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ABSTRACT

MORPHOLOGICAL AND PHYSIOLOGICAL ASPECTS OF
CHERRY FRUIT ABSCISSION WITH REFERENCE
TO 2-CHLOROETHYLPHOSPHONIC ACID

By
Vernon Arie Wittenbach

Morphological and histochemical changes, occurring

in the transition zone between the pedicel and fruit of

sour (Prunus ceras.: L. cv. Montmorency) and sweet (Prunus

avium L. cv. Windsor) cherry during maturity, were followed

in the absence and presence of 2-chloroethylphosphonic acid
(CEPA). A natural weakening of the tissue at this zone was
observed to begin near the start of the third growth phase.
However, no visible signs of abscission were observed until
2-3 weeks prior to maturity. Changes in pectins, cellulose,
and polysaccharides in the walls of cells of the abscission
layer preceded separation in the sour cherry. Comparable
changes and a well-defined abscission layer were not
observed in sweet cherry. CEPA accelerated abscission by
apparently increasing the rate of development of the natur-
ally occurring processes. An increase in ethylene evolution
from cherry fruits near the onset of the third growth phase

was correlated with the simultaneous decline in fruit



Vernon Arie Wittenbach

removal force, however, the level of ethylene was extremely
low. Physiological aspects of cherry fruit abscission were
established using an excised fruit technique. Stage of
fruit development had a pronounced effect on the sensitiv-
ity of fruit explants to CEPA. 3-Indoleacetic acid, CEPA,
gibberellin A3 and abscisic acid hastened abscission in
sour cherry. Only CEPA had a similar accelerating effect
on sweet cherry. Cycloheximide applied to cherry fruit
explants inhibited abscission and also negated the effect

of CEPA. This could indicate that protein synthesis is

necessary for cherry fruit abscission to occur.
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INTRODUCTION

Mechanical harvesters are revolutionizing the fruit
industry. Blueberries and sour cherries are two crops where
mechanical harvesting has become a standard practice. 1In
addition, attempts are being made to mechanically harvest
grapes, apples, pears, plums, oranges, sweet cherries, and
olives, as well as several other fruit crops.

One of the most serious problems to be overcome in
harvesting these crops mechanically is the high retention
force with which the fruit is held to the pedicel (Lamouria
and Hartmann, 1959; Hendershott, 1965; Cooper et. al., 1968;
Bukovac, 1969). Cain (1967) has shown a high correlation
between the fruit removal force and percentage of sour cher-
ries harvested mechanically. In addition to lowering the
per cent of fruit removal, high retention forces result in
greater fruit injury (Cooper et al., 1968).

Therefore, recent work has been directed toward the
use of chemicals to lower the fruit removal force. Chemi-
cals have the advantage of being easily manipulated and of
inducing the desired response in a short period of time.
Earlier studies have shown that a wide variety of compounds
were capable of causing abscission of leaves (Weintraub
et al., 1952) and immature fruit (Batjer, 1954). Unfortun-

ately, few of these chemicals have shown promise in hastening



abscission of mature fruits, since they either cause exces-
sive defoliation, injury to fruit and/or tree, or exhibit
too wide a variation in response.

New and different compounds are continually being
tested. 2-Chloroethylphosphonic acid (CEPA, Ethrel), which
was recently introduced, has been shown to promote abscission
of peaches, apples, plums, and cherries (Edgerton and Green-
halgh, 1969; Bukovac et al., 1969). However, much more
research needs to be carried out with this chemical before
it is released for general use.

Control of abscission has several important practical
advantages (Bukovac, 1969). First, a higher percentage of
fruit can be removed by the harvester without damaging the
tree. Second, a lower fruit removal force would result in
less bruising and tearing of the fruit, thereby providing a
higher quality product. Third, the availability of efficient
chemicals would give growers the opportunity to program their
harvests.

Despite the need to control fruit abscission, few
studies have been carried out to further our understanding of
the chemical and physiological aspects of this process. Most
work in this area has been directed toward the phenomenon of
leaf fall. Although fruits may have evolved from leaves
there is little doubt that the fruit represents a much more
complicated system (Jacobs, 1962). For instance, the fruit

encloses one or more seeds with a very complex development



of their own. 1In addition, the fruit is capable of very
limited photosynthesis, and therefore, most of the organic
material required for growth must come from other plant
organs.

Due to these differences in subtending organs, there
exists a need to further identify the fruit abscission pro-
cess. The present study was undertaken with three main
objectives: 1) to compare the natural abscission process in
maturing sweet and sour cherry fruits, 2) to study the
changes associated with the promotion of cherry fruit abscis-
sion by CEPA, and 3) to define the physiological parameters

of fruit abscission through the use of fruit explants.



LITERATURE REVIEW

Leaf Abscission

The phenomenon of leaf fall has intrigued man for
thousands of years. Records from as far back as 285 B.C.
include reference to leaf abscission (cited by Addicott,
1965) .

Several detailed anatomical studies of leaf fall
were conducted prior to the beginning of this century. Lee
(1911) summarized some of these earlier works and presented
an excellent description of the morphological changes accom-
panying leaf abscission in 45 dicot species.

Shortly after this extensive study, Sampson (1918),

concentrating on Coleus blumei Benth., investigated the

microchemical and cellular changes occurring during leaf

abscission. He concluded that separation resulted from the
conversior of cellulose into pectose, which was further trans-
formed to pectin. The accumulation of pectic acid weakened
the middle lamella, since there was an insufficient amount

of calcium to maintain solidity. However, more recent
investigators (Facey, 1950; Valdovinos and Jensen, 1968) have
suggested that separation is due to a breakdown of the pectic
substances of the middle lamella. These authors indicate no

conversion or only secondary changes in cellulose.



Cell division has been shown to be associated with
abscission (Lee, 1911; Sampson, 1918; Brown and Addicott,
1950; Facey, 1950). However, these workers could not agree
as to whether it was directly involved with separation or
only indirectly associated through the formation of a pro-
tective layer. Gawadi and Avery (1950) studied secondary
cell division in several plant species and concluded that
its only role was in the formation of a protective tissue
forming the leaf scar.

Brown and Addicott (1950) greatly simplified and
advanced the research on abscission by introducing the use
of explants. Their work indicated that explants exhibited
the normal processes associated with leaf abscission.

Many more studies on leaf abscission have been
reported since 1950. Several have dealt with the cellular
and chemical changes accompanying abscission (Scott and Leo-
pold, 1966; Osborne, 1968b; Webster, 1968, 1970; Rasmussen
and Bukovac, 1969; Bostrack and Daniels, 1969; Choudhuri and
Chatterjee, 1970), while others have been concerned more with
the ultrastructural changes (Bornman, Spurr, and Addicott,
1967; Morré, 1968; Jensen and Valdovinos, 1967, 1968; Valdov-
inos and Jensen, 1968; Bednarz, 1970). In addition, the
reader is referred to several excellent reviews (Addicott,
1954; Addicott and Lynch, 1955; Addicott, 1961, 1965, 1968;
Jacobs, 1962, 1968; Rasmussen, 1965; Carns, 1966; Cooper

et al., 1968; Bednarz, 1970).



Fruit Abscission

Heinicke (1917) was one of the first investigators
to study fruit abscission. He observed that the fall of
flowers and immature apple fruit was preceded by the forma-
tion of a layer of cells "similar to that which precedes
leaf-fall." Separation occurred at the junction of the fruit
stalk and spur, which appeared to be a naturally weak zone.
In addition to describing the anatomy of the abscission zone,
Heinicke (1917, 1919) determined histochemically the changes
occurring during the formation of the abscission layer. The
abscission zone had a lower affinity for cell wall stains,
and in most cases a lignified layer was formed in the abscis-
sion zone just prior to separation.

The fall of immature apples has since been studiea
in greater detail (MacDaniels, 1936; McCown, 1938). Sec-
ondary cell division was found to precede the formation of a
well-defined abscission layer 6-8 cells in width. Separation
resulted from the breakdown of the pectic compounds of the
middle lamella and occurred within the limits of or distal
to the abscission layer (McCown, 1938). However, apples
which survived the June drop showed no indication of sec-
ondary cell division or the formation of an abscission layer
(McCown, 1938). 1In mature fruits separation resulted from
the disintegration of walls of pre-existing cells, and even
the abscission zone, 20-30 cells in width, did not determine

the path of separation (MacDaniels, 1936; McCown, 1938).



Therefore, even in apples, where separation of mature and
immature fruit occurs at the same abscission zone, the two
processes appear to be quite different.

McCown (1943) in further studies concluded that
depending on variety abscission was initiated independently
in the cortex and pith. In the pith, separation was pre-
ceded by swelling and extension of walls which was accom-
panied by a physical change in the cellulose. Next the sec-
ondary cellulose wall gradually disentegrated with concominant
changes in the middle lamella. The dissolution of the pectic
compounds of the middle lamella then allowed separation of
cells. Final separation of the fruit was due to the mechani-
cal tearing of the outer cortex and epidermal tissue and rup-
turing of the vessels and fibers across the path of separa-
tion. Soon after separation a protective layer formed leav-
ing a fruit scar.

Another early study of abscission in mature fruits
was carried out by Barnell (1939) on avocado and mango fruits.
In both there are two potential "abscission zones". The
upper zone, at the junction of the pedicel and spur, is
activated prior to the fall of immature fruits and after the
separation of mature fruits. The lower zone at the transi-
tion region between the fruit and pedicel, is involved in
the separation of fruit at maturity.

Barnell followed the development of abscission of

the lower zone at fruit maturity and of the upper zone after



fruit separation had occurred. Fruit abscission resulted
from cleavage occurring along the middle lamellae of the
cells. The cell walls and contents remained undamaged after
separation. There was no evidence of the formation of an
abscission cambium following fruit abscission.

Further studies on fruit abscission have only been
conducted within the last few years. Stosser (1967) inves-
tigated the anatomical changes associated with the fall of
immature sweet cherries. This separation occurred at the
upper zone (between the pedicel and spur).

Several recent studies have been concerned with the
abscission of mature oranges (Hendershott, 1965; Wilson and
Hendershott, 1967, 1968; Rasmussen and Cooper, 1968; Cooper,
Rasmussen and Hutchinson, 1969) but only one dealt with the
anatomy and histochemistry of this process (Wilson and Hender-
shott, 1968). These authors described the abscission zone as
being made up of slightly smaller cells and compressed
tracheary elements. The protoplasm of cells in this zone
became granular near fruit maturity, and there occurred a
concominant accumulation of starch. Just prior to separation
there appeared a distinct band of cells low in methylated
pectins, which traversed the abscission zone. Separation
took place through this band of cells and involved a lysigen-
ous dissolution of cell walls. No cell division was observed
during or prior to abscission. Also no suberin was deposited

during this period, but with the beginning of separation,



lignification occurred distal to the separation layer (in
the fruit).

A similar investigation has also been carried out on
the abscission of mature sour cherries (Stdsser, Rasmussen,
and Bukovac, 1969a, 1969b). Here too the abscission zone
represented an area of structural weakness. Prior to separ-
ation the walls of cells in the abscission zone showed a par-
tial degradation of cellulose, pectins, and non-cellulosic
polysaccharides. Calcium and magnesium were lost from these
cell walls prior to and/or during cell separation. The
separation of cells occurred without rupturing of cell walls.
Final separation of the fruit was brought about by mechani-
cal breaking of the vascular strands.

Fruit "explants" have been used in several labora-
tories to study the abscission process and to evaluate chemi-
cals for their effect on abscission (Wilson and Hendershott,
1967, 1968; Rasmussen and Cooper, 1968; StOsser et al., 1969a;
Zucconi, Stosser, and Bukovac, 1969). They have become an
important tool for studying fruit abscission, since the
abscission process is apparently identical to that observed
in separation of mature fruit (Wilson and Hendershott, 1968;

Stosser et al., 1969a).

Cell Wall Changes and Enzymes in Abscission

Cells of abscission zones, whether in leaves or
fruits, are generally characterized by their smaller size

and thinner walls (Addicott, 1965; Stosser et al., 1969a).
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However, despite these anatomical differences the cells
appear to have the same structural components and chemistry
as other cells (Valdovinos and Jensen, 1968; Jensen and
Valdovinos, 1968; Bednarz, 1970).

The primary cell wall is composed of densely packed
cellulose fibrils in an essentially crystalline array. These
microfibrils are embedded in a matrix of usually amorphous
and highly swollen material, consisting of hemicelluloses,
pectic substances, and proteins (Setterfield and Bayley,
1961; Preston, 1964; Roélofsen, 1965; White, Handler, and
Smith, 1968).

The composition of the primary cell wall and middle
lamellae has been well established except for the presence
of proteins. The major uncertainty is the arrangement of
this material.

The timing of abscission, the highly localized region
to which separation is confined, and the specificity of break-
down material, suggested the functioning of enzymes in abscis-
sion. Hence, Bonner (1936) hypothesized that leaf abscission
was due to a middle lamellae protopectinase and the enzyme
polygalacturonase. Protopectinase was a logical choice,
since pectic substances had been known to comprise the middle
lamellae (Sampson, 1918).

Pectin methylesterase (PME) was the first enzyme to
be studied in detail. Osborne (1958) found PME activity to

be higher in the pulvini of non-senescent bean leaves. There
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appeared to be a decreasing gradient of activity from the
pulvinus to the petiole. During senescence of the leaf this
gradient fell and was generally reversed at the time of
abscission. These results have since been confirmed by
LaMotte et al. (1969).

Yager (1960a) added more evidence to the possible
role of pectic enzymes. He found that it was possible to
duplicate the separation of célls which normally occurs in
abscission by incubating tissﬁe from the abscission zone
with various pectic enzymes. It also was noted that factors
which normally influence abscission, such as auxin, had a
similar effect on these enzyme preparations.

More recently evidence has been presented for the
involvement of polygalacturonase (PG) in abscission (Ras-
mussen, 1965). This enzyme was found to be active in the
abscission zone, petiole, and stem of the bean during
abscission layer development. Both PME and PG are believed
to function in the breakdown of pectins.

Cellulase has also been indicated as possibly having
a role in the formation of the abscission layer. Abeles
(1969) found an increase in cellulase activity during abscis-
sion in explants of bean, cotton and Coleus. Cellulase
activity was localized in the cell separation layer and the
increase in activity preceded the loss of break strength in

the abscission layer (Craker and Abeles, 1969).
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Ethylene, which hastens the abscission process,
enhanced the activity of cellulase in bean explant abscission
zones (Horton and Osborne, 1967). 2, 4, 5-Trichlorophenoxya-
cetic acid, which delays abscission, was demonstrated to have
the opposite effect. In addition, cellulase activity has
been shown to increase during tomato fruit ripening (Dickin-
son and McCollum, 1964) thereby being present at the time of
fruit abscission.

Indoleacetic acid oxidase has also been suggested as
having a role in abscission (Hall and Morgan, 1963). Work
with the IAA oxidase system in intact cotton plants revealed
that certain phenols were cofactors while others were inhib-
itors of the system in vitro (Morgan, 1964). Therefore,
using these phenols, further research was conducted to
establish their effect on abscission of cotyledonary explants
of cotton (Schwertner and Morgan, 1966). Results demon-
strated that the cofactor phenols accelerated abscission
while the inhibitory phenols delayed abscission, thereby

suggesting a possible function for this enzyme in abscission.

Protein Synthesis in Abscission

Several authors have recently suggested that protein
synthesis was essential for the development of the abscission
layer (Lewis and Bakhshi, 1968; Abeles, 1968; Morré, 1968).
Abeles and Holm (1966, 1967) showed RNA and protein synthe-
sis inhibitors could greatly delay abscission in explants

of bean, Coleus, and cotton depending on the concentration
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used and the time of application. They also demonstrated
that ethylene which accelerated abscission, caused an
enhanced synthesis of RNA and protein in the separation layer.
Abeles (1968) later hypothesized that RNA and protein synthe-
sis were required for the formation of enzymes involved in
the separation of cells during abscission.

Other evidence, however, indicated the enzymes in
abscission may already be present in the zone prior to the
induction of abscission (Valdovinos and Ernest, 1967). The
enzymes may be attached to the walls of cells in the poten-
tial separation layer or be held in various unknown struc-
tures observed in these cells (Jensen and Valdovinos, 1967).
Thus, the initiation of abscission would simply involve the
activation or release of these enzymes.

Secondary cell division has often been proposed as
being necessary for organ detachment (Addicott and Lynch,
1955; Webster, 1970). If cell division was necessary, it
would explain the need for RNA and protein synthesis in
abscission. However, Bednarz (1970) has obtained evidence
indicating that cell division is not necessary for abscission

to occur.

Effect of Growth Regulators on Abscission

Auxins
Laibach (1933) was the first to demonstrate that

abscission, induced by deblading, could be delayed by placing
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orchid pollinia (a source of auxin) on the cut surface.
Soon afterwards LaRue (1936) using synthetic IAA found it
to be more effective in delaying abscission in debladed
Coleus than a variety of auxin-containing substances.

Although applied auxin was shown to have an influence
on abscission, there was no evidence that auxin present in
the leaf blade had a similar effect. This was, however,
demonstrated by a later study in which the auxin content of
bean leaves was followed during development (Shoji, Addicott,
and Swets, 1951). Results of this work showed a normally
high auxin content in the leaf, but as the leaflet yellowed
and approached abscission, there occurred a rapid fall in
auxin level.

Several investigators have since shown that auxin
applied distal to the abscission zone delayed abscission in
direct relation to the concentration applied (Addicott and
Lynch, 1951; Gaur and Leopold, 1955; Biggs and Leopold,
1958) . However, proximal applications hastened abscission.
In response to these opposite effects of auxin, Addicott,
Lynch, and Carns (1955) proposed the auxin gradient theory
to explain the control of abscission. According to this
theory abscission is initiated by a fall in the ratio of
distal to proximal auxin levels.

Further work designed to test this hypothesis
through the use of labeled auxin has failed to show the

presence of such a gradient across the abscission zone
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(Rubinstein and Leopold, 1963; Rasmussen and Bukovac, 1966).
Other interpretations, suggesting a quantitative rather than
a qualitative response to auxin, have been proposed (Gaur
and Leopold, 1955; Biggs and Leopold, 1957). However, evi-
dence obtained from the study by Rasmussen and Bukovac (1966)
using autoradiographic techniques also argues against these
explanations.

Rubinstein and Leopold (1963) demonstrated a two-
stage response of abscission to auxin--an induction stage
during which auxin delayed abscission and a later stage
where abscission was stimulated by auxin. In addition, they
observed a two-phase concentration effect of auxin on abscis-
sion. Low concentrations (10_6M) exhibited a slight acceler-
ation of abscission while high concentrations (10-3M) delayed
abscission. The authors explained these effects as the con-
sequence of actions on the two separate stages. Low auxin
levels and proximal application, due to their lower activity
and slower transport, would actually be acting on the second
stage and thereby exhibiting the proper, accelerating
response.

Both the gradient theory and the two phase action of
auxin imply a direct effect of auxin on the abscission zone.
However, other investigators have suggested an indirect role
for auxin (Sacher, 1957; Jacobs, Kaushik, and Rochmis, 1964).
Sacher (1957) concluded that auxin delayed abscission by

maintaining membrane-integrity of tissue in the abscission
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zone. Further support for this role of auxin was provided
in a later study (Sacher, 1959). Jacobs et al. (1964) put
forth the hypothesis that auxin delayed abscission by main-
taining petiole elongation.

Although almost all the work designed to discover
the effect of auxin on abscission has been carried out on
leaf tissue, there is evidence to indicate that auxin may
also play an important role in flower and fruit abscission
(Gardner, Marth, and Batjer, 1939; Luckwill, 1948; Batjer,
1954; Yager, 1960b). Luckwill (1948) found a correlation
between low levels of auxin in apple seeds and the fall of
immature and mature fruits. Yager (1960b) observed that
abscission of unpollinated tobacco flowers could be hastened
by removing the younger leaves (source of auxin) and greatly
delayed by application of IAA to the cut petioles of the

removed leaves.

Ethzlene

Ethylene has long been known to hasten abscission
(Sampson, 1918). Gawadi and Avery (1950) and Hall (1952)
suggested that abscission may be controlled by the ratio of
auxin to ethylene. More studies implicate ethylene as a
primary endogenous regulator of abscission and senescence
processes (Abeles, 1966, 1967; Abeles and Holm, 1966; Burg,
1968) . Because it is a gas and, hence, is freely diffusable
in plant tissue, it hastens abscission regardless of the site

of application.



17

Several investigations have demonstrated that auxin
applications of greater than 107%M will induce ethylene forma-
tion in plant tissue (Morgan and Hall, 1964; Abeles and
Rubinstein, 1964; Burg and Burg, 1966; Abeles, 1968; Halla-
way and Osborne, 1969). Osborne (1968a) concluded that
defoliation brought about by auxin was due to an accelerated
senescence induced by ethylene, which was produced in the
area of auxin application.

Therefore, Abeles (1967) has proposed the difference
in response observed for distal and proximal applications of
auxin as being due to differences in transport. Distally
applied auxin inhibits abscission regardless of the ethylene
produced, since it is rapidly transported to the abscission
zone. Conversely, auxin applied proximally stimulates abscis-
sion because movement is slow and the ethylene produced
dominates the response.

Although this explanation is attractive it fails to
account for the acceleration of abscission obtained from
distally applied auxin at low concentration. However, this
acceleration is small and might be a response to stress
induced by the application of the low level of auxin, since
stress resulting from numerous sources has been shown to
cause ethylene production in plant tissue (Nichols, 1966;
Vines, Grierson, and Edwards, 1968; Pratt and Goeschl, 1969).

Other works have explained the acceleration of

abscission by ethylene as resulting from its ability to
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reduce the amount of diffusable auxin in the plant (Valdov-
inos, Ernest, and Henry, 1967; Burg, 1968; Goldsmith, 1968;
Beyer and Morgan, 1969). Beyer and Morgan (1969) and Gold-
smith (1968) found that prolonged treatment with ethylene
resulted in an inhibition of basipetal auxin transport in
peas and cotton. Other studies using ethylene indicated an
increased destruction of auxin brought about by enhanced IAA
oxidase activity and a decrease in the rate of auxin synthe-
sis (Hall and Morgan, 1963; Valdovinos et al., 1967).

There is also evidence suggesting that ethylene may
function by increasing membrane permeability (Von Abrams
and Pratt, 1967). Such changes in membrane-integrity could
result in the release of enzymes involved in abscission or
the release of phenols and other substances which enhance
IAA oxidase activity. However, recently Sacher and Salminen
(1969) concluded that ethylene had no effect on membrane
permeability of tissue sections from several plant species.

Abeles and Holm (1969) also found evidence for the
stimulation of RNA and protein synthesis by ethylene in bean
abscission zones. Abeles (1968) later suggested that ethyl-
ene hastened abscission by enhancing the synthesis of cell
wall degrading enzymes in the abscission zone. But dela
Fuente and Leopold (1969) argued against this concept on the
basis of the short persistence of the ethylene stimulus

(approximately one hour) after removing the gas.
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Gibberellins

Distal applications of gibberellin (GA) have been
shown to slightly hasten abscission in bean and cotton
explants (Chatterjee and Leopold, 1964; Devlin and McIntyre,
1966; Bornman et al., 1967). Chatterjee and Leopold (1964)

3M to 107 M

demonstrated that concentrations of GA from 10~
all promoted abscission. They also suggested that this

effect was principally on the first stage of the abscission
process.

However, Berman (1969) applied GA proximally to cotton
and observed a delay in abscission. Muir and Valdovinos
(1970) have also shown that GA applied to debladed Coleus
plants had no effect on the abscission process. But, apply-
ing GA to the stem apex resulted in a hastening of abscission
in direct proportion to the concentration applied. In addi-
tion, such treatments of GA caused an increase in the level
of endogenous auxin. Therefore, the authors concluded that

GA accelerated abscission by increasing the level of auxin

proximal to the abscission zone.

Kinins

Kinins, like gibberellins, produce variable responses
on abscission. Osborne and Moss (1963) observed distal
applications of kinetin to accelerate abscission of bean
explants, while 