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Abstract. Munif A, Nursalim M, Pradana AP. 2021. The potential of endophytic bacteria isolated from Tagetes sp. to control
Meloidogyne spp. infection on tomato plants. Biodiversitas 22: 3229-3236. The root-knot nematode (Meloidogyne spp.) is one of the
plant-parasitic nematodes that cause economical loss in the vegetable plantations in the world. The endophytic bacteria may act as a
potential biological agent to control the plant-parasitic nematodes. The aim of this study was to explore the endophytic bacteria from
Tagetes sp., which had a potential to control Meloidogyne spp. and act as growth promoter for tomato plants. The endophytic bacteria were
isolated from the roots and stems of Tagetes sp. and tissues were cultured on the tryptic soy agar (TSA) media. The endophytic bacterial
isolates were selected using hypersensitive and blood agar tests to identify their biological safety. The selected endophytic bacteria were also
assessed for growth promoter test in the tomato plants. The selected endophytic bacteria were assessed in vitro against the Meloidogyne spp.
juvenile 2 and their effectiveness in suppressing the root-knot nematodes on tomato plants in greenhouse. The results showed that total of
184 endophytic bacterial isolates were successfully isolated from the roots and stem of Tagetes sp. In hypersensitive and hemolytic tests, 78
and 36 isolates showed negative responses, respectively. Of the 36 isolates tested, it was found that 14 of them were able to promote the
growth of tomato seedlings. In in vitro test, 14 endophytic bacteria showed 73-93% mortality rate of Meloidogyne spp J2. The results at
greenhouse showed that 3 bacterial isolates, namely, AL21, AL44, and AL53 suppress the number of root-knot nematodes up to 50-74%
and improve tomato plant growth by 32%. These results indicate that endophytic bacteria isolated from Tagetes sp. have the potential to act

as biocontrol agents of parasitic nematodes and a plant growth promoter.
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INTRODUCTION

The root-knot nematode (Meloidogyne spp.) is one of
the plant-parasitic nematodes causing economical loss in
vegetable plantations in the world. The agricultural yield
loss around the world due to plant-parasitic nematodes
reached 100 billion US dollars (Elling 2013). The
estimation of yield loss in tropical plants such as eggplants
was 17% -20%, melon 18% -33%, and tomatoes 23% -
38% (Luc et al. 2005). Ralmi et al. (2016) reported that
worldwide yield loss due to root-knot nematodes on potato
reached 15% and in vegetables, it was 50-80%. Symptoms
are difficult to diagnose due to the attack of Meloidogyne
spp. on the soil surface and plants usually show stunted
growth, yellowing, and wilting in less water conditions
(Subedi et al. 2020). These damages will commonly inhibit
the water and nutrient absorptions, and translocation. The
secondary infection by other pathogens causes rotting
symptom spread from the nematode infection (Singh et al.
2019).

Nematode control can be attempted using chemical
nematicides, resistant variety, land sanitation, liming in the
infested land, plant rotation, uprooting the infested plant,
and by biological control (Ralmi et al. 2016). The
nematode control found often uses chemical materials. The
excessive use of chemical materials creates a new

environment for the plant pathogens, due to which they
become resistant (Ntalli and Caboni 2012). Furthermore,
the chemical materials can interfere with the beneficial
microbes and human health (Kalliora et al. 2018). The
control strategy of nematode plant-parasitic is focused on
environmental safety and sustainable methods (Ralmi et al.
2016).

One of the alternative controls used in agricultural
practices is nematocidal antagonistic plants. One of the
antagonistic plants used as the nematode controller is
Tagetes sp (Marahatta et al. 2012; Hanawi 2016). Tagetes
sp. usually used as an alternative crop in crop rotation
systems. In addition, some parts of this plant can also be
used as raw materials for green organic fertilizer (Stroze et
al. 2019). The secondary metabolites found in Tagetes sp.
are triterpenoids, steroids, alkaloids, carotenoids, skeleton
carbons, thiophene derivatives, benzofuran derivatives, and
others. Several compounds found in Tagetes act as herbal
medicine, insecticide, and fungicide (Verma and Verma
2012; Xu et al. 2012; Shetty et al. 2015). The capability of
Tagetes sp. in controlling the plant-parasitic nematodes is
not only due to its secondary metabolites, but also due to
the rhizospheric and endophytic microorganism roles
(Podolich et al. 2015; Hanawi 2016). The latest
Information related to the endophytic bacteria availability
and roles in the Tagetes sp. is still limited.
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Endophytic bacteria are defined as bacteria that
colonize in the healthy plant tissue without causing
symptoms or damage signs in the host plants (Miliute et al.
2015; Kandel et al. 2017). The endophytic bacterial colony
can be detected or isolated using a surface sterilization
method proliferated on the agar media. Endophytic bacteria
are active to colonize in the plant tissue without any
specific organ and naturally associated with the plant life
cycle (Frank et al. 2017). On the other hand, endophytic
bacteria could suppress some important diseases of plants
through in vitro testing by producing antibiotics and
secondary metabolite compounds (Munif et al. 2019).

The application of endophytic bacteria as biocontrol
agents has several advantages: endophytic bacteria live in
the same niche as pathogens; also, endophytic bacteria can
induce plant resistance through the induced systemic
resistance (ISR) mechanism. (Santos et al. 2018). The
endophytic bacteria which inhabit plant tissue can be
protected from unbeneficial environmental factors.
Furthermore, another advantage of endophytic bacteria is
that endophytic bacteria are easily formulated on various
organic materials that are easy to find and cheap (Pavithra
et al. 2020). In the future, endophytic bacteria are
potentially developed and utilized as a biological agent
(Munif et al. 2019). The aim of this study was to isolate
endophytic bacteria from the Tagetes sp. and to observe
their effect in controlling Meloidogyne spp.

MATERIALS AND METHODS

Endophytic bacterial source plant

The plant used in this study was Tagetes sp. collected
from Dramaga Sub-district (Bogor, Indonesia) and Cipanas
Sub-district (Cianjur, Indonesia). The selected plants were
free from pests and diseases. The plant parts used as the
source of endophytic bacteria were roots and stems.

Isolation of endophytic bacteria

Isolation of endophytic bacteria was carried out
following the method described by Munif et al. (2019). The
roots and stems of Tagetes sp. were washed under running
water until cleaned, and then cut into several pieces 1 — 2
cm in size. The root and stem pieces were sterilized using
70% alcohol for 1 minute and 2% sodium hypochlorite
(NaOCI) + Tween 20 for 3 minutes, and rinsed with sterile
water thrice. The samples were air-dried with sterile tissue
and placed in 20% tryptic soy agar (TSA) media to confirm
successful surface sterilization. The root surface was
confirmed sterile if within 48 hours there were no bacterial
colonies on the TSA medium. If the surface sterilization
fails, marked by the appearance of bacterial colonies, then
the entire isolation process is repeated from the beginning.

The sterilized plant parts were crushed with mortar and
pestle in laminar airflow. The crushed parts were diluted
with sterile water at 4 times (10, 102, 1073, 10%). The 0.1
ml suspension was dispersed on 20% TSA media and
incubated at room temperature for 48 hours. The bacteria
were purified with a sterile toothpick by streaking on 100%
TSA media and incubated at room temperature for 48
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hours. The bacteria were placed using Ose needle into the
100% TSB + 40% glycerol and kept at -4 °C.

Hypersensitive test

The hypersensitive test was performed to identify the
pathogenicity of endophytic bacteria. The endophytic
bacterial isolates were proliferated in 100% tryptic soy
broth (TSB) media and incubated for 48 hours. The
bacterial suspension was injected through an injection in
the lower part of tobacco leaf at different internodes for
each bacterial suspension. The tobacco plant was incubated
for 48 hours. The symptoms were recorded 24 — 48 hours
after bacterial suspension injected. Plants that exhibited
symptoms of necrosis were not used for the next test
(Klement and Goodman 1967).

Hemolytic activity test

The endophytic bacterial isolates which showed
negative reactions in the hypersensitive, were tested for
their potential in hydrolyzing the mammal red blood cells.
The hemolytic activity test follows the method as described
by Vallet-Gely et al. (2010). The bacteria were grown on
blood agar media and incubated for 24 hours and observed
hemolytic zone formation. The hemolytic zone with a clear
zone and a clear limit around the colony was called alpha-
hemolysis; while the fairly dark zone formed around the
colony (the alteration of media color to fairly dark green)
was called beta-hemolysis. The endophytic bacteria which
showed both hemolytic activities were not used for the next
test due to danger for mammals, whereas endophytic
bacteria that did not have clear or fairly dark zones around
the colony was used for the next test.

Potential test of endophytic bacteria as plant growth
promoter

The healthy and eligible tomato seeds were used for this
test. These tomato seeds were soaked in 48-hour bacterial
suspension for 30 minutes, and then grown in sterile media.
The soil was moistened with water so that the seeds could
germinate well. The percentage of tomato seed growth was
recorded four weeks after planting (Munif et al. 2019). The
best isolates were used for the next test.

In vitro test against Meloidogyne spp. Juvenile 2

The test was performed to identify the antibiotic
activity of endophytic bacteria against Meloidogyne spp.
juvenile 2. The in vitro test followed the method of
Wiratno et al. (2019). The bacteria were grown on 100%
TSA media for 48 hours at room temperature and harvested
by exuviating them with 15 ml sterile water. The bacterial
suspension was centrifuged at 6500 rpm for 15 minutes.
The 4 ml supernatant was transferred to counting dish filled
with + 60 nematodes. The test was performed in 3
replications. The observation was performed at 6 hours, 10
hours, and 24 hours after treatment by notifying the number
of nematode mortality.
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Proteolytic activity test

Skim milk agar (SMA) medium was used to test
proteolytic activity. The SMA composed of 30 g TSB
media, 15 g bacto agar, and 900 ml distilled water was
sterilized in an autoclave at 121°C temperature and 15 psi
(2 atm) pressure for 20 minutes. The media was cooled at
40°C-50°C, and then milk was added into it (10 g skim
milk in 100 ml distilled water) and sterilized at 110°C for
10 minutes. The SMA media was poured on Petri dish. The
pure cultures of bacterial isolates were made by streaking
method on SMA media and then incubated at room
temperature for 48 — 72 hours. The proteolytic activity was
shown by the clear zone formation around the bacterial
colony (Principe et al. 2007).

Chitinolytic activity test

The medium used was 1% chitin media, composed of
15 g bacto agar, 5 g glucose, 2 g peptone, 10 g chitin
colloid, 0.5 g K;HPO4, 0.5 g MgSO4, 0.5 g NaCl in 1 L
distilled water. The media were sterilized using an
autoclave at 121°C temperature and 15 psi (2 atm) pressure
for 20 minutes. Endophytic bacteria were grown on chitin
media by streaking method and incubated at room
temperature for 48 — 72 hours. The chitinolytic activity was
marked by the formation of clear zone around the
endophytic bacterial isolate after 3 days of incubation
(Hariprasad et al. 2011).

Influence of endophytic bacteria on Meloidogyne spp. in
greenhouse

This test was performed to identify the effect of
endophytic bacterial against the Meloidogyne spp. infection
on tomato plant growth. The tomato plants used in this
study were Palupi cultivar tomato plants known to be
susceptible to Meloidogyne spp. The endophytic bacterial
treatments were performed by soaking the seeds into the
endophytic bacterial suspension for 30 minutes. This
experiment was performed with 4 treatments using three
isolates, namely, AL21, AL44, and AL53, and a
combination of these three isolates. Each treatment in this
study was repeated 5 times. Each polybag of 15 cm x 20
cm size contained soil media and manure at 1:1 ratio (v/v),
and was planted with one tomato plant. A suspension of 20
ml of bacteria was inoculated around the roots of the
tomato plant. After seven days, plants were inoculated with
+1000 Meloidogyne spp. juvenile 2 nematodes per poly
bag. The observation was made 3 weeks after inoculation,
and then calculated the number of knots formed and
measured the plant height, wet weight, and dry weight in
each treatment replication (Munif et al. 2019).

Data analysis

The experiment was performed in completely
randomized design. The average observation data results
were analyzed using analysis of variance (ANOVA) at 5%
level with SPSS (16.0 version). If they are significantly
different then Duncan Multiple Range Test (DMRT) at
95% level confidence was applied

3231

RESULTS AND DISCUSSION

Endophytic bacterial isolates

The 184 endophytic bacterial isolates were successfully
isolated from the roots and stems of Tagetes sp. collected
from Cipanas (Cianjur) and Dramaga (Bogor). The
endophytic bacterial population from each root sample was
around 2.5 x 10°-2.0 x 108 cfu g root, while from stem
sample it was around 1.0 x 10%-1.5 x 10°cfu g stem.

Hypersensitive test

The hypersensitive test results revealed that 78
(42.39%) isolates of endophytic bacteria showed a negative
reaction. The negative reaction was marked by the
inexistence of necrosis in the tobacco leaf after inoculated
with the endophytic bacterial suspension. The other 106
(57.61%) bacterial isolates showed a positive reaction
marked by the existence of necrosis. The endophytic
bacterial isolates that showed a negative reaction had non-
pathogenic characteristics and can be used as a biological
agent to control plant disease (Table 1).

Hemolytic activity test

Based on the results of the hemolytic test, 27 (34.61%)
and 15 (19.23%) endophytic bacterial isolates showed
positive responses to a-hemolysis and B-hemolysis,
respectively, while the remaining 36 isolates did not show
any hemolytic reactions. The positive hemolytic reaction
was marked by the existence of clear and dark zones
around the bacterial colonies. Of the 36 negative bacterial
isolates, 10 isolates were obtained from stems and 26
isolates from roots (Table 1). These isolates were used for
the next test and may serve as a potential biological agent.

Potential of endophytic bacteria as plant growth promoter

The bacterial isolates encoded with AL were originated
from the roots and BL were originated from the stems in
Dramaga Sub-district. While the AC isolates codes were
isolated from roots and BC were isolated from the stems in
Cipanas Sub-district. The results of germination capability,
plant height, and fresh weight of tomato plants showed that
all bacterial isolates promote plant growth (Table 2). Seeds
soaked seed with AL21, AL44, and AL53 isolates showed
the best plant height and fresh weight compared to the
control treatment and other isolate treatments. Moreover,
the germination capacity of AL21 and AL44 isolates were
100% and 90% in the first experiment, while in the second
experiment AL53 isolate showed similar results to the
control. The bacterial isolates that exhibit better plant
growth than control were used for the next test.

Potential of endophytic bacteria as bio nematicides
Results of in vitro test showed that 24 hours after
treatment (HAT) all bacterial isolates suppressed the nematode
population number by 76.67-100%. Table 3 presents the
mortality percentage of Meloidogyne spp. J2 which was
significantly different from control. The AC57, BL12,
BL40, and BL51 isolates showed the highest mortality rate,
although those isolates had insignificant differences among
others. The AL27, AC61, and BC52 isolates showed a
significant difference with the control and other isolates.
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Table 1. The hypersensitive reaction and hemolytic activity test
of endophytic bacterial isolates from the Tagetes sp.
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Table 2. The influence of endophytic bacteria in germination
capability, plant height, and wet weight of 4-week tomato plants

Isolate Origin Plant Hypersensitive Hemolytic Isolate code Germination Plant height Wet weight
code tissue test test capability (%)  (cm)? (gram)?
BL12 Bogor Stem - - First experiment
BL26 Bogor Stem - - Control 90 9.20 be 0.34 cd
BL30 Bogor Stem - - AL04 80 9.40 be 0.36 cd
BL40 Bogor Stem - - AL06 100 9.33 hbc 0.27d
BL51 Bogor Stem - - AL18 90 10.06 bc 0.34 cd
BC47 Cianjur Stem - - AL15 90 9.40 be 0.34 cd
BC48 Cianjur Stem - - AL26 100 9.16 bc 0.31d
BC51 Cianjur Stem - - AL27 100 10.73b 044c
BC52 Cianjur Stem - - AL21 100 1356 a 0.71a
BC59 Cianjur Stem - - AL29 90 8.90¢c 0.31d
ALO04 Bogor Root - - AL36 80 9.53 bc 0.36 cd
ALO06 Bogor Root - - AL30 60 9.40 bc 0.35 cd
AL15 Bogor Root - - AL44 90 1240 a 0.58b
AL18 Bogor Root - -
AL21 Bogor Root - - Second experiment
AL26 Bogor Root - - Control 100 6.80 b 0.27b
AL27 Bogor Root - - AL53 100 9.13a 0.47a
AL29 Bogor Root - - AC02 90 6.77b 0.27b
AL30 Bogor Root - - AC04 100 6.80 b 0.29 b
AL36 Bogor Root - - ACO05 90 8.00 ab 0.28 b
AL44 Bogor Root - - AC18 100 7.30ab 0.27b
AL53 Bogor Root - - AC20 90 6.66 b 0.31b
ACO02 Cianjur Root - - AC26 100 7.77 ab 0.31b
AC04 Cianjur Root - - AC27 90 7.43 ab 0.26 b
ACO05 Cianjur Root - - AC39 60 6.97 b 0.31b
AC18 Cianjur Root - - AC42 90 7.17 ab 0.34 ab
AC20 Cianjur Root - - AC43 90 7.43 ab 0.25b
AC26 Cianjur Root - -
AC27 Cianjur Root - - Third experiment
AC39 Cianjur Root - - Control 80 6.40 c 0.23b
AC42 Cianjur Root - - AC57 90 7.53 abc 0.28 ab
AC43 Cianjur Root - - AC59 60 7.00 abc 0.23b
AC57 Cianjur Root - - AC61 100 8.20a 0.28 ab
AC59 Cianjur Root - - AC62 90 6.60 bc 0.24 b
AC61 Cianjur Root - - BC47 100 8.30a 0.31ab
AC62 Cianjur Root - - BC48 70 7.83 abc 0.27 ab
Note: (-) negative reaction BC51 80 7.17 abc 0.22b
. . L. . . BC52 90 7.80 abc 0.27 ab
Physiological characteristics of endophytic bacteria BC59 100 6.90 abc 0.25 ab
Results showed that out of 14 bacterial isolates, 2 BL12 100 7.90 abc 0.35a
isolates namely, AL44 and AL53 were capable to degrade  BL26 100 7.23 abc 0.28 ab
chitin and 5 isolates (AL44, AL53, AC04, BC52 and BL30 100 7.57 abc 0.26 ab
BL51) were able to degrade protein (Table 4). BL40 100 7.20 abc 0.29 ab
BL51 80 8.10 ab 0.30 ab

Effectiveness of endophytic bacteria as biocontrol agent
against Meloidogyne spp. at greenhouse

Three endophytic bacterial isolates AL21, AL44, and
AL53 used in greenhouse experiment against Meloidogyne
spp. J2. Results showed that agronomy variables in plants
with bacterial isolate treatments were better than the plants
without bacterial treatment (control). The combination of
endophytic bacteria showed better results in terms of plant
height compared to single endophytic bacterial application.
Plants treated with combined endophytic bacteria could
promote the plant height by 32%, while plants treated with
single endophytic bacteria treatments were capable to
promote plant height up to 23% (Table 5). Tomato plants
without endophytic bacterial application had higher number
of knots than the tomato plants with endophytic bacterial
application (Figure 1).

Note: ® Numbers in the similar column followed by the similar
letter were insignificantly different at 0.05 confidence level
(Duncan's multiple range test)

The seed soaking method and combined endophytic
bacterial treatment were effective compared to the single
endophytic bacterial treatment. In combined endophytic
bacterial treatment, root-knots can be suppressed by
74.69%, but the single endophytic bacterial treatment was
able to suppress the number of knots by 63.37%.

The results of root inoculation indicated that the scoring
value of disease severity increased from 1 to 3. The
nematode inoculated tomato plants without the endophytic
bacteria (control) showed 2 to 3 disease severity score,
which was significantly different from endophytic bacteria
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and nematode treatments. Treatments with AL21, AL44,
and ALD53 isolates showed disease severity scores ranging
from 1 to 2, while the combined treatments of

Table 3. Effect of endophytic bacterial suspension on the
mortality of Meloidogyne spp. juvenile 2
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AL21+AL44+AL53 showed lower disease severity i.e. 1.
Moreover, the data about the number of root-knot data and
scoring value are presented in Table 6.

Table 4. Physiological characteristics of endophytic bacterial
isolates from roots and stems of Tagetes sp.

Bacterial isolate Nematode mortality 24 HAT? (%) Isolate code Proteolytic activity Chitinolytic activity
Control 7.78 f AL21 - -

AL21 93.88 abc AL27 - -

AL27 76.67 e AL44 + -

AL44 94.40 abc AL53 + +

AL53 90.13 abcd AC04 + +

AC04 88.38 bcd AC57 - -

AC57 100.00 a AC61 - -

AC61 82.31de AC62 - -

AC62 92.59 abcd BC47 - -

BC47 98.30 ab BC52 + -

BC52 85.92 cd BL12 - -

BL12 100.00 a BL30 - -

BL30 96.99 ab BL40 - -

BL40 99.16 a BL51 + -

BL51 100.00 a Note: (+) capable of producing enzymes; (-) incapable of

Note: HAT: hours after supernatant treatment; (%) numbers in the
similar column followed by the similar letter were insignificantly
different at 0.05 confidence level (Duncan's multiple range test).

Table 5. Influence of endophytic bacterial isolates in tomato plant
growth

producing enzymes

Table 6. Influence of endophytic bacteria in the number of
Meloidogyne spp. root-knot in tomato plant

Fresh

Number of  Effectiveness

Bacterial isolates Plant he;ght weight Dry Wea'ght Isolate code knots per percentage Scolrlng
(om) () © gram root? (%) vaiue
Control 46.30 b 11.69b 151c Control 71.76 a 00.00 240a
AL21 55.86 a 16.14 a 2.18b AL21 28.28 Db 60.59 140b
AL44 57.00 a 1742a 2.33ab AL44 34.89b 51.37 1.40b
AL53 55.80 a 20.67 a 2.84a AL53 26.28 b 63.37 1.40b
AL21+AL44+AL53 61.16a 19.29a 2.69 ab AL21+AL44+AL53 18.16 b 74.69 1.0b

Note: (a) numbers in the similar column followed by the similar
letter was insignificantly different at 0.05 confidence level
(Duncan's multiple range test).

Note: (a) numbers in the similar column followed by the similar
letter was insignificantly different at 0.05 confidence level
(Duncan's multiple range test).

Figure 1. Tomato plant roots treated with: A. Combined bacteria of AL21+AL44+AL53; B. AL53; C. Control
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Discussion

The density of endophytic bacterial population in root
was higher than in the stem. This condition was similar to
the statement of Miliute et al. (2015), that the endophytic
bacterial population in the root was higher than in the stem.
The endophytic microbial population is influenced by
biotic and abiotic factors. The biotic factors include plant-
associated microbes, plant genotype, and plant age, while
the abiotic factors include temperature, rainfall, edaphic
factors, and UV radiation (Rosenblueth and Martinez-
Romero 2006; Chebotar et al. 2015; Firdous et al. 2019).

In the present study, several endophytic bacterial
isolates showed hypersensitivity reactions. Hypersensitive
is a host plant defense mechanism that develops quickly
due to the unmatched pathogen with the host plant, which
causes the dead cells (Klement and Goodman 1967; Balint-
Kurti 2019). The dead cells caused by the hypersensitive
occur only in infected tissue to protect the pathogen
distribution in healthy plant tissue (Balint-Kurti 2019).
Furthermore, the test results also showed that some isolates
had hemolytic activity, indicated by the appearance of a
clear zone on the test medium (blood agar). The clear zone
was caused by a-hemolysin toxin activity and the dark zone
was caused by B-hemolysin toxin (Kumar et al. 2017).
According to O’brien (2017), the biological agent is not
only concerned with its effectiveness, but also the safety
for human, animal, environmental health.

Endophytic bacteria obtained from hypersensitive and
hemolytic activity selection tests were used for growth
promoter tests. Some variables that are commonly used as
growth characteristics are plant height, volume, leaf area,
dry weight, and wet weight. The interaction between the
endophytic bacteria and plant could promote plant growth
and production, suppress pathogenic disease in plants,
dissolve phosphate, fix nitrogen, and induce plant
resistance against pathogens (Abdallah et al. 2016). Several
strains of Pseudomonas, Enterobacter, Staphylococcus,
Azotobacter, and Azospirillum could produce growth
regulator compounds, namely, ethylene, auxin or cytokinin
(Yadav et al. 2017; Mustafa et al. 2019). The endophytic
bacteria could promote plant growth in two ways. First, in
direct way by producing phytohormones, namely, auxin or
cytokinin, or by producing l-aminocyclopropanel-carbon
(ACC) deaminase enzyme, which reduced ethylene level in
plants (Win et al. 2018). Second, in indirect way by
producing the plant nutrient, namely, nitrogen fixation,
phosphate dilution, iron addition, and produce siderophores
which can inhibit the absorption of nutrients by pathogens
(Mardhiana et al. 2017; Ferreira et al. 2019; Munif et al.
2019).

Reports about the endophytic bacteria capability in
nitrogen fixation, phosphate dilution, and phytohormone
production have been much found. Endophytic bacteria
have the ability to fix nitrogen in the root tissue of rice,
corn, grass, sugarcane, and wheat (Stoltzfus et al. 1997,
Sturz et al. 2000). According to Verma et al. (2001),
Acetobacter diazotrophicus and Herbaspirillum spp. are
two species of bacteria that can fix nitrogen in the
rhizosphere of rice plants. Gupta et al. (2012) stated that
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the phosphate solubilizing bacteria (PSB) strain and
endophytic bacteria, namely, Pseudomonas synxantha,
Burkholderia gladiol, Enterobacter hormaechei, and
Serratia marcescens, could increase the phosphate
available in soil, absorb phosphate from soil, and increase
the plant growth.

The endophytic bacteria from Enterobacter, Rahnella,
Rhodanobacter, Pseudomonas, Stenotrophomonas,
Xanthomonas, and Phyllobacterium genera were isolated
from sweet potato (Ipomea batatas) could fix nitrogen,
produce IAA hormone, and increase the plant resistance
from less beneficial environment (Khan and Doty 2009).
Moreover, the volatile compounds, namely, 2,3-butanediol
and acetoin, were found in endophytic bacteria, which
could promote plant growth (Taghavi et al. 2010). The
endophytic bacteria were also reported to produce the
adenine ribocides which became a plant growth promoter
(Rosenblueth and Martinez-Romero 2006).

The in vitro test is needed to identify the secondary
metabolite compounds produced from the endophytic
bacteria in the Meloidogyne spp. juvenile 2 development.
Total 14 bacterial isolates i.e. AL21, AL27, AL44, AL53,
AC04, AC57, AC61, AC62, BC47, BC52, BL12, BL30,
BL40, and BL51were used in the growth promoter
potential test. According to Munif et al. (2019), the effect
of endophytic bacterial filtrate culture on mortality of
Meloidogyne spp. J2 showed that mortality occurred on 6
hours after treatment, and then increased 12 hours after
treatment. The in vitro test showed that all bacterial isolates
could inhibit Meloidogyne spp. J2 metabolism as marked
by nematode mortality percentage.

According to Wiratno et al. (2019), nematode mortality
was occurred due to its disrupted metabolism by the
physiological activity of endophytic bacteria. The
identified endophytic bacteria were capable of producing
antibacterial or antifungal compounds through enzyme
production, volatile compounds, lyser material, and other
toxic substances (Chebotar et al. 2015; O’brien 2017;
Pavithra et al. 2020). The endophytic bacteria that produce
protease, chitinase, lipase, and cyanide acid, could control
Meloidogyne incognita on tomato plant and Pratylenchus
coffeae on coffee plant (Munif et al. 2019; Asyiah et al.
2020).

The external surface of contains flexible cuticle
collagen, lipid enriched epicuticle, glycoprotein enriched
surface-coat, and chitin (Johnstone 1994). Chitin, lipid, and
protein are thought to degrade the chitinase, lipase, and
protease enzyme activities. In addition to these three
enzyme activities, the exposure of hydrogen cyanide
(HCN) gas can be toxic to nematodes (Miliute et al. 2015;
Ralmi et al. 2016; O’brien 2017).

Results of bacterial physiology tests revealed that
several bacteria were capable of producing protease and
chitinase enzymes. The endophytic bacterial proteolytic
activity was shown by clear zone formation around the
colony. This zone was formed due to the endophytic
bacteria grew could produce protease enzyme, therefore
capable of degrading the skim milk protein in the media.
The proteolytic bacteria consume carbon sources in low
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concentration, and high protein content induces protease
enzyme formation. The low carbon source may stimulate
proteolytic bacteria to produce protease enzymes that
degrade protein (Johnstone 1994).

Chitinase is an enzyme that catalyzes the chitin polymer
compound in the B-1,4 glycosidic bond. This enzyme is
produced by bacteria and other organisms, and has been
used as a biological agent that degrades the pathogenic cell
wall composed of chitin, namely, fungi and nematodes (Le
and Yang 2019). The chitinolytic activity was marked by
the formation of clear zone around the bacterial colony
containing the chitin colloids. The Enterobacter sp. EAS
(3a), Enterobacter ludwigii EAS (4), and Burkholderia
cepacia EAS (6) were capable of producing protease,
lipase, and chitinase enzymes. These bacteria were
effective in vitro to inhibit the hatching rate at 53.13-
81.92% and caused mortality of Meloidogyne spp. J2 at
81.4-95%. The 2 of 14 isolates of the endophytic bacterial
isolates could hydrolyze chitin (Afriyani et al. 2020).

In the greenhouse experiment, the seeds were soaked
for 30 minutes and a suspension of bacteria was placed
around the roots of the tomato plant. The seed soaking and
endophytic bacterial pouring treatments were the methods
to prevent plants from pathogen infection, including
nematodes. One of the endophytic bacteria advantage for
the host plant is induced systemic resistance (ISR) or
through the systemic acquired resistance (SAR Bacteria
affect the resistance genes and activate the signal
transduction pathways in plants. This phenomenon
involves jasmonic acid and ethylene compounds. Bacteria
also produce certain compounds, namely
lipopolysaccharides, which can induce plant resistance
from biotic stress (Vallad and Goodman 2004; Pieterse et
al. 2014). The plants treated with the endophytic bacteria
could grow better than the untreated plants with endophytic
bacteria, although these plants were infected with the root-
knot nematodes (Munif et al. 2019).

Munif et al. (2019) mentioned that the application of
combined antagonistic formulation could decrease the
disease intensity compared to the single antagonistic
formulation in low-tide land rice plants. The suppressive
mechanism of root-knot formation by endophytic bacteria
was thought due to the induction mechanism of plant
resistance (Pieterse et al. 2014). Mika et al. (2010) stated
that increased peroxidase and salicylic acid occurred as
plant response against the elicitor materials produced by
the endophytic bacteria, therefore the plants were capable
of activating the resistance genes or providing the
hypersensitive reaction against the nematode attack. In
addition, endophytic bacteria are also reported to increase
the thickness of the plant cell walls. Cell wall thickening in
plants is reported to inhibit infection by pathogens (Anjum
et al. 2019).

The result concludes that 184 endophytic bacterial
isolates were successfully isolated from the Tagetes sp.
Based on the hypersensitive and hemolytic tests, there were
14 bacterial isolates that did not show potential as pathogen
either for plants or mammals. In in vitro test, these 14
isolates showed mortality percentage range of 70-93% in
Meloidogyne spp. juvenile 2. The best three isolates,
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namely, AL21, AL44, and AL53 were capable to suppress
the number of root knots by 50-74% and promote plant
height up to 32% in the greenhouse experiment. So, the
present investigation suggests that the endophytic bacteria
consortium (combination) application was more effective
than the single application.
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