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ABSTRACT: The excessive application of pesticides for agricultural production has raised quite some concern 

about environmental safety and sustainability. To reduce environmental impact of pesticide overuse, there is an increasing 

interest in using different elicitors including Jasmonic acid (JA) to induce resistance against pathogen and insect in crop. 

Chilli (Capsicum annuum L.), which is an important vegeTable cum spice crop around the world. The aims of this study 

were to compare the effectiveness of Jasmonic acid on growth, Phyto-physiological responses, yield and viruses control in 

chilli plant. It was evaluated the effectiveness of single spray of JA (JA1), double spray of JA (JA2), conventional 

pesticide (Malathion 50%) and without any of those or control. The experimental results showed that pesticide-treated 

plants perform much better at early growth stages and become less competitive to JA2 treatment at maturity. Double spray 

of jasmonic acid showed less stress symptoms in different antioxidant enzymes activities (GPX, APX and CAT), reduce 

percentage of disease incidence and severity as well as improve growth and yielding characters of chilli plant. Therefore 

application of Jasmonic acid in chilli could be a possible alternative of pesticide application and its two times exogenous 

spray (0.5mM) is most effective. 
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INTRODUCTION 

 
The chilli (Capsicum annuum L.) belongs to 

the family Solanaceae is one of the most important 

vegeTable as well as spice crops around the world, 

valued for its aroma, taste, flavor and pungency. 

Besides traditional uses, it is also being used in 

pharmaceuticals, cosmetics and beverages 

(TIWARY et al., 2005). In Malaysia, total chilli 

production reached about 32.8 thousand tons per 

year in 2010 with about 2.8 thousand hectares of 

areas under cultivation (DOA, 2011). Meanwhile, 

the total consumption of the country reached up to 

50 thousand tons per year. Due to insufficient 

national production the country need to expend a 

considerable amount of currency to import chilli 

either in the form of fresh, dried or powdered. 

However, the average chilli productivity in 

Malaysia is very low compared to that in other 

neighboring countries. To achieve desirable 

production of chilli, it is important to increase 

production as well as cultivation area. Management 

of different disease and pests are also important 

factor for better crop production. Chilli is infested 

by more than 21 insects and non-insect pests and 

leaf curl disease and chilli veinal mottle virus 

(CVMV) are most common in Malaysia (SHIH et 

al., 2006; AROGUNDADE et al., 2012), and some 

herbivores insect such as aphid, thrips and mites are 

considered as the most devastating pests are also act 

as a vector for the transport of plant viruses 

(THALER et al., 1996).  

The farmers always give priority to 

protecting such a high value crop and to mitigate the 

negative consequences of pest outbreaks and 

improve profits. Sometime farmers used huge 

amount of pesticides indiscriminately to protect the 

crop without proper diagnosis which results in 

resurgence of the pests, phytotoxicity on fruits, 

infertility and presence of high amount of pesticidal 

residue on harvested fruits.  

Extensive use of pesticides has now become 

a threat to natural agro-ecosystem as well as human 

health (DAVID, 1991; AWASTHI et al., 2001). 

Taking into consideration concerns about the 

sustainability of input-intensive agriculture and the 

economic, ecologic, and environmental effects of 

pesticides over-use, it is clear that over all 

application of pesticide should be reduced and 

agricultural scientists and planners are now looking 

for the possible alternatives of the agrochemicals 

and pesticides.  
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Several studies have proved that exogenous 

application of Jasmonic acid (JA) enhanced 

resistance to herbivore challenge and induce the 

expression of defense related genes (LORENZO and 

SOLANO, 2005; HOWE and JANDER, 2008). 

Moreover, JA are also involved with different 

physiological activities such as seed germination, 

tuber formation, tendril coiling, leaf senescence, 

stomata opening, fruit ripening and root growth, and 

also play crucial roles in plant defense responses 

against insect damage and microbial pathogens 

attack (WASTERNACK, 2007).  

Although there is limited understanding of 

disease-resistance mechanisms, physiological and 

molecular biological studies have documented 

several plant responses to disease resistance. This 

work was developed to compare the effectiveness of 

Jasmonic acid on growth, Phyto-physiological 

responses, yield and viruses control in chilli plant, 

using eco-physiological features. 

 

MATERIAL AND METHODS 

 

Plant material and cultivation 
Mature and healthy seeds of hot chilli F1 

hybrid (Capsicum annuum L.) were germinated in 

the seed tray containing peat moss and kept under 

protected area to enhance germination and prevent 

direct sunlight. Uniform seedlings were transplanted 

into polybag containing coconut coir dust and empty 

fruit bunch compost with ratio (3:1 v/v) as media 

substrate. Plants were transplanted individually and 

randomly inside a greenhouse. Plants were watered 

as required and fertilized with Modified Cooper 

Formulation two times per day during the 

experiment. Plants were maintained in the 

greenhouse under natural sunlight with 60 – 80% 

relative humidity while photosynthetically active 

radiation was 500 – 700 µmolm
-2

s
-1

.     

Treatment applications: 
Jasmonic acid (Sigma – Aldrich) was stored 

at 5ºC until needed. To prepare the spray solution, 

JA was dissolved in acetone at rate 1g/ml and made 

up to a concentration of 0.5mM with distilled water 

and 0.1% of Tween-20 was added as surfactant. 

Control treatments consisted of distilled water with 

same acetonolic solutions and 0.1% Tween-20 

minus JA (Cooper and Rieske, 2011). First 

application of the above solution was made first 

week after transplanted (5-6 leaf stage), whereas hot 

pepper plants in each plot was sprayed until run off 

using a hand sprayer. Second applications were 

done on third week after transplanted (9-11 leaves 

stage) according to their treatments approximately. 

About 10ml of JA solution was applied per plant on 

average. The treatments were 0.5mM JA 1x spray, 

0.5mM JA 2x spray, Pesticide spray and water 

(Untreated). Three replicates of each treatment were 

organized in a randomized completely block design 

(RCBD). Malathion (0.5%), the most common 

pesticide for chilli, was used for this experiment.  

 

Disease severity 
Due to higher disease infection rates in the 

experimental region and plants were grown in an 

open greenhouse, no pathogen was inoculated 

artificially. Common viral infection symptoms such 

as, chlorotic, necrotic, curling, mottling, stunting or 

bunching symptom were considered for assessment 

of disease severity.. Plant was measured by eye 

estimation starting one week after treatments were 

applied. Disease symptoms that were appeared on 

plant was rated by using a modified grading scheme 

index (Table 1) from Galanihe et al., (2004), hence 

calculated according to the formula below for 

disease severity index (DSI): 

 

DSI (%) = ∑ {(P x Q)} / (M x N)] x 100 ……………………… (I) 

 

where, P = severity score, Q = number of infected 

plants having same score, M = total number of 

plants observed, and N = maximum rating scale 

number (4). 

Table 1. Disease rating scales used in scoring observed diseases on chilli plants in the field. 

 

 

 

 

 

 

 

 

 

 

Scale Symptom of damage 

0 No disease symptom (0%). 

1 1-25% of the canopy showing disease symptoms. 

2 25-50% of the canopy showing disease symptoms. 

3 50-75% of the canopy showing disease symptoms. 

4 >75% of the canopy showing disease symptoms. 
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Disease incidence: 

The plants were monitored weekly after 

treatments were applied by recording the expression 

of disease or damage symptoms to assess disease 

incidence. The proportion of infected plants per plot 

was calculated and expressed as a percentage of 

disease incidence (GALANIHE et al., 2004).   

 

Plant morphology: 
Four randomly tagged plants were selected 

to measure stem and canopy diameter. Stem and 

canopy diameter was determined at mid-vegetative 

stage (27 DAT), flowering or fruit setting stage (40 

DAT), early fruiting stage (60DAT) and maturation 

stage (80DAT).  

 

Biomass partitioning 
After harvest (120 DAT), three randomly 

selected plants from each treatments were selected 

to determine biomass partitioning in leaves, stem 

(include branches) and roots. The roots were gently 

washed under running water to remove all adhering 

media. Then, dry weight of each plant parts were 

measured using an electric balance (QC 35EDE-S 

Sartorius, Germany) and root-shoot ratio was 

calculated as root dry weight divided by total leaf 

and stem dry weight. 

 

Yield parameters 
Chilies were ready to harvest while the 

color of fruits changed from green to intermediate 

reddish. Mature chilies were harvested at 5 days 

interval up to end of experiment on 120 days after 

transplanting (120 DAT). Weight, length and 

diameter of randomly sampled 4 chilies from each 

harvest were measured for fruit characteristics.  

 

Relative chlorophyll content and chlorophyll 

fluorescence 
Relative chlorophyll content was measured 

on the upper most fully expanded leaves of the four 

individual plants per treatment at vegetative, 

flowering or fruit setting, fruiting and maturation 

stages using chlorophyll meter (SPAD 502, 

MINOLTA
TM

 Camera Ltd. Japan. The measurement 

of fast chlorophyll fluorescence was taken on the 

upper surface of the latest fully expanded leaves 

from four individual plants per treatments at 09:00 

to 10:00 hours, which was used for primary 

photochemistry detection. Prior to fluorescence 

measurements, a circular surface of the upper face 

was dark-adapted for 30 minute using dark clips, 

hence the induction curve (Fv/Fm ratio) was then 

estimated by a Plant Efficiency Analyzer (Handy 

PEA, Hansatech Ltd King’s Lynn, Norfolk, 

England) with 600Wm
-2

 of red (630) light intensity 

(excitation intensity). Fv/Fm provides an estimation 

of the maximum photochemical efficiency or 

quantum yield of photosystem II (PSII) was 

analyzed to evaluate alteration by treatment 

(OUZOUNIDOU et al., 2010). 

 

Leaf photosynthetic rate 

An open-path porTable photosynthesis 

system (Li-6400XT, LI-COR, Lincoln, Nebraska-

USA) was used to determine the net photosynthetic 

rate (µmol m
-2

s
-1

) per unit leaf area. Three 

uppermost young fully expanded leaves of the five 

individual plants per treatments were randomly 

chosen and measured at midday (10 to 11 AM). The 

data were taken at vegetative, flowering or fruit 

setting, fruiting and maturation stages.  

 

Determination of enzymatic activities 
To examine the enzymatic activity, samples 

of leaf tissue were taken at different growth stages 

(vegetative, flowering, fruiting and maturation). The 

leaves were removed with scissors and immediately 

frozen in liquid nitrogen and stored in a refrigerator 

at -80ºC. 0.5g of frozen leaf tissue was weighed and 

immediately ground with a pestle in mortar using 

liquid nitrogen. Samples were homogenized in 5ml 

of 50mM potassium phosphate buffer (pH 7.0), 

containing 0.1mM ethylenediaminetetraacetic acid 

(EDTA), 4% (w/v) polyvinylpyrrolidone and 0.2 

mM ascorbic acid. The homogenate was then 

centrifuged at 10000 rpm for 10 minutes. The 

supernatant were stored at -80ºC until analysis for 

enzyme determination studies (EL-KHALLAL, 

2007). Guaicol peroxidase activity (GPX) was 

measured using method modified from Nakano and 

Asada (1981). 1ml of reaction mixture consisting 

solution of 71.4mM potassium buffer (pH 7.0), 

1mM EDTA (prepared with potassium buffer), 

1mM hydrogen peroxide and 100µl of 100 mM 

guaicol as electron donor. About a minute after 

equilibration, the reaction was started by adding 

100µl of the extract and the activities were 

determined by measuring the increase in absorbance 

during 30 seconds at 420nm in a spectrophotometer 

(extinction coefficient 26.6mM
-1

cm
-1

). GPX activity 

was expressed as change in absorbance µmolmin
-

1
mg

-1
 of protein. Ascorbate peroxidase activity 

(APX) was measured using method modified from 

Rao et al., (1996). Twenty ml of the extract from 

each sample was added into 2ml of assay mixture, 

containing of solution of 400µl of 100mM 

potassium buffer pH 7.5, 200µl of 1M ascorbic acid, 

400µl of 0.2mM H2O2 and 0.98ml distilled water. 

The mixture was mixed thoroughly and the increase 
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in absorbance of H2O2 was monitored at 290nm for 

3 minutes (extinction coefficient 2.8mM
-1

cm
-1

) 

using spectrophotometer. Ascorbate peroxidase 

activity (APX) was expressed as change in 

absorbance µmolmin
-1

mg
-1 

protein. Catalase activity 

(CAT) was measurement with modified from Aebi 

and Bergmeyer (1983). 120µl of the enzyme extract 

was added to reaction mixture consisted 2.8ml of 

50mM phosphate buffer (pH=7.0) and 80µl of H2O2. 

Catalase activity was determined by measuring the 

increase in absorbance of H2O2 during 1min at 

240nm in a spectrophotometer with 3ml of total 

reaction mixture. CAT activity was expressed as 

change in absorbance by mmolmin
-1

mg
-1 

protein. 

 

Statistical analysis 
An analysis of variance was performed 

using the SAS software (SAS, 2009). Duncan 

Multiple Range Test (DMRT) at P≤0.05 was used to 

test differences between the treatments. 

 

RESULTS AND DISCUSSION 

 

Disease severity and disease incidence 

Virus infection severity (DS) indices were 

higher in jasmonic acid treated plants at early 

growth stages (Vegetative and flowering) compared 

to pesticide treatment and almost similar at fruiting 

stage. (Figure 1, A). However, at maturation stage 

DS was found significantly 28.69 and 67.59 % 

lower for JA1 and JA2 treatment compared with 

pesticide application. The most severe disease and 

pest attacks were favored on untreated plants at all 

growth stages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Effect of jasmonic acid and pesticide on (A) viral disease severity (B) disease incidence (%), canopy 

diameter (C) and stem diameter (D) in chili plants. Vertical bars indicate standard errors. 

 
The major diseases in chilli plant caused due to 

viruses which transmitted through thrips. During 

early growth stages (Vegetative and flowering) 

Jasmonic acid treated plants showed higher disease 

incidence rate but gradually reduced in the maturity 

stage (Figure 1, B). Although there was no 

significant different observed between the 

treatments JA1 and pesticide application, disease 

A 

B 

C 

D 
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incidence rate at maturity was significantly (83.4%) 

lower in JA2 treatment compared with pesticide 

application. The highest disease incidence rate was 

found in control or untreated chilli plants in all 

growth stages. 

 

Canopy diameter and stem diameter 
Both jasmonic acid treatments and pesticide 

application results significantly increase (P≤0.05) in 

canopy diameter than the untreated plants, while the 

difference between jasmonic acid treatments and 

pesticide application varied marginally during 

maturity (Figure 1, C). Mean stem diameter of chili 

plants treated with jasmonic acid was significantly 

greater than untreated plants but lower than 

pesticide treatment. A marked increase of 29.1%, 

48.6%, 52.4 and 96.5% in stem diameter was noted 

for plant with JA2 treatment at vegetative, 

flowering, fruiting and maturity stage respectively 

(Figure 1, D).  

Relative chlorophyll content and chlorophyll 

fluorescence 
Relative chlorophyll content in chilli plants 

under different treatments are presented in Figure 2, 

A and no significant difference was noted at 

vegetative stage. However, relative chlorophyll 

content was significantly higher in both jasmonic 

acid and pesticide treated plants at flowering stage. 

At fruiting stage, JA2 treatment was significantly 

higher than other treatments and control plants. At 

the maturation stage, JA2 was not significantly 

different with pesticides-treated plants, but 

significantly higher (p≤0.01) of relative chlorophyll 

content compared to the JA1 (one time JA sprayed) 

and untreated plants. The maximum quantum yield 

of primary photochemistry (Fv/Fm ratio) showed no 

significant differences among the treatments except 

control at vegetative stage (Figure 2, B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Effect of jasmonic acid and pesticide on the relative chlorophyll content (A), chlorophyll 

fluorescence (B) and Photosynthesis rate (C) in chili plants at different growth stages. Vertical bars 

indicate standard errors. Means followed by the same letter are not differ significantly. JA1 = 

Jasmonic acid 1x spray; JA2 = Jasmonic acid 2x spray; Pesticide spray and Untreated control.  
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The chlorophyll fluorescence was 

significantly depressed in untreated or control plant 

compared with the both jasmonic acid and pesticide-

treatment at flowering and fruiting stage. At 

maturation, the increase of Fv/Fm ratio was 

significantly higher under both jasmonic acid 

treatments than in untreated and pesticide-treated 

plant while the lowest value of Fv/Fm ratio was 

recorded in untreated plants. 

 

Photosynthesis rate 

Pesticide treated plants dominate in 

Photosynthesis rate at early growth stages 

(vegetative and flowering) and become less 

competitive at maturity. At vegetative and flowering 

stages, JA2 treatment showed a significant 

(P≤0.001) acceleration by 8% and 20.4% than 

untreated or control plants (Figure 2, C). However, 

photosynthesis rate progressively increased at the 

fruiting stage resulted in gradual recovery from 

disease incidence. The photosynthesis rate of plants 

treated with exogenous applied JA2 was 

significantly higher than that in untreated and 

pesticide-treated plants, while the lowest value were 

presented under untreated plants at fruiting and 

maturation stage.  

 

Biomass partitioning and yield 

Leaf, stem, root and total dry matter 

determination of chili plants revealed that jasmonic 

acid application especially two times spray (JA2) 

had remarkable effect to increase dry matter content 

compared with untreated plants. Although single 

spray of jasmonic acid (JA1) perform lower than 

pesticide treatment, JA2 treatment increased leaf dry 

weight, stem dry weight, root dry weight and total 

dry weight by 208.6, 365.3, 360.0 and 300.4 %  

respectively compared to control (Table 2). Root: 

shoot ratio of chilli plants treated with JA2 was also 

significantly greater than untreated plants.  

 

Table 2. Mean dry matter production and partitioning (g plant
-1

) of chilli plant as affected by the exogenous 

jasmonic acid and pesticide application at 120 days after transplanting.     

Treatment 

Leaf Dry 

Weight 

(g/plant) 

Stem Dry 

Weight 

(g/plant) 

Root Dry 

Weight 

(g/plant) 

Root: 

Shoot  

Ratio 

Total Dry 

Weight 

(g/plant) 

 

JA1 92.19 b 151.71 b 34.38 b 0.14 b 278.28 b 

JA2 144.73 a 264.85 a 46.97 a 0.12 c 456.56 a 

Malathion (0.5%),  101.06 b 156.72 b 45.58 a 0.18 a 303.36 b 

 

Untreated 

 

46.89 c 

 

56.92 c 

 

10.21 c 

 

0.09 d 

 

114.03 c 

 
Means followed by the same letters within a column are not significantly different at P≤0.05 by the Least Significant Difference (LSD) 

test.  

 

A remarkable increase in total yield, fruit 

number, fruit weight and fruit length of chili was 

obtained with JA2 treatments, followed by 

pesticides-treated plants and JA1, while untreated 

plants presented the lowest yield and fruit number 

per plant (Table 3). This total yield was found 

573.4% higher for JA2 treatment than untreated or 

control plants. Jasmonic acid two times spray (JA2) 

produces the longest fruits by 45.6% and 24.7% 

higher from untreated and pesticide-treated plants. 

Pesticide-treated plants presented widest diameter 

followed by JA2 and JA1, while untreated plants 

produces lowest fruit diameter (Table 3). Although 

single spray of jasmonic acid (JA1) also increased 

yield and yield components significantly compared 

to control, it was slightly less than pesticide 

performance. 

 

Antioxidant enzymes activities 
Antioxidant enzymes activities under 

different treatments are presented in Figure 3 and it 

was observed that Jasmonic acid application had 

remarkable effect on studied parameters. The 

enzymatic activities of GPX, APX and CAT were 

higher at early growth stages and gradually 

decreased with time and most of the cases control or 

untreated plants showed the higher values of those 

enzyme activities whereas JA2 showed the lowest 

(Figure 3). 
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Table 3: Mean total yield, fruit number and fruit characteristics of chilli as affected by the exogenous jasmonic 

acid and pesticide application at 120 days after transplanting.   

Treatments 

 

Yield 

(g plant
-1

) 

 

Number of   

fruit / plant 

Fruit Weight 

(g) 

Fruit 

Length 

(cm) 

Fruit 

Diameter 

(cm) 

JA1 1387.64 c 108 b 12.87 c 14.05 c 5.33 b 

JA2 1965.73 a 132 a 16.38 a 19.58 a 5.08 b 

Malathion (0.5%), 1493.20 b 116 b 14.57 b 15.70 b 5.93 a 

 

Untreated 

 

291.90 d 

 

37 c 

 

9.88 d 

 

13.45 c 

 

4.40 c 

 
Means followed by the same letters within a column are not significantly different at P≤0.05 by the Least Significant 

Difference (LSD) test.  

  

 
 

 
 

 

Figure 3: Effect of jasmonic acid and pesticide on GPX, APX and CAT activities in chili leaves at different 

growth stages. Vertical bars indicate standard errors; JA1 = Jasmonic acid 1x spray; JA2 = Jasmonic 

acid 2x spray; Pesticide spray and Untreated control.  

A 

B 

C 
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The GPX activity was significantly high in 

untreated or control plants at all growth stages 

whereas difference between the other treatments are 

negligible although JA2 showed the lowest values 

(Figure 3, A). APX activity was highest at flowering 

stage and gradually decreased over time (Figure 3, 

B). The APX activity was remarkable high in 

control plants at all growth stages except maturity. 

CAT activity was also found height at flowering 

stage (Figure 3, C) and the value was significantly 

higher at all growth stages in control plants and 

lowest with JA2 . 

In the present experiment, as expected, 

treatment with 0.5mM JA two times sprayed (JA2) 

was shown to be an effective elicitor due to reduce 

antioxidant enzyme activities in leaves of chili 

plants and ultimately reduce percentage of disease 

incidence and severity as well as improve growth 

and yielding characters in chilli plants. Some 

previous studies have also examined the effects of 

jasmonic acid shown in induce resistance against 

various insects in soybean (CREELMAN et al., 

1992), tomato (THALER, 1999), celery (BLACK et 

al., 2003), tobacco (von DAHL; BALDWIN, 2004), 

wheat (JAYARAJ et al., 2004), cotton (BARBOSA 

et al., 2008) and potato (IL’INSKAYA1 et al., 

2000).  

During our experiment Exogenous JA 

reduced the disease incidence and severity indices 

compared to untreated plants. However, pesticide-

treated plants showed significantly higher 

performance at early growth stages and become less 

competitive to JA2 treatment over time. Similar 

finding was also reported by Cipollini and Redman 

(1999) as the application of JA induce resistance in 

plant to defense herbivores attack and diseases for a 

long time. 

Pesticide may reduce fruit quantity as well 

as environmental contamination, whereas no 

negative effect on environment was reported for 

Jasmonic acid application (THALER, 1999). 

Therefore application of Jasmonic acid in chilli 

could be a possible alternative of pesticide 

application and its two time spray (0.5mM ) is most 

effective. 

 

CONCLUSIONS 

 
Effectiveness of jasmonic acid for 

physiological adjustments, growth, yield and disease 

incidence was studied and it was observed that that 

pesticide-treated plants showed a rapid growth at 

early growth stages and become less competitive to 

JA2 treatment at maturity.  

Two time exogenous application of 

jasmonic acid (0.5mM) showed less stress 

symptoms in different antioxidant enzymes 

activities (GPX, APX and CAT), reduce percentage 

of disease incidence and severity as well as improve 

growth and yielding characters of chilli plant.  

The application of Jasmonic acid in chilli 

could be a possible alternative of pesticide 

application and its two time spray (0.5mM) is most 

effective. 
 

 

RESUMO: A aplicação excessive de pesticidas na produção agrícola tem provocado algumas alterações na 

segurança ambiental e na sustentabilidade. Para reduzir este impacto ambiental aumentou o interesse no uso de elicitores 

incluindo o ácido Jasmônico (AJ) para induzir resistência contra os patógenos e insetos na cultura da pimenteira 

(Capsicum annum L.), a qual é uma importante hortaliça ou planta olerícola ao redor do mundo. Neste estudo foi 

comparada a eficácia do ácido Jasmônico no crescimento, resposta fisiológica, produção e controle de viroses na 

pimenteira. Foi avaliada uma simples aplicação (AJ1), duas aplicações (AJ2), inseticida malathion 50 % e uma testemunha 

(controle). Os resultados experimentais demonstraram uma redução nos sintomas de doenças viróticas pela atividade das 

enzimas anti oxidantes (GPX, APX e CAT), que reduziram a porcentagem da incidência e severidade  das mesmas e 

promoveram o crescimento e melhoram os caracteres da produtividade da pimenteira. Portanto, a aplicação do ácido 

jsmônico em pimenteira pode ser uma alternativa para reduzir o uso de inseticidas e sua aplicação em duas vezes durante o 

ciclo (0,5 mM) foi mais eficiência. 

 

PALAVRAS-CHAVE: Resistência induzida. Estabilidade oxidativa. Controle alternative de doenças em 

plantas. Severidade de doença. 
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