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ABSTRACT

DEVELOPMENT OF THE INFLORESCENCE IN 'MONTMORENCY'
SOUR CHERRY (PRUNUS CERASUS L.) AND EFFECTS OF
COMPETITION BETWEEN AND WITHIN FLOWER
CLUSTERS ON FRUIT SET AND ABSCISSION

By

Daniel Humberto Diaz

Field plots were established in a commercial
Michigan sour cherry orchard to investigate some of the
factors which might affect fruit set, including competition
among flowers and fruits, nitrogen applications and growth
regulators. Flower differentiation was also monitored
using scanning electron microscopy.

No correlation could be established between percent
of sour cherry pistils killed by freezes and percent set of
the surviving flowers. Reduced flower density following
freeze injury was associated with reduced fruit set.
Regardless of flower density approximately 25% of the
flowers which survived freezes yielded mature fruit. Hand
removal of two-thirds of the flower buds at bud swell did
not alter percent set significantly. Competition between
flower clusters is therefore not a factor controlling fruit
set. Removal of two-thirds of the flower buds for two or

three consecutive years did not affect set as compared to
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control; thus fruit load does not appear to affect subse-
quent percent fruit set. Abscission of flowers and immature
fruits was not affected by flower bud thinning at bud swell
or by removal of two-thirds of the fruits or leaves 2 weeks
after bloom.

Within clusters fruit set of flowers that opened
early was greater (25-36%) than that of flowers which
opened late (19-27%). This was not affected by selective
hand removal of flowers within clusters; thus fruit set is
not affected by competition among flowers within clusters.
Within flower buds tetrad formation in anthers of flowers
which opened early occurred 1-2 days earlier than in those
which opened late, and embryo sacs in the early opening
flowers were less subject to degeneration than were those
in the late-opening flowers.

Critical point dried axillary buds of 'Montmorency'
sour cherry were viewed in the scanning electron microscope
to determine the morphological changes which occur during
flower formation. The first evidence of change from the
vegetative to the reproductive stage occurred as a flatten-
ing of the apex five weeks after full bloom. Sepal
primordia were evident 45 days after the first signs of
initiation and 2 weeks later petal and stamen primordia
developed. Pistil initiation occurred about 3-4 weeks
later. Up to the time of anther and probably pistil

initiation, flowers within a bud differ in stages of
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development and these differences probably play a role in

the setting potential of such flowers.
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INTRODUCTION

Michigan produces about 60-70% of the national
tonnage of sour cherries. Almost the entire crop is frozen
or canned, and one cultivar, 'Montmorency', accounts for
all but a few tons.

One of the most important problems of the cherry
industry is fluctuating yearly yields, caused primarily by
spring frosts which kill some of the flowers. Also, the
shedding of flowers or immature fruits is so heavy in some
years that the crop is greatly reduced.

To avoid freeze injury, attempts have been made to
delay bloom of fruit trees using either growth regulators
(14, 41) or evaporative cooling (8, 51, 57). Response to
growth regulators has not been encouraging and side effects
make their use questionable (14). Evaporative cooling is
more effective in arid (1) than in humid (Dennis, personal
communication) regions, delays of up to 2 to 3 weeks having
been achieved under arid conditions as compared to 6 to 7
days in humid areas.

For many years researchers have tried to establish
what controls fruit set and abscission in order to be able

to manipulate production. If this were possible, one might



compensate for moderate frost injury by increasing the per-
centage set of the remaining flowers. Many factors control
fruit set and abscission, and most appear to be critical

at one or more stages of development. For sour cherry,
competition between individual blossoms or fruits (3, 4),
and early embryo sac degeneration (4, 37) may reduce fruit
set.

The objectives in this research were (a) to deter-
mine the effect of position of flowers within the cluster
on egg cell normality, and the effects of flower position
and density on fruit set and abscission, and (b) to
describe the morphological and anatomical development of
the flowers from initiation in early summer until just

prior to bud swell the following spring.



LITERATURE REVIEW

Sour Cherry Production

Michigan ranks first among the United States in
production of sour cherry. Within the state in 1977, an
average year, sour cherries accounted for 22% of the
acreage, 20% of the total production and 39% of the total
value of fruit crops (55). Within the last 10 years the
total production of sour cherries in the United States has
varied between 90 and 220 million pounds, mainly because
of fluctuations in yield in Michigan. These fluctuations
have caused the same effects on price of cherries to the
producers with a range of 15 to 50 cents per pound with
consequent major problems in marketing. By 1985 sour
cherry production in Michigan is expected to be 224 million
pounds, or 39% above the average for 1973-1978 (46).
Observers (46) predict an 8% increase in acreage plus an
increase in yield per acre. The industry must find a way
to reduce fluctuations in production from year to year in
order to maintain a uniform market that would economically

benefit growers.

Origin of 'Montmorency'

The cultivar Montmorency accounts for most of the

sour cherry production. It is believed to have originated
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in the Montmorency Valley in France around the seventeenth
century, probably as a seedling of 'Cerise Hative' or
'Cerise Commune'. It was first mentioned by Duhamel in

1768 and in America in 1832 by William Prince (40).

Flower Bud Formation

In most deciduous fruit trees, flowers are initiated
and differentiate the summer before they open. Goff (32)
in 1899 was the first to report on the origin and develop-
ment of flowers in stone and pome fruits. Other workers
have provided additional information (20, 33, 36, 76).
Depending on the location, condition of the tree and the
cultivar under study, initiation (visual morphological
change in apex) occurs in sour cherry about 5 to 6 weeks
after full bloom and differentiation of most flower parts
is complete 8 to 10 weeks later. The first noticeable
change in the apex is a flattening-out. As the season
progresses the apex becomes concave, and sepal, petal and
stamen primordia develop acropetally (36). Gibberellin
inhibits flower differentiation in peach (9) and cherry
(10, 45), while SADH hastens it (58). Fully developed
reproductive buds contain 2 to 4 flowers in an inflores-
cence that Goff (32) classified as a corymb. He noted that
the proximal flower was slightly more advanced than the

others.



Fruit Set and Abscission
of Fruits

Deciduous fruit species normally produce many more
flowers than will set fruit. Continuous shedding of flowers
shortly after bloom and of immature fruits throughout the
fruit maturity season results in a low percentage of flowers
developing into mature fruits. Peach normally sets 30% of
its flowers (38), almond, 30% (48), and sour cherry, 25%
(4). As important as knowing what percentage of flowers
will produce mature fruits is knowing what percentage must
set in order to yield a commercial crop. Fletcher (25)
reported that for plum and apricot a 13% set assured a good
crop when no frost occurred, while Roberts reported 25% for
sour cherry (68).

The abscission patterns of flowers and immature
fruits have been established for most of the stone fruits.
Those of the peach (16, 38, 90), almond (48), plum (17) and
sour cherry (3, 37) are very similar. Three periods of
fruit drop occur; the first takes place during bloom or
shortly thereafter and appears to consist largely of defec-
tive flowers which drop without appreciable enlargement
of the ovary. Their pedicels are often shorter than normal
and the style and calyx cup do not abscise (4, 38, 48).

The time of the second drop varies with species, occurring
about a month after bloom in almond and peach (2, 38, 48),
and about a week after the end of the first drop in sour

Cherry (3, 37). Sour cherry fruits falling in this drop
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are primarily 5-7 mm long. The calyx cup and style have
abscised and the ovary is slightly yellow and has a dull
surface appearance in comparison with developing fruits
(4). The third drop occurs about three weeks after the
second in sour cherry (3, 37) and about six to seven weeks
after full bloom in almond and peach (38, 48). The fruits
in this drop are large (9-10 mm long) with an ovate shape
as compared to the globoid shape of persisting fruits

(4, 38, 48).

The proportion of fruits which fail to develop to
maturity varies from year to year. A range of 50 to 75
percent drop of the total number of blossoms has been
reported for sour cherry in various years (4). Distribution
of the drops also varies among years. In almond no first
drop occurred one year (48), while in sour cherry an inverse
relationship often exists between the intensities of the
first and second drops (4, 37). The proportion of fruits
falling in the third drop is generally low relative to the

total number of abscising fruits.

Internal Factors Affecting
Fruit Set

a) Compatibility. Some tree fruit cultivars are

receptive to their own pollen (self-compatible), some are
not (self-incompatible). 1In the latter pollen must be
supplied by another cultivar (cross-pollination). Most
apple and pear cultivars require cross-pollination while
most peach cultivars are self-compatible. Most of the self-

incompatible peach cultivars have been eliminated from the



market because of their need for interplanting and insect
pollination (54). Most sweet cherry cultivars are self-
incompatible. Three of the most important cultivars--Bing,
Lambert, and Napoleon--are inter-incompatible (27, 81), and
therefore interplanting is essential. The need for insect
pollinators is especially important for any species in
which some cultivars are self-incompatible.

Some sour cherry cultivars are reportedly both self-
and inter-compatible (4, 89) but others are self-
incompatible (61). Roberts (67) stated that blossoms of
'Montmorency' were self-compatible and that insect pollina-
tors were not needed. Marshall et al. (52) found that
hand pollination with 'Montmorency' pollen increased set
of 'Montmorency' (24%) in comparison with open pollinated
flowers (7.5%). Similar results were reported by Hootman
(42), Shoemaker (71) and Wocior (87).

Fruit set of 'Montmorency' trees which were caged
with bees was 31% in comparison with 11% for the controls
(71). Similar results have been reported by Drescher (19).
Roberts (67) observed that the use of other cultivars,
such as 'Early Richmond', as a source of pollen increased
set of 'Montmorency'. Marshall et al. (52) confirmed this
and suggested that higher viability of 'Early Richmond'’
pollen might be responsible for the difference.

Therefore, although most of the sour cherry culti-
vars are self-fruitful, insect pollination seems to be

essential and cross-pollination may be beneficial.



Wocior (88) collected pollen from sour cherry
flowers opening before, after, or at full bloom; maximum
germination and tube growth occurred in that collected at
full bloom.

b) Pollination, fertilization and embryo-sac

viability. Following pollination several processes must
occur before fertilization is accomplished, including
pollen germination and tube growth. Flowers of 'Pandy' sour
cherry are open an average of 80 hours. Their pistils
become receptive 12 to 13 hours after anthesis and remain
so for 48 to 130 hours, while the anthers dehisce 13 to 44
hours after anthesis (62). Following deposition of the
pollen grain on the stigma, the grain swells and its coat
cracks allowing the pollen tube to grow into the style.
The time required for the tube to reach the micropyle
varies with species and with environmental conditions. It
varies from one (37) to 4 days (69) in sour cherry and
1 (78) to 5 days in sweet cherry (22), while for peach 4
days are required (38). Once the pollen tube reaches the
micropyle and enters the embryo-sac, it discharges its two
male gametes, one of which unites with the egg cell to
form the zygote, while the other fuses with the polar
nuclei to form the endosperm (29).

Bradbury (4) indicated that neither lack of polli-
nation nor failure of pollen tubes to reach the ovary were
important factors controlling fruit drop in sour cherry.

She found pollen tubes in the ovarian cavities of both



aborting and developing fruits 4 to 5 days after full
bloom. Thus slow pollen tube growth was not responsible
for lack of fertilization in first drop fruits. Ninety-
one percent of abscising fruits sampled 12 days after full
bloom contained two shriveled ovules, while all of the
developing ones contained at least one plump ovule. Only
6% of third drop fruits did not contain an embryo. She
concluded that abnormalities occur in the embryo-sac at
least as early as full bloom. The degeneration observed
in some flowers a day or two before blossoms opened support
her conclusion. If her data are pooled, as much as 50%
of the total abscission can be attributed to early embryo-
sac degeneration.

Similar events occur in apricot (24), sweet cherry
(21), plum (17), apple (18) and peach (38). Eaton (21)
recorded the rate of embryo-sac degeneration in unpollinated
'Windsor' sweet cherry flowers following anthesis. At
anthesis almost all embryo-sacs had reached the 8-nucleate
stage; 2 days after anthesis over half of the flowers
collected had degenerate egg cells; 4 days after anthesis
80% of the embryo-sacs showed some irregularity and by
6 days after anthesis no functional egg cells could be
found. Eaton and Jamont (24) reported that only 22% of
apricot ovules sampled between anthesis and petal fall
contained functional egg cells. Eaton (21) stresses the
importance of pollination immediately after anthesis to

insure fertilization and fruit set.



10

In the sour cherry cultivar 'Korosi' the egg cells
are still viable 48 hours after anthesis, but they have
degenerated after 96 hours (65). Fruit set was highest
when flowers were hand pollinated within the first 24 hours
after anthesis; no fruit set occurred when pollination was
delayed more than 72 hours. In 'Lambert' sweet cherry,
mutant clones with a high pollen fertility had 62% normal
egg cells while those with low fertility had only 46% (23).

What triggers embryo-sac degeneration is unknown.
Harrold (38) observed shrinking of the nucellus at the
chalazal end of peach seeds while the embryo-sac was
apparently normal, indicating a possible disruption of the
vascular system supplying the ovule. This in turn might
cause egg cell degeneration. Similar observations have
been made in plum (17).

Reports as to the cause of abscission of apparently
normal fruits in the second and third drop are contradic-
tory. Dorsey (17) suggested that the second drop of plum
results from a lack of fertilization, while Bradbury (4)
found some fruits with embryos in cherry. Even less is
known as to the cause of the third drop. Abscising peach
fruits do not exhibit any apparent differences in structure
in comparison with developing fruits (38), embryo size
being the only observable difference. Simons and Chu (7)
suggested that the amount of placental tissue was important
in apple and that formation of an abscission layer

through the funiculus at the suspensor cell may be the
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first phase of embryo abortion and fruit drop. Weinbaum
and Simons (84), comparing persistent versus potential drop
fruits of apple, showed that at the time a fruit stops
growing (an indication that it will abscise), no evidence
of degeneration or functional change was evident in the
embryo or the endosperm. Plum (17) and peach (38) fruits
from the second and third drops contain seeds in which the
integuments have begun to turn brown at the chalazal end.
Browning extends towards the micropylar end as degeneration
proceeds. All of these observations suggest that in the
course of embryo abortion, the initial disorder occurs
elsewhere than in the embryo itself. Therefore, embryo
abortion probably is a result rather than the cause of
fruit abscission.

c) Diseases. Various fungi, bacteria, viruses and
other microorganisms can reduce production potential of
sour cherry (26, 35). While most can be controlled by
spray programs, some, including necrotic ring spot virus
and yellows virus, cannot. Their effect on growth and yield
has been reported (12, 49, 64). Tree to tree transmission
of viruses can occur through the pollen (6, 30, 49, 64).
Pollen from virus-infected trees is less effective in
setting fruit than that from healthy trees (80, 82). Total
sterility of sour cherry flowers may occur in trees
infected with necrotic ring spot virus (80).

d) Competition between flowers. Numerous reports

suggest that competition between flowers or fruits controls
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set (4, 17, 70, 85). Therefore a freeze which reduces
flower density should reduce competition and increase set
of the remaining non-injured flowers. Sax (70) noted that
a larger percentage of apple flowers set fruit when
blossoms were thinned prior to hand pollination. Bradbury
(3, 4) reported that percentage fruit set of sour cherry
was greater in years when bloom density was reduced by
winter injury. However, using data published by Gardner
(28), I have calculated the correlation coefficient (r)
between percent survival following freezes versus percent
set of surviving flowers. The value r = 0.438 is non-
significant at p = 0.05 for these observations. Thus com-
petition cannot explain all observations and other factors
must also be involved.

Competition among flowers within buds has been
reported. Bradbury (4) noted that early thinning to orne
blossom per bud increased percent set of sour cherry.
Howlett (43) increased fruit set of apple flowers from 3%
(untreated) to 50% by removing all flowers but one on each
cluster. The terminal flower set better than did laterals
and its presence reduced the set of the laterals.
Srivastava (74) found no differences between setting poten-
tial of terminal versus lateral pear flowers; however,
those in the central part of the inflorescence set best.
In grape the highest percent set occurred in flowers
opening the first day (66). When whole clusters were

considered, about 70% of the berries developed from
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flowers opening the first 2 days. Selective removal of
flowers opening the first, second or third day did not
increase set; therefore competition was not a factor.
Thinning of the fruits is a commercial practice to
increase size and/or color of fruits. Little is known as
to its effect on fruit retention because it is usually done
after "June" drop, that is, after most of the drop has
occurred. Howlett (44) thinned apple fruit clusters to 1
to 4 lateral fruits about a month before June drop. As the
number of fruits left per cluster increased the percentage
of fruits remaining after June drop decreased. He concluded
that reducing fruit competition early in the season largely
eliminated June drop. 2Zucconi (90) removed two-thirds of
the l-year-old branches and one-third of 2-and 3-year-old
branches on peach trees before anthesis, as well as two-
thirds of the fruits set 2 weeks after bloom. Only 23 to
31% of the fruits left on these trees abscised, while 77 to
99% of the fruits on control trees, in which no branches
or fruits were removed, abscised. Therefore, reducing
fruit load early in the season reduces subsequent fruit
drop in apple and peach.

e) Competition between fruit set versus current

season vegetative growth. Fruit set occurs at the same time

as shoot growth, and the two processes supposedly compete.
However, Goff (34) showed that growth of the terminal bud
on fruit spurs did not prevent setting of sour cherry

fruits, as spurs that made more than 2.5 cm growth during



14

the fruit setting period set fruit as well as did those with
less than 2.5 cm growth.

f) Fruit set and flower bud position. Buds on sour

cherry may occur on one-year-old shoots or on spurs on older
wood. Flower bud production on spurs accounts for about

60% of total yield (67, 68, 77); however, relative setting
ability of flowers on spurs versus those on one-year wood
has not been evaluated. Roberts (68) mentioned that flowers
on sour cherry shoots did not set as well as those on spurs,
but no data were presented. Diaz (unpublished data)
observed that 25-31% of flowers on shoots set fruit while

those on spurs of 2, 3- and 4-year-old wood set 19-25%.

External Factors Affecting Set

a) Temperature. This is the main environmental

factor controlling fruit set in fruit trees, and it exerts
its effects in various ways. After rest is broken, micro-
sporogenesis of sour cherry begins when daily temperatures
exceed 5 to 6°C (56). Sour cherry pollen germinates well
at 20° but is retarded by temperatures below 10° (34).
Pollen germinates freely at 9° and the tube rapidly grows
through the style. In sunny warm weather (15 to 22° and

9 to 12 hours of sunshine) the longevity of the sour cherry
ovule is 2 to 3 days, while during cool overcast weather

(4 to 12°) longevity may be 4 to 6 days (60). Thompson and
Liu (75) observed that both initial fruit set and ovule

longevity in plum were inversely correlated with post bloom
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temperature. Although ovule longevity is prolonged when
temperatures are low, pollen tube growth is retarded, off-
setting any beneficial effect on set. Similar observations
have been made in bean (63).

The main adverse effect of temperature on sour
cherry production is spring freeze injury to the flowers.
The temperature at which 50% of the flowers are killed
increases rapidly as the buds swell, reaching =-5°C prior to
bud scale separation and -3° at full bloom (15). Not all
blossoms on a tree are at the same stage of development at
any given time, and the amount of injury depends to a
considerable extent on the percentage of opened versus
unopened flowers.

b) Light. Several reports show that shading sour
cherry trees,so as to reduce light intensity up to 50% for
2 to 3 weeks beginning at bloom, has no effect on pollen
germination or tube growth (37, 69). However, the effect
on fruit set has been contradictory, Gray (37) observing
no effect while Lengord (50) and Roberts (68) noted a
reduction in set.

c) Cultural practices. Nutrition plays a key role

in tree yield and is closely related to tree vigor.
Nitrogen application increases yield of sour cherry (5, 11,
77) but this may reflect an effect on vegetative growth,
increasing the number of nodes where flowers can occur,
rather than an actual increase in fruit set. 1In

'Schattenmorelle' sour cherry nitrogen applications
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increased both the total number of flowers per tree and the
number of flowers per inflorescence (53). Wierszyllowski
(86) reported that sour cherry trees treated in the fall
with N-P-K and some minor elements dropped less fruit the
following year. Fall applications of boron are effective
on increasing set in Italian prune (7) and sweet cherry

in Oregon (Westwood, personal communication).

Pruning can affect tree size, spur and flower bud
formation, leaf area and fruit size, depending on severity
and timing (29). Sour cherry orchards in Michigan are
often left unpruned after initial training. Recently,
Kesner et al. (47) reported that hedging of sour cherry
trees before bloom increased both percent fruit set and
yield in the year of treatment.

Although chemicals are effective in increasing set
of some fruits (73, 83), no significant or consistent
results have been obtained in stone fruits (13, 39). Some
positive effects have been reported with self-incompatible
sour cherry cultivars following application of auxin and/or

gibberellins (59, 79).

Summarx

Sour cherry production is erratic due to various
factors of which the most important is freeze injury to the
flowers. Considering that a relatively small percentage

of the surviving flowers yield mature fruit, there is a
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need to evaluate more critically what controls fruit set,
and to find methods to increase it.

Efficient pollination is essential for rapid fer-
tilization of the egg cell, as the longevity of the ovule
after anthesis is limited. This can be achieved by intro-
ducing bees and possibly by interplanting pollinizers. The
cause of rapid ovule degeneration is unknown. Although
nutritional status of the tree has been implicated as a
possible cause, little evidence is available to support
this hypothesis. Competition between flowers and/or fruits
may also reduce set, but available data are contradictory.

Some critical work needs to be done to establish
the relationship between nutrition and set, as well as the
importance of environmental factors. Such studies should
include evaluations of flower formation and ovule longevity
as well as all other processes involved in fruit develop-
ment.

In the work to be described, experiments were
designed to provide additional information on some of the
factors that are reported to affect fruit set including
competition, nutrition, growth regulators and flower bud
formation. The hypothesis that fruit set is predetermined

at or near bloom was also evaluated.
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EFFECT OF FLOWER AND FRUIT DENSITY ON FRUIT
SET AND ABSCISSION OF SOUR CHERRY (PRUNUS
CERASUS L. CV. MONTMORENCY)
Abstract

No correlation was established between percentage

of sour cherry (Prunus cerasus L. 'Montmorency') pistils

killed by freezes and percent fruit set of the surviving
flowers. Random removal of two-thirds of the flower buds
to simulate frost injury had no significant effect on final
percentage fruit set in 3 consecutive years. Approximately
25% of the flowers which survived freezes yielded mature
fruits regardless of flower density. The abscission pat-
terns of flowers and immature fruits were not altered by
flower bud thinning. Neither fruit thinning nor defolia-
tion 2 weeks after bloom affected abscission of fruits.
Competition between flowers and/or fruits is therefore not
a factor in fruit set of 'Montmorency' sour cherry. Within
clusters, flowers which opened early set better than those
which opened late. Selective removal of flowers within
clusters according to their opening sequence did not
increase the fruit setting potential of those which
remained, indicating that competition within clusters also

is not a factor in sour cherry fruit set.
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Nonuniform annual cropping is common in the
Michigan sour cherry industry, mainly because of spring
freezes. In addition, shedding of flowers or immature
fruits could be so heavy some years that yield would be low
even in the absence of damaging freezes.

Uniform cropping might be achieved by either
a) delaying bloom to avoid freeze or b) controlling the
fruit setting process. Bloom delay has been achieved both
by using growth regulators (4, 9) and by evaporative
cooling with overtree sprinklers (3, 13, 14). Although
both methods have reduced the probability of freeze injury,
side effects often reduce the potential of flowers to set
fruit. The causes of fruit set are still obscure, but
competition between flowers and/or fruits has been sug-
gested as one controlling factor (2, 6, 7, 10, 11, 19).
Bradbury (2) reported a higher fruit set in sour cherry in
years when winter injury reduced bloom density. She also
found that removal of flowers within clusters at bloom
increased set. However, Gardner's (7) data show no correla-
tion between extent of freeze injury and percent fruit set
of surviving flowers. The effect of competition between
flowers within clusters has been evaluated in apple.
Leaving one apple flower per cluster at bloom results in
much higher percent set than does leaving two, three or
more flowers (10). Also the terminal apple flower, which
opens first, sets better than lateral flowers, and its

presence reduces the setting potential of laterals. The
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flowers in the middle part of the pear cluster set better
than those either more apical or more basal (18). The
highest percent set in grape flowers occurs in those
opening on the first day, later flowers setting half as
well (15).

Thinning apple (l11) and peach (20) flowers and/or
fruits early in the season reduces abscission of the
remaining fruits, suggesting that competition is a factor
in fruit set.

This work was designed to determine the effect of
flower and fruit density on fruit set and to establish the

relative setting ability of flowers within clusters.

Materials and Methods

The 'Montmorency' trees used for treatments were in
a commercial orchard at Mears, Oceana County, Michigan, and
were 16 years old in 1976. Terminal vegetative growth
was 20-35 cm in length.

Effect of Freeze Injury on Set
of Surviving Flowers

To establish the relationship between extent of
freeze injury and set of surviving flowers, one limb with
a base diameter between 0.75-1.25 cm and length of about
40-60 cm was selected on each of ten uniform trees in the
spring of 1977 and eight in 1978. Two hundred flower buds
per limb were counted beginning at the apex of the limb.

In both years freezes (-3° to -6°C) occurred before bloom.
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Two days after full bloom, the number of both injured and
surviving flowers were recorded. At harvest, persisting
fruits on each limb were counted and percent set determined.
Effect of Flower or Fruit

Density and Defoliation
on Fruit Set

In order to determine if flower or fruit density or
defoliation had any effect on set either in the same or in
subsequent seasons, three plots, each with 4 trees of
uniform growth, vigor and yield were established in the
summer of 1975 and one limb was selected on the north,
south, east and west sides of each tree. Treatments
applied to branches the following year were as follows:

a) control--no treatment; b) two-thirds of the flower buds
removed at bud swell; c) two-thirds of the leaves removed
2 weeks after full bloom; d) two-thirds of the fruits
removed 2 weeks after full bloom. Each treatment was
applied to one limb on each tree, using a Latin Square
design, and 200 flower buds were counted on each limb.

The number of flowers injured by freezes were recorded at
bloom, and all results were expressed on the basis of
living flowers. Limbs were shaken gently every 2 to 3
days following full bloom to dislodge abscising flowers
and fruits, and persisting fruits were counted. Treat-
ments were continued on the same limb on 1 plot in 1977, and
on another plot in 1978 (Table 1); each year the number

of buds, flowers and fruits were counted. In order to
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Table 1. Experimental Arrangement of Treatments to Evalu-
ate the Effect of Flower and Fruit Density and
Defoliation Within Limbs on Fruit Set.

Plot Year (s) of Year Data Total No.
Treatments Collected Trees
I 1976 only 1976 4
II 1976 and 1977 1977 4
III 1976, 1977
and 1978 1978 4

verify the drop pattern of flowers and fruits, sheets were
placed one one side of the tree (North, South, East or West)
on the ground under four 7-year-old trees on an adjacent
plot and abscised fruits were collected at 2 to 4 day inter-
vals from bloom until harvest without shaking the limbs.
Effect of Flower Density and

Posit}gp Within Clusters on
Fruit Set

Sour cherry flowers open in sequence within
clusters (Figure 1). Comparisons were therefore made of
the fruit-setting ability of flowers in relation to time of
opening. Flowers were classified as: A, first to open;

B, second to open; and C, third to open within a cluster.
In 1977 and 1978, flower clusters on 4 trees were selected
and their flowers color coded with adhesive tape so as to
classify their fruiting performance according to the
sequence of flower opening. Also, during the spring of

1977 uniform 17-year-old trees were selected and assigned
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Figure 1. Differential opening of flowers within a cluster.
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to a randomized block design with 4 replications (trees)
and 7 treatments, using only clusters with 3 flowers. To
evaluate the effect of flower density and position on fruit
set, the following treatments were applied to individual
limbs: no flowers removed, C removed, B removed, A removed,
A and B removed, B and C removed, A and C removed. The
same design was used in 1978 with seven 7-year-old trees
(replicates). Fruit set was evaluated several times during
the early summer and again at harvest.

Embryo-Sac Development
Within Clusters

In 1978 embryo-sac development was evaluated to
determine if late developing flowers were more likely to
contain non-functional sacs. At anthesis of the most
advanced flower within each cluster, each flower was color
labeled according to its opening sequence and samples were
taken at intervals thereafter. Flowers were fixed in FAA
as described by Johansen (12) and stored at 7°C. Pistils
were then dehydrated using tertiary butyl alcohol (12),
embedded in paraffin, and cut serially at 12 microns
thickness. The ribbon was affixed to the slide with
Weaver's solution (16). Sections were stained in Safranin-
Fast green (12) and later examined with a light microscope.
Embryo-sacs were classified according to whether the egg
cell was a) differentiated, or b) irregular or degenerate.
Nine to 12 flowers of each type (A, B, and C) were examined

on each sampling date.
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Tetrad Formation in Anthers of
Flowers Within Clusters

To evaluate the time of microsporogenesis in rela-
tion to flower position within the bud, flower buds were
collected at bud swell in 1978 and processed as described
above. Anthers were examined with a light microscope and
flowers were classified as to whether tetrads were present

or not.

Results and Discussion

Freeze Injury

In both 1977 and 1978, percentage fruit set of
flowers which survived freezes decreased as the proportion
of flowers killed increased (Figure 2). However, correla-
tion coefficients were nonsignificant in both years. As
data were available for only 8 to 10 limbs, significant
values might have been obtained with more replications.
This relationship might be expected if sub-lethal frost
injury occurred, and internal tissues such as the ovules

were damaged without injury to the pistil itself.

Flower Cluster Density

Removal of two-thirds of the flower buds did not
affect final percent fruit set (Table 2). Although all
treatments reduced fruit set slightly, in no case were
differences significant at 5%. These data do not agree
with those of Bradbury (2) who found that low flower

density increased set of sour cherry. Removal of
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Figure 2. Freeze injury to flowers vs fruit set at harvest
in 'Montmorency' sour cherry, 1977 and 1978.
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buds in 1976 only did not alter percentage fruit set sig-
nificantly, even though the number of flowers per limb was
reduced by half. Competition between clusters is therefore
not a factor in controlling fruit set, and any injury to
flowers will reduce potential yield. When flower buds were
thinned 2 or 3 years in succession, fruit set was again
similar to that of the control. Therefore, fruit load
does not appear to affect fruit set the following year.
Fruit thinning or partial defoliation 2 weeks after full
bloom did not affect fruit set (Table 2), so competition
between fruits does not appear to be a critical factor
for a fruit to persist. Considering the pattern of fruit
drop (see below), induction of abscission probably had
already occurred 2 weeks after full bloom.

The abscission pattern of flowers and immature
fruits for 1976 was similar to that reported by Gray (8)
(Figure 3A). The first wave of abscission of flowers began
12 days after full bloom and comprised 20% of the total
flowers and fruits abscised. The second wave began at 20
days, lasted for 12 days, and accounted for about 75% of
the total drops. No definite third wave was observed, but
a few fruits continued to fall from 32 days after full
bloom until harvest. The pattern was similar in 1977, but
the peaks were earlier (Figure 3B). Temperature following
bloom may affect the pattern, as temperatures were higher
in 1977 than in 1976. Flower thinning did not affect the

pattern of abscission (Figures 3A, 3B). Abscission of
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Figure 3. Effect of flower bud thinning on flower and fruit
drop pattern, 1976 (A) and 1977 (B). Data based
on number of persisting fruits.
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sour cherry flowers and fruits has been attributed to early
embryo-sac degeneration (2) and/or to embryo abortion (2).
Whatever the cause, competition between flowers or fruits
does not appear to be involved.

The drop pattern obtained by collecting flowers or
fruits from sheets beneath the trees did not differ
appreciably from that based on persisting flowers and

fruits on tagged limbs (Figure 4).

Flower Density Within Clusters

Clusters with all three flowers present (no treat-
ment) in 1977 and 1978, were classified as to fruiting
performance according to the sequence of flower opening
(Table 3). More than one-third of the clusters set no
fruit, while only 4% set all flowers. When only one flower
set per cluster, flowers A or B were twice as likely to be
retained as was C. If 2 flowers set fruit, A plus B were
retained more often than were A plus C or B plus C.
Combining data for all flowers, flowers A and B set equally
well, but C was less likely to set fruit.

Hand removal of flowers yielded similar data
(Table 4) indicating again that flower C had a lower poten-
tial to set whether other flowers are left on the cluster
or not. Thus fruit-setting potential is not affected by

competition with other flowers in the cluster. Differences

in set between treatments were not significant in 1978.



Figure 1.
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Scanning electron micrographs of critical point
dried apices of sour cherry (Prunus cerasus L.
cv 'Montmorency') showing developmental changes
during flower initiation. A. 1Initial phase of
change from vegetative to reproductive stage by
rounding of the apex, with bract primordium
(BP), June 10. x600. B. Flattening of the
apex, June 15. x440. C. Floral primordia
(FP) developing in the axil of each bract
primordium, June 28. x510. D. Floral prim-
ordia evident in 3 bracts and a 4th beginning
to form, June 30. x410. E. Ovate stage of
flower primordia, July 3. x320. F. Round
stage of flower primordia, July 10. x300.
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Table 3. Classification of Flower Clusters by Fruiting
Performance According to Sequence of Flower
Opening. ‘

Percent of Clustersz
Cluster with

1977 1978
No mature fruit 38.5 37.4
AY only 13.8 13.0
B only 12.3 10.2
C only 6.2 6.8
A and B 15.4 12.2
A and C 4.2 7.5
B and C 4.2 8.8
A, B, and C 4.2 4.1
Means for:
All A's 37.0 36.7
All B's 35.6 35.4
All C's 18.0 27.2

2pata collected from 65 (1977) and 147 (1978) labeled
flower clusters.

Ya, B, and C: 1st, 2nd, and 3rd flower to open within a
cluster.
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Embryo-Sac Development of
Flowers Within a Cluster

A higher percentage of normal embryo sacs was found
in flowers A and B (more advanced) than in flower C on all
sampling dates (Table 5). Regardless of time of flower
opening, the percentage of flowers with differentiated
egg cells declined with time. These data support the
hypothesis that flowers A and B set better than C because
of their greater embryo-sac normality.

Tetrad Formation in Anthers of
Flowers Within a Cluster

The largest flowers (most advanced) within a bud
formed tetrads 1-2 days earlier than the smallest ones,
indicating than even though flowers may appear similar
within the bud, they may differ internally in stage of

development.

The time of flower initiation may affect fruit-
setting potential. The sour cherry inflorescence is a
raceme bearing one to five flowers (2) and scanning elec-
tron microscope observations (5) indicate that differences
in development are apparent up to the time of sepal
differentiation, although no external differences are
evident thereafter. The flower which opens last and sets

least is probably the last to differentiate within a bud.
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Table 5. Effect of Flower Position on Egg Cell Normality,

1978.2

Days in Relation to Anthesis

Flower y Flower
Position -3 -2 0 3 5 7 Mean
(Percentage with differentiated
egg cells).
A 90 85 89 70 55 45 70.8a*
B 90 85 80 60 55 45 69.2a
C 85 75 70 55 45 40 61.7b
Date mean 88a 82b 77¢c 624 52e 43f

ZNine to twelve embryo-sacs examined per date

type.

yA, B, and C: 1lst, 2nd and 3rd flower to open within

cluster.

per flower

*Mean separation in rows and columns by Tukey's w test,

5% and 1%, respectively.
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SCANNING ELECTRON MICROSCOPE OBSERVATIONS OF
FLOWER BUD DIFFERENTIATION IN SOUR CHERRY
(PRUNUS CERASUS L. CV. MONTMORENCY)

Abstract

Axillary buds on 'Montmorency' sour cherry (Prunus
cerasus L.) spurs and shoots on current season's growth
were sampled and prepared for scanning electron microscopy.
Five weeks after full bloom the first evidence of change
from the vegetative to the reproductive stage appeared as a
rounding of the apex. Flower primordia arose in the axils
of bracts in an acropetal pattern. Bracts and flower
primordia continued to form until all available space on
the apex had been occupied. The flower primordia changed
fromovate to round as development proceeded. Sepal
primordia became evident forty-five days after the first
signs of initiation, and later petal primordia arose,
alternating with sepal primordia. Stamen primordia
developed in concentric rings below the petal primordia.
Pistil initiation did not occur until the middle of

September.

The morphological changes occurring during flower
bud formation in fruit trees have been described by various
workers beginning in the late 1800s (4, 6, 7, 9) using
medial longitudinal or transverse stained sections and

light microscopy.
50
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In sour cherry the first visible signs of flower
initiation occur about 5-6 weeks after full bloom (9)
and differentiation of most flower parts is complete about
8-10 weeks later. Timing varies depending on location and
tree vigor. Inflorescences generally contain 2 to 4
flowers arranged in a corymb (6).

Studies by DeHertogh et al. (1), Emino and Rasmus-
sen (5) and Scholefield and Ward (8) of flower development
in Easter 1lily, carnation and grape, respectively, have
illustrated the value of the scanning electron microscope
(SEM) in studying flower development. Advantages include
increased depth of field and magnification and resolution of
the entire apex.

This study describes the morphological changes
which occur in the developing shoot apex of sour cherry

during flower formation.

Material and Methods

Buds from 18-year-old 'Montmorency' sour cherry
trees were collected periodically during 1976 in a commer-
cial orchard at Mears, Michigan. Full bloom occurred on
May 10 in 1976. Ten trees were selected for uniform size
and vigor, and a total of 50 buds were collected at each
sampling date. Their scales were removed and the apex was
Placed in a glass vial containing distilled water. Within
24 hrs of sampling, the apices were dehydrated using a

10-step graded ethanol series (10 to 100%). The apices



52

were left at least 20 minutes in each solution. Following
three changes of 100% ethanol, samples were critical point

dried (CPD Denton DCP-1) using clean liquid CO The buds

2
were then stored in a vacuum desiccator over anhydrous
CaSO4. Before the samples were examined in the SEM, buds
were further dissected under a stereo light microscope to
expose the apex, mounted on aluminum SEM stubs using 'Tube
Coat' (G. C. Electronics Co., Rockford, Ill.) and then
sputter coated with 40-60 nm of gold. A Super II SEM
(International Scientific Instrument Co.) operated at an
accelerating voltage of 15 kV was used to view the samples.
Initial observations indicated that lateral buds
on current season's wood and buds on spurs of 2-, 3- or
4-year-old wood were similar in stage of flower development.
Lateral buds were easier to manipulate and were therefore

the primary material used. At least 10 specimens were

examined for each sampling date.

Results and Discussion

On June 10, 1976, the first sampling date, shoots
were about 10 cm in length. Although some vegetative
apices were evident, most of them were desiccated and cells
appeared concave. For most deciduous fruit trees, including
sour cherry, cross sections of the apex exhibit a smooth
rounded crown of meristematic tissue more or less enclosed
by primordial leaves, bracts or bud scales (4, 6, 9). Such

a structure is evident in Figure 1lA. As the season
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Figure 4. Daily absolute fruit drop for 'Montmorency' sour
cherry, 1977. Data based on number of falling
fruits.
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progressed, the apex became broadly rounded or flattened
(Figure 1B) with two well-developed bract primordia and
others being formed in an apparently spiral fashion. The
youngest bract primordium occurred at the apex of the
meristem, indicating an acropetal pattern of formation.
The flattening of the apex was the first noticeable evi-
dence of the change from vegetative to reproductive phase
as previously reported (4, 6, 9) and occurred at a similar
time, that is, 5 weeks after full bloom. The individual
flower primordia later formed in the axils of these bracts
(Figure 1C). The individual flower primordia continued to
develop through August and September (Figures 1D, 1lE).
Differences in stage of development were evident among
flowers. The only evidence for some of the flower prim-
ordia was the presence of the bract. About 18 days after
the first signs of initiation were apparent, flower
primordia were ovate in shape (Figure 1lE) then became round
(Figure 1F, 2A). Forty-five days after the first signs of
initiation, sepal primordia appeared (Figure 2B) as a penta-
gonal whorl. The rounded apex gradually became concave as
previously described (7). Immediately within the sepal
primordia five small petal primordia arose (Figures 2C,
2D). The central part of the meristem was no longer con-
cave but flat, and the stamen primordia developed in
circular layers immediately within the petal primordia
(Figﬁre 2D). At this time differences in stage of organo-

genesis between flowers within apices were still apparent
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Scanning electron micrographs of critical point
dried apices of sour cherry (Prunus cerasus L.
cv. 'Montmorency') showing developmental changes
during flower differentiation. A. All apex
space occupied by three floral primordia,

July 20. x410. B. Calyx evident as sepal
primordia (SP) in a pentagonal whorl, July 30.
x300. C. Corolla and stamens evident as petal
primordia develop within sepal primordia,

August 15. x165. D. Stamen primordia developing
below petal primordia (PP), August 15. x400.

E. Pistil initial (PI) arising from flat apex,
September 10. x360. F. All floral organs
present, September 29. x150.
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some having large stamens while others had yet to differen-
tiate petal primordia. Near the middle of September, the
pistil primordium was initiated on the flat surface of the
apex (Figure 2E), and continued expanding with the other
floral parts (Figure 2F).

Most of the reproductive apices produced 3 to 4
flowers. This characteristic seems to be determined by the
apex size, which will allow the development of only a cer-
tain number of bract primordia. In some instances, even
though a bract primordium developed, the flower in its axil
either did not develop at all (Figure 2A) or developed
slowly.

Within an apex flowers developed differentially up
to a certain stage (anther and probably pistil initiation),
after which no external differences were evident. However,
internal differences do seem to occur as Diaz (2) has
observed that at bud swell tetrad formation in the anthers
occurs consistently 2 days earlier on the most expanded
flower while embryo-sac degeneration is significantly more
frequent in the least advanced flower. The external
differences apparent in flower development within a bud
probably are responsible for the differences in fruit

setting potential observed by Diaz (3).
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PREDICTING PERSISTENCE OF SOUR CHERRY

FRUITS BY OVARY DIAMETER



PREDICTING PERSISTENCE OF SOUR CHERRY

FRUITS BY OVARY DIAMETER

Stone fruits such as sour cherry exhibit a double
sigmoid growth curve which can be divided into 3 stages
(1, 5, 6). During each stage different events are occur-
ring within the developing embryo. Investigators have
attempted to distinguish between fruits which will persist
versus those that will abscise using such criteria as size,
color or removal force (2). However, by the time such
differences are evident the process of abscission may be
well advanced.

Flowers and immature fruits of sour cherry drop in
two or three waves, different populations occurring in
each wave (1, 3, 4). Knowing when induction of abscission
occurs would be useful in attempting to either enhance or
reduce abscission.

In order to compare the growth rates of persisting
and abscising fruits and to determine the time of induc-
tion of abscission, 150 flowers were labeled at full
bloom in 1977 and ovary diameter was measured 13 days
later and at 2 to 10 day intervals thereafter until

either abscission or harvest. The trees used were
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17 years old and were part of a commercial orchard at Mears,
Michigan. Data were plotted as means for groups of fruits
that dropped on a certain date.

The growth curve of persisting fruits was double
sigmoid (Figure A-1l). Fruits with a diameter of 1.5-3.3 mm
13 days after full bloom (AFB) abscised 15-17 days AFB,
while those 3.5-6.5 mm in diameter abscised 18-23 days AFB.
These fruits were representative of the first and second
wave drops, respectively. The growth rates of fruits that
abscised late in the growing period (30 days AFB) were
indistinguishable from those <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>