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Abstract: The study on the induction of plant defense against to anthracnose disease of chili by sodium nitroprusside 

solution was investigated during pre- and post-harvest. Pre-harvest treatment was conducted by spraying the chili plants with 

sodium nitroprusside (SNP, nitric oxide donor) solution at 0 (control), 0.05 and 0.1 mM every 3 days for 9 times before 

inoculating with the spore suspension of Colletotrichum gloeosporioides (the causal agent of anthracnose disease) and then 

sprayed with SNP again 1 time after inoculating. The results revealed that 0.1 mM SNP was the best concentration to suppress 

anthracnose disease by reducing disease incidence and disease index on chili leaves, and showing the lowest loss of yield 

caused by anthracnose disease. This founding also showed that either pathogenic inoculation or SNP treatment had ability to 

induce the activities of peroxidase (POD) and phenylalanine ammonia lyase (PAL) of chili leaves, particularly the chili plant 

inoculated with pathogenic fungi followed by treated with 0.1 mM SNP showed the highest POD and PAL activities. Post-

harvest treatment was done by inoculating the mature chilli fruit with C. capcisi for 4 h and followed by dipping in 0 (control) 

and 4 mM SNP. All fruit samples were kept at 13°C for 15 days. The results showed that chili fruit dipped with 4 mM SNP 

reduced disease incidence, disease index, delayed weight loss, respiration rate, ethylene production, and also maintained the 

changes of fruit color (∆E) better than non-treated fruit (control). The activities of chitinase (CHI) and β-1,3-glucanase )GLU( 

in chili fruit were induced by SNP with the highest peak on day 6 of storage but they were not significant different with the 

control fruit. These results indicated that SNP might potential leading to the reduction of anthracnose disease in chili by 

eliciting plant defense related enzymes in both pre- and post-harvest periods. 
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1. Introduction 

Chili (Capsicum annuum Linn.) is a major fruit crop of 

the world, a member of Solanaceae or nightshades family. It 

have beneficial in term of medicinal and health. Because of 

the rising demand the fresh chili and the chief spice 

composition in cuisine. The extending the shelf-life of 

harvested chili fruit with maintain high quality is great 

importance. However, anthracnose disease caused by 

Colletotrichum spp. including C. gloeosporioides Penz., C. 

capsici Syd., C. acutatum Simmonds., and C. coccodes 

Wallr. [24, 10, 11, 21], which is a main disease and starts 

deteriorating at both pre- and post-harvest in chili fruit. 

Anthracnose disease is a key to losing its marketable and 

quality of chili fruit [15]. Thus, prolonging postharvest 

shelf-life by preventing pathogenic invasion would benefit 

for the consumer as well as chili industry. Although various 

methods including the cultural practices, chemical practices 

and biological practices, have been used to manage 

anthracnose disease in chili [3]. Disease infection or other 

stress conditions have been indicated to eliciting multiple 

plant resistances involving structural (cuticle, stomata, and 

cell wall protein), biochemical defense (the accumulation of 

hydrogen peroxide, phytoalexins, phenols), and other 
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pathogenesis-related proteins (chitinase and β-1,3-glucanse) 

[27, 31]. For example, mycelium extracts of Phytophthora 

spp. could induce protective mechanism related in 

suppressing pathogen development in Nicotiana species 

[32].  

Nitric oxide (NO) is free radical gas which is an 

important signaling molecule physiological processes and 

defense responses in plant [7]. Pre-harvest treatment 

application of NO has been reported to response to the 

Diaporthe phaseolorum by accumulating phytoalexin in 

soybean cotyledons [18] and in tobacco leaves [7]. After 

pathogen invasion, NO was accumulated and activates 

expression of phenylalanine ammonia-lyase (PAL) and a 

series of resistance-related genes [30, 7]. In addition, 

postharvest exogenous application of NO induced defense 

enzymes including PAL, chitinase (CHI), β-1,3-glucanase 

(GLU) and promoted expression of pathogenesis related 

protein 1 (PR protein 1) in tomatoes fruit [34]. NO not only 

regulate plant resistance through direct regulation of 

defense enzymes and related genes [7, 25]. NO fumigation 

also inhibited ethylene biosynthesis in resulting suppressed 

the content of 1-aminocyclopropane-1-caboxylic acid (ACC) 

and the activity of ACC synthase (ACS) in banana [6], 

mangoes [32] and oranges [14]. 

As the previous research on above, NO have beneficial to 

induce plant defense responses during pathogen infection, 

delay ripening and senescence processes, and extend the 

shelf-life of several produce [7, 35, 34, 32]. Little 

information reported NO function in activating plant 

defense in pre- and post-harvested chili. Therefore, the aim 

of this study was to investigate the effect of NO in eliciting 

plant defense on anthracnose disease in chili during pre- 

and post-harvest period. The changes in physiological 

parameters of chili fruit with pre-and postharvest NO 

treatments were also determined.  

2. Materials and Methods 

2.1. Fungal Isolation and Culture Conditions 

C. gloeosporioides and C. capsici, caused of anthracnose 

disease, were isolated from natural infected chili fruit by the 

tissue transplanting method.  They were then identified and 

confirmed an isolated organism as a plant pathogen using 

Koch’s postulation (Agrios, 2005). Each isolated fungus was 

cultured on potato dextrose agar (PDA) at 27°C for 1 week. 

The conidia were harvested from the media to prepare the 

spore suspension. Fungal spores were obtained by flooding 

the surface of the culture with sterile distilled water 

containing 0.05% (v/v) Tween–20. The suspension was 

adjusted to a concentration of 1 x 10
7
 spore/mL using a 

hemocytometer. 

2.2. Pre-Harvest Treatment 

Chili seeds were planted in pots under green house. After 

60 days growing, plants were sprayed with the solution of 0 

(control), 0.05 and 0.1 mM sodium nitroprusside (SNP; 

nitric oxide donor) (HiMedia Laboratories Pvt. Ltd.) every 

3 days for 9 times (totally 27 days). The plants treated with 

SNP were then inoculated with 20 mL of C. gloeosporioides 

(10
7
 spore/mL). Each inoculated plants were covered with 

plastic bag for 24 h to keep high moisture which was the 

appropriate condition of fungal invasion.  All inoculated 

plants were then sprayed with SNP at the same 

concentration again 1 time after inoculating. Non-

inoculated plants were sprayed with water served as the 

control. Each treatment contained 16 plants which divided 

into four groups and performed as the four replications. 

After 1, 15, 48 and 72 h of inoculation and treatments with 

SNP, chili leaves were harvested, instantly dipped in liquid 

nitrogen, and then crushed to a fine powder with mortar and 

pestle. The powder was stored at -20°C for enzymes 

analysis. Disease incidence, disease severity and disease 

index were observed on leaves every 1, 2, 5, 10 and 15 days 

after treatments. Yield loss caused by anthracnose disease 

was measured on day 15 of treatments. 

2.3. Postharvest Treatment 

Chili fruit were purchased from the whole sale market, 

Pathumthani province, and transported to the laboratory of 

Postharvest Technology Division within 1 h. The fruit were 

selected for uniform size and color, freedom from disease 

infects and mechanical damage. Spore suspension of C. 

capsici were inoculated on chili fruit and kept in the closed 

chamber to maintain high moisture for 4 h.  The inoculated 

fruit were then randomly divided into two lots of 100 fruit 

each, including four replicates with 20 fruit in each 

replicate. As our preliminary tests showed, dipping the chili 

fruit with 1-4 mM SNP solution did not have any negative 

effect to chili fruit. Therefore, 4 mM SNP solution was 

selected to use in this experiment. The first lot was dipped 

with 4 mM SNP solution supplemented with 1 µL Tween-20 

to reduce surfactant for 5 min. The second lot of fruit was 

dipped in sterile distilled water served the control. The 

experiments were implemented at room temperature (23°C), 

then stored at 13°C and 90-95% relative humidity for 15 

days. Every 3 days, disease incidence, disease severity, 

disease index, weight loss, firmness, respiration rate and 

ethylene production were determined. Flesh of fruit samples 

from 20 fruit of four replicates were cut into small pieces, 

frozen with liquid nitrogen and kept at -20° C for enzymes 

analysis. 

2.4. Disease and Yield Loss Measurement  

Disease incidence was expressed as a percentage of 

leaves or fruit showing anthracnose symptoms. Disease 

severity was determined on a scale 0-5, with 0 = apparently 

healthy, 1 = slight infection on an individual leaves/fruit, 2 

= 25% of a leaves/fruit infected, 3 = 50% of a leaves/fruit 

infected, 4 = 75% of a leaves/fruit infected and 5= 100% of 

a leaves/fruit infected. Disease index (DI) was measured 

using the method described by Meng et al. (2008), was 



22 Vo Thi Thuong et al.:  Eliciting Plant Defense on Anthracnose Disease in Chili (Capsicum annuum Linn.) by Sodium  

Nitroprusside Solution 

calculated as DI = ∑(df)/ND, where d = the degree of rot 

severity assessed on the leaves/fruit, f = respective quantity 

of leaves/fruit, N = the total number of leaves/fruit 

examined and D = the highest degree of disease severity 

occurring on the scale. The percentage of yield loss cause 

by anthracnose disease was calculated as: (the weight of 

anthracnose fruit (g)/total yield of fruit). 

2.5. Quality Assessment 

Weight loss of chili fruit was determined by weighing each 

treatment containing 20 fruit with the balance (Ohaus 

Corporation, USA). The data were calculated as the 

percentage of weight loss. The changes skin color of fruit 

parameters including a* and L* were measured using a 

Minolta Colorimeter (Model RC 300). Pericarp firmness of 

fruit was measured with a Texture Analyzer (TA-XT2, Stable 

Micro-system, England) equipped with a 3 mm diameter 

probe. The measurements were taken in the equatorial fruit 

zone to a depth of 5 mm at a rate of 5 mm per min and force 

was expressed in Newtons (N). 

2.6. Measurement of Respiration Rate and Ethylene 

Production 

Respiration rate of the fruit (five fruit randomly selected 

from each replicate) was determined using gas 

chromatograph GC-8A (Shimadzu, Japan) fitted with a 4 

min long stainless steel column (Porapack N column) and 

Thermal Conductivity Detector (TCD). Helium was used as 

the carrier gas at a flow rate of 30 mL/min and column 

temperature was maintained at 50
o
C. The fruit were placed 

in 1200 mL plastic box for 1 h at 13°C, then 1 mL gas 

sample injected into a gas chromatograph. Respiration rate 

was expressed as mg CO2/kg.h. Ethylene production was 

measured by a GC-14B (Shimadzu, Japan) installed with a 

Flame Ionization Detector (FID) and a 2 m x 4 mm stainless 

steel column packed with 80-100 mesh Porapack Q. The 

carrier gas was nitrogen with a flow rate of 35 mL/min and 

the temperature of the injector and column was maintained 

at 120°C and 80°C, respectively. Ethylene production was 

expressed as nL C2H4/kg·h
 
[12]. 

2.7. Plant Defense Enzymes 

POD activity was assayed as previously described by 

Wang (1982) with some modifications; 0.5 g of frozen 

samples was homogenized in 12 mL of ice-cold extraction 

0.1 M phosphate buffer (pH 6.1) containing 0.9 g poly-

vinyl-pyrolidone (PPVP) and 3 g of sodium ascorbate. The 

homogenate was centrifuged at 12,000 × g for 10 min at 

4°C and the supernatant was used for measurement of 

POD enzyme activities. A 4.8 mL sample of assay mixture 

containing 2mL of 4mM guaiacol, 2.0 mL of 3 mM H2O2 

and 0.8 mM the crude leaf extract were used. The reaction 

was allowed to precede for 5 min with optical density (OD) 

measurements taken every 60 s, beginning 1 min after the 

crude leaf extract was added to the substrate [29]. POD 

enzyme activity was expressed as OD470/min/mg protein.   

PAL activity was extracted in 12 mL of ice-cold 

extraction 0.2 M sodium borate buffer (pH 8.8) containing 

6 g PPVP, 5mM β-mercapto-ethanol, and EDTA. The 

homogenate was centrifuged at 4°C for 25 min at 14,000 × 

g and the supernatant was collected for enzyme assays. 

PAL was assayed according to Zucker [37] with some 

modifications by incubating 0.5 mL of crude extract with 

2.0 mL of 0.1 M borated buffer containing 3 mM L-

phenylalanine for 1 h at 37°C. PAL activity was expressed 

as Unit/mg protein. 

Chitinase (CHI) and β-1,3- glucanase (GLU) assay were 

conducted by homogenized 5 g of chili flesh in 0.5 M 

acetate buffer (pH 5.2) containing 3 mL of 15 mM 

mercapto-ethanol. The homogenate was centrifuged at 

16,000 × g for 20 min at 4°C and the supernatant were 

collected as a crude enzyme extract. CHI activity was 

measured as described as in [9] with some modifications. 

An aliquot (1mL) of crude extract was mixed with 0.2 g 

colloidal chitin (Sigma) and 2 mL of 0.1 M citrate buffer 

(pH 6.0), then incubated at 37°C for 1 h. The sample was 

added with 0.5 mL 3,5-dinitrosalicylic acid (DNS solution) 

and boiled for 15 min. The reaction was stopped by 

dipping in ice-cold water. After cooling, the mixture was 

diluted with 5 mL distil water and then absorbance was 

measured at 570 nm. CHI activity was expressed as 

unit/mg protein, where one unit is defined as µg/mL N-

acetylglucoeamine released per hour under these assay 

conditions. GLU activity was determined with laminarin 

(Sigma) as the substrate according to as in [20] with some 

modifications. Crude extract (0.3 mL) was mixed 1.2 mL 

of 1.5 mg/mL laminarin, and the mixed was incubated at 

37°C for 20 min. The reaction was stopped by boiling for 

5 min and centrifuged at 2,000 × g for 5 min at 37°C. 

Then, the mixture of 1 mL crude extract and 1 mL 

Somogyi’s reagent was boiled for 20 min. After cooling at 

10-15°C, 1 mL Nelson’s reagent was added and the 

mixture was incubated at 37°C for 15 min. Then, 2 mL 

distil water was added and absorbance was measured at 

520 nm. GLU activity was assayed as the mount of the 

reducing glucose released from laminarin by using glucose 

as the standard. Unit of GLU activity was express as 

unit/mg protein, where one unit is defined as µg/mL 

glucose produced from laminarin per hour under these 

assay conditions. Total protein contents in the enzyme 

extracts was determined according to as in [5], using 

bovine serum albumin (BSA) as a standard. 

2.8. Statistical Analysis 

Each experiment was repeated three time and the data 

were performed using a completely randomized design. The 

data were analyzed by t-test for SNP treatment and control 

fruit of the same day, comparing treatments at p ≤ 0.05 was 

considered statistically significant.  
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3. Results  

3.1. Effect of Pre-Harvest Treatment with SNP on 

Anthracnose Disease and Plant Defense Enzymes in 

Chili  

 
Figure 1. Effect of pre-harvest treatment with SNP on anthracnose disease 

development in chili plant: (A) Disease incidence, (B) Disease index, and (C) 

Yield loss. Chili plant were inoculated with Colletotrichum gloeosporioides 

and sprayed with 0 (control 2), 0.05 and 0.1 mM SNP. Non-inoculated plants 

sprayed with water were served as the control 1. Each treatment is presented 

as means ± SE of four replicates.  

Chili plants spraying with SNP at 0.05 and 0.1 mM 

showed the lower disease incidence than the control plants 

(both chili plants inoculated and sprayed with distilled water 

(control 2) and chili plants sprayed with distilled water alone 

(control 1). The highest disease incidence was found in chili 

plants inoculated and sprayed with distilled water (control 2) 

on first 10 days whereas, chili plants were non-inoculated 

and sprayed with distilled water (control 1) expressed lowest 

disease incidence (3.56 %). but was not significantly 

different among treatments (Figure 1A). Disease severity was 

observed on day 2 and it was not significantly different 

during treatments (data no shown). Disease index (DI) tended 

to increase over time in all treatments (Figure 1B). Control 1 

plants showed the lowest DI. The plants treated with SNP 

were significantly (p≤0.01) lower DI than the control 2 plants, 

especially; chili plants were sprayed with 0.1 mM SNP. Yield 

loss cause by anthracnose disease shows in Figure 1C. Plants 

treated with 0.05 and 0.1 mM SNP had the lowest yield loss, 

especially, chili plants were sprayed with 0.1 mM SNP. 

Meanwhile, control 1 plants (non-inoculated) showed lower 

yield loss than the control 2 plants (inoculated and non-SNP 

treatment). These results revealed that application of pre-

harvest SNP treatment might have the potential to suppress 

anthracnose disease development in chili plants.  

POD and PAL activities, the enzyme associated with plant 

defense were investigated in chili leaves. As shown in Figure 

2A, the higher activity of POD enzyme was observed on chili 

plant which were inoculated and sprayed with SNP (0.05 and 

0.1 mM) for 1 h and they were higher than the either control 

plants (inoculated/non-inoculated and sprayed with distilled 

water). A sharp increasing of POD activity was found in all 

treatments, reached to the highest levels after treated for 15 h 

(2.39 OD470/min/mg protein), and then decreased in the 

following hours which was not significant different among 

treatments. PAL activity of all inoculated chili plants was 

significant (p≤0.01) higher than that of the control 1 (non-

inoculated). This indicated that fungal infection alone could 

stimulate the plant defense response. PAL activity in all 

treatments increased, reached the peak value at 48 h after 

inoculating and spraying with SNP, and then gradually 

decreased until the end of experiment (Figure 2B). Treatment 

with 0.1 mM SNP was significant highest the activity of PAL 

throughout 72 h after treated (0.85 Unit/mg protein). 

 
Figure 2. Effect of pre-harvest treatment with SNP on plant defense enzymes 

in chili leaves: (A) POD activity and (B) PAL activity. Chili plants were 

inoculated with gloeosporioides and sprayed with 0 (control 2), 0.05 and 0.1 

mM SNP. Non-inoculated plants sprayed with water were served as the 

control 1. Each treatment is presented as means ± SE of four replicates.  
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3.2. Effect of Post-Harvest Treatment with SNP on 

Anthracnose Disease of Chili Fruit 

Disease incidence was observed on day 6 in the control 

fruit, meanwhile 4 mM SNP treated fruit extended disease 

incidence to day 9 of storage at 13°C (Figure 3). Dipping of 4 

mM SNP suppressed disease incidence significantly during 

the first 12 days of storage compared with the control fruit. 

At the end of storage (day 15), disease incidence was not 

significantly different between SNP treated fruit and the 

control fruit. However, SNP treated fruit also significantly 

(p≤0.01) inhibited disease severity on first 9 days of storage. 

Then, it still increased which was not significantly different 

from that of the control fruit (data not shown). In contrast, DI 

of SNP treated fruit was significant lower than the control 

fruit on day 9-12 of storage time. At last day (15), DI in SNP 

treatment was 0.75; that was similar to the control fruit. 

3.3. Effect of Post-Harvest Treatment with SNP on the 

Quality of Chili Fruit 

The weight loss increased during the storage time in all 

treatments (Figure 4A). SNP treated fruit significantly 

showed lower in weight loss than the control fruit from the 

beginning to 9 days of storage. At the end of storage (12 and 

15 days), weight loss in non-treated fruit (2.84 and 3.57%) 

was not significant different with SNP treated fruit (3.06 and 

3.67%, respectively).  

 

Figure 3. Effect of SNP treatment on disease incidence and disease index of 

chili fruit. Chili fruit were inoculated with Colletotrichum capsici and 

dipped with 0 (control) and 4 mM SNP. Each treatment is presented as 

means ± SE of four replicates.  

 
Figure 4. Effect of SNP treatment on physiological changes of chili fruit: (A) Weight loss, (B) Different color of peel (∆E), (C) Fruit firmness, (D) Respiration 

rate, and (E) Ethylene production. Chili fruit were inoculated with Colletotrichum capsici and dipped with 0 (control) and 4 mM SNP. Each treatment is 

presented as means ± SE of four replicates.  
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There was a significant delayed in the change of the color 

(∆E) of chili fruit after 3 days of SNP treatment in compared 

to untreated fruit (Figure 4B). Nonetheless, a* and L* value 

still remained higher than that of the control during the 

storage time (data not shown). On the other hand, the result 

revealed that 4 mM SNP treatment could help to maintain 

fruit firmness as shown in Figure 4C. Even through, it was 

not significant different among treatments during the storage 

period. 

3.4. Effect of Post-Harvest Treatment with SNP on 

Respiration Rate and Ethylene Production of Chili 

Fruit 

Respiration rate of SNP treated fruit was significant lower 

than the control fruit during storage at 13°C (Figure 4D). 

Respiration rate in the control fruit markedly increased 

during the first 9 days and reached to 301.75 mg CO2/kg.h. It 

was higher than that of SNP treated fruit (299.14 mg 

CO2/kg.h. After that, the respiration rate of both the control 

and treated fruit decreased until the end of storage time (12 

and 15 days). For ethylene production, SNP treated fruit 

significantly (p≤0.01) inhibited and delayed the ethylene 

levels when compared to the control fruit (Figure 4E). The 

ethylene in the control fruit increased and reached a peak 

value (26.03 ηL C2H4/kg.h) at day 6 of storage, then 

decreased. The peak value of ethylene production in SNP 

treated fruit was observed on day 12 among storage period 

(24.28 ηL C2H4/kg.h) lower than that of the control fruit.  

3.5. Effect of Post-Harvest Treatment with SNP on Plant 

Defense Enzymes in Chili Fruit 

 
Figure 5. Effect of SNP treatment on plant defense enzymes in chili fruit: (A) 

Chitinase activity and (B) β-1,3-glucanase activity. Chili fruit were 

inoculated with Colletotrichum capsici and dipped with 0 (control) and 4 

mM SNP. Each treatment is presented as means ± SE of four replicates. 

CHI and GLU activities were determined in chili fruit after 

treating with SNP compared with non SNP treatment. It was 

found that CHI activity in all treatments was low and there 

was no stable pattern over time during storage at 13°C 

(Figure 5A). The results showed that CHI activity of NSP-

treated fruit and the control fruit was about 0.02-0.04 unit/ 

mg protein, and its activity was not significantly different 

among treatments. GLU activity in both treatments markedly 

increased during first 6 days of storage time (Figure 5B). 

GLU activity of SNP-treated fruit reached 0.38 unit/mg 

protein which was higher than that of control fruit (0.36 

unit/mg protein), and then decreased. GLU activity was non-

significantly different among treatments during storage time.  

4. Discussion 

It has been known that SNP solution released NO after 

reaction with different reducing agents in plant [4]. In this 

report, the effects of pre-harvest treatment with SNP solution 

(NO donors) on anthracnose disease in chili plants were 

evaluated and expressed as disease incidence, disease 

severity, disease index, and yield loss. Plant defense enzymes 

such as POD and PAL activities were also investigated to 

confirm the result. Treatment with 0.05 and 0.1 mM SNP 

solution reduced disease development and yield loss by 

activating the activity of POD and PAL enzymes, especially, 

chili plant were treated with 0.1 mM SNP solution. The 

resulted indicated that NO probably act as an effective 

promote the mechanism of plant defense. NO is a free radical, 

it is an important cellular signaling molecule played in 

various physiological functions and defense responses in [2]. 

Similarly, NO may participate in suppressing disease 

invasion in tobacco leafs [7], soybean leafs [22], oranges [14]. 

The role of the elicitation of plant’s defense involved 

enzymes has been reported by many researchers [28]. POD 

and PAL are very importance in plant disease resistance. 

POD is oxidative-lyase enzyme that is known to play a part 

in promoting a plant’s defenses against oxidative stress and 

pathogens [23]. While PAL is a first key enzyme in the 

phenylpropanoid pathway that related in the stimulation of 

lignin and phytoalexins, which are responded to different 

stimuli like tissue damaging, pathogenic infection [8]. Our 

data showed that the activities of POD and PAL elevated 

when chili plants were inoculated and treated with SNP, and 

their activities reached the peak after treating for 15 and 48 h 

respectively. Some research shows that SNP could induce 

activities of POD and PAL enzymes in Cholrella vugaris [19], 

tomatoes fruit [13], tomatoes fruit [34] and sweet potato root 

[30]. 

Moreover, effects of postharvest SNP treatment on 

anthracnose disease on chili fruit was investigated during 

storage at 13°C. Disease index of 4 mM SNP treated-fruit was 

significant lower than in the control fruit on first 12 storage 

days, which is in agreement with the results as in [14]. They 

had reported that Glorious oranges fruit were treated with SNP 
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could effectively suppress disease incidence when the fruit 

inoculated with Colletrotichum sp., and inhibit the lesion 

diameter of fruit during storage period. Similar results have 

also been reported in tobacco leaves [7]. Pathogenesis-related 

(PR) proteins are proteins produced in plant that are induced 

by wounding, low temperature, or pathogen attack. They are 

induced by the action of signaling molecules salicylic, 

jasmonic acid or pathogens, and are commonly associated with 

a systemic acquired resistance (SAR). Chitinase which belong 

to the PR-3, -4, -8 and -11 families, and β-1,3-glucanase, 

which belong to the PR-2 family [27], are also induced defense 

responses. We found that SNP treatment induced CHI and 

GLU activities in chili fruit and reached the peak value on day 

6 of storage time. Likewise, NO treatment maintained 

significantly higher levels of CHI and GLU activities in 

tobacco leaves [16] and tomatoes fruit [34].  

The effect of NO donor was not only involved to enzymes 

and PR protein participated with disease resistance. This study 

provided evidence that 4 mM SNP treatment was able to 

reduce the weight loss by inhibiting an increase in respiration 

rate of chili fruit during storage time compared to the control 

fruit. After harvest, fruit is extremely to lose water, which 

alleviates the freshness and commodity value. It was reported 

that NO had effect on reducing water loss in oranges [14] and 

inhibiting the respiration process in mangoes fruit [32]. In 

addition, SNP-treated fruit was significantly reduce and 

delayed the peak of ethylene production during storage at 13°C. 

Inhibition ethylene production by dipping with 4 mM SNP 

could delay senescence and ripening processes which retain 

firmness, color during storage. Similar results have also been 

reported earlier for strawberries and peaches [36, 35]. 

5. Conclusions 

Pre-harvest treatment with 0.1 mM SNP solution in chili 

plant effectively reduced anthracnose disease and yield loss 

by enhancing POD and PAL activities. Furthermore, SNP 

treatment also was able to suppress disease development and 

delay postharvest physiological changes of chili fruit. Thus, 

our results indicated that SNP solution or NO donors may 

provide a new simple approach to the reduction of 

anthracnose disease in chili by eliciting plant defense related 

enzymes. It is believed that the application of the NO donors 

is widely used in various agricultural produces is coming.   
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