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Abstract: The present study was aimed to induce the systemic acquired resistance to powdery mildew

disease in two pepper species (Capsicum annuum  & Capsicum frutescens) by using different

concentrations of salicylic acid. The application methods were by soaking or spraying. Different SA

treatments succeded to decrease pathogenicity level and increase pepper yield in both cultivars. The

results showed also that spraying method for one or two times was more effective than soaked

method. Moreover, 0.3 mM and 0.5 mM of SA were the most effective concentrations. The results

showed that fungus infection induced a significant decrease in proline contents, while SA treatments

induced a significant increase in proline and ascorbic acid content and GSH activity in both species.

2 2Also different SA treatments succeeded to increase ascorbate peroxidase activity, while, decrease H O

level, lipid peroxidation and SOD activity. Peroxidase and catalse activity in C. annuum  decreased

under SA treatment. In C. frutescens SA treatments induce a significant increase in peroxidase activity

and keep catalase activities in values near that of negative control by spraying method.
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INTRODUCTION

Capsicum is an economically important genus in the Solanaceae, Five of its members (C. annuum  L., C. 

frutescens L., C. chinense Jacq., C. baccatum  L., and C. pubescens R. et P.) were domesticated by American 

Indians, with pungent fruits being used as spices (‘ajies’, ‘chillies’, ‘peppers’) and sweet ones as vegetables  

(‘sweet pepper’). Furthermore, the genus has medical and ornamental uses (Heiser, 1995).    

Powdery mildew of pepper is caused by the fungus Oidiopsis taurica (perfect stage Leveillula taurica).

It has been a serious problem on bell peppers. O. taurica is an unusually powdery mildew because the

mycelium grows inside the leaf, and the white powdery growth on pepper leaf surfaces, typical of many other

powdery mildews, is not present (Olsen et al., 2001). 

Salicylic acid (SA) is a phenolic hormone that plays a crucial role in stress resistance in plants. It is

synthesized from benzoic acid (BA) as part of the phenylpropanoid pathway. SA has been considered a natural 

growth regulator with numerous functions in plants (Alvarez, 2000).  

SA with a concentration of 2 mM showed direct fungitoxicity on M. fructicola and significantly inhibited

mycelial growth and spore germination of the pathogen in vitro (Hongjie Yao and Shiping Tian, 2005). 

Proline content of stem Grown – gall tumoour, and stem tumorized cultured of sunflower plants infected

with Agrobacterium tumefoliens were detected in relatively high amount as compared with normal one (Gehan,

1994). 

When Botrytis elliptica was inoculated on SA-treated leaves, accumulation of LsGRP1-related mRNA

transcript appeared earlier as compared to that without SA treatment. That LsGRP1 or its homologues playing

a role in SA and pathogen-induced defense responses in lily was thus presumed (Yu-Yen Lu and Chao-Ying

Chen, 2005).

MATERIALS AND METHODS

Pepper seeds were obtained from Agriculture Research Center (ARC), Ismailia. Two cultivars were selected

namely (C. annuum  and C. frutescens). The experiment was conducted in the green house and the farm of
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Faculty of Agriculture, Suez Canal University. Seeds were surface sterilized with 2.5% sodium hypochlorite

for 15 min. and washed thoroughly with distilled water. SA-soaked experiment and SA-sprayed experiment

were conducted as follows: 

Sa- Soaked Experiment:

Seeds of each variety were divided to 3 groups:

- The first group (negative control): seeds were soaked in water for 12 hr then grown in plates filled with

beat-moss and vermiculite mixture and gently watered up to saturation. The plants were kept in green

house. After 45 days, plants were carefully transferred to the field. Plants were kept untreated till the end

of the experiment.

- The second group (positive control): Seeds were treated as negative control then one week post transfer

to field; plants were infected with powdery mildew spores (4.48 million spores/ml). 

- The third group (SA-treated): Seeds were subdivided into 3 subgroups soaked in 3 different concentrations

of SA (0.1, 0.3 and 0.5mM) for 12h. The seeds were treated as positive control.

Sa- Sprayed Experiment:

Seeds of each species were grown in plates filled with beat-moss and vermiculite mixture and gently

watered up to saturation. The plates were kept in green house. After 45 days, plants were carefully transferred

to the field. The plants were divided to 3 groups:

- The first group (negative control) was kept untreated till the end of the experiment.

- The second group (positive control): Plants were infected with powdery mildew spores (4.48 million

spores/ml) one week post transfer to field.

- The third group (SA-treated): Plants were divided into 3 subgroups each was subdivided into 2

subsubgroup:

a- SA treatment was applied for one time (just before fungus infection).

b- SA treatment was applied for two times. One was just before fungus infection and the other was two-days

after fungus infection. 

All subgroups (a&b) were sprayed with 3 different concentrations of SA (0.1, 0.3, 0.5 mM). 

The Plant Samples Were Collected on Several Stages:

- Zero control samples: just after fungus infection.

- After 24h sample: one day after fungus infection.

- Samples 1, 2 and 3 were taken 2, 4 and 8 weeks after infection with fungus.

Pathogenicity of Leveillula taurica:

The plants were artificially inoculated with powdery mildew in the form of percentage of disease severity

according to Hanounik (1986).

      (n x v)

Disease severity % = ))))))) x 100

        9 N

Where: n = Number of plants in each category.

V = Numerical values of symptoms category.

N = Total number of plants.

9 = Maximum numerical values of symptoms categories.  

Oxidative stress and Antioxidants:

A- Biomarkers of Free Radical Production:

2 2 1. Determination of Hydrogen Peroxide (H O ): 

2 2Leaf H O  concentration was measured by the FOX method (Wolff, 1994) based on the peroxide-mediated

oxidation of Fe  , followed by the reaction of Fe  with xylenol orange (o-cresol-sulfonephthalein 3’, 3”-bis2+ 3+

[methylimino] diacetic acid, sodium salt; Farmitalia Carlo Erba, Milan). 
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2. Determination of Lipid Peroxidation (LP) level: 

Estimation of lipid peroxidation by (Minotti and Aust, 1987) method was assayed spectrophotometrically

using TBA-MDA assay.

B-estimation of Antioxidants:

M  Preparation of Enzyme Extract:

Extract of fresh plant tissue in 0.1M phosphate buffer pH 7 by grinding with a pre-cooled mortar and

pestle. Centrifuge the homogenate at 18000g at 5 C for 15mim. Use the supernatant as enzyme source within

2-4hr. Store on ice till the assay is carried out.

1. Superoxide Dismutase (Sod) Activity: 

SOD was measured by the photochemical method as described by (Winter, et al., 1975).

Cu/Zn-SOD was measured by the photochemical method as described by (Giannopolitis and Ries, 1977).

2. Determination of Glutathione (Gsh) Content: 

Total glutathione content was determined spectrophotometrically following the method described by

(Griffith, 1980)

3. Ascorbic Acid Content (Free Ascorbate): 

Free ascorbate was assayed photometrically following (Frank, 1955) through the reduction of 2, 4-

dichlorophenolindophenol (DCPIP).

4.  Ascorbic Acid Peroxidase (Aspx) Activity:

ASPX was determined using the method of (Nakano and Asada, 1987)

5. Peroxidase Activity (POD):

Peroxidase (POD) activity was determined by following the dehydrogenation of guaiacol at 436 nm (Malik

and Singh, 1980). 

6. Catalase Activity (CAT):

Catalase activity was assayed in a method following (Aebi, 1983).

RESULTS AND DISCUSSIONS

The data in figure (1,a-b) showed that the highest value of pathogenicity was observed at positive control

where it remarked (43.12j ) in C. annuum and (39.37j ) in C. frutescens. All SA treatments succeeded to

decrease pathogenicity level. The spraying treatments were more effective than soaking one where the lowest

value of pathogenicity was observed in plants sprayed for two times with 0.3mM SA (1.25j ) in both plants.

Proline Content:

The data in figure (2, a-f) show that Fungus infection significantly reduced proline content after 4- and

8-weeks when compared to negative control. Soaking C. annuum seeds with 0.1mM SA significantly increased

proline content after 4-weeks when compared to both negative and positive controls. Whereas soaking C.

frutescens seeds in 0.1mM and 0.5mM SA increased proline content at almost all time intervals. As general,

the data showed that sprayed the two species with SA exhibited a significant increase in proline content more

soaked-Proline content of stem Grown - gall tumoour, and stem tumorized cultured of sunflower plants infected

with Agrobacterium tumefoliens were detected in relatively high amount as compared with normal

one(Amin,1994). 

Oxidative Stress:

*Biomarkers of Free Radical Production:

2 21. Hydrogen Peroxide (H O ) level:

2 2The data in figure (3, a-f) showed that fungus infection induced a significant increase in H O  level at all

time intervals when compared with negative control. The highest value was observed after 8-weeks of infection

as the increase was (0.76% ) when compared to negative control. As showing in figure (3, a&d) soaking seeds

2 2in different concentrations of SA (0.1, 0.3 and 0.5) resulting in a significant reduction in H O  level at all time
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intervals specially after 8-weeks where highest value was observed when comparing with negative control in

the  two  cultivars under investigations. Soacking C. annuum seeds in different SA concentration induced a

Fig. (1): Pathogenicity level of pepper plant (C. annuum, C. frutescens) subjected to fungus infection with

powdery mildew spores (Leveillula taurica) after soaking seeds in different concentrations of SA (0.1,

0.3 and 0.5mM) and  after spraying with different concentrations of SA (0.1, 0.3 and 0.5mM) for

one and two times.

2 2significant reduction in H O  level at all time intervals when compared with negative or positive control. While,

2 20.3 mM SA was the most effective concentration in decreasing H O  level in C. frutescens soacking seeds.

2 2The H O  level was determined in leaves of pepper (C. annuum) after fungus infection and SA treatments as

shown in figure (3, b&c). The figure showed that fungus infection induced when compared with negative or

2 2positive control. Spraying C. annuum  for one or two times significantly decreased H O  levels at all time

intervals comparing with positive control. It was also found that 0.3mM SA was the most effective

concentration, where is in figure (3, e&f) spraying C. frutescens for one or two times significantly decreased

2 2H O  level at all time intervals when compared with negative or positive control. It was also found that 0.5mM

SA was most effective concentration. 

2. Lipid Peroxidation (LP) Level:

Figure (4,a) illustrates that highly significant increase in lipid peroxidation after 24 h. of infection at

positive control, and then the lipid peroxidation levels were declined sharply as plant age increased. Soaking

C. annuum seeds with 0.1 and 0.3mM SA almost maintained lipid peroxidation levels around that of negative

control levels especially after 4 and 8 weeks of infection, on the other side from figure (4, d) soaking C.

frutescens seeds with 0.3mM or 0.5mM SA significantly decrease lipid peroxidation levels at all time intervals

except after 8-weeks with 0.5mM SA where the increasing in lipid peroxidation level was observed. 

On the other side, figure (4, b-c) illustrates that spraying C. annuum seeds with different SA concentration

induced a significant increase in lipid peroxidation levels when compared to negative control at most time

intervals. Moreover, different ½A concentrations significantly decreased the sharp increase in lipid peroxidation

in positive control plants after 24 h. to levels around that of negative control. As general result, sprayed

treatments showed a significant decrease in lipid peroxidation more than soaked one whereas, it is obvious

from figure (4, e-f) that spraying C. frutescens seeds with 0.1mM SA for one time and with 0.5mM SA for

two times showed a significant increase in lipid peroxidation level at all time intervals comparing with negative

control. Also an increasie in lipid peroxidation level was observed when plants sprayed with 0.3mM SA at all

time intervals except after 4-weeks.

* Antioxidants:

1. Superoxide Dismutase (SOD) Activity:

The data in figure (5, a&d) showed that fungus infection induced a highly significant increase in

superoxide dismutase (SOD) activity after 8-weeks in C. frutescens and at 2, 4 and 8-weeks post infection in

C. annuum by pointer the highest levels were observed after 2-weeks, but noticed that all SA treatments

succeeded to decrease SOD activity comparing with positive control. While in C. frutescens soaking seeds

significantly decrease SOD activity after 24 h. compared with positive control.
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Fig. (2, a-f): Proline content expressed as μmole/g fresh wt. in the leaf extract of pepper plant (C. annuum

(a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.
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2 2Fig. (3, a-f): H O  expressed as μmole/g fresh wt. in the leaf extract of pepper plant C. annuum (a-c) and

C. frutescens (d-f) subjected to fungus infection with powdery mildew spores (Leveillula taurica)

after soaking or spraying with different concentrations of SA (0.1, 0.3 and 0.5mM) for two times

under green house. Plants were harvested with different periods after 24hr. from infection, after

two and eight weeks as seedling, vegetative, flowering and fruiting periods. Data represented are

mean of 3 replica ± SE.
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Fig. (4, a-f): Lipid peroxidation level expressed as μmole/g fresh wt. in the leaf extract of pepper plant C.

annuum (a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.

On other hand figures (5, b,c,e&f) showed that spraying infected plants with different SA concentration

succeeded to decrease SOD activity when compared with positive control at all time intervals through two C.

varieties except after 2-weeks in C. frutescens where a significant increase was observed at two times 0.1mM

and 0.3mM SA. 
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Fig. (5, a-f): Superoxide dismutase activity expressed as μmole/g fresh wt. in the leaf extract of pepper plant

C. annuum (a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew

spores (Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3

and 0.5mM) for two times under green house. Plants were harvested with different periods after

24hr. from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting

periods. Data represented are mean of 3 replica ± SE.
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2. Glutathione Level:

Figures (5, a-c) showed that fungus infection induced a significant decrease in GSH level at all time

intervals in two C. types treatment. Plant’s soaked seeds with different concentrations of SA (0.1mM, 0.3mM

and 0.5mM) showed a significant increase in GSH level at zero control comparing with negative control.

Soaking or spraying SA for one or two times significantly decreased GSH level after 24hr. and 2-weeks from

infection with all different concentration of SA (0.1mM, 0.3mM and 0.5mM). While the increase in GSH level

was observed after 8-weeks. After 4-weeks from infection the responses were changed where soaking or

spraying SA for one time showed no change in GSH level comparing with negative control but it showed an

increase in GSH level comparing with positive control. Plant's sprayed with 0.1mM or 0.5mM SA for two

times significantly decreased GSH level after 4-weeks while the increase in GSH level was observed after 4-

weeks when plant sprayed with 0.3mM SA for two times comparing with negative control. On other hand,

figure (5, d-f) showed that soaking or spraying SA for one or two times with different concentrations

significantly increased GSH concentration at all time intervals comparing with negative or positive control.

3. Ascorbic Acid Content:

The data in figures (7, a-c) showed that fungus infection to C .annuum  plant induce a significant decrease

in ascorbic acid content when compared with negative control after 4 and 8-weeks, but soaking or spraying

SA induce a significant increase compared with positive control. 

The data in figure (7, d) showed that fungus infection to C. frutescens plants induces a significant

decrease in ascorbic acid content after 24 h. and 8-weeks when compared with negative control, so soaking

plants induce a significant increase after 24 h. and 8-weeks comparing with positive control. 

While, figures (7, e&f) showed that spraying C. frutescens plants increased ascorbic acid content

significantly when compared with positive control after 8-weeks. 0.5mM SA was the most effective

concentration.

4. Ascorbate Peroxidases (ASPX) Activity:

It is obvious from figure (8, a) that ascorbic acid peroxidase (ASPX) activity declined after 24hr. and 2-

weeks then significantly increased at 4- and 8- weeks post infection in positive control C. annuum plants with

comparing to negative control. Soaking plants with 0.1mM, 0.3mM and 0.5mM concentrations induce a

significant increase in ASPX activity at zero control and after 24 h. when compared to positive control.

Whereas, the same concentrations significantly reduced ASPX activity after 4 and 8-weeks except at 0.1mM

increase ASPX activity after 8-weeks.

While figures (8, c&d) showed that all spraying different C. annuum plants significantly increased ASPX

activity after 24hr. and then the decrease in ASPX activity was observed at all time intervals when compared

with positive control. Effect of 0.1mM SA was much more pronounced. 

C. frutescens plants in figure (8, d) showed that a significant increase in ASPX activity in positive control

plant was observed after 2 and 8-weeks post infection, all SA treatments induced a significant decreased in

ASPX activity at 2-weeks post infection whereas the effect was non significant after 8-weeks. While, the data

in figures (8, e&f) showed that spraying C. frutescens plants with (0.1mM, 0.3mM and 0.5mM) concentrations

for one time after 24 h. and for one and two times after 2-weeks significantly decreased ASPX activity.

5. Peroxidase (POD) Activity:

Through two soaked C. Varieties in data figure (9, a&d) showed that fangus infection induce a significant

increase in peroxidase activity when compared with negative control then declined at 8-weeks post infection

in C. annuum. Moreover, soaking C. annuum plants in 0.1 and 0.3mM. While, C. frutescens plants produced

from soaking seeds in different concentrations of SA (0.1mM, 0.3mM and 0.5mM) showed a significant

increase in peroxidase activity at zero control, after 2 and 4-weeks when compared to both negative and

positive control. Whereas, all SA concentration induced significant decreases in peroxidase activity at 2- weeks

post infection. 

The data in figures (9, b&c) showed that the most effective SA concentration in decreasing peroxidase

activity in infected C. annuum plants was 0.1mM at 24 h., 2 and 8-weeks. Whereas, the data in figures (9,

e&f) showed that fungus infection in C. frutescens spraying samples induce a significant reduction in

peroxidase activity when compared with negative control. Treatment samples with 0.1mM SA for all intervals

showed a significant increase in peroxidase activity except after 8 weeks where it showed a significant decrease

in peroxidase activity comparing with negative control. The data also showed a significant decrease in

peroxidase activity after 2 and 4 weeks with 0.3mM SA for one time and significantly increase for two times.



Aust. J. Basic & Appl. Sci., 3(3): 2078-2096, 2009

2087

Fig. (6, a-f): Gluthathione level expressed as μmole/g fresh wt. in the leaf extract of pepper plant C. annuum

(a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.
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Fig. (7, a-f): ascorbic acid content expressed as μmole/g fresh wt. in the leaf extract of pepper plant C.

annuum (a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.
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Fig. (8, a-f): Ascorbate peroxidase activity expressed as μmole/g fresh wt. in the leaf extract of pepper plant

C. annuum (a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew

spores (Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3

and 0.5mM) for two times under green house. Plants were harvested with different periods after

24hr. from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting

periods. Data represented are mean of 3 replica ± SE.

plant's sprayed with 0.5mM SA for one time showed significant increase in peroxidase activity at all time

intervals except after 24hr. where a significant decrease in peroxidase activity comparing with negative control

was observed. 
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Fig. (9, a-f): Peroxidase activity expressed as μmole/g fresh wt. in the leaf extract of pepper plant C. annuum

(a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.

6. Catalase Activity:

In C. annuum  figures (10, a-c) showed that catalase activity increased with increasing plant's age in

positive control of both SA soaked or sprayed plants or plants produced from soaking seeds and C. frutescens

soaked figure (10, d), the activity declined after 8- weeks. But high SA conc. (0.3 and 0.5mM) decreased

catalase activity after 8-week in both soaked or the two sprayed treatments.
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Fig. (10, a-f):Catalase activity expressed as μmole/g fresh wt. in the leaf extract of pepper plant C. annuum

(a-c) and C. frutescens (d-f) subjected to fungus infection with powdery mildew spores

(Leveillula taurica) after soaking or spraying with different concentrations of SA (0.1, 0.3 and

0.5mM) for two times under green house. Plants were harvested with different periods after 24hr.

from infection, after two and eight weeks as seedling, vegetative, flowering and fruiting periods.

Data represented are mean of 3 replica ± SE.

In treatment C. frutescens plants figure (10, d) comparing with negative control catalase activity was

changed significantly after 24hr. and 4-weeks. Plants produced from soaking seeds in 0.3 and 0.5mM SA

succeeded to maintain a non significant change in catalase activity in infected plants after 8-weeks of infection.
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While sprayed C. frutescens samples in figures (10, e&f) showed that a sharp increase in catalase activity was

observed after 24hr. of infection, then the activity declined gradually with increasing plant age. Spraying plants

with different SA concentration succeeded to keep catalase activities in values near that of negative control

after 4 & 8-weeks of infection.

Discussion:

The role of abiotic inducers in induced resistance has been reported in different researches. SA with a

concentration of 2 mM showed direct fungitoxicity on M. fructicola and significantly inhibited mycelial growth

and spore germination of the pathogen in vitro (Hongjie Yao and Shiping Tian, 2005). When Botrytis elliptica

was inoculated on SA-treated leaves, accumulation of LsGRP1-related mRNA transcript appeared earlier as

compared to that without SA treatment. That LsGRP1 or its homologues playing a role in SA and pathogen-

induced defense responses in lily was thus presumed (Yu-Yen Lu and Chao-Ying Chen, 2005). SA biosynthesis

and signaling, its cross talk with other mechanisms in plant defense and the practical utility in targeting this

defense mechanism for enhancing disease resistance (Ratnesh Chaturvedi and Jyoti Shah, 2007). Blocking the

salicylic acid (SA) defense signaling pathway was sufficient to restore susceptibility to powdery mildew 

resistant 4 (pmr4), mutants (Marc T. Nishimura et al.,2003). 

SA was initially proposed to bind to catalase and ascorbate Peroxidase. The binding of SA to such

enzymes might led to the formation of a phenolic radical involved in lipid peroxidation. Lipid peroxidation

products can active defense gene expiration (Farmer et al., 1998). Wheat plantlets spraying treatment with SA

heptanoyl SA (HAS) increased the protection levels. Biological effects of these resistance inducers reactive

2 2 oxygen species (ROS) metabolism lipid peroxidation and H O accumulation (Delphine Renard-Merlier et al.,

2007).

The free proline in the amino acid pool in the cell represents biosynthesized as well as imported proline.

It is possible that the proline synthesized was insufficient to meet the requirements of the plant and therefore

proline was imported to the leaves as was found in root tips in maize (Verslues and Sharp, 1999). At the

initiation of stress, up-regulation of the enzymes involved in proline degradation causes the accumulation of

free proline (Kiyouse et al., 1996). With the relief from stress, proline biosynthesis is inhibited and proline

degradation to P5C by proline dehydrogenase (PDH) (also known as proline oxidase) in addition to the

conversion of P5C to glutamate by P5C dehydrogenase (P5CDH) (Nanjo et al., 1999) is activated. Moreover,

they found that Arabidopsis plants with higher salt tolerance; over-accumulate proline due to suppressed PDH

activity.

2 2Highly significant increase in H O  content was observed as a response to fungus infection in the two

2 2pepper plants under investigation. H O  has been shown to enhance the biosynthesis of SA (Leon, et al., 1995),

to initiate cross-linking of cell walls (Tenhaken, et al., 1995), to coordinate hypersensitive cell. SA can increase

2 2 2 2H O  level (Dat, et al., 1998). H O  may be removed by catalase or by APX of the ascorbate-glutathione 

2 2antioxidant cycle (Foyer, et al., 1997). Elevation of H O  levels can stimulate SA accumulation (Chamnongpol,  

2 2et al., 1998). In fact, it was reported that SA inhibits catalases, the major H O -degrading enzymes in plants 

2 2(Durner and Klessig, 1996). The increased in H O  content was accompanying with reduction in catalase and

increase in SOD activities. 

2 2SA acts as an inducer of endochitinase pathogenesis-related gene (PR) expression and of H O  oxidative

burst and induced the accumulation of endochitinase transcript level (Antoine L. Harfouche et al., 2008).

2 2Likewise, a sensitive tissue-print assay showed that SA further increased the level of H O . In Arabidopsis,

however, superoxide accumulation has been shown as the ROS responsible for cell death (Overmyer, et al., 

2 22000). Increased levels of H O  produced after SA treatment may play a role in potentiating SA-induced cell  

death in the local defense reaction (Alvarez, 2000). 

2 2There is increasing evidence suggesting that the joint exudation of H O  and peroxidase plays an important  

2 2role in the defence system of plants against pathogens (Schopfer, et al., 2001). H O  released into the apoplast   

is directly toxic to pathogens (De Rafael, et al., 2001). It is also suggested that, in addition to direct action 

2 2on the growth of pathogenic microorganisms, H O  (and other active oxygen species) may induce complex  

programmed cell death at sites attacked by pathogens, the hypersensitive reaction (Fath, et al., 2001). The  

2 2present study may attempt to relate changes in SOD activity with increased levels of H O  it is also possible

2 2that other enzymes that produce H O  may also have been activated by SA treatments. Treatments with SA

2 2results in enhanced H O  production in mesophyll cells, which is due to activation of oxalate oxidase and

peroxidase in the cell wall. It is proposed that the modulating effect of SA on oxidoreductase activities is

involved in the induction of protective response to fungal infection in wheat plants (N. B. Troshina et al.,

2007).
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2 2The increase of H O  content was concomitant with lipid peroxidation increase the layers of dead cells that 

surround the site of pathogen entry are thought to function as a physical barrier that inhibits further 

proliferation and spread of the pathogen (Goodman and Novacky, 1994). PCD that occurs during the HR is 

accompanied by an increase in the production of reactive oxygen species (ROS) and lipid peroxidation (Yang,  

et al. 1997).    

SA could induce the accumulation of phenylalanine ammonia-lyase (PAL) mRNA and the synthesis of new

PAL protein, and increase the activity. The activation of PAL by SA could be blocked by the pretreatments

of berry tissues with the protein synthesis inhibitor cycloheximide, mRNA transcription inhibitor actinomycin

D and PAL inhibitor 2-amino-2-indanophonic acid (AIP), respectively (Jian-Ye Chen, et al., 2006). The

activities of phenylalanine ammonia lyase (PAL, EC 4.3.1.5) and peroxidase (POD, EC 1.11.1.7) were 5.9 and

4.7 times higher, respectively than the control plants at 168 h of salicylic acid feeding through the roots and

induced resistance observed in tomato against Fol might be a case of salicylic acid-dependent systemic acquired

resistance (Sudhamoy Mandal, et al., 2009).

The present study showed that fungus infection induced an increase in SOD activity in both soaked and

sprayed C. annuum and only in sprayed C. frutescens. Several recent studies have indicated that steric

constraint at the active sites may be a key factor limiting the peroxidatic activity of catalases and superoxide

dismutases with aliphatic and aromatic substrates. In systemic tissues, during systemic acquired resistance, a 

moderate accumulation of SA may play a role in the activation of ROS-detoxifying genes such as GSTs. It is  

interesting to the most probable mechanism by which SA activates these genes is also by increasing ROS 

levels. In this case, ROS could activate binding of nuclear factors to oxidative stress-responsive elements such  

as as-1 found in the promoter of GSTs (Rao and Davis, 1999). 

A general down regulation of glutathione content was found for both species under investigations as a

response to fungus infection. As GSH synthesis in photosynthetic cells was shown to take place in the cytosol 

and chloroplasts (Noctor, et al., 2002b), the GSH depletion could either reflect an impaired biosynthetic 

capacity or an enhanced GSH engagement in other processes, for example, glutathione nitrosylation or  

glutathione transferase-mediated conjugation with endogenous compounds generated by ROS (Dixon, et al., 

2002).

It could also be attributable to GSH transport from its biosynthetic sites to other compartments. By contrast,  

the heavily decreased GSH concentration in mitochondria and peroxisomes could be the effect of up-regulated 

oxidative processes as well as perturbations of glutathione transport (Foyer, et al., 2001). Although the  

physiological significance of the latter under stress conditions is unclear, an effectively operating glutathione  

transport across membranes could be assumed to counteract perturbations of glutathione homeostasis resulting 

from differential demands in individual compartments (Noctor, et al., 2002a). 

As it is now widely accepted that plants can sense shifts in the amounts and redox states of antioxidants and  

redox signals play a key role in plant defence (Foyer and Noctor, 2003). Fungus infection induced a significant 

decrease in peroxidase activity in the two pepper species at both soaked and sprayed treatments and all over

the experimental period. Concerning ASPx activity, the response of the two pepper species to pathogen

infection was quite different. As the pathogen infection induced a significant decrease in ASPx in Capsicum

annuum , it was found that it induced a significant increase in ASPx activity in Capsicum frutescens.

SA was a potent inhibitor of heme-containing enzymes such as catalase and ascorbate peroxidase, thus

capable of stimulating ROS accumulation during various biotic and abiotic stress conditions. However, others

suggested that the mode of action of SA may in fact be related to its ability to prime the defense response,

by increasing the levels of various defense compounds. SA was also proposed as both a potent inducer of the

NADPH-oxidase and an inhibitor of the alternative oxidase, thus capable of indirect regulation of the redox

status of plant cells (Dat, et al., 2007). SA application decrease catalase activity after 8-weeks in both soaked

or the two sprayed treatments in both species under investigation. The early proposed mode of SA action was 

2 2related to the inhibition of catalase (CAT) and ascorbate peroxidase (APX), two major H O  scavenging 

2 2enzymes. The inhibition might cause the cellular concentrations of H O to rise. It has been suggested recently  

that the inhibition of APX and catalase activities by SA during the response of plants to invading pathogens  

2 2results in the accumulation of H O  and the activation and acceleration of PCD (Draper, 1997). This suggestion 

was proved by the results of the present study where APx and catalase activities were declined after SA

treatments and lipid peroxidation increased. SA accumulation in the intercellular space is critical for

manifestation of age-related resistance (ARR) (Cameron & Zaton 2004). 

SA at all concentrations effectively reduced fruit ethylene production and fungal decay and retained overall

quality. Treatment of plants at vegetative stage and fruit development stage followed by postharvest treatment

of fruits with 1 and 2 mmol L  was the most effective strategy, whilst with decrease in treatment time the�1
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effects of treatment decreased (Babalar, et al., 2007). It could be concluded that salicylic acid treatments

succeeded to decrease pathogenicity level and increase pepper yield in both cultivars. The results showed also

that spraying method for one or two times was more effective than soaked method. Moreover, 0.3 mM and

0.5 mM were the most effective concentrations.
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