
Methyl Jasmonate Induces Gums and Stimulates Anthocyanin Accumulation
in Peach Shoots
Marian Saniewski,1 Kensuke Miyamoto,2 and Junichi Ueda2,*

1Research Institute of Pomology and Floriculture, Pomologiczna 18, 96–100 Skierniewice, Poland, and the2College of Integrated Arts and
Sciences, Osaka Prefecture University, 1-1 Gakuen-cho, Sakai, Osaka 599-8531, Japan

Received January 26, 1998; accepted March 4, 1998

Abstract. The effect of methyl jasmonate (JA-Me) on
the induction of gum was studied in relation to the action
of ethylene in peach (Prunus persicaBatsch cv. Benish-
imizu) shoots. JA-Me applied at concentrations of
0.1–2.5% (w/w) in lanolin paste to current growing or
older shoots substantially induced gums 3 days after
treatment. The amount of gums exuded increased de-
pending on the dose of JA-Me. Ethephon (2-chloroethyl-
phosphonic acid) at 1 or 2% (w/w) in lanolin induced
gum and strongly enhanced the promoting effect of JA-
Me on gum formation. JA-Me also induced anthocyanin
accumulation in current growing shoots, but ethephon
did not. Anthocyanin accumulation in response to JA-Me
at a concentration of 10 mg/liter or higher was observed
also in the cut shoots of peach. Ethephon (100 mg/liter)
substantially inhibited anthocyanin accumulation in-
duced by JA-Me. These facts suggest that JA-Me plays
an important role in gum formation as well as ethylene
and in anthocyanin accumulation and that these pro-
cesses are not necessarily accompanied by each other in
peach shoots.
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Gummosis is the process of the accumulation and exu-
dation of gum from plants. It is a common response to
wounding and/or injury by insects and pathogens and

some stresses in many plants, especially in species of
stone fruit trees of the Rosaceae such as peach, cherry,
apricot, and plum (Boothby 1983, Butler 1911, Esau
1965, Olien and Bukovac 1982). Because these stresses
have been well known to produce ethylene (Abeles 1973,
Barkai-Golan et al. 1989, Imaseki 1985, Yang and Hoff-
man 1984) and the application of the ethylene-generating
compound ethephon induces gum, gummosis has been
considered to be mediated by ethylene (Buchanan and
Biggs 1969, Bukovac 1979, Hillis 1975, Nair et al. 1980,
Olien and Bukovac 1978, 1982, Wilde and Edgerton
1975).

Gum formation in peach shoots and fruits has been
reported to be caused by the infection ofBotryosphaeria
dothideaor Botryodiplodia theobromae(syn. 4 Lasio-
diplodia theobromae) (Chen 1985, Ko and Sun 1992,
Li et al. 1995, Wright and Smith 1954) in which
jasmonic acid (JA) has been first isolated as a plant
growth inhibitor (Aldridge et al. 1971). The occurrence
of different JA-related compounds in the fungusB.
theobromaewas documented recently (Miersch et al.
1987, 1991). Methyl jasmonate (JA-Me) has also
been found to induce gum in tulip bulbs and stems
(Saniewski 1989, Saniewski and Puchalski 1988, Sani-
ewski et al. 1997). Recent studies demonstrated an im-
portant role of JA and its related compounds in the signal
transduction pathway in response to stresses such as
wounding, insect attack, or pathogen infection (Blechert
et al. 1995, Howe et al. 1996, Mueller 1997, Reinbothe et
al. 1994, Sembdner and Parthier 1993, Seo et al. 1997).
These facts suggest that gummosis in trees in response
to these stresses is regulated by JA and its related
compounds in a way similar to the mode of action of
ethylene.

In this paper we report the stimulatory effect of JA-Me
on gum formation and anthocyanin accumulation in
peach shoots.

Abbreviations: JA, jasmonic acid; JA-Me, methyl jasmonate.
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Materials and Methods

Plant Materials

Mature peach (Prunus persicaBatsch cv. Benishimizu) trees growing
at the Orchard of College of Agriculture, Osaka Prefecture University,
Japan were used.

Gum Formation and Anthocyanin Acumulation

JA-Me (0.1, 0.5, 1.0, and 2.5%, w/w) or ethephon (2-chloroethyl-
phosphonic acid, 1.0 and 2.0%, w/w) in lanolin paste as a ring (c about
3 mm in width) was applied to selected branches gently abraded with
a polishing cloth. In some experiments, JA-Me in the presence or
absence of ethephon (100 mg/liter) was applied as a solution to the cut
shoots from currently growing plants or peach shoots that had stopped
growing.

After appropriate incubation, gum production and anthocyanin ac-
cumulation were observed. In the experiments using the cut shoots of
peach, the content of anthocyanin was determined spectrophotometri-
cally by absorption at 530 nm, after extraction of anthocyanin from
shoot segments (2 cm in length) excised from the middle part of the cut
shoots with 1% HCl in methanol.

Results and Discussion

The application of ethephon at concentrations of 1 and
2% (w/w) in lanolin to gently abraded current growing
shoots stimulated gum formation around the site of the
application in intact shoots (Table 1). Gentle abrasion
had no effect on gum formation, indicating that this abra-
sion had no serious role in gum formation as a wound
signal. The onset of gum formation induced by ethephon
took place 2 days after the treatment. This fact indicates
that gummosis is regulated by ethylene in peach shoots
as is well known.

On the other hand, JA-Me at concentrations of 0.1,
0.5, 1, and 2.5% in lanolin also induced gum formation,

with the onset of gum formation taking place 3 days and
2 days after the treatment, respectively (Table 1 and Fig.
1). The amounts of gum exuded increased as the incu-
bation time was increased and the concentration of JA-
Me was higher. The onset of gum formation was also
hastened depending on the concentration of JA-Me. Si-
multaneous application of JA-Me with ethephon strongly
enhanced the exudation of gum and shortened the onset
of formation as compared with the treatment of JA-Me or
ethephon alone (Table 1). The effectiveness of JA-Me or
ethephon on gum formation in peach shoot was not dif-
ferent between currently growing shoots and old ones
(data not shown). These results suggest that JA-Me regu-
lates gummosis associated with ethylene in peach shoots
in response to insect or pathogen attack and other
stresses.

Recently, JA and its related compounds have been
reported to be produced in response to stresses such as
wounding and pathogen infection (Creelman and Mullet
1997, Mueller 1997, Reinbothe et al. 1994, Sembdner
and Parthier 1993, Seo et al. 1997). Czapski and Sani-
ewski (1992) suggested that stimulation of ethylene pro-
duction by wounding and pathogen infection of different

Table 1. Effects of JA-Me and ethephon on gum formation in intact
peach shoots. JA-Me or ethephon was applied alone or simultaneously
as lanolin paste to intact peach shoots. Gum formation was observed
optically and quantified as relative amounts: −, no gums; + to ++++,
increasing degrees (amounts) of gum production (+, trace; ++++, high
production).

Treatment

Days after treatment

2 3 4

None − − −
JA-Me

0.1% − + +
0.5% − + ++
1.0% − ++ +++
2.5% + ++ +++

Ethephon
1% + ++ +++
2% + ++ +++

JA-Me 2.5% + ethephon 1% ++ +++ ++++

Fig. 1. Gum formation induced by JA-Me (2.5%, w/w) at 3 days after
application.
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organs of tomato plants may be caused by an increased
content of endogenous JA or JA-Me which controls bio-
synthesis of ethylene in tomato. In tulip bulbs, JA-Me
has been reported to induce gummosis as well as ethyl-
ene production (Saniewski 1989, Saniewski and Puchal-
ski 1988, Saniewski et al. 1997, 1998). These facts
strongly support our suggestion that gummosis in re-
sponse to these stresses is regulated by JA-Me, and pos-
sibly by other JA-related compounds, in cooperation
with ethylene. Further studies of the changes in the en-
dogenous levels of JA and its related compounds during
induction of gums in response to these stresses in peach
shoots are required.

Our recent results (unpublished) indicate that JA-Me
induces also gum formation in other stone fruit trees,
sour cherry (Prunus cerasusL.) and apricot (Prunus ar-
meniacaL.). Studies on the mode of action of gummosis
in other species of Rosaceae are also under the investi-
gation.

In peach shoots, mostly in the apex, in addition to gum
induction anthocyanin accumulation is stimulated by the
infestation of insects (our observation). Unlike gummo-
sis, applied ethephon had no effect on anthocyanin ac-
cumulation in currently growing shoots (Table 2). On the
other hand, JA-Me at concentrations of 0.1, 0.5, 1, and
2.5% in lanolin greatly stimulated anthocyanin accumu-
lation when it was applied in lanolin paste to intact peach
shoots, the anthocyanin accumulation being observed
around the site of the application 2 days after the treat-
ment. Ethephon applied simultaneously with JA-Me
showed inhibition of JA-Me-induced anthocyanin accu-
mulation in intact shoots.

The stimulatory effect of JA-Me on anthocyanin ac-
cumulation was observed also in the cut shoots of peach.
JA-Me applied as a solution stimulated anthocyanin ac-
cumulation. Ethephon substantially suppressed JA-Me-

induced anthocyanin accumulation as well as in intact
shoots (Fig. 2). These facts suggest that the accumulation
of anthocyanin in response to wounding in peach shoots
is regulated by JA-Me, and possibly with other JA-
related compounds, but not by ethylene.

The stimulatory effect of JA-Me on anthocyanin ac-
cumulation has already been found in a wild type of
Arabidopsis (Feys et al. 1994), soybean hypocotyls
(Franceschi and Grimes 1991), and tulips (Saniewski et
al. 1998). In tulips and soybean, accumulation of antho-
cyanin induced by JA-Me was not accompanied by an

Table 2. Effects of JA-Me and ethephon on anthocyanin accumulation
in intact peach shoots. JA-Me or ethephon was applied alone or simul-
taneously as lanolin paste to the intact peach shoots. Accumulated
anthocyanin was observed optically and quantified as relative amounts:
−, no anthocyanin accumulation; + to ++++, increasing degrees
(amounts) of anthocyanin accumulation (+, trace; ++++, high accumu-
lation).

Treatment

Days after treatment

2 3 4

None − − −
JA-Me

0.1% − + +
0.5% + ++ ++
1.0% + +++ +++
2.5% + +++ +++

Ethephon
1% − − −
2% − − −

JA-Me 2.5% + ethephon 1% + ++ ++

Fig. 2. Effect of JA-Me on anthocyanin accumulation in the cut shoots
of peach in the presence or absence of ethephon. Cut shoots of peach
(upper,cut shoots from current growing shoots;lower,cut shoots from
stopped-growing shoots) were incubated with various concentrations of
JA-Me solution in the presence or absence of ethephon (100 mg/liter)
for 3 days. After the incubation, 2-cm segments were excised from the
middle part of the shoots and used for anthocyanin extraction (four
segments/5 ml of 1% HCl-MeOH).
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increase in ethylene production. These results support
that the anthocyanin accumulation in peach shoots is
regulated by JA-Me, although it is possible that ethylene
negatively regulates JA-Me-induced anthocyanin accu-
mulation.

In conclusion, the stimulation of gum formation is
irrespective of anthocyanin accumulation in peach
shoots, suggesting that the former is possibly regulated
by the cooperation of ethylene, and JA-Me, but the latter
is regulated only by JA-Me. The modes of action of
JA-Me and ethylene on the induction of gums in peach
shoots are now under the investigation.

Acknowledgments.We thank Prof. S. Horiuchi and Dr. T. Ogata, Col-
lege of Agriculture, Osaka Prefecture University, for the experimental
use of peach trees. The stay of M.S. at the College of Integrated Arts
and Sciences, Osaka Prefecture University, Japan, was supported by the
invitation fellowship programs for research in Japan, Japan Society for
the Promotion of Science.

References

Abeles FB (1973) Ethylene in Plant Biology. Academic Press, New
York, pp 87–100

Aldridge DC, Galt S, Giles D, Turner WW (1971) Metabolites of
Lasiodiplodia theobromae.J Chem Soc Chem Commun 1623–
1627

Barkai-Golan R, Lavy-Meir G, Kopeliovitch E (1989) Stimulation of
fruit ethylene production by wounding and byBotrytis cinerea
andGeotrichum candiduminfection in normal and non-ripening
tomatoes. J Phytopathol 125:148–156

Blechert S, Brodschelm W, Holder S, Kammerer L, Kutchan TM,
Mueller MJ, Xia Z-Q, Zenk MH (1995) The octadecanoic path-
way: signal molecules for the regulation of secondary pathways.
Proc Natl Acad Sci USA 92:4099–4105

Boothby D (1983) Gummosis of stone-fruit trees and their fruits. J Sci
Food Agric 34:1–7

Buchanan DW, Biggs RH (1969) Peach fruit abscission and pollen
germination as influenced by ethylene and 2-chloroethane phos-
phonic acid. J Am Soc Hort Sci 94:327–329

Bukovac MJ (1979) Machine-harvest of sweet cherry: effect of ethe-
phon on fruit removal and quality of the processed fruit. J Am
Soc Hort Sci 104:289–294

Butler O (1911) A study on gummosis ofPrunus and Citrus, with
observations on squamosis and exanthema of theCitrus. Ann
Bot 25:107–154

Chen XZ (1985) Studies on the gummosis of peach (Prunus persica)
caused byBotryosphaeria dothidea.Acta Phytopathol Sin
15:53–57

Creelman RA, Mullet JE (1997) Biosynthesis and action of jasmonates
in plants. Annu Rev Plant Physiol Plant Mol Biol 48:355–381

Czapski J, Saniewski M (1992) Stimulation of ethylene production and
ethylene-forming enzyme activity in fruits of the non-ripening
nor and rin tomato mutants by methyl jasmonate. J Plant physiol
139:265–268

Esau K (1965) Plant Anatomy. 2nd ed. John Wiley and Sons, New
York, pp 46, 260–261

Feys BJF, Beydetti CE, Penfold CN, Turner JG (1994)Arabidopsis
mutants selected for resistance to the phytotoxin coronatine are

male sterile, insensitive to methyl jasmonate, and resistant to a
bacterial pathogen. Plant Cell 6:751–759

Franceschi VR, Grimes HD (1991) Induction of soybean vegetative
storage proteins and anthocyanins by low-level atmospheric
methyl jasmonate. Proc Natl Acad Sci USA 88:6745–6749

Hillis WE (1975) Ethylene and extraneous material formation in woody
tissue. Phytochemistry 14:2559–2562

Howe GA, Lightner J, Browse J, Ryan CA (1996) An octadecanoid
pathway mutant (JL5) of tomato is compromised in signaling
for defense against insect attack. Plant Cell 8:2067–2077

Imaseki H (1985) Hormonal control of wound-induced responses. In:
Pharis RP, Reid DM (eds) Hormonal Regulation of Develop-
ment. III. Springer-Verlag, Berlin, pp 485–512

Ko Y, Sun S-K (1992) Peach gummosis disease caused byBotry-
osphaeria dothideain Taiwan. Plant Pathol Bull 1:70–78

Li H-Y, Cao R-B, Mu Y-T (1995)In vitro inhibition of Botryosphaeria
dothideaandLasiodiplodia theobromae, and chemical control
of gummosis disease of Japanese apricot and peach trees in
Zhejiang Province, China. Crop Protection 14:187–191

Miersch O, Preiss A, Sembdner G, Schreiber K (1987) (+)-Iso-
jasmonic acid and related compounds fromBotryodiplodia
theobromae.Phytochemistry 26:1037–1039

Miersch O, Schneider G, Sembdner G (1991) Hydroxylated jasmonic
acid and its related compounds fromBotryodiplodia theobro-
mae.Phytochemistry 30:4049–4051

Mueller MJ (1997) Enzymes involved in jasmonic acid biosynthesis.
Physiol Plant 100:653–663

Nair MNB, Patel KR, Shah JJ, Pandalai RC (1980) Effect of ethephon
(2-chloroethylphosphonic acid) on gummosis in the bark of
Azadirachta indica.Indian J Exp Biol 18:500–503

Olien WC, Bukovac MJ (1978) The effect of temperature on rate of
ethylene evolution from ethephon and from ethephon-treated
leaves of sour cherry. J Am Soc Hortic Sci 103:199–202

Olien WC, Bukovac MJ (1982) Ethephon-induced gummosis in sour
cherry (Prunus cerasusL.) 1. Effect on xylem function and
shoot water status. Plant Physiol 70:547–555

Reinbothe S, Mollenhauer B, Reinbothe C (1994) JIPs and RIPs: the
regulation of plant gene expression by jasmonates in response
to environmental cues and pathogens. Plant Cell 6:1197–1209

Saniewski M (1989) Relationship between stimulatory effect of methyl
jasmonate on gum formation and ethylene production in tulip
stem. Bull Pol Acad Sci Biol Sci 37:41–48

Saniewski M, Miszczak A, Kawa-Miszczak L, We¸grzynowicz-Lesiak
E, Miyamoto K, Ueda J (1998) Effects of methyl jasmonate on
anthocyanin accumulation, ethylene production, and CO2 evo-
lution in uncooled and cooled tulip bulbs. J Plant Growth Regul
17:33–37

Saniewski M, Miyamoto K, Ueda J (1997) Promotive effect of methyl
jasmonate on gum formation in tulips: relevance to ethylene
production. Plant Cell Physiol 38:S116

Saniewski M, Puchalski J (1988) The induction of gum formation in the
leaf, stem, and bulb by methyl jasmonate in tulips. Bull Pol
Acad Sci Biol Sci 36:35–38

Sembdner G, Parthier B (1993) The biochemistry and the physiological
and molecular actions of jasmonates. Annu Rev Plant Physiol
Plant Mol Biol 44:569–589

Seo S, Sano H, Ohashi Y (1997) Jasmonic acid in wound signal trans-
duction pathways. Physiol Plant 101:740–745

Wilde MH, Edgerton LJ (1975) Histology of ethephon injury on Mont-
morency cherry branches. HortScience 10:79–81

Wright WR, Smith MA (1954)Diplodia fruit rot of peaches. Phytopa-
thology 44:471–472

Yang SF, Hoffman NE (1984) Ethylene biosynthesis and its regulation
in higher plants. Annu Rev Plant Physiol 35:155–189

M. Saniewski et al.124


