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Effect of Salicylic Acid on Pear Leaf Induced
Resistance to Pear Ring Rot
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Abstract: To reveal the mechanism of resistance of pear against ring rot induced by SA, the influence of SA
treatment on disease severity and plant defense enzymes were studied with Pyrus bretschneideri cv. Yali and
Physalospora piricola Nose as the materials. It is interesting to note that the resistance of pear to P. piricola
could be greatly increased by the treatment of 0.2 mM SA. In the present study, plant defense responses were
induced in pear leaves using marker enzymes such as superoxide dismutase (SOD), peroxidase (POD),
phenylalanine ammonia-lyase (PAL), polyphenol oxidases (PPO), -1, 3-glucanase and chitinase. In the
inoculated leaves, the SA-treatment enhanced the activities of POD, PAL, PPO, -1, 3-glucanase and chitinase.
It was observed that the PR-proteins responded quickly to pathogen infection. These results clearly
demonstrate that SA could induce the systemic acquired resistance and strengthen antiviral capability of pear
to P. piricola.
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INTRODUCTION pathogen-induced resistance, SAR can also be activated

 Pear ring rot caused by Physalospora piricola Nose (benzothiadiazole) and INA (2, 6-dichoroisonicotinic acid),
is a major fungal disease of pears in China, which results that protects plants against a further pathogen infection
in a huge loss annually. Therefore, many methods have [4-6].
been developed in the past decades, such as planting  Plant defense mechanisms are usually complex and
resistant varieties, strengthening cultivation management the protection from invasion of pathogens is largely due
and chemicals control. Among these, the applications of to multiple layers of defense that is effective against
fungicides are a traditional approach to control this kind diverse array of pathogens. Plants utilize preformed
of diseases. Unfortunately, fungicides are becoming less physical and chemical barriers that hinder pathogen entry
effective because of the development of fungicide and infection [7]. In recent years, the effect of SA on
resistance by pathogens. Also, the use of fungicides enhancing disease resistance has been assessed [8, 9].
shows a reducing trend due to increasing environmental Several previous studies have reported that SA could
concern about fungicidal residues in fruit. Therefore, there activate the development of systemic acquired resistance
is need for an effective, environmental-friendly method to and resulted in disease resistance against virus and
control the disease. fungal attack in tobacco [10], cucumber [11], Arabidopsis

 Salicylic acid (SA) is a natural phenolic compound [12] and cotton [13]. However, there are few publications
that plays a central role in disease resistance [1]. It was regarding to the disease resistance mechanism of SA on
reported that SA is essential for the development of woody plants. The objectives of this study were to
systemic  acquired   resistance   (SAR)   in   plants  [2]. investigate the resistance induced by salicylic acid in
SAR contributes to the distinct signal transduction pear, thereby identifying the possible mechanism of
pathway that plays an important role in defending plant disease resistance. For this purpose, we studied the
against pathogens [3]. In addition, many investigations influence of salicylic acid on pathogen and changes of the
undertaken have reported that a direct function of SA in defense enzymes treated by salicylic acid.

by exogenous SA or its functional analogs BTH
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MATERIALS AND METHODS (2%) was added. The POD activity was expressed as units

Plant Materials and Pathogen: Healthy young leaves of an increase in A460 of 0.01 min .
Yali pear (Pyrus bretschneider cv  Yali)  were  selected  According to Cheng and Breen [16], 0.5 g samples
from  the  orchard  of  Agricultural   University  of Hebei. were ground with 50 mM sodium borate buffer (pH 8.8),
P. piricola Nose was obtained from the College of Plant containing 5 mM -mercaptoethanol, 1 mM EDTA,
Protection in the university and maintained on potato glycerin and  polyvinylpyrrolidone  (PVP)  at  5%  the
dextrose agar (PDA) at 4°C. Disks of P. piricola Nose fresh weight  for  phenylalanine  ammonialyase  (PAL).
were obtained from 7-day-old PDA cultures incubated at The extracts were then homogenized and centrifuged at
27°C. 10,000×g at 4°C for 20 min. The supernatants were used

Treatments: In order to  choose   suitable  concentrations supernatant was determined by the production of
of  SA,  the shoot  was  inserted  into 0.002, 0.02, 0.2 and cinnamate during 30 min at 30°C, as measured by the
2 mM   SA   solutions,   respectively.    Shoot   inserted absorbance change at 290 nm. The assay mixture
into sterile   distilled   water   were   used   as  controls. contained 1 ml 0.02 M L-phenylalanine, 1.5 ml of the PAL
The  inoculations  were   carried   out   three  days  after extracting buffer (pH 8.8) and 0.5 ml buffer supernatant, in
the  SA  treatment.  Both the SA-treated and control a total volume of 3.0 ml. The reactions stopped with 0.5 ml
leaves  were sterilized with 70% ethanol and then 0.2 M HCl and the PAL activity was expressed as the
wounded with an inoculating needle on the central of units per gram fresh weight per minute. A unit was
each leaves. Those leaves were challenge-inoculated with defined as the amount of enzyme required for the change
7 mm disks of P. piricola Nose. The treated leaves were in A290 of 0.01 min .
put in petri plate (diameter: 90 mm) at a high humidity  The activity of polyphenol oxidases (PPO) was
medium and stored at 27°C. Disease incidence was carried out as described by Cheng and Crisosto [17], with
determined 10 days after treatment. Each treatment was some modifications. 0.5 g of the sampled tissue was
replicated three times. homogenized as above in 5 ml chilled phosphate buffer

According to the preliminary experiments,  the  shoot (0.1 M, pH6.8). Immediately the homogenate was
was  treated  with suitable concentrations of SA and centrifuged at 10,000×g at 4°C for 20 min and the
sterile distilled water. At various time intervals after the supernatant was collected. For the PPO assay, 20 µl of the
inoculation,  leave  samples  were   collected  and stored extract was incubated with 2.5 ml 0.05 M phosphate buffer
at -40°C until used for enzyme analysis. (pH 6.8) and 0.5 ml 0.1 M catechol at 37°C for 10 min and

Assay of Enzyme Activity: All extraction procedures were spectrophotometer. The PPO activity is presented as the
conducted at 4°C. For the Superoxide dismutase (SOD) change in unit of OD at 420 nm per gram fresh weight per
activity assay, 0.5 g of tissue was homogenized with 5 ml minute.
of ice-cold 50 mM sodium phosphate buffer (pH 7.8) and For -1, 3-glucanase and chitinase, 0.5 g samples were
then centrifuged at 4°C for 20 min at 10,000×g, the ground with polyvinylpyrrolidone (PVP) in 2.5 ml sodium
supernatant then being immediately assayed for SOD acetate buffer (50 mM, pH 5.0) at 4°C. The extracts were
activity according to the method by Cao et al. [14]. SOD homogenized and centrifuged at 10,000×g at 4°C for 20
activity was expressed as enzyme units per gram fresh min and the supernatant was collected. -1, 3-Glucanase
weight per minute. The volume of enzyme corresponding was assayed by measuring the amount of reducing sugar
to 50% inhibition of NBT reduction was considered as released from the substrate by Dinitrosalicylic acid (DNS)
one enzyme unit. method [18], with some modifications. 100 µl of enzyme

 To analyze peroxidase (POD) activities, 0.5 g of the preparation was incubated with 400 µl of 0.15% (w/v)
sampled tissue were well homogenized with 5 ml extracting laminarin for 15 min at 37°C. The reaction was stopped by
buffer (pH 7.0, 50 mM phosphate buffer), centrifuged at adding 1.5 ml of 3, 5-dinitrosalicilate and boiling for 5 min
10,000×g at 4°C for 20 min and the supernatant was in a water bath. The solution was diluted to 25 ml with
collected. For the POD assay [15], 100 µl of the extract was distilled water and the amount of reducing sugars was
incubated with 1 ml 50 mM guaiacol and 2.9 ml extracting measured spectrophotometrically at 540 nm. Specific
buffer at 34°C for 3 min. The increase in absorbance at 460 activity was expressed as the formation of 1 µg glucose
nm was spectrophotometrically assayed after 1 ml H O equivalents per gram fresh weight per minute.2 2

per gram fresh weight per minute. One unit was defined as
1

for the enzyme assays. PAL activity in the buffer

1

absorbance at 420 nm measured with an ultraviolet
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 The chitinase activity was determined as described
by Boller et al. [19], with slight modifications. For the
assay of exochitinase, the reaction mixture consisted of
100 µl enzyme, 1.5 ml colloidal chitin (0.4%), 0.1 ml 75 µmol
sodium azide and 0.8 ml 0.1  M  sodium  acetate  buffer
(pH 4.6). It was incubated at 37°C for 4 h. After the
addition of 0.5 ml 0.8 M sodium borate buffer (pH 9.0), the
mixture was centrifuged (10,000×g, 5 min); 1.5 ml of the
supernatant were used for the colorimetric determination
of GlcNAc. For the colorimetric determination of
endochitinase, the reaction mixture was identical. After 2
h at 37°C, the reaction was stopped by centrifugation
(10,000×g,  2 min); 1.5 ml of the supernatant were
incubated at 37°C for 1 h with 0.1 ml 3% (w/v) desalted
snail gut enzyme  and  0.15  ml  1  M  potassium
phosphate buffer (pH 7.1) to hydrolyze the chitin
oligomers. The resulting GlcNAc was determined
according to Reissig et al. [20].

 All statistical analyses were performed with SPSS.
The data were analyzed by one-way analysis of variance
(ANOVA). Mean separations were  conducted by
Duncan’s new multiple range tests.

RESULTS AND DISCUSSION

Effect of SA Treatment on Disease Severity of Leaves
Inoculated with P. piricola Nose: Treatment with different
concentrations of SA led to considerable differences on
the disease index and the effect of  induced  resistance.
As shown in Table 1, the effect of induced resistance of
0.2 mM SA-treated leaves was 21.86% on the 10th day
after inoculation with P. piricola Nose. Also, SA
treatment of 0.2 mM significantly reduced the disease
index on the leaves infected by P. piricola compared with
the control (P<0.05). This induced resistance and the
formation of systemic protection required different
concentrations of SA and was dependent on the
sensitivities of plant species and pathogens. This result
was consistent with the observation of Mayers et al. [21],
who found that different host species may use
significantly different approaches to resisting infection by
the same virus.

Effect of SA Treatment on SOD and POD Activity: Rapid
generation of reactive oxygen species (ROS), also known
as an oxidative burst, has been considered as one of the
earliest events associated with plant resistance to
pathogens at the site of pathogen invasion [22]. It has
been shown from other studies that when cellular
production of ROS  overwhelms  its  antioxidant  capacity,

Table1: Induced resistance of pear to ring rot by different concentrations of
SA

Concentration Disease Effectiveness of
of SA (mM) index (%) induced resistance (%)
0 38.46±1.92 a -
0.002 37.82±2.01 a 1.82±0.49 b
0.02 32.05±4.00 ab 16.85±6.38 a
0.2 30.13±4.01 b 21.86±6.61 a
2 33.97±4.01 ab 11.86±6.17 ab
Means in a column followed by a different small letter differ significantly at
P = 0.05 by Duncan’s multiple range tests. Data are accompanied by
standard deviations of the means.

ROS may be directly involved in lipid peroxidation leading
to the loss of cell membrane integrity and thus may further
enhance senescence or aging of various plant organs [23].
A balance between oxidant and antioxidant intracellular
systems is hence vital for cell function, regulation and
adaptation to diverse growth conditions [24].

Plants have evolved enzymic and non-enzymic
protection mechanisms that could efficiently scavenge
excess ROS. SOD and POD are important enzymes in such
action. SOD is able to protect cells from oxidant stress,
which constitutes the first line of defenses against ROS
[25]. PODs have been supposed to be mainly present in
cell wall and reported to catalyze the oxidation of various
organic compounds like phenolics, lignin or suberin
resulting in reinforcement of host plant cell walls against
pathogenic agents [26]. The present study showed that
activities of SOD in the control and SA-treated leaves
initially grown, reaching a peak value on the 24th hour
after incubation and then decreased sharply until the 96th
hour (Fig. 1A). POD activity in leaves gradually declined
during the earlier period of incubation, but then sharply
increased (Fig.  1B).  And,  the  activity  of  POD in the
SA-treated leaves was relatively higher than that in
control leaves on the 72nd hour after the incubation.
Therefore, the SA treatment has enhanced the capacity of
the tissue to scavenge excess ROS after the incubation.

Effect of SA Treatment on PAL and PPO Activity: It is
notable that similar changes of PAL activity were present
for both control pear leaves and SA treated leaves (Fig. 2).
The obtained results demonstrated that the activity of
PAL could be enlarged by the use of SA. Furthermore, the
increase of activity is particularly great at the point of 24
h and 48 h (P<0.05) after inoculation. PPO activity in
control leaves increased gradually during the incubation.
SA treatment significantly enhanced the  PPO  activity
(Fig. 2B), which rapidly increased and reached a peak on
the 12th (P<0.05) hour after the inoculation, afterwards,
gradually declining.
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(A) obtained in melon, in which the enhanced resistance by

(B)  The activities of chitinase exonuclease in control and
Fig. 1: Effects of SA on the SOD (A ) and POD (B) SA-treated leaves were both rapidly increased and

activities of pear leaves infected by P. piricola. reached a peak on 48th or 72nd hour after the inoculation,

(A) higher than those in control leaves on 48, 72 and 96  hour

(B) involved in plant defense mechanisms against fungal
Fig. 2: Effects of SA on the PAL (A) and PPO (B) infection [31, 32]. Our results indicate that treatment with

activities of pear leaves infected by P. piricola. SA prompts activities of -1, 3-glucanases and chitinases

PAL is the enzyme at the entry-point of the quickly  to pathogen    infection   than   the  controls
phenylpropanoid pathway, which is related to the plant (Fig. 3A, B and C). Alkahtani et al. [33] reported that
defense system [27]. An increase in PAL activity is application of SA probably enhanced the induced
closely associated with biosynthesis of active resistance against    powdery    mildew    in   cucumber.
metabolites, such as phytoalexins, phenols, lignins and In addition, an increase in PR-proteins activity was
salicylic acid in plant defense pathways [16]. The  reaction recorded.

that PPO catalyzes the oxygen-dependent oxidation of
phenols to quinones is ubiquitous among angiosperms,
it is assumed to be involved in restricting plant disease
development [28]. In the present study, we discovered
that SA treatment effectively enhanced activities of PAL
and PPO in pear leaves. These results suggest that these
changes might have a role in enhancing disease
resistance in SA-treated leaves. Similar results had been

SA is associated with increases in PAL and PPO activities
[29].

Effect of  SA   Treatment  on  GLU  and  CHI  Activity:
The activities of -1, 3-glucanase in control leaves did not
change much in the first 48 hours after inoculation,
afterwards, gradually increasing. The GLU activity was
slightly enhanced by the SA treatment in the earlier period
of the incubation, but then increased and reached a peak
on the 48th hour after incubation (Figure 3A).

respectively. As shown in Fig. 3B, the chitinase
exonuclease activity in the SA-treated leaves was higher
than that in control leaves on the 72nd hour after the
incubation (P<0.05). Endo-chitinase activity in control
leaves increased continuously after inoculation and SA
treatment further enhanced (Fig. 3C). The activities of
endo-chitinase in the SA-treated leaves were significantly

th

after the incubation (P<0.05), respectively.
It has been accepted that plant chitinases be common

existence in higher plants kingdom and can inhibit
infection of pathogen through the destruction of chitin
that  is  the main  component of most  fungal  cell  walls.

-1, 3-glucanase could hydrolyze polymers of fungal cell
walls are thought to have synergistic effect on chitinase
[30]. Hence, chitinase and -1, 3-glucanases perhaps are
pathogenesis-related proteins which are implicated in
plant defense responses. Also, it is considered to be

in pear leaves and the PR-proteins activity respond
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(A) 4. Achuo,  E.A.,   K.   Audenaert,    H.    Meziane   and

(B) acid and NIM1/NPR1 in race-specific resistance in

(C) 146: 703-715.
Fig. 3: Effects of SA on the -1,3-glucanase(A), 9. Lewsey, M.G.  and  J.P.  Carr,  2009.  Effects of

exochitinase (B) and endochitinase (C) activities DICER-like proteins 2, 3 and 4 on cucumber mosaic
of pear leaves infected by P. piricola. virus and tobacco mosaic virus infections in salicylic

 In conclusion, the work presented here showed that 10. Conrath, U., Z. Chen, J.R. Ricigliano and D.F. Klessig,
SA treatment can significantly increase the activities of 1995.  Two  inducers  of  plant   defense  responses,
defense-related enzymes and enhance disease resistance 2, 6-dichloroisonicotinic acid and salicylic acid,
in pear. The application of the plant signal molecules SA inhibit  catalase  activity   in   tobacco.   Plant  Biol.,
may be a novel and promising measure for controlling 92: 7143-7147.
pear ring rot. 11. Narusaka, Y., M. Narusaka, T. Horio and H. Ishii,
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