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Abstract

Yield loss due to root-knot nematode Meloidogyne incognita infection is reported to reach 35%,
depends on factors contributing to infection. Application of several endophytic bacterial isolates
(bacterial consortium) to control pathogenic infection is reported to be more effective compared
to the application of single bacterial isolate. This study was aimed to obtain endophytic bacterial
consortium originated from forestry plant that is effective to control root-knot nematode. The study
was conducted through bacterial isolation followed by biosafety test. Bacterial isolates that were
found to be safe for plants and mammals and compatible with each other were further grouped as
the endophytic bacterial consortium. Phenotypic characterization and physiological characteristics
including Gram type, ability to produce protease, chitinase, and lipase enzymes as well as HCN
volatile compound were also tested. Moreover, the ability to fix nitrogen and dissolve phosphate
were also examined. The endophytic bacterial consortium consisted of several bacterial isolates
was further tested for its ability to inhibit M. incognita egg hatching and increase J2 of M. incognita
mortality in vitro. Furthermore, test on tomato plants infested with 500 ]2 of M. incognita was also
performed in the greenhouse. Test results showed that 70 bacterial isolates were successfully isolated
from Shorea sp., Swietenia sp., Albizia falcataria, Anthocephalus cadamba, and Juglans nigra. However,
34 bacterial isolates were observed to be safe (did not cause hypersensitivity reaction and did not
produce hemolytic toxin). According to physiological characteristics, it was found that 25 isolates were
able to produce protease enzyme, 26 isolates were able to produce chitinase enzyme, and 14 isolates
were able to produce lipase enzyme. Moreover, it was also detected that 11 isolates were able to
produce HCN volatile compound, 23 isolates were able to fix nitrogen (N), and 24 isolates were able
to dissolve phosphate (P). Endophytic bacterial consortium obtained in this study was also observed
to be able to inhibit M. incognita egg hatching up to 81.33% and increase J2 of M. incognita mortality
up to 85% compared to control. In addition, the application of endophytic bacterial consortium was
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also able to increase the growth of tomato plant infected with M. incognita, and suppress the severity
of the root-knot disease. This study provided information that endophytic bacterial consortium
originated from forestry plants has the potential as a biocontrol agent of M. incognita.

Keywords: bio-control, bio-stimulant enzyme, filtrate culture, root-knot nematode

INTRODUCTION

Root-knot nematode (Meloidogyne incognita) is
reported to cause quite a big loss of many tropical
plants. This nematode has a wide range of host, from
horticultural crops to plants used for plantation. Rich
et al. (2009) reported that M. incognita could infect,
at the minimum, 3,000 plant species around the
world. Yield loss due to M. incognita infection may
reach 20%-60%, depends on the number nematode
population that attacks, type of plants infected, and
environmental condition around plants (Bhatti and
Jain, 1977). Root-knot nematode infection will lead
to root-knot galls on plants infected. Later, gall will
hinder transportation system as well as nutrient
and water distribution from root to all parts of the
plant. Disruption of a nutrient distribution process
will result in unusual plant metabolism and inhibit
plant growth. Moreover, disruption of water
absorption to all parts of the plant causes the plant
to lose a large amount of water. Thus, wilt will occur
although water is sufficiently stored in the root area
(Moens et al., 2009).

Root-knot nematode is also reported to be able
to synergize with other pathogens and causes
bigger yield loss. Bertrand et al. (2000) reported
that simultaneous infection of M. incognita and
Fusarium oxysporum in coffee plant could lead
to higher yield loss. Besides synergizing with the
pathogen from the fungi group, M. incognita is also
reported to have the ability to synergize with the
pathogen from the group of bacteria. Zakir and
Bora (2009) mentioned that synergism between
M. incognita and Ralstonia solanacearum led to
bigger yield loss, and more difficult to control
compared with single infection of M. incognita or
single infection of R. solanacearum.

Many efforts have been conducted to control the
population of M. incognita. However, further study
is still required to develop a biocontrol product of
M. incognita that is more effective, efficient, easy
to apply, and environmentally friendly. One of
the solutions to address this problem is the use
of endophytic bacteria as a biocontrol agent of
M. incognita (Wiratno et al, 2019). Endophytic
bacteria are reported to have the ability to
suppress severity caused by infection of the root-
knot nematode. The previous study performed by
Mardhiana et al. (2017) showed that endophytic
bacteria originated from root of Cyperus rotundus
were reported to be effective in suppressing the
population of root-knot nematode in cucumber up
to 81.67%. Moreover, application of endophytic
bacteria by immersing tomato seed in endophytic

bacterial suspension was also reported to effectively
suppress the number of knot due to M. incognita
infection (Pradana et al, 2016). In a separate
study, application of P. chlororaphis strain Sm3 in
strawberry was found to successfully suppress the
population of root-lesion nematode (Pratylenchus
penetrans) up to 61% besides enhancing the growth
of the strawberry plant (Hackenberg et al., 2000).

As biocontrol agents, endophytic bacteria are
reported to play dual roles. First, endophytic
bacteria have the ability to suppress severity and
yield loss due to nematode infection. There are two
mechanisms performed by endophytic bacteria in
suppressing severity and yield loss, those are the
direct and indirect mechanism. Directly, endophytic
bacteria are able to produce various nematicidal
metabolites such as protease enzyme, chitinase
enzyme, and HCN compound. Indirectly, endophytic
bacteria have the ability to induce plants to produce
defense compounds like PR-Protein (Reinhold-
Hurek and Hurek, 2011; Rosenblueth and Martinez-
Romero, 2006). The ability of bacteria to stimulate
plants to produce defense compound is known as
Induced Systemic Resistance (ISR) phenomenon
(Shoresh et al., 2010).

Endophytic bacteria are investigated to have the
ability to adapt to various plants. Hallmann et al.
(2009) reported that endophytic bacterial isolated
from coffee plants were able to control Meloidogyne
spp. in a tomato plant. In another study, Harni
and Munif (2012) found that endophytic bacteria
isolated from forestry plants were able to control
yellow disease in pepper plants. This result shows
that exploration of endophytic bacteria from
various plants such as forestry plants should be
continuously done to obtain bacterial candidates
that have great ability to control the infection of
root-knot nematode in the field.

The endophytic bacterial consortium is defined
as all bacteria living within plant tissues and
can be cultured on artificial media. Application
of endophytic bacterial consortium is a new
breakthrough in the development of biocontrol
agents of plant parasitic nematodes. Bacteria have
a specific mode of actions and are different from
each other. Bacteria that are unable to produce
antimicrobial compounds may have a function in
the process of biological control (Ryan et al., 2008).
Therefore, the use of more species of bacteria in
controlling the RKN may have a great opportunity
to succeed. This study was aimed to formulate the
most effective endophytic bacterial consortium
originated from potential forestry plant roots as
a biocontrol agent of M. incognita in tomato.
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MATERIALS AND METHODS

Study Area

This research was done as a laboratory and
greenhouse experiment in the Laboratory of Plant
Nematology (Department of Plant Protection) and
the greenhouse of the Faculty of Agriculture, IPB
University, Bogor, Indonesia.

Isolation and Purification of Endophytic
Bacterial Isolates

Endophytic bacteria were isolated from the
roots of 2-years-old plants of Shorea sp., Swietenia
sp., Albizia falcataria, Anthocephalus cadamba,
and Juglans nigra. Each plant is only taken one
individual to be used as a source of endophytic
bacteria. Samples were taken around IPB University,
Indonesia. Isolation was done through surface
sterilization method as performed by Hallmann
et al. (2006). About 1 g of roots from each plant
was washed with water to remove soil particles
attached to roots. Clean roots were further sterilized
through immersion in 70% alcohol and 1% NaOCl
solvent, consecutively. Immersion in each sterilant
was conducted for 1 minute. Later, roots were
washed 3 times with sterile distilled water. Sterile
root samples were macerated using a sterile mortar
and added with sterile distilled water at a ratio of
1:10 (w/v). About 0.1 ml of suspension produced
from the maceration process was inoculated on
20% Tryptic Soy Agar (TSA) media and incubated
for 72 hours. Bacterial colonies that grew and
had different colony characteristics were further
purified on 100% TSA media.

Hypersensitivity Reaction Test
in Tobacco Leaves

Endophytic bacterial isolates were grown on
TSA 100% for 24 hours. Bacterial cells grown on
the media were further harvested using 2 ml of
sterile distilled water. The suspension formed was
infiltrated to the bottom lamina part of tobacco
leaves (Kemloko 3 wvariety) and incubated for
48 hours. Bacterial isolates found to cause necrosis
on tobacco leaves were eliminated and would not
be used for the further test, while isolates that did
not cause necrosis on leaves were used for the
further test (Klement and Goodman, 1967).

Hemolytic Activity Test on Blood Agar

Bacterial isolates that did not cause necrosis
in hypersensitivity test were used in this test.
Bacterial isolates were grown on blood agar media
and incubated for 24 hours. Bacterial isolates that
formed dark zone (produced a-hemolytic toxin),
formed clear zone (produced B-hemolytic toxin)
and formed clear zone as well as a quite dark area
around the clear zone (produced af- hemolytic
toxin) were eliminated and did not used for the
further test (Irma et al., 2018).

Characterization of Endophytic Bacteria

Phenotypic Characters of Endophytic
Bacteria Colonies

Phenotypic characters of bacteria observed in this
study included the shape of colony, size, texture,
color, and elevation.

Gram Staining

Endophytic bacteria Gram staining was conducted
using the Himedia Gram-stain kit. Bacterial cell
staining was done following the method explained
by (Claus, 1992). Bacteria cells with violet color
after staining and rinsing with Gram-stain kit
were Gram-positive bacteria, while Gram-negative
bacteria were observed to have red bacterial cells
after staining and rinsing with Gram-stain Kkit.

Proteolytic Activity

Proteolytic activity was tested using skim milk
agar media. Later, TSA media consisted of 15 g
of Tryptic Soy Broth (TSB), 7.5 g of bacto agar,
and 400 ml of distilled water was sterilized in
the autoclave. The sterile TSA media was further
dissolved. At the temperature of +50-60 °C, TSA
media was added with 100 ml of pasteurized skim
milk solution. Proteolytic activity was indicated by a
clear zone around the colonies of bacteria, 48 hours
after treatment (Sokol et al., 1979).

Chitinolytic Activity

The test was performed using 1% chitin media
that consisted of bacto agar (15 g), glucose (5 g),
bacterial peptone (2 g), colloidal chitin (10 g),
K,HPO, (0.5 g), MgSO, (0.5 g), and NacCl (0.5 g). All
materials were dissolved in sterile distilled water to
reach 1,000 ml volume of suspension, and the pH
of media was set at 6.2. Later, media was sterilized
in the autoclave and sterile media was poured into
the petri dish. Bacterial isolates were streaked on
the media and incubated for 3-5 days. Chitinolytic
activity was observed with the appearance of a clear
zone around bacterial streak (Nurdebyandaru et al.,
2010).

Lipolytic Activity

One liter of media consisted of 8 g of nutrient
broth, 4 g of sodium chloride, 10 g of agar, and
0.001% rhodamine B solution at pH of 7. Olive oil
(2.5%) was added shortly before the media was
poured into the petri dish. Lipolytic activity was
observed using UV light, 48 hours after bacteria
were streaked on the test media (El-Deeb et al,
2013).

HCN Production

The media used in this test was 1,000 ml TSA
media that was previously added with 4.4 g of
glycine. Media was further poured into a petri dish
and bacterial isolates were streaked on the media.
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Filter paper that has been immersed in cyanide
detection solution (CDS) was attached to the inside
lid of the petri dish. The CDS solution has consisted
of 2 g of picric acid and 8 g of sodium carbonate
dissolved in sterile distilled water to reach a volume
of 200 ml

Bacterial isolates were streaked on TSA media
that had been added with glycine. Filter paper
previously immersed in CDS solution was attached
to the upper part of the petri dish. Bacteria in the
petri dish were further incubated for 5-7 days at
ambient temperature. Bacteria are considered to
have the ability to produce HCN if there is a color
change on filter paper, from yellow to orange or
brown, during the 57" day. The more solid the
color change, the higher the ability of bacteria to
produce HCN (Kumar et al,, 2012).

Nitrogen Fixing Activity

The test was conducted on the NFB semi-solid
medium at a pH of 6.8. This media consisted of
malic acid (5 g), K,HPO, (0.5 g), Mgs0,.7H,0 (0.2 g),
NaCl (0.1 g), CaCl,2H,0 (0.02 g), micronutrient
(2 ml), Bromthymol blue (2 ml), Fe (III) EDTA
(1.64%) (4 ml), vitamins solution (1 ml), and bacto-
agar (0.5 g). Micronutrient used in this test had
a composition of CuSO,.5H,0 (0.4 g), ZnSO,.7H,0
(012 g, HBO, (1.4 g, NaMoO,2H,0 (1 g),
MnSO,.H,0 (1.5 g) dissolved in 1,000 ml of distilled
water. Vitamin solution had a composition of biotin
(10 mg), Pyridoxine HCL (20 mg), and dissolved in
1,000 ml of distilled water.

About 1 ml of bacterial isolates grown in TSB
media for 24 hours were put into 9 ml of NFB
semi-solid medium in a closed test tube. The ability
of bacteria to fix nitrogen is indicated with the
existence of pellicle around the surface of media
(Baldani et al., 1986).

Phosphate Dissolving Activity

The test was performed by streaking bacterial
isolates on Pikovskayas Agar medium (Himedia,
India). About 31.3 g of Pikovskayas Agar powder
were dissolved in 1,000 ml of distilled water
and sterilized in the autoclave. Bacterial culture
on Pikovskaya’s Agar was further incubated for
48-72 hours. The ability of bacteria in dissolving
phosphate is indicated by the presence of a clear
zone around bacterial streak (Mehta and Nautiyal,
2001).

Bacterial Isolates Maintenance

Pure cultures of each bacterial cells were
maintained in Tryptic Soy Broth, amended with
20% glycerol (Fisher Scientific) and stored at -80 °C.
The stored bacterial isolate will be used in further
testing or studies, as well as for confirmation of
results.

Compatibility Test of Endophytic Bacteria

Compatibility test was conducted using a dual-
culture method. Endophytic bacteria were grown in
tryptic soy broth (TSB) media for 24 hours. A total of
100 ml of bacteria was spread on TSA media in 9 cm
diameter petri dishes. As the bacteria spread, a filter
paper was placed on the media and then dripped
with 25 ml of the suspension of other bacteria from
the same plant roots. Antagonistic properties of
bacteria would form a clear zone that would not be
used as test material.

Preparation of Endophytic Bacterial
Consortium

Non-antagonistic bacteria were grown in TSB
media for 24 hours. Furthermore, 100 ml of the
suspension of each bacteria from the same plant
roots was simultaneously cultured in TSB media.
The culture was then used for the further test,
termed as an endophytic bacterial consortium.

Propagation of Meloidogyne incognita
Inoculum

M. incognita used in this test was the collection of
the Laboratory of Plant Nematology — IPB University.
The nematodes were cultured on Tantyna F-1
variety of tomato plants grown in sterile soil to
ensure the purity of M. incognita culture.

Effect of Filtrate Culture of Endophytic
Bacterial Consortium on Nematode Egg
Hatching

The endophytic bacterial consortium was grown
in 100 ml of TSB media and incubated for 24 hours
on a shaker at 150 rpm. Bacterial cells were further
separated from the suspension by performing
centrifugation at 12,000 rpm for 15 minutes. The
supernatant formed was filtered using a sterile
syringe filter at size of 0.22 pm and a diameter of
25mm. The supernatant obtained was used in this
test.

A total of 50 M. incognita eggs previously sterilized
with 600 ppm of Streptomycin sulfate were put into
petri dish at a diameter of 5 cm consisted of 5 ml of
filtrate culture of endophytic bacterial consortium
and incubated for 48 hours. As a control, M. incognita
eggs were added into sterile distilled water. The
observation was conducted 14 days after treatment.
This test applied a completely randomized design
with 3 replicates. The observation was conducted
on the percentage of eggs that hatched and data
obtained were further analyzed using DSAASTAT
program version 1.021 (Padgham and Sikora, 2007).

Effect of Filtrate Culture of Endophytic
Bacterial Consortium on Mortality
of J2 of M. incognita
A total of 100 J2 of M. incognita of the same age

were put into 5 ml of filtrate culture of endophytic
bacterial consortium. The test was done using
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a petri dish at a diameter of 5 cm for 24 hours.
This test followed a completely randomized design
with 3 replicates. TSB was used as the control
to ensure that nematodes were dead due to the
effect of filtrate culture. The observation was
conducted 24 hours after treatment by calculating
the percentage of dead nematodes. Moreover, J2 of
M. incognita was considered dead if it did not show
any movements after 2 hours in contact with sterile
water. Data analysis was done using DSAASTAT
program version 1.021 (Ashoub and Amara, 2010).

Selection of Endophytic Bacterial Consortium
as Control Agent of RKN and Plant Growth
Promoter

The endophytic bacterial consortium was
grown in TSB media for 24 hours. The bacterial
suspension was further used to immerse Tantyna
F1 variety of tomato seeds that were previously
sterilized with 1% NaOCl. Seed immersion was
conducted for 12 hours at room temperature.
Later, treated seeds were sown in sterile soil.
After 4 main leaves appeared, tomato seeds were
moved to pot at a diameter of 15 cm. The test was
conducted by following a randomized block design
with 3 replicates consisted of 2 treatment unit of
each. After being planted in the pot, tomato plants
were watered with 100 ml of bacterial consortium
suspension at a density of 10® CFU ml™ at the first,
second, and fifth week. Watering was performed in
the afternoon at 16.00-17.00.

Infestation of root-knot nematode was done
1 month after tomato seeds were moved to pot.
About 500 of ]2 of M. incognita of the same age were
infested to tomato plant root area. Observation and
measurement were done 40 days after nematode
infestation. Characters measured in this test
included the characters of agronomy and pathology.
Agronomic characters consisted of plant height,
root length, both fresh and dry weight of plant.
Moreover, pathological characters observed were
the number of J2 of M. incognita per 5 g of roots, the
number J2 of M. incognita per 100 ml of soil, and
the number of gall at the root. Invasive larvae of
M. incognita on roots were extracted by cutting 5 g
of roots with a size of 1 cm, and then the root pieces
were placed in the mist chamber for three days
following. Furthermore, J2 of M. incognita in the
soil were extracted using the centrifugal-floatation
method (EPPO, 2013). The number of extracted ]2
of M. incognita is then calculated manually under
a microscope. The data obtained were analyzed
through analysis of variance. Analysis of Duncan
Multiple Range Test (DMRT) at a confidence level of
95% might be applied if the result was significantly
different. The analysis was performed using
DSAASTAT program version 1.021 (Abo-Elyousr
et al, 2010).

RESULTS AND DISCUSSION

Biosafety of Endophytic Bacteria

Seventy isolates of endophytic bacteria were
isolated from the roots of Shorea sp., Swietenia sp.,
A. falcataria, A. cadamba, and J. nigra. There were
17 isolates from plant roots of Shorea sp., 11 isolates
from the plant roots of Swietenia sp., 15 isolates
from plant roots of A. falcataria, 18 isolates from
plant roots of A. cadamba, and 9 isolates from
plant roots of J. nigra. Based on the result of the
biosafety test, no isolates were safe to be used as
biological agent. Among 70 isolates isolated, 30%
caused necrosis during the test of hypersensitivity
reaction. Since isolates that caused necrosis in
hypersensitivity test were not used in the further
test, there were only 49 isolates tested for their
safety in the hemolysis test. Hemolysis test showed
that 15.71% of endophytic bacteria were able to
produce B-hemolytic toxin and other 5.71% were
able to produce a-hemolytic toxin. Bacteria which
did not cause necrosis in hypersensitivity test and
did not produce hemolytic toxin were used in the
further test. Biosafety test showed that nine isolates
from plant roots of Shorea sp., six isolates from
plant roots of Swietenia sp. seven isolates from plant
roots of A. falcataria, eight isolates from plant roots
of A. cadamba, and four isolates from plant roots of
J. nigra could be used in the test (Tab. ).

Phenotypic Characters and Gram Type
of Endophytic Bacteria

Among 34 isolates of endophytic bacteria, 64.71%
of colonies were circular, 11.76% were rhizoid,
17.65% were irregular, and 5.88% were filamentous
of shape. Colony size of endophytic bacteria
also varied, observation showed that 11.76% of
punctiform, 32.35% of small, 26.47% of medium
and 29.41% of large size. Moreover, 73.53%
were rough texture and 26.47% were smooth
texture. There were five colors of endophytic
bacterial colonies, namely white (55.88%), yellow
(14.71%), brown (11.76%), red (11.76%), and green
(5.88%). Furthermore, elevation of endophytic
bacteria colonies consisted of 5 types, those were
flat (35.29%), raised (29.41%), convex (20.59%),
umbonate (5.88%), and pulvinate (8.82%). Based
on the observation, 67.65% of endophytic bacteria
were Gram-positive, and 32.35% were Gram-
negative (Supplementary Material 1).

Physiological Characteristics of Endophytic
Bacteria

Based on the test result of all isolates, it was found
that 25 isolates were able to produce protease
enzyme, 26 isolates were able to produce chitinase
enzyme, and 14 isolates were able to produce
lipase enzyme. Furthermore, 11 isolates were also
detected to have the ability to produce a volatile
compound of HCN. Several bacteria tested were
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L. Theresult of biosafety test of endophytic bacterial isolate originated from plant roots of Shorea sp., Swietenia sp., A. falcataria,
A. cadamba, and J. nigra

Hypersensitive Hemolysis Hypersensitive Hemolysis

Plant Isolat code reaction activity Plant Isolat code reaction activity
Shorea sp. Mrt-1 - - A. falcataria Alb-8 - -
Shorea sp. Mrt-2 - - A. falcataria Alb-9 + X
Shorea sp. Mrt-3 - - A. falcataria Alb-10 i X
Shorea sp. Mrt-4 - B A. falcataria Alb-11 - -
Shorea sp. Mrt-5 - - A. falcataria Alb-12 i X
Shorea sp. Mrt-6 + X A. falcataria Alb-13 - -
Shorea sp. Mrt-7 - - A. falcataria Alb-14 - -
Shorea sp. Mrt-8 + X A. falcataria Alb-15 - -
Shorea sp. Mrt-9 + X A. cadamba Jab-1 = B
Shorea sp. Mrt-10 + X A. cadamba Jab-2 - -
Shorea sp. Mrt-11 = a A. cadamba Jab-3 + X
Shorea sp. Mrt-12 - - A. cadamba Jab-4 + X
Shorea sp. Mrt-13 - - A. cadamba Jab-5 + X
Shorea sp. Mrt-14 - - A. cadamba Jab-6 - -
Shorea sp. Mrt-15 - - A. cadamba Jab-7 - -
Shorea sp. Mrt-16 - B A. cadamba Jab-8 + X
Shorea sp. Mrt-17 - B A. cadamba Jab-9 - -

Swietenia sp. Mhg-1 - - A. cadamba Jab-10 - B
Swietenia sp. Mhg-2 - B A. cadamba Jab-11 - -
Swietenia sp. Mhg-3 + X A. cadamba Jab-12 - -
Swietenia sp. Mhg-4 - B A. cadamba Jab-13 - -
Swietenia sp. Mhg-5 + X A. cadamba Jab-14 + X
Swietenia sp. Mhg-6 S X A. cadamba Jab-15 - -
Swietenia sp. Mhg-7 - - A. cadamba Jab-16 - B
Swietenia sp. Mhg-8 = = A. cadamba Jab-17 = B
Swietenia sp. Mhg-9 - - A. cadamba Jab-18 - a
Swietenia sp. ~ Mhg-10 - - J. nigra Wit-1 - -
Swietenia sp. ~ Mhg-11 - - J. nigra Wlt-2 - -
A. falcataria Alb-1 - - J. nigra Wlt-3 - -
A. falcataria Alb-2 - B J. nigra Wlt-4 + X
A. falcataria Alb-3 4 X J. nigra WIt-5 W X
A. falcataria Alb-4 + X J. nigra Wlt-6 + X
A. falcataria Alb-5 - a J. nigra WIt-7 - -
A. falcataria Alb-6 - a J. nigra WIt-8 + X
A. falcataria Alb-7 - - J. nigra WIt-9 -

Note: (-) did not cause hypersensitivity reaction or hemolysis; (+) caused hypersensitivity reaction indicated by the
existence of necrosis on tobacco leaves; (a) bacteria were able to produce a-hemolytic toxin, (B) bacteria were able to
produce B-hemolytic toxin, (x) bacteria were not tested in hemolysis test for not passing hypersensitivity reaction test
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also potential to enhance plant growth as shown Compatibility of Endophytic Bacterial Isolates

by the test result that 23 isolates successfully fixed All bacteria tested were known to be compatible

nitrogen (N) and 24 isolates were able to dissolve  yyith gther bacteria from the same plant roots. There

phosphate (P) (Tab. ID). were no antagonistic isolates as evidenced by the
appearance of a clear zone during the compatibility
test. This showed that all isolates could be used in
the further test.

II: Physiological activity of endophytic bacterial isolates originated from plant roots of Shorea sp., Swietenia sp., A. falcataria,
A. cadamba, and J. nigra

Isolate code Prote.o}ytic Chitil)o.lytic Lipqutic Production Nitrggen Phosph.ate
activity activity activity of HCN fixing dissolving
Mrt-1 + + — _ - n
Mrt-2 + + + - + -
Mrt-3 + — + _ _ ¥
Mrt-5 + + — _ ¥ 4
Mrt-7 - W - - - W
Mrt-12 + + - - + -
Mrt-13 i - - W - &
Mrt-14 - + - _ N N
Mrt-15 i + W = = +
Mhg-1 + - - + + _
Mhg-7 + + _ _ _ _
Mhg-8 + - + - + +
Mhg-9 - + - - + +
Mhg-10 + + + + - +
Mhg-11 - + _ _ + _
Alb-1 - + - - + +
Alb-7 + + = + + =
Alb-8 + — + — + +
Alb-11 + + - - + -
Alb-13 - + _ ¥ N B
Alb-14 + + + + + +
Alb-15 - + - _ _ N
Jab-2 + - _ . + N
Jab-6 + - + - + +
Jab-7 W % - - - e
Jab-9 - + + - - -
Jab-11 + + + + + +
Jab-12 - + _ _ N _
Jab-13 + + + = + +
Jab-15 + + _ + N N
Wit-1 + + + _ _ +
Wlt-2 + - + + + ¥
Wit-3 + + + _ _ o
WIt-7 + + - + + +

Note: (+) bacteria were able to produce compound tested; (-) bacteria were not able to produce compound tested
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III: The ability of endophytic bacterial consortium to inhibit egg hatching and increase mortality of J2 of M. incognita in vitro

Consortium Code Inhibition of eggs hatching of M. incognita (%)

Mortality of J2 of M. incognita (%)

CSR MRT 60.67° + 1.15
CSR MHG 70.00¢ + 4.00
CSR ALB 57.33> + 3.06
CSRJAB 67.33¢+ 3.06
CSR WLT 81.334+ 3.06
Control 0.00?

85.00° + 1.73
77.00° + 2.00
79.00° + 2.65
76.67" + 2.52
75.00" + 3.00
0.00°

Note: Values followed by different superscript letters are significant at P < 0.05 over control

The Ability of Endophytic Bacteria
Consortium to Inhibit Egg Hatching and
Increase Mortality of M. incognita in Vitro

Endophytic bacteria originated from the roots of
the same plant were cultured in a suspension. The
suspension was hereinafter termed endophytic
bacterial consortium. There were 5 endophytic
bacterial consortiums, those were Shorea sp.
(CSR MRT), Swietenia sp. (CSR MHQ), A. falcataria
(CSR ALB), A. cadamba (CSR JAB), and J. nigra (CSR
WLT). The test showed that all filtrate cultures of
the consortium tested effectively inhibited eggs
hatching of M. incognita and were able to kill J2 of
M. incognita.

In general, all endophytic bacterial consortiums
were able to inhibit egg hatching of M. incognita
and increase the mortality of J2 of M. incognita
in vitro. The best endophytic bacterial consortium
in inhibiting egg hatching of M. incognita was
CSR WLT with an average percentage of 81.33%,
followed with other consortiums, those were CSR
MHG (70%), CSR JAB (67.33%), CSR MRT (60.67%),
and CSR ALB (57.33%). Moreover, all endophytic
bacterial consortiums were also reported to have the
ability to increase the mortality of J2 of M. incognita
in vitro. The best endophytic bacterial consortium
to increase mortality of J2 of M. incognita was
CSR MRT with an average mortality of 85% and
followed by CSR ALB (79%), CSR MHG (77%), CSR
JAB (76.67%), and CSR WLT (75%) (Tab. III).

The Ability of Endophytic Bacterial
Consortium as Biocontrol Agents
of M. incognita in Greenhouse

Application of endophytic bacterial consortium
was able to suppress the negative effect of
M. incognita infection. Plants with a treatment of
endophytic bacterial consortium showed better
growth performance compared to the plant that
did not obtain treatment of endophytic bacterial
consortium. Plants given treatment were found to
be higher than the control plant. There were height
increase of 20.09% (CSR MRT), 20.24% (CSR MHG),
14.52% (CSR ALB), 24.47% (CSR JAB), and 26.14%
(CSR WLT). Furthermore, there was length increase
in plant roots given treatment of endophytic

bacterial consortium of 23.44% (CSR MRT), 8.40%
(CSR MHG), 31.45% (CSR ALB), 34.12% (CSR JAB)
and 17.80% (CSR WLT) compared to the root length
of control plant. Fresh weight of plants with the
treatment of endophytic bacterial consortium (CSR
MRT, CSR ALB, and CSR WLT) was also found to be
higher of 8.30%, 12.15%, and 15.69%, respectively
compared with the fresh weight of control plant.
Moreover, endophytic bacterial consortiums that
obtained better result compared to control in term
of plant dry weight were CSR JAB (28.82%) and CSR
WLT (29.09%).

Application of bacterial consortium was able to
suppress ]2 of M. incognita population in roots up
to 54.88% (CSR MRT), 41.46% (CSR MHG), 40.85%
(CSR ALB), 40.24% (CSR JAB) and 55.49% (CSR
WLT). Population of J2 of M. incognita in soil given
treatment of endophytic bacterial consortium also
decreased to 30.97% (CSR MRT), 34.52% (CSR MHG),
30.97% (CSR ALB), 24.19 (CSR JAB), and 30% (CSR
WLT). Declining J2 of M. incognita population in
root tissue and soil further decreased the number of
root-knot gall up to 21.43% (CSR MRT), 21.80% (CSR
MHG), 23.43% (CSR ALB), 20.05% (CSR JAB), and
21.18% (CSR WLT) (Fig. 1).

DISCUSSION

Selection of endophytic bacteria as biocontrol
agent is always started with the selection of
biosafety. Endophytic bacteria to be isolated should
be safe for plants, animals, and the environment.
Hypersensitivity test is one of test technics that is
quite effective to determine whether a bacterial
isolate is pathogenic potential or not. Potential
pathogenic bacteria will cause a hypersensitivity
reaction that is indicated by the existence of necrosis
on tobacco leaves. Hypersensitivity reaction occurs
as a result of hrp gene in Gram-negative pathogenic
bacteria. In fact, hypersensitivity reaction is a part
of a cell death program that is a form of plant
defense. Plants are trying to localize the presence
of pathogenic bacteria by killing cells around
pathogen. This cell death occurs very fast and
commonly known as the hypersensitivity reaction
(Klement and Goodman, 1967). Moreover, as
a biocontrol agent, endophytic bacteria also have
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Note: values followed by different letters are significantly different over control

to be safe for human and animal. Endophytic
bacteria that have the ability to produce hemolytic
toxins cannot be used as a biocontrol agent. The
hemolytic toxin is highly cytotoxic to blood cells
such as granulocytes, monocytes, and lymphocytes
(Figueroa-Lopez et al.,, 2016; Gadeberg et al., 1983).
As a biocontrol agent, the endophytic bacterial
consortium is reported to have better performance
compared to the application of single bacteria.
Each bacteria has different characters from others

(Thakkar and Saraf, 2015). Some bacteria are able
to fix free nitrogen. The ability of bacteria to fix
nitrogen will be beneficial in providing nitrogen
element for plants. Furthermore, some other
bacteria are also reported to dissolve phosphate in
the soil. Several genera identified to have the ability
to dissolve phosphate are Pseudomonas and Bactllus.
Phosphate is highly available in the soil, yet only 1%
of the total amount that can be utilized by plants.
Phosphate in soil may be unavailable for plants due
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to acidic soil condition, high Al content, and other
factors (Khan et al., 2007; Walpola and Yoon, 2012).
The result of this study showed that the filtrate
culture of endophytic bacteria was effective to
inhibit egg hatching of M. incognita and increase
mortality of J2 of M. incognita in vitro. The ability
of endophytic bacteria to inhibit the growth of
pathogen is affected by its ability to produce

secondary  metabolites.  Several  secondary
metabolites found to be effective to inhibit
pathogenic nematode include protease and

chitinase enzymes. Both enzymes are able to cause
lyse the cell wall of M. incognita and the eggs of
root-knot nematodes (Khan et al., 2004).
Furthermore, it is also found that endophytic
bacterial consortium was able to increase
tomato growth. The ability to fix nitrogen and
dissolve phosphate is one reason for the ability of
endophytic bacteria to boost plant growth. In the
previous study, nitrogen-fixing endophytic bacteria
were reported to successfully increased the growth
of plants (Lodewyckx et al, 2002). In addition,
phosphate-solubilizing endophytic bacteria isolated
from weed Cyperus rotundus were also effective in
improving tomato growth (Mardhiana et al., 2017).
The ability of endophytic bacteria to fix nitrogen
and dissolve phosphate has a close relationship

with its ability to promote plant growth. Nitrogen
and phosphate are essential nutrients needed by
plants in quite high quantities. Both are responsible
for supporting vegetative and generative growth
in plants. The ability of endophytic bacteria to fix
nitrogen and dissolve phosphate has been reported
by previous researchers such as Elbeltagy et al.
(2001) and Dong et al. (1994).

The results showed that tomato plants treated
with the consortium of endophytic bacteria
had Dbetter growth parameter. In addition, the
application of endophytic bacteria is also able to
reduce the severity and population of M. incognita
on the soil and at the tomato plant roots. This is
closely related to the ability of endophytic bacteria
to produce secondary metabolites. Compant et al.
(2005) reported that endophytic bacteria that able
to produce extracellular enzymes have a potential
as a biocontrol agent. In addition, HCN produced
by endophytic bacteria also plays a role in reducing
the severity of infection and the population of
M. incognita in the soil and at the tomato plant
roots. HCN is a volatile compound that is toxic to
pathogens. In a previous study, Backman and Sikora
(2008) reported that endophytic bacteria that able to
produce HCN have a potential as a biocontrol agent.

CONCLUSION

According to the study result, it is informed that endophytic bacterial consortium originated from
forestry plants is potential as biocontrol agent as well as agent to promote plant growth. Each
endophytic bacterial consortium consists of bacteria with the ability to produce enzymes (protease,
chitinase, lipase) and HCN. Moreover, each endophytic bacterial consortium also consists of bacteria
that are able to fix nitrogen and dissolve phosphate. The entire endophytic bacterial consortium has
good performance in promote plant growth, and also suppresses root damage due to infection of
M. incognita. Plants that were treated using the endophytic bacterial consortium had better growth
compared to plants without the endophytic bacterial consortium treatment.
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