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Enhancing disease resistance in peach fruit
with methyl jasmonate
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Abstract

BACKGROUND: Peaches are susceptible to microbial decay during postharvest distribution at ambient temperature. To search
for effective alternatives to currently used fungicides for disease control, in this study the effect of methyl jasmonate (MeJA) on
disease resistance and fruit decay of peaches after harvest in response to pathogen attack was investigated.

RESULTS: Freshly harvested peaches were treated with 1 µmol L−1 MeJA vapour at 20 ◦C for 24 h. At 0, 12, 24 and 36 h
after this treatment, both treated and untreated fruits were artificially wounded and inoculated with Penicillium expansum,
Botrytis cinerea or Rhizopus stolonifer spore suspension (1 × 105 spores mL−1) and then incubated at 20 ◦C for 6 days. MeJA
treatment significantly reduced the postharvest diseases. Incubation for 12 h was the optimal length of time after MeJA
treatment, resulting in the lowest disease incidence and lesion diameter for all pathogens. The activities of defence enzymes
including chitinase, β-1,3-glucanase, phenylalanine ammonia-lyase, polyphenol oxidase and peroxidase were enhanced by
MeJA treatment, and the level of total phenolics in MeJA-treated fruit was also higher than that in control fruit. In addition, MeJA
affected hydrogen peroxide (H2O2)-metabolising enzymes such as superoxide dismutase, catalase and ascorbate peroxidase
and induced a higher level of H2O2 during incubation, which might serve as a signal to induce resistance against P. expansum.

CONCLUSION: MeJA was effective in reducing decay and might enhance disease resistance in peach fruit by increasing levels of
antipathogenic proteins and antimicrobial phenolic compounds.
c© 2009 Society of Chemical Industry
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INTRODUCTION
Peaches are highly susceptible to pathogenic infection and
physiological deterioration during ambient temperature storage
and ripening. Blue mould, grey mould and soft rot caused by
Penicillium expansum Link, Botrytis cinerea Pers.:Fr. and Rhizopus
stolonifer Ehrens.:Fr. respectively are the major postharvest
diseases of peaches in China.1,2 Previously, fungicide treatments
have been widely used to reduce these postharvest diseases of
peach fruit.3,4 However, consumer concerns over health issues and
environmental pollution, along with the reduced effectiveness of
fungicides due to the development of fungicide resistance by
pathogens, make it necessary to develop new strategies to induce
resistance as new technologies for controlling postharvest diseases
in peaches.5

Methyl jasmonate (MeJA) is a naturally occurring compound
that plays important roles in plant growth and development,
fruit ripening and responses to environmental stresses.6 It has
been reported that MeJA treatment can reduce postharvest
diseases of grapefruit and peach,7,8 inhibit decay and enhance
antioxidant capacity of raspberry9 and suppress grey mould rot in
strawberry and cut freesia and rose flowers.10 – 12 In addition, there
is evidence that application of MeJA could enhance host resistance
against pathogens by inducing secondary metabolites, resulting in
increased expression of a set of defence genes.13,14 Pathogenesis-
related proteins (PRPs) have also been induced by MeJA in sweet
cherry and strawberry.15,16 In previous research we found that

MeJA treatment at 1 µmol L−1 was effective in preventing decay
of peach fruit during ambient temperature storage.17 However,
the mode of action of MeJA in reducing peach fruit decay has
not been clearly elucidated. The objectives of this work were to
investigate the effect of MeJA treatment on fruit decay and disease
resistance of peaches after harvest in response to pathogen attack
and to explore the possible mechanisms involved.

MATERIALS AND METHODS
Pathogens
Penicillium expansum, B. cinerea and R. stolonifer were isolated
from infected peaches and cultured on potato dextrose agar (PDA)
according to the method of Yao and Tian.8 Spore suspensions of
P. expansum, B. cinerea and R. stolonifer were prepared by
flooding 2-week-old PDA culture dishes incubated at 26 ◦C with
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sterile distilled water containing 0.5 mL L−1 Tween 80. Spore
concentrations of these pathogens were determined with a
haematocytometer and adjusted with sterile distilled water to
obtain 1 × 105 spores mL−1.

Fruit material and treatments
Peach (Prunus persica Batsch cv. Baifeng) fruits were hand-
harvested at firm–mature stage from a commercial orchard in
Nanjing, China, selected for uniform size, colour and absence of
defects and then randomly divided into two groups. Both groups
of fruits were placed in 125 L airtight containers for treatment.
A concentration of 1 µmol L−1 MeJA was chosen as optimal for
this experiment based on our previous research results.17 MeJA
(Aldrich Chemical Company, Milwaukee, WI, USA) was spotted
onto filter paper at a final vapour concentration of 0 (control)
or 1 µmol L−1 and incubated at 20 ◦C for 24 h. Afterwards the
containers were opened and ventilated for 1 h and both groups of
fruits were left at 20 ◦C for 0–36 h before pathogen inoculation. For
pathogen inoculation, both MeJA-treated and control fruits were
first surface-sterilised with 750 mL L−1 ethanol, then wounded with
a sterilised nail at two points (4 mm deep and 3 mm in diameter) in
the equatorial zone and inoculated with a 20 µL spore suspension
of P. expansum, B. cinerea or R. stolonifer at 0, 12, 24 or 36 h after
MeJA treatment. Each treatment was replicated three times, with
15 fruits per replication, and the experiment was conducted twice.

The inoculated fruits were placed in plastic bags to maintain
the relative humidity at about 95% and stored at 20 ◦C for 6 days.
Tissue samples of healthy pulp were collected from five fruits
at 2 day intervals. Samples were mixed and frozen immediately
in liquid nitrogen, then stored at −80 ◦C. Fruit decay incidence,
lesion diameter, total phenolic content, hydrogen peroxide (H2O2)
content and activities of chitinase (EC 3.2.1.14), β-1,3-glucanase
(EC 3.2.1.58), phenylalanine ammonia-lyase (PAL, EC 4.3.1.5),
polyphenol oxidase (PPO, EC 1.10.3.1), peroxidase (POD, EC
1.11.1.7), superoxide dismutase (SOD, EC 1.15.1.1), catalase (CAT,
EC 1.11.1.6) and ascorbate peroxidase (APX, EC 1.11.1.11) were
measured before inoculation with a 20 µL spore suspension of
P. expansum (12 h after MeJA treatment, day 0) and on days 2,
4 and 6 of storage at 20 ◦C. Each treatment was replicated three
times, and the experiment was conducted twice.

Decay evaluation
Fruit decay was evaluated visually during the course of the
experiment. When the visible rot zone around the wounded area
on a fruit was more than 1 mm wide, it was counted as a decayed
fruit. Decay incidence (%) was defined as (decayed fruits/total
fruits) × 100.

Determination of total phenolic and H2O2 contents
Total phenolic content was determined according to the
Folin–Ciocalteu procedure.18 A 1 g portion of frozen sample was
ground in 5 mL of 800 mL L−1 cold acetone and centrifuged at
10 000 × g for 20 min at 4 ◦C. The result was expressed as g gallic
acid equivalent kg−1 fresh weight (FW).

Endogenous H2O2 content was determined according to the
method of Patterson et al.19 with slight modification. The level of
endogenous H2O2 in flesh tissue was measured by monitoring
the absorbance of the titanium–peroxide complex at 410 nm.
Absorbance values were calibrated against a standard curve
(generated using known concentrations of H2O2) and expressed
as mmol H2O2 kg−1 FW.

Analysis of enzyme activities
Chitinase was extracted from 1 g of tissue sample with 5 mL of
sodium acetate buffer (50 mmol L−1, pH 5) at 4 ◦C. Chitinase
activity was measured by the release of N-acetyl-D-glucosanmine
(NAG) from colloidal chitin according to the method of Abeles
et al.20 One unit of chitinase activity was defined as the amount of
enzyme required to catalyse the production of 1 µg NAG h−1 at
37 ◦C.

β-1,3-Glucanase activity was determined according to the
method of Abeles et al.20 with some modification. The enzyme
extract was prepared by homogenising 1 g of tissue sample with
5 mL of sodium acetate buffer (50 mmol L−1, pH 5) at 4 ◦C. The
homogenate was centrifuged at 10 000 × g for 20 min at 4 ◦C and
the supernatant served as enzyme source. β-1,3-Glucanase activity
was assayed by incubating 200 mL of the enzyme preparation in
200 mL of 1 g L−1 laminarin for 60 min at 37 ◦C. One unit of β-1,3-
glucanase activity was defined as the amount of enzyme required
to catalyse the production of 1 mg glucose equivalent h−1 at 37 ◦C.

For the PAL assay, 1 g of tissue sample was homogenised with
5 mL of 50 mmol L−1 sodium borate buffer (pH 8.7, containing
5 mmol L−1 β-mercaptoethanol) and 1 g of polyvinylpyrrolidone
(PVP). The mixture was centrifuged at 10 000 × g for 20 min at
4 ◦C and the supernatant was collected. PAL activity was assayed
according to the method of Assis et al.21 with some modification.
One unit of PAL activity was defined as the amount of enzyme that
caused an increase in absorbance of 0.01 at 290 nm in 1 h under
the assay conditions.

POD was extracted from 1 g of tissue sample with 5 mL of
50 mmol L−1 sodium borate buffer (pH 8.7) at 4 ◦C. POD activity
was assayed using guaiacol as donor and H2O2 as substrate
according to the method of Kochba et al.22 One unit of POD
activity was defined as the amount of enzyme that caused an
increase in absorbance of 0.001 at 470 nm in 1 min under the
assay conditions.

SOD was extracted from 1 g of tissue sample with 5 mL of
50 mmol L−1 sodium phosphate buffer (pH 7.8) at 4 ◦C. The
homogenate was centrifuged at 10 000 × g for 20 min at 4 ◦C. The
supernatant was used to determine SOD activity by the method
of Rao et al.23 in a final volume of 3 mL containing 0.1 mL of crude
enzyme extract. One unit of SOD activity was defined as the amount
of enzyme that caused 50% inhibition of nitro blue tetrazolium.

CAT was extracted from 1 g of tissue sample with 5 mL of
50 mmol L−1 sodium phosphate buffer (pH 7) at 4 ◦C. CAT activity
was determined by the method of Change and Maehly.24 One
unit of CAT activity was defined as the amount of enzyme that
decomposed 1 µmol H2O2 min−1 at 30 ◦C.

APX was extracted from 1 g of tissue sample with 5 mL of
50 mmol L−1 sodium phosphate buffer (pH 7) containing 0.1 mmol
L−1 ethylene diamine tetraacetic acid (EDTA), 1 mmol L−1 ascorbic
acid and 10 mL L−1 PVP at 4 ◦C. The homogenate was centrifuged
at 10 000 × g for 20 min at 4 ◦C and the supernatant was used for
the assay. APX activity was determined by the method of Nakano
and Asada.25 One unit of APX activity was defined as the amount
of enzyme that oxidised 1 µmol ascorbate min−1 at 30 ◦C.

Protein content in the enzyme extracts was determined by the
Bradford26 method using bovine serum albumin as standard. Spe-
cific activity of all enzymes was expressed as units (U) mg−1 protein.

Statistical analysis
Experiments were performed using a completely randomised
design. All statistical analyses were performed with SPPS (SPSS
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Inc., Chicago, IL, USA). Data were analysed by means of one-way
analysis of variance. Main effects and interactions were analysed
and means were compared by Duncan’s multiple range test at a
significance level of 0.05.

RESULTS
Effect of inoculation time on disease incidence and lesion
diameter in peach fruits treated with MeJA and inoculated
with P. expansum, B. cinerea and R. stolonifer
Incidences of blue mould, grey mould and soft rot in MeJA-
treated fruits were significantly lower than those in control fruits
(Fig. 1). Inoculation time also influenced the effect of MeJA on
disease incidence and lesion diameter. The results showed that
the optimal time for inoculation with P. expansum, B. cinerea and
R. stolonifer was 12 h after treatment with MeJA.

Effect of MeJA treatment on disease incidence and lesion
diameter in peach fruits inoculated with P. expansum
MeJA treatment significantly reduced disease incidence and lesion
diameter in fruits inoculated with P. expansum. Disease incidence
in MeJA-treated fruits after 2 and 4 days of incubation at 20 ◦C was
77.8 and 25% lower respectively than that in control fruits (Fig. 2A).
Although all inoculation wounds in both MeJA-treated and control
fruits developed decay symptoms after 6 days of incubation, lesion
diameter in MeJA-treated fruits was still significantly (P < 0.05)
smaller than that in control fruits (Fig. 2B).

Effect of MeJA treatment on chitinase and β-1,3-glucanase
activities in peach fruits inoculated with P. expansum
Chitinase activity was relatively stable in control fruits after
inoculation. MeJA enhanced chitinase activity in fruits by 2.1 and
3 times on days 4 and 6 after treatment respectively as compared
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Figure 1. Effect of inoculation time on (A, C, E) disease incidence and (B, D, F) lesion diameter in peach fruits treated with MeJA and inoculated with (A,
B) Penicillium expansum, (C, D) Botrytis cinerea and (E, F) Rhizopus stolonifer and stored at 20 ◦C for 4 days. Each column represents the mean of triplicate
samples. Vertical bars represent the standard errors of the means. Different letters above the bars indicate statistically significant differences at P < 0.05.
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Figure 2. Effect of MeJA treatment on (A) disease incidence and (B) lesion diameter in peach fruits inoculated with Penicillium expansum and incubated
at 20 ◦C. Data are expressed as the mean of triplicate assays. Vertical bars represent the standard errors of the means.

with control fruits (Fig. 3A). β-1,3-Glucanase activity increased
slightly after harvest. MeJA treatment significantly (P < 0.05)
enhanced the increase in β-1,3-glucanase activity, which reached
a peak on day 4 (Fig. 3B).

Effect of MeJA treatment on PAL, POD and PPO activities and
total phenolic content in peach fruits inoculated with
P. expansum
PAL activity increased slightly after treatment and decreased
gradually after day 2. MeJA enhanced PAL activity in fruits by 2.6
and 4.5 times on days 4 and 6 after treatment respectively as
compared with control fruits (Fig. 3C). POD activity in both MeJA-
treated and control fruits showed a marked increase before day 4
and then declined significantly. MeJA enhanced POD activity by
1.4 and 1.3 times on days 4 and 6 after treatment respectively as
compared with control fruits (Fig. 3D). PPO activity (Fig 3E) and
total phenolic content (Fig. 3F) increased steadily after harvest.
MeJA enhanced PPO activity and maintained a high level of total
phenolics. Total phenolic content in MeJA-treated fruits was 37.7
and 83.3% higher on days 4 and 6 respectively than that in control
fruits (Fig. 3F).

Effect of MeJA treatment on SOD, CAT and APX activities and
H2O2 content in peach fruits inoculated with P. expansum
SOD activity in fruits increased steadily at 20 ◦C and peaked on
day 4 (Fig. 4A). MeJA treatment significantly (P < 0.05) enhanced
the increase in SOD activity during the entire storage period.
CAT (Fig. 4B) and APX (Fig. 4C) activities declined gradually after
harvest. MeJA hastened the decrease in CAT activity. CAT activity
in MeJA-treated fruits was 21.4 and 27.6% lower on days 4 and
6 respectively than that in control fruits (Fig. 4B). There was no
significant difference in APX activity between control and MeJA-
treated fruits (Fig. 4C). H2O2 content in fruits increased steadily
after harvest. MeJA treatment significantly (P < 0.05) promoted
the accumulation of H2O2. H2O2 content in MeJA-treated fruits
was 56 and 16.7% higher on days 4 and 6 respectively than that in
control fruits (Fig. 4D).

DISCUSSION
Treatment of peach fruit with MeJA significantly inhibited fungal
decay development in our study. Both disease incidence and

lesion diameter were reduced. Blue mould decay, grey mould
decay and soft rot caused by P. expansum, B. cinerea and R.
stolonifer respectively are the major postharvest diseases of
peaches in China.1,2 MeJA treatment had a considerable effect
on decreasing these pathogenic diseases. As shown in our results,
the various inoculation times gave different results on disease
incidence and lesion diameter. The optimal inoculation time
was 12 h after MeJA treatment. MeJA treatment at 1 µmol L−1

enhanced disease resistance in peach fruits. Both disease incidence
and lesion diameter in peach fruits inoculated with P. expansum,
B. cinerea and R. stolonifer were significantly (P < 0.05) reduced.
Similar results were found in grapefruit, with 10 µmol L−1 MeJA
being the most effective concentration.7 In other studies the most
effective concentration of MeJA has been found to range from 1
to 1000 µmol L−1.8,11,14,16 These different results are probably due
to the wide range of genetic make-up of different horticultural
crops and the different methods of MeJA treatment used. Our
results indicate that 1 µmol L−1 MeJA played a positive role in the
signalling pathway and induced a defence response, while use
of a higher concentration might lead to enhanced ripening and
senescence in peach fruits (data not shown), which may counteract
the positive effect on disease resistance.27 The dependence of
MeJA efficacy on concentration, incubation time and temperature
has also been reported previously.12

Our data have shown that the activities of chitinase, β-1,3-
glucanase, PAL, POD and PPO in peach fruit were all enhanced by
MeJA. Similar results were also observed in ‘Bayuecui’ peach
fruit and other fruits in previous studies.8,15,28 Chitinase and
β-1,3-glucanase are capable of hydrolysing polymers of fungal
cell walls and are thought to be involved in plant defence
mechanisms against fungal infection.29,30 PAL is associated with
the biosynthesis of secondary metabolites such as phytoalexins,
phenolic compounds and lignin which are involved in enhancing
disease resistance processes.31 POD can generate phenolic
crosslinks connecting neighbouring bipolymer chains and is
considered to be associated with disease resistance.32 PPO can
catalyse the formation of antimicrobial phenolic substances such
as quinones which are toxic to pathogens. Zeng et al.33 found that
salicylic acid (SA) treatment can induce activities of PAL, POD and
PPO which play important roles in disease resistance in mango
fruit. Thus our results may imply that various functions exerted
by these different defence enzymes in the defence system may

J Sci Food Agric 2009; 89: 802–808 c© 2009 Society of Chemical Industry www.interscience.wiley.com/jsfa
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Figure 3. Effect of MeJA treatment on (A) chitinase, (B) β-1,3-glucanase, (C) PAL, (D) POD and (E) PPO activities and (F) total phenolic content in peach
fruits inoculated with Penicillium expansum and incubated at 20 ◦C. Data are expressed as the mean of triplicate assays. Vertical bars represent the
standard errors of the means.

be collectively and coordinately induced by MeJA in peach fruit.
The induced activities of defence enzymes may be one part of
the mechanism of MeJA in inducing disease resistance in peach
fruit.

In our study the level of H2O2 in peach fruit was significantly
enhanced by MeJA. We also found that MeJA treatment affected
reactive oxygen species (ROS)-metabolising enzymes such as SOD,
which catalyses the dismutation of O•−

2 to H2O2, and CAT and APX,
which scavenge H2O2 to oxygen and water, in peach fruit. In
addition, MeJA increased the activity of SOD and decreased the
activity of CAT, resulting in accumulation of H2O2. In plants,
ROS such as H2O2 and superoxide radicals could contribute to
enhancement of disease resistance.34 Accumulation of ROS can be
a signal activating further defence reactions and can be induced
by a variety of biotic or abiotic elicitors.35 It has been reported
that there is a close relationship between accumulation of ROS
and decreased fruit susceptibility to decay after harvest. Torres
et al.36 showed that higher levels of H2O2 were correlated with
lower susceptibility of early-harvested apple fruit to P. expansum
infection. Zeng et al.33 found that SA treatment increased H2O2

and O•−
2 contents and enhanced resistance to anthracnose rot

of mango fruit. Cao et al.37 also reported that reduction in
anthracnose rot of loquat fruit by postharvest MeJA treatment
was correlated with accumulation of H2O2. The accumulated H2O2

may potentially activate lignin biosynthesis and strengthen cell
walls and may also be involved in inducing pathogenesis-related
proteins.38 In our study, MeJA at 1 µmol L−1 increased the activity
of SOD and decreased the activity of CAT, which resulted in
accumulation of H2O2. Thus enhancement of ROS generation may
also be another part of the mechanism of MeJA in inducing disease
resistance in peach fruit.

In conclusion, the results of our study suggest that MeJA
treatment is effective in preventing postharvest disease in peach
fruit. MeJA may exert its effect on reducing postharvest decay in
peaches by enhancing the activities of defence enzymes and the
content of phenolic substances.
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