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INTRODUCTION

In a former publication on weather in relation to fruitfulness in the
plum (Dorsky 1919) it was shown that during bloom weather condi-
tions may be such as alone to prevent the setting of fruit. It was further
emphasized that, aside from the total effect of weather, certain single
factors of it, acting in the extreme, might be singled out as being respon-
sible for the failure of fruit to set. Weather conditions were shown to
have their most immediate influence on such processes as dehiscence,
pollination and fertilization. These conclusions are further supported by
the variation in the extent of the second drop from year to year which
can in general be correlated with weather conditions at bloom.

Aside from the influences affecting the functioning of the organs of re-
production which can be assigned to interference from weather or from
the environment, there are others having a direct bearing upon repro-
duction, and hence upon fruitfulness, which appear to act within the germ

plasm and are therefore inherent. An investigation of these influences
forms the basis of this report.

THE STATUS OF SELF-STERILITY IN THE PLUM

Former investigators have dealt primarily with the economic phase of
sterility. Tests have been made in Prumus americana, P. Besseyi, P.
hortulana, P. wigra, and P. triflora, by WaucH (1896, 1897, 1898, 1899),
Gorr (1894 and 1901), HEIDEMAN (1895), WAITE (1905), and others.
These show that the cultivated varieties of native species, with two ex-
ceptions, New Ulm (HembemaN 1894) and Robinson (Wauchr 1398),
are self-sterile. A similar condition was found in some of the Sweet
Cherries by GARDNER (1913). On the other hand, the work of Back-
HOUSE (1911 a, b), PETERs (1916), and SutToN (1918), shows that in
P. domestica only about one-half of the varieties are self-sterile.
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It should be stated here that self-pollination and self-sterility are used
with reference to the clone. Self-pollination in botanical usage refers to
the transfer of pollen from an anther to the pistil of the same flower. In
horticultural usage self-pollination has a broader sense and includes the
transfer of pollen from any flower borne by a variety to any pistil of the
same variety. Likewise self-sterility refers to the clone rather than to
the flower or individual plant.

Since self-sterility has been found to be so prevalent, considerable in-
terest centers around the reliability of the tests which have been made.
Waucr (1898) discusses this phase of the subject in some detail and
concludes that the method used,—that of covering the blossoms with
paper bags or other material,—is reliable. His conclusions agree with
those of WarTe (1894) and BeacH (1898, 1899). This point was con-
sidered of sufficient importance to be checked further by different meth-
ods on account of its commercial as well as its scientific bearing. The
data obtained in this test are presented in table 1. Bags were not used
either on the trees grown in tubs in the greenhouse or on those tented in
the orchard, so that any adverse influence the bags may have had in pre-
vious tests was eliminated in these. ALDERMAN (1917) in sterility
studies in the apple, followed a similar method by covering the entire
tree with muslin.

It will be noted that P. americana, P. americana mollis, P. Besseyi,
P. domestica, P. hortulana, P. nigra, and P. triflora are represented in
this table. The results with the trees under the tent as well as with those
in the greenhouse agree with those previously reported and show that
self-sterility is the outstanding feature of all the varieties included in
these tests and that it is constant in expression. Considering the num-
bers under observation, the few exceptions found may be regarded as
within the limits of experimental error, and it is.even possible that some
may have been self-fertilized, since, as will be shown later, pollen-tube
growth takes place under these conditions. It appears safe to conclude
therefore that the general condition in this genus has been correctly re-
ported.

Since self-sterility is so general in the plum, cross-pollination, except
as noted in certain varieties of P. domestica, is essential to fruitfulness.
This makes it necessary to give careful attention to the blossoming-dates
of varieties used as pollenizers. Such a classification of varieties has
been compiled by a number of workers: Wauca (1896, 1898, 1900);
Gorr (1901); HEpRICK (1908), and others. In addition to planting
pollenizers which bloom at the same time as the variety to be pollinated,
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TABLE I
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Showing the degree of self-sterility in selected varieties and species tested in the

greenhouse and tented in the orchard as a check to the

method previously used.

Condition of growth ofjNo. of flow-

Variety trees, in self-pollina-
tion tests
Burbank In greenhouse
“ 4“ “
Compass “ “

Minnesota No. 61

“ &« &“

“« €« “

Minnesota No. 10t
13 " I21
[ 13 211
[ Ly 352

P. Besseyi

Surprise

Yellow Egg

Minnesota No. 82
£&§ [ 2I

Sand Cherry X Apricot
Wolfs
Minnesota No. ¢!

“ “«@

12
“ “ 21
Assiniboin
Minnesota No. 8
£ i@ 21
Compass
Etopa

P. americana
P. Besseyi, Tree No. 14
[

£ (13 24
&“* [ £ 34
“ u I 54
Wakapa
Wohonka

in orchard,

«“

“@

1015

1916
[

1017

6«

ers polli-
nated
Entire tree
1 branch
Entire tree
‘ 185
o
'1 branch
! 1 “
49
1 branch
84
2 trees
Entire tree

Entire tree

§ “ “

t

i “ “
i 3 «

|
! “ “

l5-y1'.-old tree
Entire tree
1 branch
4-yr.-old tree

281

263

176

300
6-yr.-old tree
6-yr.-old tree

No. ot
fruits
set

-t
OOHOONHOOOOOOOOOOOOOOOONOOOIOHOOO\

No. of
fruits
mature

lOOOOOOOOOOOOOOAOOOOOOHOOOOO

ool

1 Cross between Burbank and Wolf.

2 Cross between Abundance and Wolf.
8 Large percentage of pistils aborted.

4+ The tents covering these trees blew off during a heavy rain on May 21st.

the effectiveness of the variety selected as a pollenizer, or the mutual
“affinity”’ with the variety to be pollinated, must be determined. Waucen
(1899), HEmEMAN (1895) and others have given this point some study.
It is sufficient to state here that while there are differences in the effec-
tiveness of pollenizers, inter-sterility has not been found to be extensive
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in the varieties of the native species, although P. domestica cannot be
pollinated successfully with the native varieties. From the economic
standpoint, therefore, the essential facts in the control of sterility in
orchard plantings as a means of avoiding crop failure are already well
understood.

It may be stated at this point that unfruitfulness is not considered
herein from the standpoint of injury due to fungous diseases and insects.

Since the prospect of a crop, so far as the setting of fruit is concerned,
may be determined by inspection as early as the five- or six-week period
after the time of bloom, it will be seen that the problem of sterility,
while limited in point of time, covers that period in the life cycle when
delicate sex structures must not only form but must function. Conse-
quently greatest emphasis has been given to this period in order to de-
termine what factors are operating in this genus, not only to bring
about self-sterility so extensively, but also to reduce to such an extent
the number of functional pistils found in some seasons. The successive
main headings will indicate clearly the phases of the problem covered.

MATERIAL AND METHODS

A representative list of varieties and hybrids has been available for
this study. A part are growing in the experimental orchards at Uni-
versity Farm and the remainder at the Fruit-Breeding Farm six miles
west of Excelsior, Minnesota. In both orchards the trees are grown
under clean cultivation. Attention has been given to the species as well
as to the variety. HEDRICK et al. (1910) have been taken as authority
for the species of the different varieties except in a few of recent origin.

In the cytological investigations the usual technique has been followed.
As to the killing fluids, chrdmo—acetic and Flemming’s medium were
most used, Carnoy’s fluid being a poor fixative for the plum. The triple
stain and Heidenhain’s iron-alum-haematoxylin both proved to be excel-
lent stains. Although the cytological phase of sterility is presented
briefly, material was fixed and sectioned extensively. In all, over 2600
preparations were made in covering the different stages in anther and
pistil. ‘

POLLEN DEVELOPMENT IN RELATION TO STERILITY

Since functional pollen bears such a vital relation to fruitfulness, a
careful cytological study of pollen development in the plum has been
made with the object of determining the general condition in this genus.
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With a knowledge of the pollen condition in species, hybrids, and varie-
ties at hand, the relation of pollen to self-sterility can be ascertained.
Moreover, normal development will serve as a basis for comparison in
determining type and extent of pollen abortion.

Normal pollen development

Pollen development was studied in detail in varieties representing P.
americana, P. nigra, P. triflora, P. domestica, P. pennsylvanica, P. hortu-
lana Mineri, and P. Besseyi, but since there was so little variation from
the condition common to the higher plants only a very brief description
of the earlier stages will be included here. The later stages, however,
especially those beyond the point of pollen degeneration, will receive
more detailed treatment.

The winter stages

In Virginia, DriNkARD (1910) found that during December and
January there was a slight development going on in the fruit bud of
the plum. On January 1oth in Abundance the pollen mother-cells were
in the resting stage. As early as February 12th, there was some indi-
cation of division and by February 24th tetrads were being formed.

In Minnesota pollen development is less advanced during the winter.
In Surprise on December 11th, development had progressed no farther
than the archesporial-cell stage, and on March 23rd no further growth
had taken place. By April 12th, the synaptic stage had been reached.
Burbank and P. nigra on March 22nd were at the early archesporial-cell
stage and it was not until April 6th that Burbank had formed pollen
mother-cells which one week later were at synapsis. Material was fixed
March 22nd, 1915, from varieties representing P. triflora, P. americana
mollis, P. hortulana Mineri, and a number of hybrids between P. triflora
and P. americana mollis, and in none had development advanced farther
than the archesporial-cell stage. On the other hand, on January 13,
1918, AmYygdalus Davidiana had pollen grains with two nuclei, but with
scant cytoplasm.

The anther wall

During the early archesporial-cell stage of the winter months the
central cells of the anther are somewhat larger than those of the outer
three rows and differ from them primarily in having larger nuclei and
more angular walls. The cells of the epidermal layer are small and
have a staining reaction similar to the others.

At the pollen mother-cell stage the anther walls are three to four cells



A STUDY OF STERILITY IN THE PLUM 423

thick and noticeable elongation has taken place in the outer layer, while
the three inner layers, particularly the innermost, are somewhat com-
pressed. The cells of the outer layer take the orange, while the other
layers, like the tapetum, have a greater affinity for the violet. The par-
tition between the loculi of an anther is also three to four cells thick,
and these cells as early as the open spireme stage are very much com-
pressed and elongated.

In the final growth stages, marked changes take place in the cells of
the anther wall. The outer wall of the epidermal cells becomes thicker,
and additional elongation takes place as the anther cavity increases in
size. The cells of the hypodermal layer become much broader, but show
the most marked change from the earlier stages in their greater length
and in the presence of conspicuous ridges in the wall. This layer is the
most prominent element of the mature anther wall and is bordered on
the inner side by the collapsed and very much extended walls of the
inner layers. The cell layers between the loculi, which have become
very much compressed at the liberation of the microspore, disappear
with the tapetum,—a change which throws the pollen of both loculi to-
gether. The point of union of the partition between the loculi with the
outer wall marks the place of dehiscence. In fact, at the time of the
dissolution of the partition cells a part of the cells of the anther wall
along the line of the suture is also dissolved. )

The early pollen stages

The tissues of the anther at the pollen mother-cell stage have the
characteristic differentiation and staining reaction. In cross section, the
mother-cells are four to five cells deep and four or five times as long.
The polyhedral walls about them are thin at first but become noticeably
thicker previous to rounding up. The uninucleate tapetal cells are
slightly larger than the mother-cells and stain more deeply with the blue.

The chromatin in the winter stages of the archesporial cells is coarsely
granular and the relative uniformity of the deeply staining masses in
number and size is striking. The number of these bodies approximates
that of the double number of chromosomes.

The rather scant chromatin of the mother cells, however, in the early
stages is finely granular and quite evenly distributed throughout the
nucleus. Previous to the formation of the spireme thread, larger and
more deeply staining masses are found. The spireme which enters
synapsis is very slender, irregular in marginal outline but distinctly
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granular. The synaptic mass is very tight and compact, being in many
cases but little larger than the nucleolus near or about which it is typi-
cally located.

At the time the synaptic mass is unraveling, a few short loops appear
first. These gradually lengthen and with further loosening others are
formed so that the thread is soon spread throughout the nuclear area.
While the plum is not suitable material in which to study the manner of
pairing of the chromosomes, well fixed preparations of the spireme at
critical formative stages show a condition which strongly favors the side-
by-side pairing.

During the open-spireme stage the chromatin thread increases in thick-
ness and as diakinesis is approached becomesimuch looser and even more
granular. Immediately following segmentation the chromosomes are
very irregular in outline and in many cases the individuals of a pair
lie distinctly apart. With further development, they gradually become
more compact and at the end of this stage are found evenly distributed
near the nuclear membrane. As the time of division is approached the
chromosomes assume a homogeneous structure which completely ob-
scures their double nature.

The heterotypic and homoeotypic division

Coincident with the appearance of the spindle fibers of the heterotypic
division, the nuclear membrane becomes irregular in outline and the
area of the nucleus much smaller. The multipolar spindle of the early
preparatory changes forms a distinctly bipolar spindle at the metaphase.
The chromosomes at the equatorial plate lie in slightly different planes
in most of the preparations of this stage, and show some irregularity in
the passage to the poles. The fibers of the spindle, particularly the
intra-polar fibers, are very distinct. Following this division the chro-
mosomes are drawn together at the poles in a close, compact mass. The
heterotypic spindle gradually becomes less distinct as the nuclei of the
dyad are formed.

After reorganization, the dyad nuclei divide simultaneously. The
spindle of this division is slightly smaller and narrower at the equatorial-
plate stage than is that of the first division, and the chromosomes are
smaller although distinct. The spindles sometimes lie in the same plane
although typically they are in planes perpendicular to each other. The
chromosome number determined in the plum is presented in table 2.
Judging from the number of species represented, ten chromosomes as
the reduced number is quite common in this genus.



A STUDY OF STERILITY IN THE PLUM 425

TaABLE 2
Showing the number of chromosomes found in different forms
of the plum.

. Chromosome

Variety number
Iron Clad (P. americana) ........oovvveuieuivannnn 10
Minnesota No, 12 (P. triflora X P. americana mollis) 10
Opata (P. Besseyi X (P. Munsoniana X P. triflora)) | Near 10
P. pennsyluanica .........ccoeiiiii it 20 2%
Stella (P. americana X P. triflora)................. 10
Stoddard (P. americana) ..........ccovevivieennnns 10
Surprise (P. hortulana Mineri).........ccc.cuv... 20 2x
Wolf (P. americana mollis) ............cooievii.o 20 2%
Wyant (P, americana) .....c.ooeeeeneiriesenasvnenns )

From the above description it will be seen that pollen development
proceeds through the heterotypic and homoeotypic divisions with every
appearance of being normal. This condition obtains for the most part
in the varieties of pure species as well as in extreme hybrid forms. De-
generative processes which become so active later do not gain expression
as early as this. "

The tapetum

The tapetum in the plum shows no marked variation from its usual
course of disintegration. -Its cells have a single large nucleus which first
divides about the time of the first division in the mother-cell. The most
noticeable changes which take place in the tapetum previous to the liber-
ation of the microspores are vacuolization and further division of its
nuclei. In some anthers advanced degeneration takes place at the tetrad
stage, at a time when the walls are still intact. Following the liberation
of the microspores, the tapetum rapidly disappears. During the period
of rapid anther enlargement, while its cells are yet intact, the tapetum
is often withdrawn from the anther wall. Following this stage the
tapetal cells are more or less separated and undergo the most rapid dis-
integration. The walls about the tapetum persist much later than the
mother-cell wall which disappears typically at the late tetrad stage. In
the mature anther only occasional traces of tapetal cells or walls remain
in the anther sap. The functioning of the tapetum and its disappearance
from the anthers in which there is partial or complete pollen abortion
are the same as in those bearing all normal grains. The tapetum in the
plum, then, functions normally as nourishing cells and apparently has no
bearing upon pollen degeneration.

Generics 4: S 1919
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The tetrad wall

Tetrad formation marks the point at which the hereditary allotment
to each nucleus has been made and also the beginning of an independent
existence of each microspore. The reaction of the microspore to its en-
vironment, both before and after liberation, therefore, is of particular
interest from the standpoint of aborted pollen.

The stages in the formation of the wall about the rounded mother-cell
in the plum are very distinct and can be easily followed. The origin of
this wall in other forms has been given some attention but its relation to
the wall of the mother-cell has not always been indicated. According
to the evidence at hand there appears to be two distinct methods of dis-
posing of the mother-cell wall: (a) in one case, as in the lily (ALLEN
1905) and the grape (Dorsey 1914), the original mother-cell wall dis-
appears at the rounding-up stage; and (b) in the other, illustrated by
the strawberry (VALLEAU 1918), the mother-cell wall remains intact
after rounding-up has taken place. The plum belongs to the latter class
and since these early stages precede the action of degenerative processes
they will be presented in some detail.

The angular walls between the early mother-cells have the appearance
in section of thin lines. These take the orange heavily with the triple
stain and with Heidenhain’s haematoxylin stain light or dark blue. At
this time they are similar in thickness to the walls of the tapetum. At
the time of the rounding up of the mother-cell the walls become notice-
ably thicker than those between the tapetal cells, but the staining reaction
is similar.

The first evidence in the plum of a new wall about the rounding-up
cytoplasm of the mother-cell is the separation of a thin layer from the
inner surface of the old wall, ifirst at the cell angles and subsequently
farther along the sides (plate 2, 1). In some sections the new wall,—
which will hereafter be referred to as the tetrad wall as distinguished
from the persistent mother-cell wall,—appears as a line and in others as
a surface, according to the angle of view. Later stages show consider-
able irregularity in separation. At the cell angles and narrow ends of the
cell, it is generally drawn away while yet in contact with the old wall
along the longer sides. From the irregularity in separation, however, it
should not be inferred that there is necessarily a similar irregularity in
formation, since, where partly separated or even in contact with the old
wall, its outline can generally be followed distinctly around the remainder
of the cell periphery. Complete separation of the tetrad wall takes place
in most cases previous to the heterotypic division,
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The tetrad wall appears to be a derivative of the mother-cell wall in-
stead of the cytoplasm. This view is supported by the manner of sepa-
ration as well as by the evidence from staining reaction. As noted above,
in the young mother-cell the walls have the appearance in section of a
thin line and later undergo slight thickening and stain heavily with the
orange. Immediately after the separation of the tetrad wall, which stains
a light orange, the mother-cell wall, which is again noticeably thinner
than just previously, has a darker reaction to the orange. Furthermore,
since the cytoplasm rounds up first, the plasma membrane is very distinct
and separated in places from the tetrad wall which, at this time, is gen-
erally completely formed.

The mother-cell wall, which remains after the formation of the tetrad
wall, persists in many anthers as late as the liberation of the microspores.
In others it disappears soon after the heterotypic division. The rapid
increase in the size of the anther cavity brings about considerable elon-
gation in the mother-cell wall which provides ample space for the tetrad.
The tapetal cell walls disappear later than those of the mother-cell so it
appears that different enzymes are acting, or if a single enzyme, that dis-
solution is localized.

The tetrad wall, which is thin and homogeneous when first separated,
does not undergo any appreciable thickening until after the heterotypic
division. Subsequent to this, particularly following the organization of
the tetrad nuclei but coincident with wall formation between them, the
tetrad wall increases rapidly in thickness. The maximum thickness of
the outer wall is found when the walls between the microspores reach
the greatest thickness, i.e., in the mature tetrad.

Traces of cell plates appear between the tetrad nuclei by the deposi-
tion of material near the central point of the intra-polar spindle fibres.
The staining reaction of this material is at first slightly darker than that
of the thick tetrad wall and the tetrad nuclei also round up before the
walls between them become thick. Furthér rounding of the spores is
followed by a gradual entrance of the viscid tetrad-wall between them
until each one is completely enveloped with the thick wall characteristic
of this stage (plate 2, 2). The stages in the division of the cytoplasm
between the microspore nuclei of the tetrad have been followed out in
considerable detail and for the most part agree with the observations of
Farr (1916, 1918). The question now enters as to what differences
appear in the morphology of the tetrad as a result of the two types of
mother-cell wall dissolution, i.e., a dissolution of the middle lamella at
the time of tetrad-wall formation as in the grape, and dissolution' subse-
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quent to the heterotypic division, as in the plum and strawberry.

In the grape, plum and strawberry, the outer wall between a mother-
cell and a tapetal cell persists after rounding-up has taken place in the
cytoplasm. In this position the tetrad wall has a similar origin in each
and a careful study of these stages shows a similar structure and sepa-
ration. In all three forms this wall, which is very thin at first and sub-
sequently thickens, the interpretation appears justified that it is homo-
geneous throughout because the stains used did not show in either that
the exterior is bordered by a thin wall or membrane. Such an interpreta-
tion is in accord with the well known swelling of colloidal substances.
The refractive power of the outer margin of the tetrad wall in the grape
and plum is identical with the triple stain and is similar to that of the
inner layer about the microspores. Furthermore, there is never a separa-
tion of an outer wall or membrane from an inner thicker portion of the
tetrad wall and during dissolution there is no appreciable persistence of
either the outer or the inner surface over that of the middle portion.
It is possible, however, that other staining methods may show differentia-
tion in the tetrad wall not revealed so far by the technique used. It
appears then that the differences in the time of dissolution of the mother-
cell wall result in no striking morphological differences in the tetrad
wall. In the grape, that remnant of the mother-cell wall, whether simply
the middle lamella or more, which does not enter into the formation of
the tetrad wall is dissolved immediately, while in the plum and straw-
berry it persists for a time longer. In one case there appears to be an
enzyme action which is either absent or delayed in the other. The origin
of the tetrad wall, however, appears to be identical in each type.

The microspore wall

The microspore wall first appears in section as a very fine line between
the plasma membrane and the thick tetrad wall (plate 2, 2). It is best
seen where slight plasmolysis has occurred. Before the tetrad wall is
dissolved the microspore wall becomes noticeably thicker. The sequence
of events is such that the extended cross walls of the mother-cell, the
tetrad walls, and the walls about the microspores can sometimes be seen
in the same anther. The microspore wall is formed adjacent to the in-
terior surface of the thick tetrad wall but outside of the plasma mem-
brane. No evidence of it can be seen in the plum until aiter the tetrad
wall has become thick between the microspores, but since the inner border
of the tetrad wall about each nucleus at this stage stains slightly more
heavily than previously the interpretation is that at least a part of the
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heavier staining reaction is due to the changes taking place in micro-
spore-wall formation.

The liberated microspore

Before the microspore is set free in the anther sap its nucleus is re-
organized and in the resting stage. In many anthers the microspores of
a tetrad remain in their usual position in relation to each other for some
time after the dissolution of the tetrad wall. Breaking down of the
persistent mother-cell wall generally precedes the dissolution of the
tetrad wall although both may disappear at the same time. In the plum
as in Fragaria (VALLEAU 1918) there is no appreciable increase in size
in the microspores before liberation. The anther sap is clear and homo-
geneous at the time of dissolution of the tetrad wall, and its staining
reaction is not changed by the inclusion of the substance of the walls of
the mother-cell and of the tetrad.

The germ pore is formed in the plum microspore immediately after
liberation from the tetrad, during the early stages of thickening and
growth in the microspore wall, but before the time of rapid extension.
The first evidence of the suture is a bending in of the previously spheri-
cal covering forming three longitudinal grooves in the surface at places
where the wall appears slightly thinner. During this stage the two dis-
tinct elements of the wall can be for the first time definitely distinguished.
At the germ pore the intine is continuous and the exine in cross-section
is broken or discontinuous. Further thickening takes place primarily in
the exine, which in the mature pollen grain constitutes the most con-
spicuous part of the wall. There are three sutures and at the mid-point
of each a germ pore. The germ pore is bordered by projecting, fimbri-
ated outgrowths of the exine (plate 2, 3) which are considerably raised
and are conspicuous in the mature pollen. These edges overlap, and in
some varieties, as- Wyant, the pore is closed by them. The germ pore is
present in all forms included in this investigation, a condition which is
very different from that in the grape in which it is absent in all pollen
borne by reflexed stamens.

Subsequent to the formation of the germ pore the microspore wall
enters a period of rapid growth both in extension and thickness. This
takes place much more rapidly than the growth of stainable cytoplasm,
producing that appearance characteristic of this stage in which large
vacuoles are formed. The stainable cytoplasm, with the nucleus, is lo-
cated mostly toward one side.
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The general relation of wall, vacuoles and cytoplasm is maintained
until the division of the microspore nucleus, a condition which results in
the division figure being located at one side in the rather narrow crescent-
shaped cytoplasmic mass. So far as observed, the division figure is per-
pendicular to the microspore wall, and the cell plate cuts off the typical
small generative cell. Division is followed by a further increase in the
size of the pollen grain in which there is a rapid growth of the stainable
cytoplasm.

The mature pollen grain

The exine of the mature pollen grain is thick and its exterior is marked
by prominent ridges and furrows (plate 2, 4). These are most con-
spicuous in Prunus americana and P. nigra; in other species, as P. vir-
giniana, P. pennsylvanica and P. Besseyi, the surface is only slightly
furrowed although distinctly rough. The sutures are prominent and
extend nearly the entire length of the grain. The protrusions about the
pore also vary in development in the different species, some extending
only slightly over the pore and some practically covering it. Tn some
sections the two coats in the wall can be clearly distinguished by a dif-
ference in staining, although they are very seldom separated except
where cutting has been the cause.

Soon after nuclear division in the microspore there is a rapid increase
in the stainable cytoplasmic content so that at maturity the conspicuous
vacuoles of the earlier stages disappear. At the time that the stainable
cytoplasm completely fills the space within the wall of the pollen grain
the microspore nuclei reach their maximum size (plate 2, 17).

In the mature pollen grain the nuclei, particularly the generative nu-
cleus, are characterized by their small size (plate 2, 8). This diminution
in size is brought about by the withdrawal of nuclear sap, a process
which first becomes evident by the irregular outline of the nuclear mem-
brane. The staining of the nuclei when thus contracted is clear and
distinct and not diffuse. There appears to be a concentration of the
chromatin into larger masses as contraction progresses from the more
finely granulated condition found immediately after the telophases of the
division (plate 2, 9). The lightly staining network, which connects the
finely granular chromatin of the earlier stages, becomes less conspicuous
at maturity. This is the normal condition in forms known to produce
viable pollen.

The generative cell as well as the generative nucleus decreases mark-
edly in size as maturity is reached, as will be seen by comparing figures
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5, 6,7, 8,9, and 10, of plate 2. In some sections the limiting membrane
of the generative cell is so closely contracted about the nuclear membrane
that the generative cell has the appearance of a nucleus (plate 2, g and
10). It may be either round or lens-shaped, and while generally located
near the center of the pollen grain close to the vegetative nucleus it is
in some cases found at one side adjacent to the wall. Conspicuous fea-
tures of the contracted generative nucleus at pollen maturity are the
dense masses of chromatin, relatively few in number, and the extremely
small nucleolus (plate 2, 8). The position of the generative cell in the
cytoplasm is independent of that of the germ pores. In Yellow Egg
(P. domestica) the generative cell is larger than in the American species,
and at maturity the chromatin is more finely granular. In Wyant and
Iron Clad, the generative cell is usually small when first cut off.

Pollen is mature before the stigma, and owing to its maturity and the
protection afforded by its thick wall and the anther wall it is more re-
sistant to adverse weather than is the stigma. At about the time the
petals are bursting the nuclei in plum pollen are entering upon the con-
tracted stage, and because of the presence of the anther sap they remain
turgid until the drying which accompanies dehiscence. When dry, in-
stead of being spherical and turgid, they are oval in outline and have
three deep folds lengthwise in the covering corresponding to the sutures.
In some varieties pollen is readily removed by the wind when dry affer
dehiscence, and in others but little is blown away because of the adhesive
action of a yellowish oily substance,

The pollen tube

Upon reaching a receptive stigma, both aborted and normal pollen
grains soon become turgid and spherical. When the growth of the tube
starts there is a slight bulging of the intine at the germ pore adjacent to
the stigma, but the tube nucleus and generative cell still remain in their
usual position. When the tube first emerges from the pore, the cytoplasm
contained in it and that adjacent in the pollen grain stains more deeply
than before germination. In some grains previous to germination the
cytoplasm stains more heavily about the margin, near the plasma mem-
brane. The chromatin in both nuclei at this time is finely granular and
more homogeneous than before in its staining reaction. The tube is
large and conspicuous when first formed and becomes noticeably more
slender as it advances into the stylar tissue, and both the tube nucleus
and the generative cell, as well as the larger portion of the cytoplasm,
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enter it by the time its length is three to four times the diameter of the
pollen grain. In the micropyle, after having passed through the tissue
of the style, the tube again becomes thicker. Moore (1917) notes this
difference in diameter and attributes it to food supply. It appears, how-
ever, to be due more largely to the stage of growth. Since the move-
ment of the generative cell in the tube can be easily followed, division
must take place there, although in the numerous sections of the tube at
this stage no division figures have been found. In fact in sections of
tubes in the micropyle (plate 2, 11) the generative cell can be found
still undivided so that it is probable that ¢ gametes are formed late in
the period of tube growth.

After the tube has extended as far as one-half of the length of the
style its cytoplasm becomes vacuolated and the nuclei are very incon-
spicuous. Partitions are formed in the tube, although they are not
easily found because they do not stain with Heidenhain’s haematoxylin
or with Flemming’s triple stain. Partitions were also found by OSTER-
WALDER (I910) in the pollen tube of the pear and by K~Nicut (1917)
in the apple, but stains were used by the latter which makes a study ot
this feature much easier than the stains used in this investigation. As
the tube advances in the style the cytoplasm is located well toward the
growing tip and the empty walls of the tube left behind can be found in
the stylar tissue, in many instances still leading to the empty pollen
coverings.

Aborted pollen never develops tubes. Empty coverings of grains
which have developed tubes in sections of the stigma are readily dis-
tinguished from aborted grains by their slightly larger size, the broken
intine or remnant of the tube, and the absence of cytoplasm. In all of
the preparations of receptive stigmas many normal-appearing grains do
not germinate and from many others only short tubes are formed (plate
5, L and M) ; yet these are under conditions where others grow nor-
mally. This condition prevails in controlled crosses as well as in cases of
controlled self-pollination where all pollen is known to have been ap-
plied at the same time. In the style the tubes become fewer in number
toward the base while immediately beneath the stigmatic surface there
are in many cases a multitude of short tubes, which in length grade grad-
ually into the longer ones. The great extremes in the rate of growth
shown by the tubes from different grains in the same style account for
the small number found at the micropyle in the later stages. Later more
attention will be given to the significance of the series presented here.
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From the foregoing it will be seen that normal pollen development is
the typical condition in the plum. Self-sterility and cross-sterility, which
are so general, are not due to degenerate pollen except in those forms
where pollen abortion is complete. From plate 5, L, it will be seen that
there is tube growth when the plum is self-pollinated, so it may be defi-
nitely stated that self-sterility is caused by other factors which operate
subsequent to tube formation. At this point interest centers around the
extent to which aborted pollen modifies the typical pollen condition in
the plum.

Aborted pollen or arrvested development
The types of aborted pollen

In Prunus, as in Vitis (Dorsey 1914) and Fragaria (VALLEAU 1918),
the range in the time of pollen abortion extends from liberation from
the tetrad to maturity. From selected grains taken in order of arrested
development a complete series can be constructed. In fact, such a series
can often be found in a single anther (plate 3, A, C, H, I). However,
by far the larger number abort before division of the microspore nucleus.
Since the one-nucleate grains may persist as late as the time of maturity
of normal grains abortion takes the form of a delay rather than of
disintegration.

A study of the late tetrad, at the time of wall dissolution, in which
the microspores are still in position, shows typically an even development.
Size differences between the microspores become conspicuous after fur-
ther growth. In cases of early cytoplasmic abortion in grains no larger
than one-half of the mature diameter, the wall undergoes partial or
even nearly complete thickening. In others often of greater siz=, there
is less thickening of the exine. The germ pore, however, is formed in
all cases where development is carried beyond the normal time of its
formation. In general, since there may be wall thickening and enlarge-
ment accompanying early cytoplasmic abortion, there does not appear to
be an intimate interdependence between wall and cytoplasm although
nearly complete wall-thickening is always found in cases in which abor-
tion occurs at a late stage. TisCHLER (1908) has regarded wall forma-
tion in pollen as being more or less independent of normal cytoplasmic
development.- This interpretation would appear justified in view of the
condition found in pollen before dehiscence, in which some aborted
grains are nearly devoid of stainable cytoplasm and in others only the
broken down remnants of the nucleus and cytoplasm remain. The fact
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however, that thickening in the wall takes place so early in growth, be-
fore degenerative processes are complete suggests that wall thickening
is dependent upon cytoplasmic growth. This view is further supported
by the thin walls found in those few grains in which abortion occurs
before wall thickening.

Considering now the condition of the chromatin in the aborted series,
those grains in which abortion occurs at the earliest stages show but
little if any increase in amount in the stainable cytoplasm over that re-
ceived from the mother-cell. In such cases the chromatin still persists in
large masses, a condition which suggests only partial reorganization.
The nuclear membrane in such cases may be either compressed and ir-
regular in outline or very much extended. The cytoplasm has different
reactions to stains, in some instances being finely granular and flocculent
and in others dense and more homogeneous. In general those grains
which have developed no farther than the one-nucleate stage are char-
acterized by their small size, scant cytoplasm, large vacuole, irregular
nuclear membrane, and large chromatin masses. Yet in these there are
generally thick walls and normal-appearing germ pores.

Where development is carried as far as the division of the microspore
nucleus, there is in most cases considerable addition to the cytoplasm,
but the nuclei show a similar condition to that above described for the
single nucleus in that there is a suggestion of arrested reorganization as
shown by the condition of the chromatin. The cytoplasm may still show
a large vacuole or the stainable cytoplasm may fill up the entire grain, in
the latter case the staining reaction is lighter (plate 3, J, K). This con-
dition in the cytoplasm indicates abortion at later stages, in which cases
the nuclei may appear more normal and may even enter the contracted
stage. It is probable that the latest cases of abortion cannot be detected
by the appearance in stained sections but are shown by the inability of
the grain to send out tubes. It has been stated in the discussion on pollen
development that on the stigma some apparently normal grains do not
send out tubes. It is conceivable that in these grains which do not de-
velop tubes the end of the aborted series is to be found.

Since the development of pollen is so typically normal up to the time
of liberation of the microspore, it now becomes important to determine
whether the other elements of the anther show a normal growth, espe-
cially in anthers where there is a large percentage or even total pollen
abortion. A careful study of anther development in a large number of
forms shows that the anthers undergo the usual differentiation even
when the pollen they bear is completely aborted. The exceptions to
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this are found where there is complete abortion early in development, in
which case there is often an unusual ingrowth of the endothecium. Even
in these cases the mature anther is filled with sap and the tetrad wall
and tapetum completely disappear.

The general development of the different elements of the anther and
especially a normal sequence of development in anthers where only a
part of the pollen is aborted would appear to eliminate any influence from
this source as a factor in pollen abortion. The abortion of some grains
in the same substratum in which others not only develop normally but
function normally indicates differences between the grains rather than
localized influences irom the anther.

In view of the condition in the anther, where there is approximately
a normal development independent of the pollen condition, it is of inter-
est to find the microspore wall undergoing a more or less independent
development. It will be seen therefore that so far as the 24 tissue is
concerned abnormalities which might later influence pollen development
do not enter and that abortion begins with the 14 condition.

Earliest evidence of pollen abortion

It has been emphasized that typically abortion does not become evi-
dent until after microspore liberation. However, certain apparent ex-
ceptions to this in an extreme hybrid condition have been found. In a
cross between P. Besseyi and P. armenica the stages of the heterotypic
and homoeotypic division have been studied in detail and there are indi-
cations in some of the mother-cells of irregularities in chromatin distri-
bution, which indicate that processes resulting in abortion begin earlier
in some cases than liberation, which in the less radical crosses is the
typical condition. In this cross 87 percent of the pollen is aborted
(table 4).

The earliest indication of arrested development found is in the dyad
stage (plate 2, 12) although at the heterotypic division single chromo-
somes sometimes lie far to one side of the plate and at the early metaphase
they are even more scattered (plate 2, 13). This scattered condition of
the chromosomes is suggestive, especially in view of the condition at later
stages. In a number of the dyads the chromosomes of one nucleus were
at late metaphase at the time of complete reorganization of the sister
nucleus. In other mother-cells of this cross at the tetrad stage, the con-
spicuous rings or circles in the cytoplasm (plate 2, 14) which resemble
small nuclei in some instances, particularly after the heterotypic division,
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also indicates an unbalanced condition following the reduction divisions.
As many as thirteen of these rings have been counted in a single tetrad.
Some of the darker-staining bodies in the cytoplasm have every appear-
ance of being chromosomes which have not entered into nuclear reorgani-
zation. That the rings, or in some instances spheres, which appear so
conspicuous in the cytoplasm (plate 2, 15, 16) are connected with chro-
matin distribution and are evidences of early degeneration is supported
by the extreme condition found in such tetrads as that shown in figure
16, plate 2. In the tetrad illustrated here no nuclei have been formed
and the rings and dark-staining bodies are conspicuous features in the
cytoplasm. Two of the spherical masses may in fact be interpreted as
nucleoli.

Following the heterotypic division some abnormalities are found in
nuclear reorganization. The variations found at this time include the
formation of as many as three nuclei (plate 2, 18) in the place of one,
or rarely, the organization of one large and one small nucleus in 2 single
microspore. Sometimes an unusually large nucleus is formed somewhat
in advance of the others. Following the liberation from the tetrad wall,
the unusually small microspores sometimes found (plate 2, 19) appear
to complete the series of variations from the condition found in most of
the other forms. While stages earlier than these—from diakinesis
through to the end of the heterotypic division—have been studied, there
are no outstanding conditions which would justify placing the beginning
of degeneration earlier than the period of reorganization of the dyad
nuclei—and degeneration at this stage is extremely rare.

Evidence of irregular chromatin distribution in the division of the
mother-cells in hybrids has been reported by JueL (1900), TISCHLER
(1908), RosENBERG (1909), LEVINE (1916) and others. This condi-
tion is of interest here primarily in that it does not result in a type of
pollen abortion different from those more nearly normal cases where it
has not been found. It appears, however, that the condition found at
nuclear reorganization following the heterotypic division justifies the
conclusion that degeneration processes may begin earlier in the plum than
in Vitis or Fragaria.

The breaking up of pollen into globules

In addition to the processes resulting in the aborted-pollen series, there
enters another process which dissolves pollen. This dissolution of pol-
len results in the production of a yellowish oily mass, which makes the
pollen of some varieties sticky and therefore less easily blown away by
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wind. This condition is of wide occurrence in the plum, particularly
where a large percentage of the pollen is aborted. All stages in the for-
mation of this yellowish substance have been. studied and it is found
that the substance is made up primarily from pollen although the tapetum
may also enter into its formation.

In the process of dissolution the pollen walls are first affected. Some
stages in cross-section show a beaded condition of the wall, a bead or
globule being formed at each ridge in the exine. In the final stages the
wall may be intact, yet completely composed of small globules which
gradually merge into larger ones. The small globules of the earlier
stages are formed from a relatively thin wall which determines their
diameter (plate 3, E). Before the exine breaks up into globules a thick
homogeneous band similar in appearance to the tetrad wall is sometimes
formed about the cytoplasm. Whether or not this is due to a thickening
of the intine could not be determined. At the time of breaking down of
the exine into globules, the cytoplasm shows a more diffused staining
reaction. Later stages show some globules as large as the mature pollen
grain which may further merge into even larger masses, but the final
stages usually show a number of smaller globules yet separate (plate 3,
D). The tapetum.sometimes is affected in the same way as the pollen
although it usually functions normally. ‘This dissolution process is gen-
eral in the loculus although it more commonly affects- aborted pollen.
It is found in some cases to affect grains with apparently normal nuclei
and occurs in pure forms as well as in hybrids. This dissolution process,
however, does not necessarily take place, but when it does it is found to
occur most frequently near the time of maturity rather than at an earlier
stage in development. There is also considerable variation in the extent
of dissolution in the anthers of a single flower. Since it does not always
take place even in aborted pollen, dissolution does not necessarily appear
to be the final process in abortion but rather a supplementary process—
undoubtedly enzymatic in nature.

Pistillody and petalody

So far pollen abortion has been discussed aside from the occurrence
of any metamorphosis in the anther. There is a wide-spread tendency
in the plum for stamens to change into petals on the one hand and into
pistils on the other. These abnormal types, including acalycine flowers,
have been noted previously by WaueH (1896, 1900) and others. In
the course of metamorphism into these organs an elaborate series of in-
termediate forms occurs.
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In pistillody (plate 4, C, D) particularly, the usual ontogeny of stamen
development is upset to such an extent that the following series can be
constructed showing the variation in the degree of development of dif-
ferent organs: (a) The nucellar tissue is developed normally in some
pistilloids, and not at all in others; (b) the integuments vary from an
entire enclosure of the nucellus to complete absence; (c) the position of
the ovules in the pistilloids ranges from a terminal position near the
anther to a basal position; (d) there are all degrees of enclosure of the
ovules by the carpel wall; (e) there are all degrees of stigma and style
development; (f) there are all stages in embryo-sac growth up to nor-
mal embryo-sac development; and finally (g) in anther suppression there
is a great variety of odd outgrowths of stigma and anther tissue termi-
nating the filament-like style. Some of these stigmas become receptive
and in some the ovules swell. However, it is important to note that
pistilloids are borne in the position of stamens, and hence on account of
the abscission of the calyx tube do not persist long enough for fertiliza-
tion to occur or for the style to be cut off. Even the extreme meta-
morphosis into an apparently normal pistil does not prevent the shedding
of the calyx tube at the usual time or interfere with the usual functioning
of the central or normal pistil.

Petalody like pistillody also occurs frequently, and all stages of meta~
morphosis of an anther into a petal are found (plate 4, A, B). The
yellow anther tissue assumes various shapes and sizes as the transition
to the white tissue of the petal becomes complete. Yellowish borders of
anther tissue generally develop in the narrower petaloids. The tissue of
the filament is very similar in external appearance to that of the petal
and as with the style, the lateral wing-like appendages lead up to the
broadened end which may be, part anther and part petal. The most com-
mon type of anther bearing the white tissue of the petal is shown in
plate 4, A, in which the end is pointed and white. There is little relation
between the broadening of the petaloid and the suppression of anther
tissue, since the latter may be absent on either narrow or broad peialoids.
However, transformation has not gone so far in the case of the petaloids
as to form an abscission layer at the base as in the petal, and all petaloids
which were observed were found to be shed, like stamens, with the calyx
rather than with the petals.

Sections through petaloids taken from flowers at full bloom show a
variety of unusual shapes in the loculi. Some are long and narrow,
others wide with irregular outlines; still others are lobed or branched,
tapering in some to long points, which are devoid of any trace of re-
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productive tissue other than an occasional collapsed mass of cell walls.
Pet