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ABSTRACT

Meloidogyne spp. is responsible of root swelling, one of the primary disease in tomato plants. Controlling this nematode
is challenging due to its wide host range. The use of synthetic nematicides harms the environment; therefore, alternative
controls, such as biological methods, are necessary. Among the biological agents, one group includes endophytic bacteria that
reside in plant tissues and do not cause harm to plants. These bacteria enhance plant resistance to pests and pathogens while
promoting plant growth. The study aimed to acquire endophytes, Bacillus spp. strains capable of controlling Meloidogyne sp.
while stimulating the growth of tomato plants. The research employed a completely randomized design (CRD) comprising
seven treatments and five replications. The treatments consisted of B. cereus strain SNE 2.2, TLE 2.3 and TLE 1.1, B.
pseudomycoides strain EPL 1.1.3, B. toyonensis strain EPL 1.1.4, positive control (without the introduction of Bacillus spp.
and inoculation with Meloidogyne sp.) and negative control (without Bacillus spp. and without Meloidogyne sp.). Bacillus
spp. endophyites were introduced in two stages: into the seeds and into the roots of tomato seedlings for 15 min. The observed
variables were the development of Meloidogyne sp., endophytic colonization of Bacillus spp., and plant growth. The results
demonstrated that all Bacillus spp. were effective in controlling Meloidogyne sp. and enhancing the growth of tomato plants.
The best isolate in controlling Meloidogyne sp. and increasing the growth of tomato plants was B. cereus strain SNE2.2.
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INTRODUCTION

The tomato plant is one of the essential
horticultural commodities in Indonesia, serving as a
source of minerals and vitamins (Kuklinsky-Sobral
et al.,, 2004), possessing high economic value, and
being cultivated commercially (Sikora et al., 2007).
However, the attack of plant pest organisms leads to low
productivity of tomatoes. Meloidogyne sp. is a crucial
pest in tomato plants, causing root knot. This nematode
exacerbates the severity of tomato wilt disease by
Ralstonia syzyggii subsp. Indonesiensis (formerly
Ralstonia solanacearum) (Pratiwi et al., 2020) and
Fusarium wilt disease by Fusarium oxysporum
(Wulandari et al., 2014). Nematodes are obligate
parasites with multiple or polyphagous host plants.
According to Sikora & Fernandez (2005), damage by
root-knot nematodes in several seasonal crops causes
economic losses, such as 23-38% in tomatoes, 17-20%
in eggplants, and 18-33% in melons. Meloidogyne sp.
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can release cellulose enzymes that hydrolyze cellulose;
this breakdown of the cell wall’s building blocks leads
to cell wall damage and injury to the root cell tissue.
Parasitism occurs when the nematodes move among
cells to the area of cell elongation and begin feeding
by injecting secretions from the esophageal glands into
the root cells. This secretion induces physiological
changes in the parasitized cells, resulting in galls
(Siddiqui et al., 2014).

Nematode control using synthetic chemicals
(nematicides) still plays an essential role because
other control methods have not been able to provide
satisfactory results. Nematode control methods using
synthetic nematicides can cause negative impacts in
the form of more resistant pathogens, killing beneficial
natural enemies, disturbing ecosystem balance, and
poisoning humans and pets (Yanti et al., 2019). For
these reasons, alternative control is needed, including
biological control by utilizing microorganisms such
as the plant growth-promoting rhizobacteria (PGPR)
group (Thokchom et al., 2017). Based on colonization,
PGPR is grouped as follows: rhizobacteria, rhizoplane,
and endophytes (Munif et al., 2000).

Endophytic bacteria can colonize plant tissue
rapidly and reduce the chance of nematodes invading
the same niche in the cortex. They secrete antibiotics or
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stimulate the induction of plant resistance (Hallmann,
2001). The mechanism of endophytic bacteria in
controlling nematodes can be in the form of direct
antagonism by releasing secondary metabolites or an
indirect mechanism through the induction of plant
resistance in the form of induced systemic resistance
(ISR) (Fitriani & Haryanti, 2016). According to
Hallmann et al. (1997), ISR affects physiological
processes in the roots, such as preventing the nematode
feeding process, inhibiting the formation of feeding
sites, and inhibiting the penetration and reproduction
of nematodes.

Several researchers have also reported the
utilization of Bacillus spp. to control Meloidogyne sp.
Asyiah et al. (2015) reported that endophytic bacteria,
B. pumilus, and B. mycoides, could suppress the
M. incognita population and the number of galls on
coffee plants by 33% and 39%, respectively. Sikora &
Fernandez (2005) used endophytic bacteria Bacillus sp.
to control M. incognita on pepper plants. Furthermore,
Rao et al. (2014) reported that Bacillus spp. could
control M. incognita and decrease F. oxysporum the
incidence in okra crops. In our previous research,
we collected 5 strains of endophytic Bacillus spp.
from tomato roots. The study aimed to obtain species
of endophytic Bacillus spp. capable of controlling
Meloidogyne sp. and increasing the growth of tomato
plants.

MATERIALS AND METHODS

Research Site. This research was conducted at
the Microbiology Laboratory, Plant Protection
Department, and Experimental Garden, Faculty of
Agriculture, Universitas Andalas, Padang, West
Sumatra, Indonesia, from March to July 2021.

Research Methodology. The research employed a
completely randomized design (CRD) comprising 7
treatments and 5 replications. The treatments consisted
of B. cereus strain SNE 2.2, TLE 2.3 and TLE 1.1, B.
pseudomycoides strain EPL 1.1.3, B. toyonensis strain
EPL 1.1.4, positive control (without the introduction of
Bacillus spp. and inoculation with Meloidogyne sp.),and
negative control (without the introduction of Bacillus
spp.andwithoutbeinginoculated with Meloidogynesp.).

Source of Endophytic Bacillus spp. and their
Propagation. The source of Bacillus spp. is from
West Sumatra, specifically from the districts of Agam,
Solok, and Tanah Datar. Bacillus spp. endophytes
propagated in liquid culture. A single colony of pure
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culture Bacillus spp. indigenous endophytes aged 2 X
24 hours was transferred into 25 mL of Nutrient Broth
(NB) medium (0.5 g pepton, 0.5 g sodium chloride,
1000 mL distillate water) in a culture bottle (Scott
bottle 0020 50 mL volume) and incubated on a rotary
shaker for 24 hours at 150 rpm. Furthermore, 1 mL
of pre-culture suspension was transferred to 49 mL of
sterile coconut water (made by autoclaving for 20 min)
in a culture bottle (Scott bottle 100 mL volume) for the
main culture and incubated in the same way for 2 x
24 hours (Yanti et al., 2017). The endophytic bacterial
suspension from the primary culture was determined
for its population density based on a comparison
with a McFarland scale of eight solutions (population
density 10® cellsyfmL) (Ashoub & Amara, 2010).

A riphampicin mutant marker was used to track
root colonization. Each Bacillus spp. was cultured on
tryptic soy agar (TSA) (Himedia, USA) medium with
Rifampicin levels of 0, 10, 20, 50, and 100 ppm, then
incubated for 24-36 hours. The Rifampicin mutant
marker was a mutant capable of growing at 100 ppm
Rifampicin levels (Yanti etal., 2017). Colonies growing
at 100 ppm Rifampicin were re-cultured on TSAmedium
and incubated for 24-36 hours, then the suspension
was made with sterile distilled water (10° cells/mL).

Introduction of Endophytic Bacillus spp.. Bacillus
spp. endophytes were introduced in 2 stages i.e
seed treatment and root dipping treatment. For
seed treatment, the tomato seeds (Warani variety)
were surface sterilized with 2% NaOCI for 2 min,
rinsed with distilled water, air-dried, and soaked
in a suspension of Bacillus spp. endophytes with a
population density of 10% cells/mL for 15 min. The
seeds were then sown in 2 holes per pot tray. The
seedlings were cultivated in a screen house for 3 weeks.

For root dipping, the roots of tomato seedlings
were cleaned with running water and immersed in
a suspension of Bacillus spp. endophytes with a
population density of 108 cells/mL for 15 min (Yanti et
al.,2017). Two tomato seedlings were then transplanted
into a polybag with a diameter of 20 cm containing
approximately 5 kg of sterile soil (65 % soil and manure
35%). Thetomato plants were cultivated at screen house.

Propagation of Meloidogyne spp.. The source of
inoculum Meloidogyne sp. was obtained from tomato
plants of the Warani cultivar, with roots showing
symptoms of root knot nematodes in the field at
Nagari Batu Palano, Agam Regency, West Sumatra.
Groups of eggs from tomato roots were collected in a
petri dish. The eggs were extracted from the infested
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roots using 1% NaOCIl. After extraction, the eggs
were washed with tap water to remove the NaOCl
(Hussey and Baker, 1973). A concentration of 1000
eggs/mL was inoculated onto 3-week-old tomato
plants. The tomato plants were harvested 45 days after
inoculation (DAI), and the egg groups were collected
as a source of Meloidogyne sp. (Chawla et al., 20006).

Inoculation of Meloidogyne sp.. Meloidogyne sp. eggs
are inoculated onto tomato plants (Warani variety) one
week after planting (WAP) by sprinkling 10 mL of
egg suspension (approximately 500 eggs) around the
roots near the tomato stems (Harni & Samsudin, 2015).

Root Colonization of Bacillus spp.. Tomato seeds
were introduced to mutant Rifampicin Bacillus spp. by
soaking them for 5 min in bacterial suspension before
planting them in sterile soil media. The roots of tomato
seedlings were removed 9 days after introduction and
35 days after planting (DAP) (following Meloidogyne
sp. inoculation). Tomato roots were sterilized by
dipping them in 2% NaOCI and 2 min, followed by
of distilled water, then macerated and diluted to
10“. Each suspension was homogenized, and 0.1
mL of the suspension was cultured on TSA media
with 100 ppm Rifampicin content and incubated
for 48 hours. The bacterial colonies growing on
the media were counted based on morphological
similarities with the mutants (Yanti et al.,, 2017).

Observation. The observed variable consist of:
1. The development of Meloidogyne sp. on tomato
roots: a) Number of nematodes/300 g soil, b)
Number of egg masses, ¢) Number of egg/egg mass;
2. The symptoms of Meloidogyne sp. on tomato:
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a) Number root-knots/plant, b) Number egg groups/
plant, ¢) Amount of eggs in egg group, d) Number of
nematodes in root/plant, €) Number of nematodes/300
g soil; 3. Colonization of root tissue of tomato plants
introduced by Bacillus spp. mutant; 4. Growth and
yield of tomato plants.

Data Analysis. All data obtained from pots
experiments were analyzed using analysis of
variance (ANOVA). The significant differences
among treatments were determined according to
the least significant differences (LSD) at p< 0.05
level of probability, using the CoStat software.

RESULTS AND DISCUSSION

The results showed that all isolates of Bacillus
spp. introduced into seeds and roots of tomato plants
significantly reduced the number of nematodes in the
soil, egg mass, and egg/egg mass compared to control
(Table 1). In terms of the number of nematodes, all
treatments were not significantly different from each
other but significantly different from the control. Four
treatments were significantly different from the control
in the number of nematodes, namely B. cereus strain
SNE 2.2., B. cereus strain TLE 2.3, B. pseudomycoides
strain EPL 1.1.4, and B. cereus strain TLE 1.1. In the
total egg mass, all treatments were not significantly
different from each other but significantly different
from the control. B. cereus strain SNE 2.2 was the
best treatment for reducing the number of nematodes,
egg masses, and eggs/egg mass (6; 10; 274.67).

A comparison of diseased plants with nematodes
and healthy plants can be seen in Figure 1, Figure 2,
and Figure 3. Figure 1 shows the ratio of healthy roots

Table 1. Meloidogyne sp. development on tomato root that inoculated by endophytic Bacillus spp. 40 days after

transplanting (DAT)

Number of nematodes®  Number of egg mass Numbe:n(;zsegg/egg
Treatments
Nematode* Reduced Egg mass Reduced Pieces Reduced
(%) (%) (%)

B. toyonensis strain EPL 1.1.3 18.00 ab 74.52 12.00 b 52.00 303.00 41.09
B. pseudomycoides strain EPL 1.1.4 1633 b 76.88 10.33b 58.66 336.00 34.67
B. cereus strain SNE 2.2 6.00 be 91.51 10.00 b 60.00 274.67 67.46
B. cereus strain TLE 1.1 17.66 b 75.00 11.66 b 53.33 289.33 43.75
B. cereus strain TLE 2.3 15.66 b 77.84 11.00 b 56.00 514.33 55.67
Control 70.66 a 0.00 25.00 a 0.00 0.00 0.00

Mean values with different letters within each column denote significant (p< 0.05) differences between groups.

*Number of nematode/300 g soil.
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to diseased tomato plants, indicating that the roots with
endophytic Bacillus spp. treatments are healthier than
those in the negative control. Figure 2 displays plants
with endophytic Bacillus spp. treatments that are
healthier than those in the negative control at 14 DPI. It
can be observed that the plants treated with endophytic
Bacillus spp. are healthier than those in the negative
control. Figure 3 compares plants in each treatment 7
WAP, illustrating that B. cereus strain SNE2.2 is the
most effective treatment for tomato plants attacked
by Meloidogyne sp. compared to the positive control.

Tomato plants treated with Bacillus spp., both in
the seeds and roots, demonstrated suppression in the
development of swollen roots/plant, the number of egg
groups/plant, the number of eggs in the egg clusters,
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the number of nematodes in the roots per plant, and
the number of nematodes per soil compared to the
negative controls (Table 2). Among the 5 isolates of
Bacillus spp., each exhibited a distinct effect compared
to the control. B. cereus strain SNE 2.2 proved to be the
most effective isolate in controlling Meloidogyne sp. in
tomato plants at 40 days after transplanting (DAT).
Root colonization by Rifampicin mutant of
endophytic Bacillus spp. was assessed at 9 DAT
and 35 DAT (after Meloidogyne sp. inoculation)
(Table 3). It can be observed that on day 35 after
being inoculated with Meloidogyne sp., all treatments
resulted in a reduction the number of nematodes in root
tissue. B. toyonensis strain EPL 1.1.3 exhibited the most
effective colonization of root tissue after Meloidogyne

Figure 1. Comparison of tomato plant roots attacked by Meloidogyne sp. A. After being treated with B. cereus
strain SNE 2.2; B. Negative control. (1) 45 DAI; (2) 60 DAL

Figure 2. Comparison of diseased symptom (arrow) by nematodes infection on 14 DAI. A. Negative control; B.
B.cereus strain SNE 2.2 treated and Meloidogyne sp. infected tomato roots (healthy).
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sp. inoculation on tomato plants, with counts of 9.06 X
10° CFU/g at 9 DAI and 4.85 x 10° CFU/g at 35 DAL

Tomato plants treated with Bacillus spp.
on seeds and roots exhibited enhanced growth
compared to the control group (Table 4). Among the
treatments, tomatoes treated with B. cereus strain
SNE 2.2 intruduced tomatoes showed higher than
other treatments. Regarding the number of leaves, all
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treatments did not significantly differ from each other
but were significantly different from the negative
control. B. cereus strain SNE 2.2 resulted in the highest
leaf count, with 15 leaves per plant. Furthermore, apart
from promoting plant height and leaf number, the
treatments also led to increased tomato plant weight.
All treatments showed significant differences compared
to the control group. Notably, B. cereus strain SNE

Figure 3. Comparison of appearance of tomato plants. A. Bacillus cereus strain SNE 2.2.; B. Bacillus cereus strain

TLE 2.3; C. Positive control.

Table 2. Introduction of Bacillus spp. endophytes in controlling Meloidogyne sp. in tomato plants (40 DAT)

Root-knot Egg group  Amount of  nematodes Nematodes
Treatments number/ number/ egg in egg number in ~ number/300
plant plant group (grain)  root/plant g soil

Negative control 73.00 a 25.00a 51433 a 70.66 a 8333 a
B. toyonensis strain EPL 1.1.3 37.33b 12.00b  289.33 bede 18.00 ab 33.66 b
B. cereus strain TLE 1.1 30.66 b 11.66b  274.67 cde 17.66 b 30.33b
B. cereus strain TLE 2.3 26.33b 11.00 b 253.00 de 1633 b 28.66 b
B. pseudomycoides strain EPL 1.1.4 25.66 b 1033b  23533¢ 15.66 b 26.66 b
B. cereus strain SNE 2.2 7.66 b 10.00 b 00 f 6.00 be 533b
Positive control 0.0 ¢ 0.0 ¢ 0.0 f 0.0 ¢ 0.0 ¢

*Mean values with different letters within each column denote significant (p < 0.05) differences between groups.

DAT= day after transplanting.

Table 3. Colonization of root tissue of tomato plants introduced by Bacillus spp. mutant

Root tissue colonization (CFU/g)

Treatments
9 DAT* 35 DAT*
B. pseudomyciodes strain EPL 1.1.4 6.22 x 10° 2.02 x 10°
B. toyonensis strain EPL 1.1.3 9.06 x 10° 4.85 % 10°
B. cereus strain TLE 2.3 5.82 x10° 3.25x10°
B. cereus strain SNE 2.2 5.06 x 10° 2.35 x10°
B. cereus strain TLE 1.1 6.42 x 10° 3.06 x 10°

*Inoculated with Meloidogyne sp.
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2.2 exhibited the most effective enhancement in fruit
weight, with an average of 303.33 g/plant or 20.24
tons/ha, representing an increase of 213.81%.

The results demonstrated that Bacillus spp.
endophytes were more effective in controlling
Meloidogyne sp. compared to other biocontrol agents.
B. cereus strain SNE2.2 exhibited the highest efficacy
in controlling Meloidogyne sp. Bacillus spp. can
produce secondary metabolites that aid in controlling
Meloidogyne sp.. According to Ashoub & Amara
(2010), the genus Bacillus can produce volatile
compounds or metabolites, such as the chitinase
enzyme, which can kill nematode larvae and eggs. Fang
& Ramasamy (2015) noted that the chitinase enzyme
produced by Bacillus spp. assists in the degradation of
chitin present in the eggshell of nematodes, thereby
interfering with the hatching of nematode eggs.
Bacillus spp. can indirectly induce plant resistance by
increasing salicylic acid, phytoalexins, peroxidases,
PR proteins, and phenolic compounds (Miljakovi¢ et
al., 2020). Induction of resistance affects physiological
processes such as preventing the nematode feeding
process, inhibiting the formation of feeding sites,
and impeding nematode penetration and reproduction
(Suryaningsih, 2008). The number of nematode egg
groups influences the number of eggs that will hatch
into nematode larvae. Sturz et al. (2000) found that
endophytic bacteria isolated from tomato plants could
suppress the formation of root cavities (Meloidogyne
spp.) in tomato plants. Harni (2014) reported that
endophytic bacterial filtrate acts as a toxin for nematode
eggs, preventing them from hatching. The percentage
of suppression of egg hatching of root lesion nematodes
(P brachyurus) on patchouli was 48.5-74.6%
compared to controls two weeks after application.

The low nematode population in the roots
can be observed from the staining of the roots of
the infected tomato plants, which indicates the

The endophytic potential, Bacillus spp. for controlling 71

presence of nematodes in the roots. This reduction is
attributed to the inhibition of nematode development
in the roots. Bacillus spp. indigenous endophytes can
induce plant resistance to suppress the development
and reproduction of nematodes in plant tissues.
Tian et al. (2022) reported that Bacillus velezensis
strain Bv-25 exhibits significant potential as a
biocontrol agent against Meloidogyne incognita,
demonstrating both strong nematicidal activity and
the ability to induce resistance in cucumber plants,
leading to substantial benefits in field conditions..
Sikora et al. (2007) wused endophytic bacteria
Bacillus sp. to control M. incognita on pepper plants.

Bacillus spp. could colonize plant root tissue
before and after Meloidogyne sp. inoculation on tomato
plant roots. The tomato plants that were not treated with
Bacillus spp. exhibited a higher level of suppression
against Meloidogyne sp. compared to the treated plants.
Kuklinsky-Sobral et al. (2004) stated that endophytic
bacteria found on the host plant and can be isolated
again have the potential to re-colonize the root tissue of
the same host plant. Mekete et al. (2009) reported that
antibiotics produced by Pseudomonas could suppress
the Pratylenchus loosi population with a suppression
rate of 63.10% to 95.24%. Additionally, Harni (2014)
reported that the filtrate of endophytic bacteria, B.
subtilis, P. putida, and Achromobacter xylosoxidans
produced nematicide compounds that were effective in
killing the nematode, P. brachyurus. The killing power
of the filtrate is thought to be related to the compound
2,3 diacetylphorologlucinol and proteases, which
inhibit egg hatching and kill nematodes (Kuklinsky-
Sobral et al., 2004).

This study proved that the suppression of
Meloidogyne sp. applied by Bacillus spp. endophytes
as biocontrol agents increased plant height in the
generative phase and plant yields. B. cereus strain
SNE2.2 was the best treatment for increasing tomato

Table 4. Tomato plant growth that is introduced with endophytes, Bacillus spp. 40 days after plantation

Treatments Plant height Amount leaf Weight fruit Production

(cm) (stem) (2) (t/ha)
B. cereus strain SNE 2.2 67.78 15.00 a 303.33 a 20.24
B. cereus strain TLE 2.3 57.86 14.60 a 296.67 a 19.77
B. pseudomycoides strain EPL 1.1.4 57.64 13.80 ab 273.33 ab 18.23
B. toyonesis strain EPL 1.1.3 53.64 12.20 abc 226.67 abe 15.09
B. cereus strain TLE 1.1 52.26 12.00 abc 223.33 abc 14.89
Negative control 49.16 10.80 be 190.00 abed 12.69
Positive control 41.86 9.40c 96.66 d 6.41

*Mean values with different letters within each column denote significant (p< 0.05) differences between groups.
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plant growth (Table 4). Bacillus spp. endophytes act as
biological control agents for Meloidogyne sp., causing
root swelling, and can also act as PGPR, producing
growth hormone in the form of IAA for tomato plants.
According to research by Habazar et al. (2021), B.
cereus strain RBI2AB2.1 and B. subtilis strain RBIBPL
2.3 can control Meloidogyne spp. on tomatoes.
Furthermore, Hrynkiewiezc & Baum (2012) described
the bacteria Bacillus spp. as a growth-promoting
bacterium (PGPR) that can increase plant growth in
various ways, including increasing nutrition, producing
phytohormones, and suppressing the development of
pathogens. According to Khan et al. (2022), Bacillus
spp. can produce phytohormonal compounds such as
auxins, cytokinins, ethylene, gibberellins, and abscisic
acid, stimulating plant growth and ultimately impacting
crop yields. The findings indicated that various Bacillus
species exhibited efficacy in managing Meloidogyne
sp. and promoting the growth of tomato plants. Among
the isolates studied, B. cereus strain SNE2.2 stood out
as the most effective in both controlling Meloidogyne
sp. and fostering the growth of tomato plants.

CONCLUSION

All Bacillus spp. endophytes could control
Meloidogyne sp. and increase the growth of tomato
plants. B. cereus strain SNE 2.2 was the best results
in controlling Meloidogyne sp. and increasing tomato
plant growth.
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