid. pair at each end.

nd one diploid pair in the

These divide again to form three groups of

center.

four nuclei each.

The

egg apparatus and one of the

polar nuclei are all haploid, as are the four chalazal
antipodal cells.

The four diploici. nuclei separate, one

functioning as the other polar nucleus and the remaining
three become organized into additional antipodal cells.
Inthe second instance, when the two central megaspore

nuclei do not fuse but merely lie in contact with each
other,

they do not undergo any ftrther division.

This

results in an embryo sac that may contain ten nuclei,
or even less, if the chalazal nucleus fails to divide.

Chiarugi (3,pp.?4-742), in 192? described mega-

gametophyte development in Chrysanthemum alpinum

L.

Several megaspore mother celle are present in a single
ovule

and.

all start the

first melotic division.

Only

one cell completes the meiotic divisione, however, and

the others degenerate.

Cell wall formation follows the

first division, which results in a diad.

The second

meiotio divisions result in the formation of a tetrad
of megaspores,

of which the chalazal one becomes the

one-nucleate embryo sac.

followed by

The one-nucleate stage is

two-nucleate,four-nucleate,and eight-nucleate

li-

stages which result from three successive mitotic

divisions of the single nucleus in the functional
megaspore.

This type of development is similar to the

type classified as "Normal" or "Polygonum," with mono-

sporte development resulting in an eight-nucleate

megagametophyte (Table 2).

Observations on the different species of
Chrysanthemum indicate that megagametophyte development

usually follows the "Drusa type", according to the
classification of Maheshwari (l3,p.s36) or the "Pyrethrum
type" according to the classification of Chiarugi(4,p.'?j,

This type le tetrasporic and usually results in a sixteennucleate embryo sac, unless there is a lack of division
in one or more of the chalazal nuclei of the eight-nucleate
stage, which results in the formation of less than sixteen

nuclei.

One example of a Chrysanthemum with a monosporlo

eight-nucleate type of development has been described.
This was described for
742).

C.

a].pinum L.

by Chiarugi

(5,pp.74-

All other species of Chrysanthemum investigated

follow the tetrasporic sixteen-nucleate type of development
except

C.

balsamita, which is tetrasporic eight-nucleate,

because three xnegaspore nuclei degenerate,
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METHODS AND MATERIALS
The Maruer1te or Ox-eye daisy,

Leucanthemum
a

L.

Chrysanthemum

var. pinnatifid.um Lecoq.

member of the Compositae.

and Lamotte, Is

This variety is native to

Europe and Asia and was first described. from France

(11,p.2?).

It is found In most regions of the United

States and is widely spread over the Willamette Valley.
It grows in infertile soils and along roadsides.

Though

this species Is classed as a weed, it is used as a cut

flower with eultiv&ted members of the same genus (l,p.?58).
This Chrysanthemum is a perennial, herbaceous plant with

perfect disk flowers, and pistillate, fertile ray flowers
(8,p.377;l7,p.764).

The branches bear solitary terminal

heads, one and three-fourths to two Inches broad, with

white ray flowers and yellow disk flowers.
obovate;

The leaves are

the lower leaves have short, lobed blades with

tapering to long petioles;

the upper leaves have blades

which are mostly sessile.

All leaves are more or less

pinnately lobed to parted.
The flower heads were collected at several points
In

the vicinity of Corvallis,

The first picking was made

along the roadsides of Arnold Way beyond Thirty-Rixth
Street.

Additional pickings were made at Avery Park

and along the roadsides of South Oak Creek Road.
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They were picked at four stages of maturity; young buds

tightly closed, buds opening, young heads open but most
of the disk flowers immature,

all flowers mature.

and heads fully open with

Longitudinal slabs, approximately tw

millimeters thick, were cut across the middle of the head
including a portion of the receptacle tissue to which the
flowers are attached.

The slabs were killed and fixed in

Navashin's solution (ÌO,p.45).
the vials in a vacuum

It was necessary to place

to remove the air from the flowers

and fronì between the individual flowers of the head.

The

The Navashifl's solution was washed out of the material by

placing the vials, covered with cheesecloth,
running water for two to four bours.

in slowly

The material was then

passed through changes of fifteen percent, thirty percent,
and fifty percent ethyl alcohol, allowing approximately

thirty minutes each for the fifteen percent and the thirty

percent solutions, and one hour for the fifty percent
solution,

The material was then placed in a mixture of one

pert absolute ethyl alcohol and one part tertlary-butyl

alcohol for twelve hours.

It was then transferred first to

pure tertiary-butyl alcohol and,

after twenty-four hours,

to a mixture consisting of four parts tertiary-butyl

alcohol and one part xylol.

After twenty-four hours in

this solution, paraffin chips were add'd and the uncorked

vials were placed in the paraffin oven for twelve hours.
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A change to pure paraffin for eight hours was followed by
a

second change to pure paraffin for four hours, after which

the material was imbed.decl.

Soaking the irnbedded materisiln

water for two days before outting aided in obtaining better
sectione than if the material was cut without any softening.
There were no apparent adverse effects from Boaking for
two or three days.

The younger material was cut at eight microns.

more mature flowers were out at twenty microns.

The

The

sections were attached to the slide with Haupt's adhesive

and stained with safranin and aniline blue.

The elides were

placed in safranin for four hours, destained with

pieno

acid in water, rinsed in water, dehydrated in flinty-five

percent and in absolute ethyl alcohol, and then counterstained with aniline blue in clove oil.

The slides were

then rinsed in a mixture of two parts clove oil,

absolute ethyl alcohol,

and one part xylol.

cleared in pure xylol and mounted in balsam.

one part

They were then

All drawings

were made with the aid of a camera lucida at a magntfioation of 1170, and reduced one-half in reproduction.
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OB SER VAT IONS

The ovary of Chryenthemurn Leue&nthemum L. var.
pinnatifid.um Lecoq.
a single ovule.

and Lamotte te inferior and contains

The ovule is the anatropous type,

defined by Maheshwari (15,pp.54-55).

as

The body of the

ovule becomes completely inverted so that the inicropyle

and the funiculus lie close together.
sporial cells are differentiated.

Two to six arche-

These function direct-

ly as the megEspore mother cells (Fig.l,2).

This condi-

tion differs from that found in many other plants where
a single archesporial cell normally divides to produce a

megaspore mother cell and a parietal cell.
according to Maheshwari (15,p.7l),

However,

some members of the

Rubiaceae as well as the Compositae produce several
sporogenous cells, all of which may go through the meiotic

divisions.

Several megaspore mother cells,

some in various

phases of division, can be observed in Fig.l.

These

megaspore mother cells become more conspicuou8 than the
surrounding nucellus tissue due to their larger size,
denser cytoplasm, and more prominant nuclei.

While as

many as six mother cells may be present in one ovule, the
normal number is from one to four.
an ovule illustrates

A longitudinal view of

the position of the raegaepore mother

cells surrounded by a single layer of nucellus cells
(Flg.l.).

Several of these have been observed undergoing

the first melotic division simultaneously.
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However, there is no evidence to indicate that more than
one ever completes the second divisions,
C.

as occurs in

corymbosum by Maheshwari (l,pp.72-?3).

All but one

megaspore mother cell degenerates during the melotic
divisions.

Usually these non-functional

mespore

mother

cells become disorganized some time during the prophases
of the first division.

The one megaspore mother cell that

completes the melotic divisIons varies as to Its position
in the nucellus tissue.

No one archesporial cell in the

same position consistently develops into the functioning

spore mother cell.

During the prophase of the first division the nucleus
occupies approximately one-half of the total volume of the
cell,

and usually contains a single, large nucleolus

(Fig.l,ö).

The chromosomes become arranged. across the

equatorial plate, and then separate during the anaphases

without any Irregularities.

Other megaspore mother cells

can be observed in the same ovule in various stages of the

prophase of the first division.

At the completion of the

first meiotic division two nuclei of equal size are formed.

During the late anaphase or early telophase stages of the
first division,

the cell is divided by cell-plate forma-

tion and a cell wall is laid down.
is

produced (Fig.5).

Thus a definite diad

1?
The two celle forming the diad are of approximately the
saine

size, with the chalazal celi

slightly more elongated.

Very little elongation occurs during the development of
the diad.

The diads in different flowere vary to Borne

extent as to comparative lengths, but this variation is

correlated with the size of the original megaspore mother
cell.

Shortly after the formation of the diad,

the

nucleus of each cell beins to undergo the second meiotic
divisions.

The development of the chalazal nucleus of the

diad is slightly precocious in

sorne

instances, while other

diade are seen with the nucleus near the micropylar end

dividing (Fig.6).

A cell plate can be seen forming

between the telophase nuclei in the chalazal cell.

Thus,

a linear tetrad of megaspores is produced after the cornpletiori of the

second meiotic divisions (Fig.?).

The

ehalazal megaspore of this tetrad is slightly larger than
any one of the other three, which are nearly equal in size.
Some degree of elongation in the tetrad cells has occurred
at this stage of development.

Elongation is toward the

mieropylar opening, into the region of degenerated

megaspore mother cells

and.

disorganized nucellus.

A

degenerating megaspore mother cell is located along side
the tetrad and partly beneath it.

Following tetred

formation the three megaspores nearest the micropyle
a eg e n e rate.

The one remaining megaspore undergoes rapid elongation

and breaks through the surrounding nucellus layer at the
mioropylar end.

The megaspore f ii]b the open area,

enclosed by the seed coat, between the micropyle and the

degenerating nucellus.

The megaspore nucleus moves into

the rnleropylar end of the developing embryo sac.

The

young megagarnetophyte develops one large vacuole

and.

several smaller vacuoles, then enlarges to several times
the length and width existing previous to vacuolation
(

Fig. 8, 9)

As in other Compositae the nucellus soon disappears,

An integumentary tapetum or endotheliuin is differentiated
which is indicated by the presence of bi-nucleate oeils
surrounding the micropylar end of the embryo sac.

The

endotheliwn constitutes a nutritive layer which diff erentiates from the inner cell layer of the seed coat

when the nuoel].ue becomes disorganized.
The one-nucleate xnegagametophyte becomes

nucleate with the first mitotic division
the time of division,

micropylar

end.

two-

(Fig.lO). At

the nucleus 1g situated In the

of the embryo sao about one-quarter of the

distance from the micropyle.

Thus, the two-nucleate

stage shows one nucleus approximately in the middle

portion of the embryo sac, with the other at the
znicropylar end (Fig.11).
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Additional vacuolatlon occurs, which sometimes nearly
doubles the length of the megagametophyte.

The second.

mitotie division occurs during the elongation of the
megagametophyte (Fig.12).

The dividing inicropylar

nucleus is situated very low in the embryo sac, nearly
touching the

end.

wall.

The chalazal nucleus le found. In

the middle region of the megagametophyte,

location of the disorganized nucellus.

well below the

The newly formed

four-nucleate stage shows one pair of nuclei near the
of the megagametophyte.

end.

A large vacuole separates the

micropylar pair of nuclei from the pair in the chalazal
end.

(Fig.l3).

Another large vacuole exists between the

chalazal nuclei and the end wall of the xnegagametophyte.
The mieropylar pair of nuclei,

the four-nucleate stage, move apart

closely aligned in
and.

a vacuole

develops between them at the beginning. of the third.
mitotic division (Fig.l4).

The two chalazal nuclei retain

the same relative positions existing in the four-nucleate
stage.

The micropylar nuclei are somewhat precocious.

This condition tends to persist tbrouhout the remainder
of the megagametophyte development (Fig.l4,15),

As a result of the third mitotie divis ton an eight-

nucleate, monosporlo megagametophyte develops (Fig.16).

An early eight-nucleate condition shows two mioropylar

nuclei that will differentiate into the two synergld cells.
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Above the two synergid. nuclei the nucleus

of the

developing egg cell is separated from the two polar

A definite cell wall separates this

nuclei by a vacuole.

portion of the rnegagametophyte from the antipodal nuclei.
Two antipodal nuclei, approximately in the center of the

embryo sac, are separated from the cha].azal antipodal

nucleus by

ari

the chalaza,

incipient oeil wall.

The large vacuole in

which has been continuous throughout the

three mitotic diviliona, is maintained in the eight-

nucleate stage.

A mature megagarnetophyte results from the diff erentiation of the eight-nucleate stage (Fig.l'?).
celled egg apparatus,
two synergid cells,
the embryo sao.

A three

composed of the egg cell and the

occupies the micropyiar portion of

A primary endosperm cell containing two

polar nuclei occupies the space above the egg apparatus.
Two antipoda]. nuclei are in close proximity in one cell,

while the third antipodal nucleus,

in a separate cell,

is located well up in the ohalazal

end of the

megagametophyte.

This basically eight-nucleate mega-

gametophyte is subject to an increase in the number of
antipodal nuclei.

This is sometimes accomplished

previous to fertilization, and results from divisions of
the chalazal antipodal nucleus,
two antipodal nuclei,

or divielons of the other

or divisions of all three nuclei.
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If the chalazal antipodal nucleus is the only one to

undergo division, the result is a nine-nucleate
megagametophyte (Fig.18).

The observable changes between

this condition and that of the eight-nucleate stage

(Fig.1?) are the additional antipodal nucleus at the

ohalazal end of the embryo sac and the further maturatil
of the remaining celle.

This maturation is evidenced by

a slight increase in size, lengthening of the synergid

cells and a tendency for the surrounding cytoplasm to

become denser.

An eleven-nucleate rnegagarnetophyte develops by an
additional division of each of the two chalazal antipodal
nuclei existing in the nine-nucleate embryo sac (Flg.19).
This gives rise to a megagametophyte with a three-celled
egg apparatus, a primary endosperm cell with two polar
nuclei,

one antipodal cell with two nuclei, and the

chalazal antipodal cell with four nuclei.

Other eleven-

nucleate megagarnetophytee are present which are the result
of a different

series of divisions.

In this case the

nine-nucleate condition arises as described, but the two
eub-çhalazal antipodal nuclei divide. This results in a

three-celled egg apparatus, a primary endosperm cell with
two polar nuclei,
one cell,

four sub-ehalazal antipodal nuclei in

and two chalaxal antipodal nuclei near the

upper end of the gametophyte.
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Thirteen-nucleate and fifteen-nucleate inegagametophytee, modifleatione of the basic eight-nucleate,

have been observed.

also

The thirteen-nucleate gametophyte

first described, is derived from the eleven-nucleate
type by additional division of two chalazal antipodal
nuclei,

This brings the total of antipodal nuclei to

eight, four chalazal and four sub-chalazal.

The fifteen-

nucleate is likewise similar to the thirteen-nucleate,
only here the number of ehalazal antipodal nuclei is six.

The megagarnetophyte consists of a three-celled egg
apparatus, a primary endosperm cell with two polar nuclei,
a sub-chalazal antipod.al cell containing four nuclei,

and a chalazal antipodal cell containing six nuclei.
There is often fusion of some of the antipodal nuclei

giving rise to one long, lobed mass of fused ehalazal
nu ele i.

Although this type of development is basically
eight-nucleate,

nine-nucleate and eleven-nucleate stages

were seen completed prior to fertilization.

The thirteen-

nucleate and fifteen-nucleate stages found were usually

postfertilization stages.

According to Maheshwari

(L3,p.öl), the antipodal nuclei in

C.

vulgare increase

during both pre-and post-fertilization stages and may
be recognisable to the time the seeds have grown to

two-thirds of their mature size.
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DISCUSSION
In the megagametophyte development of several

species of Chrysanthemum certain fundamental differences are evident, as well as numerous similarities.
Table 2 outlines the development in the species which
have been studied previously.

Palm's observations of

Pyrethrum parthenifolium have been used as a basis for

much of the later work done on Chrysanthemum.

Most of

the species considered seem to have a similar,

or only

slihtly modified type
demonstrated that in

C.

of development.

Martinoli

cinerariaefoliuin the twelve-

nucleate megagametophyte is basically a sixteen-nucleate
type.

The fusion of two of the megaspore nuclei results

in the formation of several diploid nuclei in the mature

embryo sac.
Fagerlind's observations on several specimens of

Tanacetum vulgare demonstrated that in one type, the
only variation existing between this and Pyrethrurn

p!rthenifolium is the presence of eleven uninucleate
antipodal cells in Tanacetumn vulgare, instead of one

four-nucleate cell, plus seven uninucleate cells in
Pyrethruni parthenifoliwn.

mens of Tanacetum,

However, in two other speci-

fourteen-nucleate and twelve- nucleate

megagametophytes were found.

This

vriation

in numbers

results from the lack of division of one or more of the
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chalazal nuclei at the eight-nucleate stage.

Both

ìvaheshwari and Battaglia described tetrasporic sixteen-

nucleate types,
in C. viscosum.

the former in

C.

parthenium;

the latter

Both types were similar to that of

Pyrethrum parthenifolium.
A more fundamental variation is indicated by the

situation existing in the development of

Lrethrum

Four megaspore nuclei are formed within

baleaminatum.

the single coenomegaspore.

megaspore nuclei degenerate.

However, three of the four
Three successive mitotic

divisions of the functioning megaspore nucleus results
in an eight-nucleate embryo sac.

Even though the mature

embryo sac is eight-nucleate, and these nuclei are

derived from a single megaspore nucleus,

the g&metophyte

must be considered as a modified tetrasporic type.
The

one type of development that seems to disagree

couìpletely with the types illustrated by Pyrethrum

parthenifolium,

C.

viecosum,

C.

cinerariaefolium, and

Tanacetum vulgare is the monosporic eight-nucleate type

described by Chiarugi for Chrysanthemum alpinum.

In

this type a died is produced, and then a linear tetrad
or megaspores is differentiated following the reduction

divisions.

degenerate.

The three megaspores toward the micropyle
The chalazal megaspore produces the eight-

nucleate megagametophyte by three mitotic divisione.
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ppnatifidum hae a type
ot development very similar to that found in C. alpinum.
Any variations are due to the additional number of'
antipod.al nuclei present in the matured gametophyte,
but up to the eight-nucleate stage, no fundamental
ãifferences have been observed. Megagametophyte development of both C. alpinuin and O. Leucanthemum var. pinnatiChrysanthemum Leucanthemuni var.

fidum Bhould. be

classified

as liNormal type's or "Polygon

type since both are monosporie

and.

basically eight-

nucleate,
occurrence of monoeporie and tetrasporic megagametophytes within the same genus is very unusual. It
seems likely that additional taxonomie work should be
done on this group of plants. It also seems likely
that the type of' megagametophyte development might prove
to be an important taxonomie characteristic to use in
The

assigning these species to their proper genera. On
the basis of inegagametophyte development, C. Leucanthe-.
mum var. pinnatifiduni and. C. alpinum should be separated
from the other species of Chrysanthemum, which have

tetrasporic megagainetophytes.
this investigation le
var. pnnatifldum to

Another problem uncovered by

the relation of
C.

Leucanthemum.

material

Leucanthemum
Chromosome

counts

made on

European

that the latter species has a haploid
number of either eighteen or twenty-seven.

show

chromosome

C.
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Yet the variety pinnatifidum, which supposedly was

introduced from Europe, has a haploid. number of nine as
shown by this investigation.
C.

The megagametophyte of

Leucanthemum has not been investigated.

An

investigation of the taxonomie characteristics of this
species, together with a study of megagarnetophyte

development, would be very helpful in determining

relationships in this group of Compositae.
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SUMMARY

Megagametophyte development in nearly all species
of Chrysanthemum studied is of the "Drusa type".

The

megaspore mother cell undergoes two reduction divisions
to form one elongate cell containing four megaspore

nuclei.

These nuclei divide once giving rise to an

eight-nucleate stage.

One additional division produces

a sixteen-nucleate megagametophyte with a three-celled

egg apparatus,

a primary endosperm cell with two polar

nuclei, and usually eleven uninucleate antipodal cells.
The number of antipodal cells present may vary because
of degeneration or fellure of d.ivision of some nuclei

during the eight-nucleate stage.

The mature megagameto-

phytes may contain only fifteen, fourteen, or fewer
nuclei.

A tetrasporic eight-nucleate type of development
was found in

C.

basamita.

Four megaspore nuclei form,

but three of the four nuclei in the elongate cell

degenerate, and one functional nucleus remains.

A

series of three mitotic divisions cives rise to an

eight-nucleate megagametophyte, at maturity similar
to the "Normal type".

sporic,

This type Is, however, tetra-

since four megaspore nuclei are present in

the same cell.

Only one instance of a fundamentally different

type of megagatnetophyte development in a Chjrsanthemum

species has been described.

described by Chiarugi in 1927.
typefl

This occurs in

C.

apinun,

He reported a °Normal

of development for this species.

In this type

the megaspore mother cell undergoes the first melotie

division

to form a diad.

A tetrad results from the

second melotic divisions.

Three cells of the tetrad

degenerate, and the fourth enlarges and divides to form
the megaganetophyte.

and a seven-celled,
is developed.

Three mitotic divisions occur,

eight-nucleate megagametophyte

Three of these nuclei becone incorp-

orated into the three-celled egg apparatus, consisting
of two synergid cells and one egg cell or female gamete.

Two polar nuclei are present in the primary endosperm
cell, and three cells differentiate as antipodals.

This type of development also occurs in
var.

C.

Leucanthemum

1nnatifidum which would then be classified as

a monosporic,

eight-nucleate megagametophyte.
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EXPLANATION OF FIGURES
Figures 1-14.

Megagametoenesis.

Micropylar end le

pointed downward In all drawings. All drawings at ll7OX.
Fig. 1.

Megaepore mother oeil surrounded by nucelius.

Fig. 2.

Megaspore mother cells,

Fig.

Solitary megaspore mother cell.

3.

transverse view.

Fig. 4.

Formation of diad.

Fig. 5.

Diad.

Fig. 6.

Formation of linear tetrad.

Fig. 7.

Degenerating megaspore mother
Linear tetrad.
cell alongside.

Fig. 8.

One-nucleate megagametophyte.

Fig.

One-nucleate megagarnetophyte with increased
vacuolation,

9.

Fig. 10.

One-nucleate megagametophyte. Metaphase.

Fig. 11.

Two-nucleate megagametophyte.

Fig.12.

Formation of four-nucleate megagametophyte.

Fig.13.

Four-nucleate megagametophyte.

Fig.14.

Four-nucleate megagametophyte undergoing division.
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Figures 15-19.
Fig.

15.

Formation of eight-nucleate megagametophyte.
Telophase stages.

Fig.

16.

Young eight-nucleate megagametophyte.

Fig. 17.

Differentiated eight-nucleate megagametophyte.

Fig. 18.

Nine-nucleate megagametophyte.

Fig. 19.

Eleven-nucleate megagametophyte.
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