
edly, our capability to manipulate ethylene effects in postharvest 
systems will be enhanced as the understanding of ethylene biosyn­
thesis and ethylene action advances in the future. The prospects are 
promising.
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Ethylene and Abscission

Michael S. Reid
Department of Environmental Horticulture, University of California, Davis, CA 95616

Abscission (Latin: ab-from, scindere-to  cut or sunder), is the 
process by which plants shed lateral organs. The fundamental event 
in all abscission is the secretion of enzymes which hydrolyze the 
cellulose “ exoskeleton” and the pectin “ cement” of the cells in 
the abscission zone. This hydrolysis often is accompanied by in­
genious mechanisms to assist removal of the abscising organ. The 
early appearance of these processes in the fossil record (6) is evi­
dence of the strong evolutionary advantage to plants of shedding 
organs, whether it be the removal of leaves to avoid snow load or 
drought stress, or the shedding of fruit or seeds to ensure their 
dispersal and continuation of the species.

Researchers have studied the biology of the processes leading to 
abscission for more than 130 years (51). It is not the purpose of 
this article to replicate the several recent and excellent reviews (2, 
6, 9, 54, 60, 80, 99) of this extensive literature, but rather to present 
a consensus of the role of ethylene in abscission, and to describe 
the horticultural implications of that role. It seems appropriate,

however, to commence with a brief summary of our present un­
derstanding of the anatomy, biochemistry, and regulation of ab­
scission.

Anatom y
In most plants, the processes of abscission occur in a rather spe­

cific part of the abscising organ called the abscission zone (Fig. 1). 
The zone may be apparent throughout the life of the plant, or may 
become much more obvious as the time of abscission approaches 
(6, 84), frequently as a lighter-colored, slightly swollen area. Typ­
ically, the zone comprises a plate of thin-walled, narrow cells which 
are differentiated clearly from the isodiametric cells of the cortex 
of the axis, and from the columnar cells of the petiole or pedicel. 
Cells of the abscission zone, sometimes now referred to as “ target” 
cells (83), commence a phase of intense activity immediately prior 
to the start of physical separation of the abscising plant parts.
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tig ) 1. Transverse section of the abscission zone in a Coleus explant. A. 
Low power view of abscising explant. B. Cells in the abscission zone of 
a freshly prepared explant.

Biochemistry
The start of the abscission process, whether natural or stimulated 

by application of exogenous ethylene, is marked by increased res­
piration (72, Fig. 2), which reflects a similar concurrent stimulation 
in the rates of RNA and protein synthesis (3, 47, 64). Electron 
micrographs (12, 65, 66, 100, 111) provide dramatic evidence of 
the metabolic upheaval resulting from ethylene treatment of sensi­
tive abscission zones (Fig. 3a, b). A marked increase in the quan­
tities of polyribosomes and rough endoplasmic reticulum (66, 100) 
is followed rapidly by the development of vesicles, presumed to 
contain the newly synthesized proteins (57). These vesicles move 
outwards, and, in the process of fusing with the plasmalemma (100), 
excrete their contents. Within hours the cell walls become swollen 
and cell separation commences. The cytoplasm loses its bounding 
membrane and starts to disintegrate (Fig. 3b).

The conclusion that RNA and protein synthesis is a normal pre­
requisite for abscission (3, 47, 64) is supported by studies with 
inhibitors of various steps of the protein synthetic sequence; a- 
amanitin, which inhibits transcription of messenger RNA (103),

Hours in ethylene
Fig. 2. Respiration of control ( • )  and ethylene-treated (O) Coleus ex­

plants. Means of 3 replicate explants per treatment. The arrow shows the 
start of the ethylene treatment (20 ppm). Petiole abscission (^ )  was as­
sayed on a further 10 replicate explants per treatment (Goszczynska and 
Reid, unpublished data).

cordycepin, which inhibits message processing (104), and cyclo- 
heximide, which inhibits protein synthesis (33). All retarded the 
abscission of Coleus explants treated with ethylene (Fig. 4).

Evidence is varied as to the nature and importance of the proteins 
synthesized and secreted by the cells of the abscission zone in re­
sponse to ethylene treatment. There is substantial evidence for the 
changes in pectin metabolism suggested in 1918 by Sampson (95). 
Many workers have shown increased levels of the pectin-degrading 
enzyme, polygalacturonase (13, 39, 50, 79, 91), and others have 
seen a concomitant reduction in the activity of pectin methylesterase 
(74, 99), which is thought to reduce esterification and cross-linking 
of the cell “ glue” .

Electron micrographs (Fig. 3b) show considerable hydrolysis of 
the cell wall itself prior to abscission, and substantial increases have 
now been shown in cellulase, the enzyme presumed to be respon­
sible for this hydrolysis, during abscission (1, 37, 39, 49, 50, 59, 
63, 64, 88). It has now been demonstrated that only one of the 2 
cellulase isozymes present in kidney bean abscission zones is di­
rectly involved in the abscission process (31, 58, 68, 88). As well 
as allowing separation of the cells in the abscission zone, hydrolysis 
of cellulose also would be necessary for the cell expansion which 
is thought to be involved in final separation (97), literally forcing 
the cells apart, especially in petal abscission (73, 98). It seems 
possible that this expansion is driven by increased turgor resulting 
from hydrolysis of starch in the abscission zone (20). Considerable 
increases in peroxidase activity are noted consistently in abscission 
zones (46, 112). The role of this enzyme in abscission is still un­
certain, although there is evidence supporting the suggestions that 
it is involved in lignification, IAA oxidation, or disease resistance 
(99).
Regulation

Since the demonstration (70) that auxin applied to the distal end 
of petioles would prevent abscission of debladed Coleus explants, 
physiologists have been fascinated with the control of abscission by 
growth regulators. The attraction of these studies lies not only in 
the importance of the process under investigation, but also in the 
potent effects of growth regulators on it, the speed of the response 
(Fig. 2), and the uniformity and reproducibility of explants (short 
pieces of axis with stumps of abscising petioles attached) as an 
experimental tool (10). Using such explants as a bioassay, Addicott 
and his coworkers extracted from developing cotton fruit a com­
pound which would stimulate abscission (24, 29) and which they 
called abscisin, now ABA. This regulator has since been shown to 
play important roles in the control of stomatal aperture and in the 
regulation of seed dormancy, but its role in abscission is probably 
not a primary one (86, 94).

The literature on abscission abounds with exceptions and special 
cases, but the results of many of the studies of the effects of en­
vironmental conditions and applied plant hormones are consistent 
with the following hypotheses:

•  A gradient of auxin from the subtended organ to the plant axis
o maintains the abscission zone in a nonsensitive state (6). This gra-
qj dient is itself maintained by factors which inhibit senescence of the

organ. Thus, auxins (8, 70), cytokinins, light (107), and good mi­
's  trition all tend to reduce or delay abscission.
£ •  Reduction or reversal of the auxin gradient causes the abscis-
j§ sion zone to become sensitive to ethylene. Application of auxin
<  proximal to the abscission zone (8), removal of the leaf blade (10),

or treatments which accelerate its senescence [shading (71), poor 
nutrition (96), ethylene (71)] therefore hasten abscission. Ethylene, 
or stresses which enhance its production (40, 85), also may hasten 
abscission by reducing auxin synthesis and/or by interfering with 
its transport from the leaf (14, 16). Where ABA stimulates abscis­
sion (6, 7) it may do so by stimulating ethylene production (94), 
or by interfering with the production, transport, or action of auxin.

•  Once sensitized, the cells of the abscission zone respond to 
low concentrations of ethylene (52, 53), whether exogenous or en­
dogenous, by the rapid production and secretion of hydrolytic en­
zymes and subsequent shedding of the subtended organ.
Role of ethylene in natural abscission

Whereas the preceeding hypotheses are consistent with much of 
the published information on regulation of the processes resulting
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Fig. 3. Electron micrographs of cells in the abscission zone of Coleus explants. A. Control (freshly cut). B. Treated with ethylene for 8 hr. C. Pretreated 
with STS, then treated with ethylene for 8 hr. Labels show the nucleus (N), nucleolus (NU), mitochondrion (M), wall (W), middle lamella (ML), and 
separation cavity (SC) (from Morrison Baird, Goszczynska, Reid and Webster, in preparation).

in eventual abscission of plant organs, some workers have expressed 
reservations about the widely-held view that ethylene plays a major 
role in natural abscission. Addicott concluded his review of the 
evidence relating ethylene to abscission (6) by stating that . .it 
is a probable that ethylene is not essential to abscission” . Never­
theless, the weight of the experimental evidence summarized here­
after supports the view that ethylene plays a more critical role in 
abscission than the ‘ ‘promotor” or “ local coordinator” he ascribes 
to it.

•  Ethylene production increases prior to abscission in many ab­
scising organs (2, 4, 72). This argument for the involvement of 
ethylene has been suggested to be inconclusive, inasmuch as ab­
scission can occur in some tissues without increased ethylene pro­
duction (2, 28). The controversy is remarkably similar to that which 
was, for years, the focus of physiologists studying the role of eth­
ylene in fruit ripening. Relatively recently, the changing sensitivity 
of fruit tissues to edogenous ethylene was recognized as being more 
important than a simple increase in ethylene production in governing 
the timing of the onset of ripening in climacteric fruit (89). As in 
abscission, this sensitivity is now known to increase with advancing 
age of the fruit, and to be affected by many factors, including the 
balance of endogenous plant growth regulators (17). Few fruit phys­
iologists now consider there to be qualitative differences between 
natural ripening and that induced by ethylene. In other plant re­
sponses, too, there is increasing support for the view that changing

Fig. 4. Effect of inhibitors of protein synthesis on abscission of Coleus 
explants treated continuously with 10 ppm ethylene. Explants were treated 
prior to deblading with solutions containing water (O), a-amanitin (^ ) , 
cordycepin ( • ) ,  or cycloheximide (■). Means of 30 petioles per treatment 
(Woods and Reid, unpublished data).

sensitivity to plant hormones is at least as important as changes in 
their endogenous concentrations as a control mechanism (105). The 
importance of the balance of growth regulators in the control of 
abscission is emphasized by the interrelated effects of different plant 
hormones on the process (77, 78).

•  Treatment of a wide range of plant species with ethylene (2) 
or with ethylene-releasing compounds (5) dramatically stimulates 
abscission. Abeles (2) noted that in some plants application of eth­
ylene did not induce foliar abscission, and drew the reasonable 
conclusion that ultimate control of abscission in such species might 
depend on factors other than ethylene. It seems equally reasonable 
to postulate in such cases that the hormonal changes required to 
sensitize the cells of the abscission zone were not induced by the 
ethylene treatment, so that the cells simply were not receptive to 
ethylene under the experimental conditions utilized. In such in­
stances, one might also draw parallels with fruit physiology. Av­
ocado, a classic climacteric fruit, is insensitive to even high 
concentrations of ethylene when still attached to the tree (17).

•  Silver ion, a potent and apparently specific inhibitor of the 
action of ethylene (15), inhibits not only ethylene-stimulated ab­
scission (15, 22), but also abscission caused by other stresses (23, 
107). Similarly, 2, 5-norbomadiene, a compound which is known 
to competitively inhibit ethylene binding in plants, has recently been 
shown also to inhibit abscission (Sisler and Goren, unpublished 
data). Analogs of rhizobitoxin which interfere with the biosynthesis 
of ethylene also inhibit natural abscission (110).

Horticultural Implications
Beneficial effects. In the years since the discovery of the potent 

effects of ethylene in stimulating abscission, there has been consid­
erable interest in its use in commercial horticulture. Such use be­
came practicable with the development of ethylene-releasing chemicals 
such as ethephon (2-chloroethyl phosphonic acid), which enables 
spray or dip applications of “ ethylene” (30).

Removing leaves. Abscission-promoting effects of ethylene on 
foliage are of considerable value to agriculture in some circum­
stances. Leaves are removed prior to harvest of bare-root nursery 
stock (61), cotton (32), or in the management of a range of other 
crops (5, 36, 68), by the application of ethylene-releasing chemicals 
or of chemical poisons which presumably stimulate ethylene pro­
duction by wounding the tissue (117).

Removing flowers or young fruit. Removal of flowers or young 
fruit, either selectively, as in tree fruit where hand thinning is no 
longer economically feasible, or totally, as in ornamentals, where 
dropping fruit is considered to be undesirable, has been achieved 
by spraying with several ethylene-releasing or stimulating chemicals 
(45, 56, 93, 106, 113, 114).

Removing mature fruit. The force required to detach maturing 
fruit from the tree, which decreases as ethylene production increases 
(109), has been used since antiquity as a means of assessing their 
maturity, and is still an important factor in the harvest of many
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fruit. In melons, for example, the development of the “ slip” , the 
region of the abscission of the fruit from the vine, and an important 
maturity index in some cultivars, occurs at the time when the fruit’s 
endogenous ethylene production is increasing (87).

Application of ethylene-releasing chemicals is used widely to 
reduce the strength of the abscission zone of mature fruit (18, 19, 
21, 62, 67) and is of particular importance in facilitating the me­
chanical harvesting of sour cherries (81), and the shucking of wal­
nuts (82, 101) and pecans. The application of low concentrations 
of cycloheximide (10-20 ppm) to citrus fruit has been shown se­
lectively to wound the peel adjacent to the button (26, 116). Eth­
ylene production in response to this wounding stimulates button 
abscission, a sequence of events which has been of some commer­
cial value in the mechanical harvesting of Florida citrus (48, 116).

Ethylene-induced abscission is a common problem in the post­
harvest handling of vegetables (55), fruit, and ornamentals (11, 42, 
71). Even at storage temperatures, ethylene can accelerate abscis­
sion of leaves of cabbage, cauliflower, celery and similar vegetables 
(69). Loss of the button from lemons, limes, and other citrus also 
can result from ethylene exposure during marketing. Abscission 
effects of ethylene in ornamentals were noted long before ethylene 
was proved the causal factor. Abscission of florets from cut flowers 
and potted flowering plants (23), and of leaves from potted foliage 
plants (71), are common symptoms of exposure of these crops to 
ethylene-polluted environments. The rapid abscission of many flor­
ets following the presence of an errant bee in a snapdragon green­
house or the pollination of foxgloves under laboratory conditions 
(102) provides another example of ethylene-mediated abscission. 
Pollen contains ACC (1-aminocyclopropane-l-carboxylic acid) in 
high concentrations (115), and this ethylene precursor, is trans­
ported from the stigma to other parts of the flower (90).

Preventing ethylene-induced abscission
The commercial implications of the unwanted abscission of leaves, 

flowers, or fruit in horticultural crops have aroused considerable 
interest in devising ways of avoiding the problem. In most respects, 
the techniques employed are similar to those described for over­
coming other undesirable effects of ethylene.

Avoiding exposure to ethylene. Many of the problems after har­
vest can be avoided by eliminating sources of ethylene (such as 
internal combustion engines, ripening fruit, fungi, and poorly vented 
fossil fuel heaters), and by proper ventilation of environments likely 
to be contaminated with ethylene.

Reducing the sensitivity o f plants to ethylene. The danger of pre­
mature abscission can be reduced by ensuring that the abscission 
zone remains insensitive to ethylene by providing adequate nutrition 
and illumination, avoiding desiccation, or treating the plants with 
synthetic auxins. This latter treatment is important in preventing 
abscission of some fruit crops, such as apples (35) and citrus (25). 
It also has proved useful in reducing leaf abscission in English holly 
(92) and flower abscission in some ornamentals, including bou­
gainvillea (41), Geraldton wax flower (43), and Lily of the Nile 
(75).

Use o f specific ethylene inhibitors. Silver ion (15) has no place 
in preventing abscission in food crops, but it is already in wide­
spread use (formulated as the stable, relatively nonphytotoxic and 
mobile thiosulfate complex) in preventing the abscission of flowers 
of ornamental plants (22, 23, 75, 76, 107, 108). Spraying zygo- 
cactus plants with 0.2 m M  STS (silver thiosulfate) at the stage when 
buds were starting to show color completely prevented subsequent 
flower abscission in response to low concentrations of ethylene (22). 
A 4 m M  STS spray similarly prevented ethylene-accelerated ab­
scission of leaves from foliage plants (Fig. 5).

STS appears to move considerable distances in plants. In gera­
nium, spraying tight buds prevented abscission not only of their 
petals, but also of those of flowers developing several weeks later 
(23).

Silver ion appears to inhibit ethylene effects at a very early stage 
in the events leading to abscission. Electron micrographs of cells 
in abscission zones from Coleus explants treated with STS and then 
with ethylene are indistinguishable from those of freshly-cut control 
explants (Fig. 3). The curious interactions between light, silver ion,

Fig. 5. Effect of prior spray application of 4 mM STS on abscission of
leaflets from plants of Brassaia actinophylla treated with 2 ppm ethylene
for 7 days (Goszczynska and Reid, unpublished data).

ethylene and abscission observed by Curtis (27), do not yet appear 
to have been explained satisfactorily.

Whereas inhibitors of ethylene production prevent floret abscis­
sion in some flowers (110), the practical implications of this finding 
are limited, since these compounds have little or no effect on the 
response of plant tissues to exogenous ethylene.
Future Research

The horticultural implications briefly outlined in this report are a 
clear indication of the importance of ethylene-mediated abscission. 
We already possess a great deal of information on the anatomy, 
biochemistry, and physiology of the process, and we have an ar­
mory of chemical agents to stimulate or inhibit it with varying 
degrees of commercial success. In the future, we may hope for 
modification of abscission behaviour by genetic manipulation of 
sensitive plants. This goal will not be achieved without further 
fundamental research into the means by which ethylene acts.

Two interesting and relatively unattended reports may provide 
useful experimental systems for such studies. Fitting’s observation 
in 1911 (34) that brief exposure of geranium flowers to ethylene 
will cause almost immediate abscission suggests that in these flow­
ers the depression of the genome, which is implied in most other 
abscission systems (Fig. 4), is not involved in the abscission re­
sponse. Further studies of this system (98) might reveal a more 
direct effect of ethylene which would provide important information 
about the modulation of cell behavior by this hormone. In 1958, 
Haney (44) showed the sensitivity of snapdragon floret abscission 
to ethylene to be due to a single gene locus. Identification of the 
product of this gene using modem genetic techniques also might 
yield important information about the control of abscission by eth­
ylene.
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