[ Downloaded from jast.modares.ac.ir on 2024-12-04 ]

[ DOI: 10.22034/JAST.26.1.165]

J. Agric. Sci. Technol. (2024) Vol. 26(1): 165-176

Role of Exogenous Elicitors in Canola Plant Defense against
Cabbage Aphid by Regulating Physiological Balance and

Secondary Metabolite Biosynthesis
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ABSTRACT

Induced resistance in plants can be manipulated using the application of elicitors. In
this study, the effects of Salicylic Acid (SA), chitosan, y-Aminobutyric Acid (GABA),
Serenad Aso (Bacillus subtilis QST713), and combined application of these elicitors were
studied on the resistance of canola to cabbage aphid, Brevicoryne brassicae L. (Hemiptera:
Aphididae). The number of B. brassicae attracted to canola plants treated with different
inducers was significantly lower compared to the control in the field experiments. The
lowest population density of aphid was observed on plants treated with SA+GABA and
SA+chitosan. Moreover, the highest amounts of glucosinolates in canola leaves were
recorded in SA+GABA treatment. The contents of sugar, lipid, and glycogen of B.
brassicae were lowest when fed on the plants treated with SA integrated with GABA or
chitosan. Furthermore, the activity of catalase, esterase, peroxidase and glutathione S-
transferase enzymes was the lowest in SA+GABA and SA-+chitosan. These findings
suggest that exogenous application of SA integrated with GABA or chitosan on canola
plants are successful in suppressing the B. brassicae population and can be considered in
integrated management programs against this and other aphids.

Keywords: Amino acid, Antioxidant enzymes, Chitosan, Energy sources, Salicylic acid,

Serenade.

INTRODUCTION

The cabbage aphid, Brevicoryne brassicae
L., is the most abundant and serious aphid
species on canola plants during the stages of
flowering and podding (Sayed and Teilep,
2013). The common management strategy
for this pest mainly depends on chemical
control (Shonga and Getu, 2021), but this
strategy can result in serious problems such
as insecticidal residues in food and the
environment, and a rapid increase in the
development of resistance genes (Ansari et
al., 2014). These problems have encouraged
scientists to focus on their attention to other
environmentally safe control approaches

such as induced resistance of the plant.
Induced response in plants is one of the
imperative components of pest control in
agriculture that is exploited for regulating
the insect population (War et al., 2012).

Salicylic Acid (SA) is an endogenous
elicitor and plant growth regulator that
generates a wide range of physiological and
metabolic responses in plants, thereby
influencing their growth processes such as ion
uptake, transport, and membrane permeability
(Rivas-San Vicente and Plasencia, 2011).
Further, SA is a key signaling molecule in
systemic acquired resistance with a prominent
role in inducing plant tolerance to various
abiotic and biotic tensions (Horvath et al.,
2007; Kamel et al., 2016).
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Chitosan, a biodegradable polysaccharide
with high molecular weight, is known as an
environmentally safe and non-toxic product
(Katiyar et al., 2015). It prompts defense
responses in the plant, resulting in the
formation of some physical and chemical
barriers against pest attacks. Chitosan can
influence defense mechanisms including
different enzymes against unfavorable
conditions (Katiyar et al., 2015).

The y-Aminobutyric Acid (GABA), a
natural non-protein amino acid, acts as a
signaling molecule or metabolite in some
physiological processes of plants under stress
conditions (Bao et al, 2015; Zhen et al.,
2018). For example, exogenous application of
GABA mitigated chilling damage of tomato
seedlings by regulating antioxidant enzyme
activities and subsequently reducing Reactive
Oxygen Species (ROS) (Malekzadeh et al.,
2014). It is well known that inducing priming
through exogenous application of GABA or its
isomer synthetic form, B-Aminobutyric Acid
(BABA), could stimulate osmotic balance via
synthesis of osmolytes and enhance
antioxidant enzymes activity as well as their
transcript levels, thus contributing to the
reduction of oxidative stress (Vijayakumari et
al., 2016).

Serenade ASO is a naturally occurring
biological control agent containing Bacillus
subtilis QST 713 that are not genetically
modified. Further, compounds produced by
this bacterium prompt the systemic resistance
response of the plant as shown by improved
peroxidase activity. Serenade ASO may be
applied as a foliar spray alone or in alternating
spray programs with other crop protection
products (Bayer Crop Science Ltd, 2019).

Biotic and abiotic elicitors can affect the
amounts of secondary metabolites in plants in
response to herbivorous insects
(Khoshfarman-Borji et al., 2020).
Glucosinolates (GSLs) (a group of naturally
occurring thioglucosides) are the main
secondary  metabolites accumulated in
Brassicaceae plants and are essential in the
nutrition of the cabbage aphid (Halkier and
Gershenzon, 2006). The presence of these
metabolites in high amounts causes induction
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of resistance in the Brassicaceae plants (Sattari
Nasab et al., 2018). Secondary metabolites can
affect oxidative stress through producing free
radicals and can modify the antioxidant
enzyme systems (Zhang and Feng, 2018). The
detoxifying enzymes have been demonstrated
to be involved in metabolic resistance and are
believed to be important factors in determining
their resistance to a wide range of toxic
chemicals (Francis ef al., 2001; Despres et al.,
2007).

The knowledge of interactions between
insects and plants treated with different biotic
and abiotic elicitors is important in pest
management. For example, Khoshfarman-
Borji  reported induction of resistance
by combined SA and Pseudomonas putida
application on the canola plant against B.
brassicae  under laboratory  conditions
(Khoshfarman-Borji et al., 2020). The present
research aimed to compare the impact of SA,
chitosan, GABA, and Serenade ASO on
population density of B. brassicae as well as
on the contents of GSLs in canola leaves,
energy sources, and antioxidant enzyme
activities of this aphid. The information could
be used in the pest management programs for
B. brassicae on the canola.

MATERIALS AND METHODS

Plant Sources, Induction Treatments,
and Experimental Design

The field experiments were conducted
during two growing seasons (2020 and
2021) on canola plants grown in a field
located at the Chilabad region, Orzueeyeh,
Kerman, Iran. Seeds of commercial canola
cultivar (Trapper) were obtained from the
Agricultural Jahad Office of Kerman, Iran,
and were planted for conducting the
experiments based on a randomized
complete design in October 2020 and 2021.
The experimental area was divided into 11
treatment areas including the control. Each
treatment consisted of three rows two meters
long and one-meter width), which were
randomly selected. Rows and plants spacing


http://dx.doi.org/10.22034/JAST.26.1.165
https://jast.modares.ac.ir/article-23-61271-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-04 ]

[ DOI: 10.22034/JAST.26.1.165]

Elicitors and Canola Resistance to Cabbage Aphid

were at 1 m and 20 cm, respectively. The
field was managed according to the local
practice with furrow irrigation (every ten
days), and no pesticides were applied.
Canola plants were treated with several
inducers including solutions of SA (1 mM),
chitosan (1.5 mM), GABA (10 mM), and
Serenade Aso (Bacillus subtilis QST713)
(1%) in each year. Also, these inducers were
applied in combination: (SA+chitosan,
SA+GABA, SA+Serenade,
chitosantGABA, chitosan+Serenade,
GABA+Serenade). Control plants were
sprayed with distilled water. In combined
treatments, sprayings were performed during
the day, one of the compounds in the early
morning and the other in the evening.

The 300 mL of the treatment solution was
sprayed in each plot. The first spraying of all
treatments was accomplished in the stage of
4-6 leaves and the second spraying as soon
as the first population of B. brassicae
appeared (March 10 in 2020 and March 19
in 2021).

Determination of Aphid Population
Density

To determine the effect of different
inducers on the population density of the
cabbage aphids on canola plants, 30 plants
under each treatment were randomly
selected. The sampling was performed seven
days after the second spraying at the initial
stage of flowering and was weekly
continued until the late seed development
stage. The cabbage aphids on plants under
each treatment were collected by shaking
plants on a tray. The collected aphids of
each treatment were individually transferred
to the laboratory in plastic bags containing
labels, and the number of B. brassicae per
plant was counted using a 20X hand lens.

Determination of Total GLS Contents

The powder (0.1 g) of the treated canola
leaves (48 hours after first spraying) was
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transferred to a 10 mL glass tube with a lid.
Then, GLS was extracted based on the
technique explained by Ishida et al. (2011),
as follows. The 4.8 mL of 80% methanol
retained at room temperature was added to
the powder in glass tubes. After adding 0.2
mL of 5 mM sinigrin as an internal standard,
the tubes were retained at 25°C for 30
minutes and shaken mutually for 30 minutes
in a shaker. Afterward, they were
centrifuged at 1,600xg for 10 minutes. The
supernatant was used as a crude extract.
Colorimetric analysis of the total GLS
content was done by simplifying the method
performed by Moller et al. (1985). To 0.2
mL of crude GLS extract, 0.3 mL of distilled
water, and 3 mL of 2 mM palladium
chloride reagent, in which 3.54 mg PdCl had
been dissolved in concentrated HCL (1.68
mL) and diluted to 1,000 mL with distilled
water, were added and mixed. After
incubation at 25°C for 1 hour, absorbance
was read by a spectrophotometer at 425 nm.

Sample Preparation for Evaluation of
Detoxifying Enzyme Activities

The cabbage aphids were randomly selected
from each treatment 7 days after the second
spraying. To measure the activity of the
esterase enzyme, insect samples were
homogenized in 200 pul. of 0.1M phosphate
buffer containing 0.1% triton® X-100 (Sigma
Aldrich), and the homogenates were
centrifuged at 10,000 rpm for 15 minutes at
4°C. To measure the activity of the peroxidase
enzyme, aphids were homogenized in 200 pL
of phosphate buffer (20 mM) and then were
centrifuged at 2,600 rpm for 5 minutes. at 4°C.

To measure the activity of glutathione S-
Transferase (GST) and Catalase (CAT), the
aphid specimens were homogenized in 200 pL
cold phosphate buffer (10 mM), then,
homogenates were centrifuged at 13,000 rpm
for 15 minutes at 4°C. The top layer was
collected and kept at -20°C before beginning
biochemical analyses. All enzymes assays
were done in three replications.
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Esterase

The activity of this enzyme was measured
using a solution containing 10 pL of the
enzyme sample, 40 uL of phosphate buffer,
10 uL of f-naphthyl (10 mM in acetone),
and 50 pL of fast blue RR salt solution
(Sigma Aldrich) in the spectrophotometer at
405 nm (Van Asperen, 1983).

Peroxidase

The reaction was performed in a volume
of 0.5 mL containing 225 pL of 225 mM
H202 (Merck Germany) and 225 uL of 45
mM Guaiacol. Also, 50 pL of 50 mM
potassium phosphate buffer was applied as a
blank. The Guaiacol reaction was read at
470 nm by a spectrophotometer (Bergmeyer,
1974).

Catalase (CAT)

The CAT activity was assessed according
to Aebi (1984). For this purpose, 50 puL of
the sample, 225 pL of H,0,, and 225 pL of
70 mM potassium phosphate buffer solution
with pH= 7 were mixed and the absorbance
was read at 240 nm by spectrophotometer.

Glutathione S-Transferase (GST)

GST activity was calculated according to
Habig et al. (1974) method with some
changes. Two hundred microliter of the
reaction mixture containing 100 pL 1-
Chloro-2,4-Dinitrobenzene (CDNB) (1.2
mM), 100 pL reduced glutathione (10 mM)
and 15 pL of enzyme sample was poured
into a cuvette. The absorbance was read by
the spectrophotometer at 340 nm.

Determination of Energy Sources

The amounts of sugar, lipid, and glycogen
were measured by the method of Foray ef al.
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(2012). The homogenized adult aphids were
centrifuged at 2,600 rpm for 5 minutes at 4°C.
Then, the homogenized samples of insects
were poured into Falcon tubes and then 22.5
uL of 20% sodium sulfate and 1.88 mL of the
methanol-chloroform mixture (1:2 v/v) were
added and vortexed. The supernatant
containing sugar and lipid was separated using
distilled water. The upper part containing
sugar was determined using an antron reagent
in the spectrophotometer (UV-2100) at a
wavelength of 625 nm. The lower part
contained lipid, which was measured after
adding 98% sulfuric acid (50 pL) and vanillin
reagent in a spectrophotometer at a
wavelength of 525 nm. Glucose (German
Merck) and cholesterol (German Merck) were
used to plot the standard curves of sugar and
lipid, respectively.

To determine the glycogen content,
homogenized samples were  prepared
according to what was mentioned in the first
step. The supernatant was removed by a
micropipette. After that, 1 mL of antron
reagent and 1 mL of 80% methanol were
added to the pellet. The sample absorbance
was determined in the spectrophotometer at
625 nm, with glucose as the standard.

The amount of protein was determined using
Bradford reagent according to Greenfield
method (Greenfield, 2018) and its absorption
was read at 595 nm.

Statistical Analyses

The normality with the Kolmogorov-
Smirnov test was checked for all data, and
variables were compared using one-way
Analysis Of Variance (ANOVA) in SPSS.
Then, multiple comparisons were done using
the Tukey HSD post-hoc test (SPSS 2015).

RESULTS
Population Density

The canola plants under different
treatments  significantly affected the
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population density of B. brassicae in 2020
(F= 365.17; df= 10, 319; P< 0.001) and
2021 (F= 956.90; df= 10, 319; P< 0.001)
(Table 1). The aphid density was
significantly lower on canola plants
treated with different inducers than on the
control plants during both years (Table 1).
In 2020, the lowest number of aphids
attracted was observed on plants treated
with SA+GABA (5.2+0.2) and
SA+chitosan (5.7+£0.1), and in 2021, the
lowest ones were on plants treated with
SA+chitosan (8.4+0.1) (Table 1).

JAST

Total GLS Content

The results showed that the level of total
glucosinolate was highest on SA+GABA
treatment and lowest on the control, chitosan
and chitosantGABA treatments (F= 7.87;
df=10, 22; P<0.001; Figure 1).

Antioxidant Enzyme Activities

There were significant differences in the
activity levels of catalase (F= 24.05; df= 10,
22; P< 0.001), esterase (F= 53.30; df= 10,

Table 1. Population density (meantSE) of Brevicoryne brassicac L. on canola plants treated with

different elicitors in the field during 2020 and 2021.

Treatments * Sampling year
2020 2021

Control 31.140.3a 27.4+0.2a
Chit 27.2+0.2b 23.3+0.3¢c
GABA 18.1+0.3d 21.2+0.4d
Ser 18.7+3.0d 18.7+0.2¢
SA 8.8+0.3g 15.7+0.3g
Chit+ GABA 23.2+0.3¢ 26.9+0.3b
Chit+ Ser 12.1£0.3f 13.8+0.1h
GABA+ Ser 12.0+0.2f 18.4+0.3¢
SA + Chit 5.7£0.1h 8.4+0.1j
SA+ GABA 5.2+0.2h 9.2+0.11
SA+ Ser 15.4+0.3¢ 17.9+0.2f

“ SA: Salicylic Acid, Ser= Serenade, GABA= y-Aminobutyric Acid, Chit= Chitosan. (a-h) Means
followed by a different letter within a column are significantly different (Tukey’s HSD test; P< 0.05).
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Figure 1. The mean (+SE) amount of total glucosinolate in canola leaves treated with different elicitors.
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22; P< 0.001), Glutathione-S-Transferase
(GST) (F= 66.44; df= 10, 22; P< 0.001), and
peroxidase (F= 31.87; df= 10, 22; P< 0.001)
enzymes in B. brassicae feeding on canola
plants under different treatments (Table 2).
The highest and lowest CAT activity was
observed on the control and SA+GABA,
respectively (Table 2). The activity of
esterase and peroxidase enzymes was
highest on the control and the lowest on
SA+GABA and SA-+chitosan treatments.
GST activity was greatest on control and
chitosan, and the least on SA+GABA and

Table 2. Mean (£SE) activity of detoxification enzymes in Brevicoryne brassicae L. fed on canola plants

treated with different elicitors.

SA+ chitosan treatments (Table 2).
Energy Sources

Analysis of energy sources of B. brassicae
feeding on plants under the studied
treatments showed significant differences in
contents of sugar (F= 31.33; df= 10, 22; P<
0.001), lipid (F= 14.92; df= 10, 22; P<
0.001), glycogen (F= 17.07; df= 10, 22; P<
0.0001) and protein (F= 106.34; df= 10, 22;
P<0.001) (Table 3).

Treatments * Catalase Peroxidase Glutathione S-transferase Total esterase
(Umg”' (U mg" (U mg protein) (Umg”'
protein) protein) protein)
Control 1.62+0.20a 3.13+0.16a 2.75+0.11a 0.95+0.008a
Chit 1.12+0.10b 2.80+0.16ab 2.80+0.16a 0.075+0.004b
GABA 0.76+0.08¢ 2.50+0.14bc 2.05+0.08b 0.051%0.002d
Ser 0.77+0.05¢ 2.47+£0.09¢ 2.12+0.15b 0.042+0.002¢
SA 0.31+0.04¢ 1.52+0.08¢ 0.94+0.10e 0.028+0.001¢g
Chit+ GABA 0.97+0.11b 2.71£0.17bc 1.82+0.11¢ 0.060£0.003¢
Chit+ Ser 0.39+0.05de 1.47+0.29de 0.90+0.07¢ 0.026+0.003¢g
h
GABA+ Ser 0.67+0.09¢ 1.79+0.08d 1.27+0.10d 0.042+0.001e
SA + Chit 0.22+0.01f 1.31+0.05f 0.69+0.00f 0.023+0.001h
SA+ GABA 0.17+0.03g 1.22+0.14f 0.69+0.03f 0.022+0.002h
SA+ Ser 0.47+0.05d 1.67+0.10de 1.18+0.05d 0.036+0.001f

“ SA: Salicylic Acid, Ser= Serenade, GABA= y-Aminobutyric Acid, Chit= Chitosan. (a-h) Means
followed by a different letter within a column are significantly different (Tukey’s HSD test; P< 0.05).

Table 3. Mean (£SE) content of energy resources in Brevicoryne brassicae L. fed on canola plants treated
with different elicitors.
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Treatments * Sugar Lipid Glycogen Protein
(mg g body (mg g body (mg g body (mg g body weight)
weight) weight) weight)

Control 0.95+0.03a 81.2+4.5a 2.68+0.18a 11.20+0.17h
Chit 0.55+0.03b 79.1+4.6a 2.69+0.27a 12.31+0.15fg
GABA 0.47+0.06bc 80.3+£5.0a 2.21£0.15b 12.02+0.25¢
Ser 0.42+0.02cd 74.04+2.4ab 1.82+0.13¢ 12.51+0.10f
SA 0.31£0.03ef 56.3+7.6de 1.01+0.07f 16.13+0.03¢
Chit+GABA 0.47+0.05bc 68.942.9bc 1.62+0.14cd 13.33+0.41e
Chit+Ser 0.29+0.04ef 54.343.5¢ 1.57+0.05d 17.01+0.26b
GABA+Ser 0.35+0.04de 65.5£1.5¢ 1.83£0.09¢ 14.77+0.13d
SA+Chit 0.30+0.02ef 36.8+4.7 1.11£0.11ef 18.04+0.15a
SA+GABA 0.27+0.01f 37.5+0.5f 1.26+0.14¢ 18.01+0.20a
SA+Ser 0.30+0.03ef 62.343.0cd 1.67+0.24cd 16.12+0.46¢

“ SA: Salicylic Acid, Ser= Serenade, GABA= y-Aminobutyric Acid, Chit= Chitosan. (a-h) Means
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followed by a different letter within a column are significantly different (Tukey’s HSD test; P< 0.05).
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The greatest and least contents of sugar
were observed in the control and SA+GABA
treatments, respectively (Table 3). The lipid
contents were highest on the control and
chitosant GABA, and the lowest on
SA+GABA and SA-+chitosan treatments
(Table 3). The glycogen contents were
greatest on the control and chitosan, and the
least on SA and SA-+chitosan treatments
(Table 3). The protein contents were lowest
on the control and the highest on SA+GABA
and SA-+chitosan treatments (Table 3).

DISCUSSION

The canola plants treated with the studied
inducers negatively affected the population
density of B. brassicae compared with the
control under field conditions. Among
individual treatments, SA was more
effective than others. This result was
consistent with findings of Elhamahmy et al.
(2016), who demonstrated the foliar
application of SA on canola plants results in
a diminished population of the cabbage
aphid. In addition, Thakur et al (2016)
reported that the foliar application of SA
was effective on the mustard aphid, Lipaphis
erysimi Kalt, via positive modulation in the
activities of defense proteins. Shi et al.
(2016) observed that exogenous applications
of SA in tomato plants repelled Bemisia
tabaci (Gennadius) via the release of volatile
terpenes such as d-limonene and methyl
salicylate. SA elicitor regulates the actions
of some enzymes such as peroxidase and
polyphenol oxidase, which are involved in
induced plant defense against abiotic and
biotic stresses (Zhao et al., 2009; War et al.,
2011). Both SA and JA defense pathways
are vital in activating plant defenses against
aphids (Boughton et al., 2005; Selig et al.,
2016; Basit et al., 2020; Hanan ef al., 2020;
Nazir et al., 2020). The synergistic or
antagonistic effects of the defense pathways
of SA and JA are associated with
concentrations, the timing, and level of the
interaction between insect species and host
plant (Cao et al., 2014; Schweiger et al.,
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2014). Activation of the SA pathway is a
common mechanism of antibiosis or aphid
repellence in resistant host plants, with
narrow efficiency in susceptible ones
(Morkunas and Gabrys, 2011; Rodriguez et
al., 2014). Khoshfarman-Borji et al. (2020)
concluded that SA in combination with
Pseudomonas putida (Trevisan, 1889) leads
to antibiosis resistance in canola plants to B.
brassicae under laboratory conditions. The
antibiosis resistance can significantly affect
biological characteristics of insect pests
(Mohammadi et al., 2015). Our study also
achieved a new discovery regarding the
applications of integrated SA and
Gaba/Chitosan  leading to the lower
population density of this aphid under field
conditions. The results suggest the minor
suitability of canola plants treated with these
compounds compared with the others for
this aphid. GABA is a substantial
component in plant defense against
herbivorous insects (Huang et al., 2011;
Mithofer and Boland, 2012). BABA-induced
defense for biotic stress commonly occurs
by defense mechanisms regulated through
jasmonic acid (Jisha et al., 2018). GABA is
also  proposed as an  inhibitory
neuromuscular transmitter performing at
GABA-gated chloride channels in insects
and could influence ordinary development
when ingested through feeding (Shelp et al.,
2009). On the other hand, field studies have
shown that foliar applications of chitosan
caused a reduction of 40% to 70% of D. citri
individuals (Ramirez-Godoy et al., 2018)
and 30% of Cacopsylla pyricola (Forster)
nymphs (Cooper and Horton, 2017).
Chitosan can be involved in the signaling
pathway for the biosynthesis of phenolics
and inducing immune systems in plants
(Katiyar et al., 2015). Reports suggest that
Reactive Oxygen Species (ROS), SA,
Jasmonic Acid (JA), Abscisic Acid (ABA),
ethylene, Nitric Oxide (NO), and Ca** play
an important role in chitosan-mediated
signal pathway (Xing ef al., 2015). Chitosan
has been shown to bind to cell membranes
triggering the H,O, production via the
octadecanoid pathway, supporting the
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biosynthesis of jasmonates, which prompt
the expression of defense response genes
(Pichyangkura and Chadchawan, 2015).
Further, Bistgani et al. (2017) reported that
chitosan applications caused accumulation
of proline in Thymus daenensis Celak plants.
Foliar chitosan sprays favored an increase in
proline synthesis in both flush shoots and
leaves of Tahiti lime (Ramirez-Godoy et al.,
2018), which could be because of its
osmoprotectant function, and led to signal
hypersensitive responses against biotic
stresses (Qamar et al., 2015). Chitosan can
alter the oxidative balance in the cytoplasm
as a signaling mechanism to stimulate plant
defense reduce and decrease the damages
related to biotic stress (Aranega-Bou er al.,
2014).

The lower population density of aphids on
plants treated with different inducers in this
study was related to lower energy reserves
(sugar, glycogen, and lipid content) in the
cabbage aphids. Variations in biochemical
indicators could be used as a suitable
indicator of toxicant stress under laboratory
conditions. Depletion in the contents of
energy reserves was verified in invertebrates
exposed to stressful conditions (Jemec et al.,
2007). This may be attributed to the
increased utilization for energy demand
associated with toxic stress (Sancho et al.,
2009). Additionally, the studied inducers
influenced the levels of glucosinolates in
canola. In the current study, the
glucosinolates in canola leaves increased
significantly under SA+Gaba treatment. In
addition, silicon causes an increase in the
content of glucosinolates in Brassica species
(Smetanska et al., 2007; Sun et al., 2012;
Khoshfarman-Borji et al. 2020).
Furthermore, tritrophic intractions between
host plant, pest, and its natural enemy can be
affected by the chemicals, leading to the pest
population suppression by natural enemies
in the resistant plant (Rashedi et al. 2019).

In the present study, different inducers
especially SA+ Gaba and SA-+chitosan
appeared to significantly reduce the activity
of detoxifying enzymes in B. brassicae.
Zhang et al. (2013) showed that one of the
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most effective strategies to inhibit CAT
activity in aphids can be the increased
production of secondary compounds in host
plants. Further, Leszczynski et al. (1994)
reported GST activity in S. avenae and R.
padi was elevated when fed on a low aphid-
resistant wheat cultivar. Thus, some plant
allelochemicals inhibit the activity of
detoxification enzymes (Jing et al., 2005),
increasing the toxicity of co-occurring plant
compounds (Herde and Howe, 2014), which
lead to reduced population.

In conclusion, canola plants treated with
SA treatment, especially in combination
with Gaba/Chitosan, were more resistant to
B. brassicae. These compounds can be
considered in the future as a supplementary
method in the integrated control programs
for the cabbage aphid.
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