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ABSTRACT
ARTICLE INFO Meloidogyne spp. nematode is important pathogen of tomato plants that
causes a characteristic symptom, namely root knot. One alternative to
Keywords: controlling Meloidogyne nematodes is by utilizing PGPB secondary

induce systemic resistance,
Meloidogyne spp.,
peroxsidase,

secondary metabolites

metabolites. The objective of this research is to explore the potential of
secondary metabolites produced by PGPB in inducing systemic resistance
(ISR) and increasing peroxidase enzyme activity in tomato plants attacked
by Meloidogyne spp. This study used a completely randomized design
(CRD), consisting of 11 treatments, 3 replicates. The observation
parameters included Induced Systemic Resistance (ISR) Potential Test and
peroxidase activity (PO) analysis. The results showed that the secondary
metabolites from the Bacillus mycoides (MRSNUMBE.2.2) treatment
were the best treatment in the ISR observation, which was indicated by the
lowest nematode penetration rate, which was 3.66 nematodes in plant root
tissue. In the observation of peroxidase activity, secondary metabolites
from Bacillus waihenstephanensis (RBTLL.3.2) showed the highest
peroxidase enzyme activity, which was 0.0437 pg/ml on day 7 and 0.0500
pg/ml on day 14.
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INTRODUCTION

Meloidogyne spp. nematodes are one of the
most destructive pathogens affecting tomato
plants (Tarig-Khan et al., 2025). Meloidogyne
spp. nematode attacks cause typical symptoms
on the roots, namely causing gall or knot on
the roots of the plant, followed by symptoms of
chlorosis on the leaves and plants become stunted
(Pratiwi et al., 2020) .Meloidogyne spp. nematode
attack can cause damage to tomato plants with
a damage level of 68.3% (Khotimah ef al., 2020).
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A commonly used control strategy against
Meloidogyne spp. is the use of synthetic nema-
ticides with the active ingredient carbofuran to
control Meloidogyne spp. (Greco et al., 2024).
Excessive use of synthetic pesticides can cause
human health problems and environmental
damage, so environmentally safe alternative
control methods are needed (Habazar et al.,
2021). One alternative to nematode control is
by utilizing secondary metabolites produced by
microorganism groups, particularly Plant
Growth-Promoting Bacteria (PGPB).
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PGPB bacteria are bacteria that interact with
plants and are distributed in the rhizosphere,
phyllosphere, and endophytes (Ramirez-Lopez
et al., 2025). PGPB have been reported to
produce secondary metabolites capable of
suppressing  pathogen development and
enhancing plant growth (Efthimiadou et al.,
2020; Yanti et al., 2022). In addition, PGPB
secondary metabolites can also induce plant
resistance, thereby inhibiting the development
of plant pathogens. (Kaleh et al., 2024).

PGPB secondary metabolites are also
known to stimulate peroxidase enzyme activity
in plants (Hafsah, 2022). In plant defense
systems, peroxidase enzymes function as one
of the components involved in the response to
attacks by pests by inhibiting the development
and penetration of pathogens into root tissues
(Nadarajah, 2024). Peroxidase contributes to
cell wall lignification and the formation of
phenolic compounds in plants. Strong cell
walls inhibit the entry of pathogens during
infection. (Zondo & Mafa, 2025).

The objective of this research is to explore
the potential of secondary metabolites
produced by Plant Growth-Promoting Bacteria
(PGPB) in inducing systemic resistance (ISR)
and increasing peroxidase enzyme activity in
tomato plants infested with Meloidogyne spp.
nematodes.

MATERIALS AND METHOD

Experimental site and treatment

This study was conducted at the
Microbiology Laboratory of the Department of
Plant Protection and Experimental Fields,
Faculty of Agriculture, Andalas University,
from May to September 2024. This study used
a completely randomized design (CRD),
consisting of 11 treatments and 3 replicates.
The treatments used included:

Bacillus thuringiensis (MRSNRZ.3.1),
B. subtilis (MRTDUMBE.3.2.1),

B. mycoides (MRSNUMBE.2.2),

B. waihenstephanensis (RBTLL.3.2),
B. cereus (MRPLUMBE.1.3),
Bacillus sp (MRSPRZ.1.)
Pseudomonas hibiscicola
(MRTLDRZ .2.2)
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8. Achromobakter insolitus

(MRBPUMBE.1.3)
. Carbofuran pesticide

10. Negative Control (Inoculated with
Meloidogyne spp. and without PGPB
introduction),

11.  Positive Control (Without Meloidogyne
spp. and without PGPB introduction)

Filtrate Culture of PGPB Bacteria

PGPB isolates were made filtrate cultures
by growing PGPB bacteria on Tryptic Soy
Agar (TSA) and Nutrient Agar (NAO media for
48 hours at room temperature. Single colonies
of bacteria were transferred into 100 ml of
Tryptic Soy Broth (TSB) and Nutrient Broth
(NB) media and Incubated at 25°C for 2 days
at a speed of 150 rpm in a rotary shaker. Then
the bacterial culture was centrifuged at 7000
rpm for 15 minutes, filtered with Whatmann
filter paper and 0.22pm diameter millipore, put
into 250% ml cultured bottles and stored at 4 °
C before application. The bacterial filtrate used
for each treatment has a concentration of 25%
PGPB.

Induced Systemic Resistance (ISR) Potential
Test

The Induced Systemic Resistance (ISR)
potential of PGPB  bacteria  against
Meloidogyne spp. was tested using the split-
root system method on 1-month-old tomato
plants (Hasky-Giinther et al., 1998). Plants
were split-root and planted in separate pots,
then one of the pots was watered with PGPB
filtrate. Six days after treatment, the other pot
was inoculated with nematodes. Observations
were made two weeks after inoculation to
count the population of root-infecting
nematodes using acid fuchsin staining and
microscopy.

Peroxidase activity analysis

Peroxidase activity was measured based on
the direct absorbance measurement method
using a spectrophotometer. One gram of root
sample was weighed and crushed with a mortar
in a 0.01 M phosphate buffer solution, pH 6, at
a ratio of 1:4. The root extract was centrifuged
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at 5,000 rpm for 30 minutes at 4 °C, then
filtered with Whatman filter paper. The
supernatant obtained was used as the enzyme
preparation. Enzyme activity was monitored by
pouring 0.2 ml of Enzyme Preparation diluted
1:3 with 0.01 M phosphate buffer solution, pH
6, into a 1 cm diameter test tube containing 5
ml of 0.5 M pyrogallol solution and 0.5 ml of
1% H20:. The solution was then homogenized
for 5-10 seconds, and the absorbance was
measured at a wavelength of 420 nm at 30-
second intervals for 150 seconds. If the absorb-
ance value was too high, the enzyme solution
could be diluted with phosphate buffer. Peroxi-
dase activity was measured by observing the
change in absorbance, before calculation, the
absorbance value obtained was first reduced by
the blank. The average absorbance value
(AOD = b) of one observation was sought
using the regression equation (Y = a + bx).
Enzyme activity unit (UAE) was calculated
using the formula: UAE = AOD x enzyme
preparation (ml)/control wet weight (g).

Data Analysis

The data were analyzed using analysis of
variance. If there were significant differences,
the analysis was continued with Duncan's
Multiple Range Test (DNMRT) at a
significance level of 5% using SPSS software.

RESULTS AND DISCUSSION

Induced Systemic Resistance (ISR) Potential
Test

The application of PGPB secondary metabo-
lites in all observations of plant resistance
induction (ISR) showed significant differences
between treatments with Negative Control
(Table 1). The results showed that induced
resistance occurred in all PGPB secondary
metabolite treatments. All treatments resulted
in lower nematode populations than the nega-
tive control, and their effects were comparable
to those of synthetic pesticides. Bacillus
mycoides (MRSNUMBE.2.2) showed the best
results with the lowest number of nematodes in
the roots, namely 3.66 heads. Nematodes that
successfully enter the plant tissue.
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Table 1. Effect of filtrate culture on Meloidogyne
spp. nematode population in tomato roots using
split-root system method

Nematodes in

! the root

Culture filtrate of PGPB tissue/100 g
sample
B. thuringiensis (MRSNRZ.3.1) 10.00 be

B. subtilis (MRTDUMBE.3.2.1) 6.00 bc
B. mycoides (MRSNUMBE.2.2) 3.66 ¢

B. waihenstephanensis 5.33 bc
(RBTLL.3.2)

B. cereus (MRPLUMBE.1.3) 8.00 bc
Bacillus sp (MRSPRZ.1.1) 10.66 ab
Pseudomonas hibiscicola 9.00 bc
(MRTLDRZ .2.2)

Achromobakter insolitus 7.66 bc
(MRBPUMBE.1.3)

Carbofuran pesticide 6.33 bc

16.66 a

Note: Means in the same column followed by the same
letters are not significantly different according to

DNMRT at 0=5%.

Negative control

The induction of systemic resistance by
PGPB culture filtrates indicates that bacterial
secondary metabolites function as effective
elicitors of plant defense responses. The ability
of cell-free filtrates to trigger resistance
suggests that ISR is mediated primarily by
bioactive compounds released by the bacteria
rather than by direct bacterial colonization of
plant tissues. Among the secondary metabolites
produced by plant growth-promoting bacteria,
antibiotic lipopeptides synthesized by members

of the genus Bacillus, such as surfactin and
fengycin, are widely recognized as key ISR
inducers. These compounds act not only as
antimicrobial agents but also as signaling
molecules that activate endogenous plant
defense pathways (Saiyam et al, 2024;
Mabhapatra et al., 2024). Their role as elicitors
enables plants to perceive microbial-derived
signals and initiate a defense response without
pathogen challenge.

Lipopeptides interact with the plant plasma
membrane and induce transient alterations in
membrane integrity, which serve as early
defense signals. According to Schellenberger

et al. (2019), this interaction triggers rapid

cellular responses, including calcium ion
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(Ca*) influx and the generation of reactive

oxygen species (ROS). These early signaling
events activate downstream defense signaling
cascades, predominantly mediated by jasmonic
acid and ethylene, which are hallmark
pathways of ISR. Activation of JA- and ET-
dependent signaling pathways leads to
increased expression of gene products involved
in cell wall strengthening, lignification, and
phenolic compound accumulation. These
structural and biochemical modifications
enhance the resistance of root tissues to
nematode penetration and establishment,
thereby limiting successful invasion and
development within the plant.

Furthermore, ISR induced by PGPB

metabolites is typically associated with a
priming effect, whereby plants remain in a
heightened state of defense readiness. This
primed state allows plants to respond more
rapidly and effectively upon nematode attack,
resulting in reduced infection success. Such
systemic and durable resistance provides a
plausible explanation for the strong suppres-
sion of nematode infection observed following
treatment with PGPB culture filtrates.

Peroxidase activity analysis

The application of PGPB filtrate culture on
tomato plants shows an effect on peroxidase
enzyme activity. Plants applied with PGPB
filtrate culture have higher peroxidase activity
than control plants and pesticides (Table 2). On
day 7 after the application of filtrate culture,
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the treatment of Bacillus waihenstephanensis
(RBTLL.3.2) was the treatment with the
highest peroxidase activity of 0.0437 pg/ml.
Furthermore, on day 14 there was an increase
in peroxidase activity in all treatments applied
with PGPB filtrate culture, the treatment of B.
waihenstephanensis (RBTLL.3.2) showed the
highest peroxidase activity on day 14 which
was 0.0500 pg/ml. On day 14, Bacillus
mycoides (MRSNUMBE.2.2) also showed a
significant increase in peroxidase activity of
0.0497 pg/ml. The higher peroxidase activity
in the PGPB secondary metabolite treatment
indicates that the secondary metabolites
produced by PGPB can enhance plant defense
responses against attacks by Meloidogyne spp.
nematodes.

Peroxidase activity is closely associated
with plant defense responses against plant-
parasitic nematodes, including Meloidogyne
spp. Elevated peroxidase activity reflects the
activation of enzymatic defense mechanisms
that contribute to the restriction of nematode
penetration, establishment, and development
within plant roots. The enhancement of
peroxidase activity following treatment with
PGPB culture filtrates indicates that bacterial
secondary metabolites play a critical role in
stimulating host resistance responses.

Peroxidases are key components in the
oxidative defense system of plants. These
enzymes catalyze the formation of ROS,
particularly H202, which functions as a direct
antimicrobial agent and as a signaling
molecule in plant defense pathways. The
accumulation of H:0- at the site of infection

Table 2. Effect of PGPB secondary metabolites on peroxidase activity in tomato plants

Treatment 7 days(ug/ml) 14 days (pg/ml)
B. thuringiensis (MRSNRZ.3.1) 0.0343 a 0.0383 ab
B. subtilis (MRTDUMBE.3.2.1) 0.0373 a 0.0490 a
B. mycoides (MRSNUMBE.2.2) 0.0403 a 0.0497 a
B. waihenstephanensis (RBTLL.3.2) 0.0437 a 0.0500 a
B. cereus (MRPLUMBE.1.3) 0.0403 a 0.0467 a
Bacillus sp (MRSPRZ.1.1) 0.0397 a 0.0463 a
Pseudomonas hibiscicola (MRTLDRZ .2.2) 0.0433 a 0.0407 ab
Achromobakter insolitus (MRBPUMBE.1.3) 0.0403 a 0.0463 a
Carbofuran pesticide 0.0343 a 0.0380 ab
Positive control 0.0360 a 0.0393 ab
Negative control 0.0323 a 0.0317 b

Note: Means in the same column followed by the same letters are not significantly different according to

DNMRT at 0=5%
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has been shown to cause toxic effects on
nematodes while simultaneously stimulating
defense responses, such as cell wall
strengthening and the expression of defense
genes (Molinari & Leonetti, 2023).

In addition to its direct toxic effects,
peroxidase also plays a role in inducing a
hypersensitive response (HR), characterized by
localized cell death at the site of infection. This
causes nematodes to lose the living host tissue
and nutrients necessary for their survival,
thereby limiting their ability to successfully
colonize roots. The involvement of peroxidase-
mediated HR has been widely reported as an
effective defense strategy against sedentary
endoparasitic nematodes such as Meloidogyne
spp. (Afifah et al., 2019).

Peroxidase activity is also strongly linked
to lignification processes in plant cell walls.
These enzymes catalyze the polymerization of
cinnamyl alcohols during lignin biosynthesis,
resulting in the strengthening of cell wall struc-
tures. Enhanced lignification creates a robust
physical barrier that restricts nematode penetra-
tion and migration within root tissues. The
accumulation of lignin and phenolic compounds
further contributes to the formation of unfa-
vorable conditions for nematode development

(Ismawanti et al., 2022; Yang et al., 2023).

The induction of peroxidase activity by
PGPB culture filtrates suggests that secondary
metabolites act as elicitors of ISR. Through
ISR, plants enter a primed defensive state,
enabling faster and stronger activation of
enzymatic and structural defenses upon
nematode challenge. This priming effect
enhances the effectiveness of peroxidase-
mediated responses, thereby improving plant
resistance to Meloidogyne spp.

Overall, increased peroxidase activity
represents a crucial biochemical marker of
plant defense activation mediated by PGPB-
derived secondary metabolites. The stimulation
of oxidative responses, hypersensitive cell
death, and cell wall reinforcement collectively
contributes to enhanced resistance against root-
knot nematodes, supporting the potential of
PGPB metabolites as sustainable alternatives

for nematode management.
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CONCLUSION

The results showed that PGPB secondary
metabolites were able to induce plant
resistance (ISR) of tomato plants, the treatment
of B. mycoides (MRSNUMBE.2.2) was the
best treatment in ISR observations, indicated
by the lowest nematode penetration rate of 3.66
nematodes in plant root tissue. The results also
showed an increase in peroxidase enzyme
activity in tomato plants treated with PGPB
secondary metabolites compared to the control
group. Secondary metabolite B. waihenstephanensis
(RBTLL.3.2) is the treatment with the highest
peroxidase enzyme activity of 0.0437 ug/ml on
day 7 and 0.0500 pg/ml on day 14.
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