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ABSTRACT

Rhizospheric bacteria Bacillus subtilis and Pseudomonas fluorescens are two widely tested biological con-
trol agents against root-knot nematodes (RKN) of different crops. However, their performance as bio-
control agents varies with their place of origin. Culture filtrates of rhizospheric bacteria contain some
intermediary metabolites that have nematicidal activity. An in vitro experiment was undertaken to eval-
uate the functionality of culture filtrates of B. subtilis (MN252542.1) and P. fluorescens (MN256394.1) at
different concentrations (1.0%, 2.5%, 5.0%, 7.0%, 10.0% and 25.0%) on the hatching and mortality of
Meloidogyne javanica at different time span. Bacterial strains were isolated from rhizospheric soils of
Bangladesh. At three days after incubation (DAI), 25.0% concentration of culture filtrates of both B. subtilis
and P. fluorescens showed 100.0% mortality of second stage juveniles (J,) of M. javanica. Additionally,
25.0% concentration of culture filtrates of both bacteria showed 100.0% inhibition of hatching at one week
after incubation (WAI). A decreasing trend in hatching of M. javanica was observed with the increment of
the concentration of culture filtrates and progression of incubation time. The findings of this experiment
reveal that culture filtrates of these accessions of B. subtilis and P. fluorescens are effective for controlling
M. javanica and would be potential candidates for developing bio-nematicides.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

stress or other physiological disorders. Among PPN, root-knot
nematodes (RKN), belonging to the genus Meloidogyne, are dis-

It has been estimated that 12.6% of global crop loss, equivalent
to 215.77 billion dollar, is incurred due to the infestation of plant
pathogenic nematodes (PPN) (Abu-Elgawad and Askary, 2015).
PPN are pseudocoelomate, unsegmented worm-like animals,
mostly subterranean and comprise about 15% of all forms of nema-
todes that exist in different habitats having various feeding behav-
iors (Decraemer and Hunt, 2006). PPN are considered as the hidden
enemy of farmers because the symptoms expressed on plants by
their infestation are very similar to that with fungal attack, water
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tributed worldwide and comprise relatively small but important
polyphagous group of highly adapted obligate plant pathogens that
can parasitize more than 3000 species of plant, causing an esti-
mated crop loss of worth 100 billion dollar annually (Hunt and
Hando, 2009; Dejene, 2014). Under the genus Meloidogyne, 106
species have been described so far (Karssen and Moens, 2006).
Among them, only four species, Meloidogyne incognita, M. arenaria,
M. javanica and M. hapla are responsible for 95% of global infesta-
tions (Sasser et al., 1983).

Traditionally, farmers opt synthetic chemical pesticide applica-
tions to control of PPN infestations. The widely used chemical
nematicides against PPN include soil fumigants, organophosphate
and carbonate group of pesticides (Dejene, 2014). However,
besides increasing the production cost to a greater extent, these
broad spectrum non-selective pesticides are detrimental for many
non-target organisms, as they are highly toxic to environment
(Kepenekci et al., 2017). Moreover, long term use of these chemi-
cals have resulted in the prohibition or restrictions on various
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molecules employed worldwide due to the emergence of
resistance-breaking nematode pathotypes on many important
crops (Abu-Elgawad and Askary, 2015; Silva et al., 2017). There-
fore, scientists are looking for non-chemical and efficient alterna-
tive methods for the management of RKN (Huang et al., 2016).
Biological control could be one of the sustainable control methods
against RKN as this a low risk, economically viable and can be used
for a long period due to its ecological acceptability (Sheppard et al.,
2005; Sehebani and Hadavi, 2008; Moosavi et al., 2010).

Biological control is an eco-friendly pest management strategy
that utilizes deliberate introduction of living animals to lower
the population level of a target pest (Delfosse, 2005; Brand et al.,
2010). RKN control by biological means is gaining popularity
mostly by utilizing the soil dwelling microorganism like fungi
and bacteria (Crawford and Clardy, 2011). Some bacterial species
of the genus Bacillus and Pseudomonas are widely tested and com-
mercially formulated biological control agents against RKN of dif-
ferent crops (Abu-Elgawad and Askary, 2015). They produce
metabolites such as enzymes and toxins which inhibit nematode
reproduction, egg hatch and juvenile survival (Siddiqi and
Mahmood, 1999). Although, considering the importance of biolog-
ical control of pests, now-a-days multinational firms with micro-
bial product portfolios are investing in biotechnology researches,
still there are not much registered biological nematicides available
in market (Wilson and Jackson, 2013). As bio-nematicides repre-
sent living systems, a number of difficulties like their culture and
formulation, variable gap between laboratory and field perfor-
mance, potential negative effects on non-target and beneficial
organisms exist in developing commercial product (Abu-Elgawad
and Askary, 2015). Moreover, imported biological control agents
may less adapt to local climatic condition resulting in less success
(Stirling, 1991). Therefore, RKN species- and climate-specific fur-
ther researches are necessary. In Bangladesh, there is no report
available about the potentiality of the locally isolated Bacillus
spp. and Pseudomonas spp. in controlling RKN. It can be hypothe-
sized that the presence of secondary metabolites in the culture fil-
trates of bacterial solutions would be helpful in controlling the
infestation of RKN by limiting their hatchability and causing mor-
tality within the shortest time in field. It is also important to inves-
tigate in vitro the potentiality of bacterial inoculant at minimal
concentration to predict their antagonism against RKN in natural
condition. Thus, the aim of the present study was to evaluate the
efficacy of different concentration of culture filtrates of local
strains of Bacillus subtilis (MN252542.1) and Pseudomonas fluo-
rescens (MN256394.1) in causing mortality and inhibiting the
hatching of RKN (M. javanica).

2. Materials and methods
2.1. Preparation of culture filtrates of bacterial strains

Two bacterial strains viz B. subtilis (MN252542.1) and P. fluror-
escens (MN256394.1), used in this experiment were previously iso-
lated from the rhizospheric soil of Meherpur (24°N, 89°E) and
Mymensingh (25°N, 90°E), respectively. The bacterial strains were
identified at molecular level and obtained National Centre for
Biotechnology Information (NCBI) accession. The bacterial strains
were stored at —80 °C at the Department of Plant Pathology, Ban-
gladesh Agricultural University (BAU) maintaining proper condi-
tion (Schaad, 1980; Kreig and Holt, 1984). For B. subtilis, 2.8 g of
nutrient agar medium, and for P. fluorescens, 4.2 g of King’s B med-
ium was dissolved in 100 ml of distilled water and allowed to get
solidified in 9 cm petri dish. Bacterial inoculum was streaked on
the solidified medium in the petri dish. The media was then incu-
bated at 28 °C at for 24 h (Mahesha et al., 2017). A loop full of bac-
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terial colony was taken out of the petri dish and aseptically
transferred to the nutrient broth in a 250 ml conical flask. Conical
flask was then incubated in an electric shaker for 48 h at 200 rpm
at 32 °C (Sela et al., 1998). After incubation, culture filtrates were
harvested by centrifugation of the nutrient broth at 6000 rpm for
10 min (Mahesha et al., 2017). Afterwards, the supernatant was
passed through membrane filters having the pore size of 0.45
and 0.20 um (CHROMAFIL® Xtra) subsequently and stored as stock
solution in the refrigerator. Different concentrations (1.0%, 2.5%,
5.0%, 7.0%, 10.0% and 25.0%) of culture filtrates were prepared by
diluting the stock solution with required amount of double dis-
tilled water (DDW) and considered as treatments.

2.2. Nematode inoculum

Egg masses and ], used in this experiment were randomly col-
lected from previously characterized pure culture of M. javanica,
maintained and raised in brinjal (Solanum melongena L.) plants at
the net house of the Seed Pathology Centre (SPC) of Bangladesh
Agricultural University (BAU).

2.3. Mortality study

The brinjal plants inoculated with the egg masses of M. javanica
were uprooted from soil and the root system was washed gently
with running tap water to remove adhering soil. Egg masses of
M. javanica were gently picked using a forceps. Eggs were incu-
bated for 48 h using Baermann funnel method (Baermann, 1917)
to obtain J,. Population density of ], was calculated from 5 replica-
tions of one ml aliquots of an inoculum suspension. Freshly
hatched one hundred (48 h old) ], were put in 2.5 cm diameter
petri plate containing 5 ml solution of each treatment. J, kept in
tap water was treated as control. Plates were covered with lid
and incubated at room temperature (25 * 2 °C) during the experi-
ment period. Each treatment was replicated 3 times. Data on mor-
tality was recorded at every 3 days after incubation (DAI) and
continued up to 9 DAI. Mortality of the ], was assessed by observ-
ing the mobility of the ], under stereo microscope (Zeiss, Carl Zeiss
Microscopy GmbH, Germany) at 60x magnification and expressed
as the percentage of the total population. The moribund and non-
mobile ], were prodded using a ‘fishing’ needle to check for mobile
responses (Das et al. 2011).

2.4. Assessment of hatching inhibition

Five egg masses of M. javanica were kept on a 48-pum-sieve fixed
at the perforated cap of an inverted eppendorf tube and immersed
in 5 ml solution of each treatment in a small plastic bottle (Khokon
et al.,, 2009). Egg masses kept in tap water was treated as control.
Each treatment was replicated 3 times. The bottles were kept at
room temperature (25 + 2 °C). Number of hatched ], was counted
in a counting dish under stereo microscope (Zeiss, Carl Zeiss Micro-
scopy GmbH, Germany) and the solution of each treatment was
replaced after every counting. Data was recorded at every 1 week
interval and continued until 6th week. Percent egg hatch inhibition
over control was calculated using the formula (Mahesha et al.,
2017):

Percent egg hatch inhibition = (C—T)/C x 100

where C = Number of hatched ], in control and T = Number of
hatched J, in treatment

2.5. Statistical analysis

Statistical analyses were done by Statistix 10 (© 1985-2013
Analytical Software, Miller Landing Rd, Tallahassee, FL 32312)
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and MS Excel. Two-way ANOVA was performed to determine the
significance of the interaction effect of different concentrations of
culture filtrates of the bacterial strains and time on the mortality
and hatching inhibition. Tukey’s HSD test was performed at 5%
level of probability to find the significant difference among means.

3. Results

The influence of different concentrations of culture filtrates of
two rhizospheric bacteria viz. B. subtilis and P. flurorescens on the
hatching and mortality of |, of M. javanica was evaluated consider-
ing different incubation time. For both hatching and mortality
experiments, six different concentrations (1.0%, 2.5%, 5.0%, 7.0%,
10.0%, and 25.0%) of culture filtrates of both bacteria were used
as treatments with tap water as control.

In this experiment, mortality of ], of M. javanica was found to be
significantly different (p < 0.0001) among the interaction effect of
treatments and incubation time for both bacteria (Tables 1 and 2).
For B. subtilis, 100.0% mortality was found at three days after incu-
bation (DAI) in 25.0% concentration of the culture filtrate, suggest-
ing its superiority in affecting the survival of J, over other
treatments (Table 1). For rest of the treatments, percentage of mor-
tality increased over prolonged exposure time. Mortality of ],
reached up to more than 50.0% on 9 DAI for 10.0%, 7.0% and 5.0%
of the culture filtrates, whereas, the mortality was only 7.0% for
the control at that time (Table 1). Almost similar pattern of mortal-
ity was observed for the set-ups treated with P. fluorescens
(Table 2). Concerning B. subtilis, on 3 DAI, 100.0% mortality of ],
was observed in 25.0% concentration of the culture filtrate of P. flu-
orescens. However, on 9 DAI more than 50.0% of the mortality was
recorded only in 10.0% concentration of this bacterium.

Throughout the experiment period, number of hatched J, was
notably lower in all treatments of both bacteria in comparison to
untreated control (Figs. 1 and 2). In control, number of hatched ],
was the highest at the second week after incubation (WAI) and
then it declined gradually in the following weeks of experiment.
In the experiment, hatching was found to be significantly inhibited

Table 1
Interaction effect of different concentrations of culture filtrate of B. subtilis
(treatment) and incubation time on the mortality of ], of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI* 1.0 4.67 £ 0.88 fg
2.5 4.00 £ 0.57 fg
5.0 6.00 £ 1.00 (e-g)
7.0 12.67 +2.02 e
10.0 25.66 +0.33d
25.0 100.00 £ 0.00 a
Water 233+088¢g

6 DAI 1.0 11.00 £ 1.73 ef
25 1333 +185e
5.0 2533+2.02d
7.0 24.00 £2.64d
10.0 44.67 + 1.76¢
25.0 100.00 £ 0.00 a
Water 4.66 + 1.20 fg

9 DAI 1.0 40.67 + 1.73c
2.5 46.00 + 2.51c
5.0 55.00 + 2.31b
7.0 56.33 + 1.85b
10.0 54.67 + 2.60b
25.0 100.00 # 0.00 a
Water 7.33 + 1.67 (e-g)

Level of significance o

CV (%) 5.08

Values are the mean + Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.

* DAI = Days after incubation ** 1% level of probability.
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Table 2
Interaction effect of different concentrations of culture filtrates of P. fluorescens
(treatment) and incubation time on the mortality of ], of M. javanica.

Time Treatment (%) Mortality (%)

3 DAI* 1.0 14.00 + 0.57 gh
2.5 12.00 + 0.57 gh
5.0 12.66 + 0.88 gh
7.0 1633 +145¢g
10.0 23.33 + 1.45f
25.0 100.00 + 0.00 a
Water 233 +£0.88i

6 DAI 1.0 25.00 + 2.08f
2.5 26.33 + 1.76f
5.0 24.00 + 1.00f
7.0 29.00 + 1.52f
10.0 58.00 + 2.51c
25.0 100.00 + 0.00 a
Water 466 +1.20i

9 DAI 1.0 36.66 + 1.85 e
2.5 40.66 + 1.45 de
5.0 4466 +1.45d
7.0 4500+ 1.52d
10.0 67.33 +2.18b
25.0 100.00 + 0.00 a
Water 7.33 +1.67 hi

Level of significance o

CV (%) 4.23

Values are the mean + Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability.

* DAI = Days after incubation ** 1% level of probability.

(p < 0.0001), considering culture filtrate concentration and incuba-
tion time for both B. subtilis and P. fluorescens, and differed signif-
icantly (p < 0.0001) among the treatments of both bacteria at
different time intervals (Tables 3 and 4). The hatching experiment
was continued up to 6 WAI and at the 1 WAI 100.0% of the hatching
was found to be inhibited in 25.0% concentration of culture filtrates
of both bacteria. It was also noteworthy that in 10.0% concentra-
tion of two bacteria, more than 90.0% of the hatching was inhibited
from 2 WAL During the experiment period, in all treatments of two
bacteria, inhibition of hatching increased with the progress of time
and 90.0% hatching inhibition was found at 5 WAI (Tables 3 and 4).

We further examined the effect of higher concentrations (50.0%,
75.0% and 100.0%) of culture filtrates on the mortality and hatching
of M. javanica. All these higher concentrations of culture filtrates
responded similarly as 25.0% concentration (data not shown). It
was observed from both mortality and hatching experiment that
25.0% concentration of culture filtrates of both bacteria was the
most effective in causing 100.0% mortality and inhibition of hatch-
ing by the earliest time.

4. Discussions

This experiment was undertaken with an aim to generate
important information for effective formulation of bio-pesticides
of B. subtilis and P. fluorescens, isolated from the soil of Bangladesh,
against M. javanica. For RKN, ], is the infective stage that hatches
out and look for the suitable host to penetrate (Karssen and
Moens, 2006). Therefore, effective management of RKN is possible
by impacting the hatching and survival of J,. Here, we tested the
influence of different concentrations of culture filtrates of these
two bacteria on hatching and mortality of J, of M. javanica. The
experiment was conducted in a controlled condition. In our exper-
iment, number of hatched J, was significantly higher in untreated
control than the treatments and that was maximum at the 2nd
week after incubation followed by a gradual decline. In a favour-
able situation, each female of RKN may lay several hundred eggs
with an average of 30-80 per day, however, hatching of those
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Fig. 1. Number of ], of M. javanica hatched at different weeks after incubation (WAI) in different concentrations of culture filtrates of B. subtilis. ], hatched in water was

treated as control.
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Fig. 2. Number of ], of M. javanica hatched at different weeks after incubation (WAI) in different concentrations of culture filtrates of P. fluorescens. ], hatched in water was

treated as control.

are dependent partly on external sources of heat and water (Bird
and Wallace, 1965; Karssen and Moens, 2006).

In this experiment, hatching was found to be 100.0% inhibited
by 25.0% concentration of culture filtrates of both B. subtilis and
P. fluorescens at 1 WAL It was also noted that 90.0% of hatching
got inhibited at 2 WAI by 10.0% concentration of both bacteria.
In a similar experiment, Mahesha et al. (2017) tested the bio-
efficacy of different strains of Bacillus spp., including B. subtilis,
against M. incognita and observed significantly different degrees
of hatching inhibition after 24 and 120 h of incubation. They
observed 90.0% of hatching inhibition by 100.0% concentration of
culture filtrates of B. subtilis after 24 h of incubation and 70.0% of
inhibition by 25.0% concentration after 120 h. Jamily et al. (2018)
also found around 80.0% of hatching inhibition by exposing the
egg mass of RKN for 4 days to 100.0% concentration of culture fil-
trates of different strains of Bacillus spp. However, we worked with
lower concentration (1.0%, 2.5%, 5.0%, 7.0%, 10.0% and 25.0%) of cul-
ture filtrates and had our first reading at 1 WAL

In the mortality study, we have recorded 100.0% mortality of ],
of M. javanica in 25.0% concentration of culture filtrates of both B.

subtilis and P. fluorescens at 3DAI. Jamily et al. (2018) observed
more than 80.0% mortality of J, of RKN by exposing them for 4 days
to 100.0% concentration of culture filtrates of different strains of
Bacillus spp. But they did not evaluate the efficacy of lower concen-
trations (1.0%, 2.5%, 5.0%, 7.0%, 10.0% and 25.0%). Xia et al. (2011)
evaluated the effect of different dilutions and diluents of culture
filtrates of five B. subtilis strains on the mortality of J, of M. javanica
and observed 89.0-100.0% mortality. From the supernatant, they
identified the purL gene that regulates the synthesis of intermedi-
ary metabolites of purine and assumed that it might have nemati-
cidal activity. Conducting a mortality experiment, Abo-Elyousr
et al. (2010) found 50.0-60.0% of immobilized J, of M. incognita
in 108 CFU/ml suspension of P. fluorescens for 24 and 48 h. It was
seen from these experiments that culture filtrates of bacteria might
have better efficacy in causing mortality of J, of RKN than its sus-
pension. Mohammad et al. (2008) worked with several strains of B.
thringiensis and observed 100.0% mortality of J, of M. incognita
applying supernatant of bacterial solution, whereas applying puri-
fied Cry protein 90.0% mortality was seen. They opined that super-
natant of bacterial solution contained some vegetative protein
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Table 3
Interaction effect of different concentrations of culture filtrates of B. subtilis
(treatment) and incubation time on the hatching of egg mass of M. javanica.

Saudi Journal of Biological Sciences 28 (2021) 1318-1323

Table 4
Interaction effect of different concentrations of culture filtrates of P. fluorescens
(treatment) and incubation time on the hatching of egg mass of M. javanica.

Time Treatment (%) Inhibition of hatching (%) Time Treatment (%) Inhibition of hatching (%)

1 WAI* 1.0 83.46 + 3.41 (e-g) 1 WAI* 1.0 61.75 + 2.46f
2.5 3.61 £093 m 25 2403 +161¢g
5.0 68.73 + 3.17 (i-k) 5.0 94.83 + 1.29 (a-c)
7.0 84.49 + 2.23 (c-g) 7.0 62.01 £ 1.79f
10.0 100.00 + 0.00 a 10.0 94.05 + 1.12 (a-c)
25.0 100.00 £ 0.00 a 25.0 100.00 £ 0.00 a

2 WAI 1.0 64.97 + 1.66 jk 2 WAI 1.0 84.03 £ 1.97 de
2.5 69.91 +2.48 ij 2.5 68.92 + 1.80f
5.0 80.36 + 1.62 (f-h) 5.0 94.20 + 0.98 (a-c)
7.0 84.03 + 1.97 (d-g) 7.0 81.77+1.29e
10.0 94.57 + 1.61 ab 10.0 96.32 + 0.74 ab
25.0 100.00 + 0.00 a 25.0 100.00 £ 0.00 a

3 WAI 1.0 75.53 + 2.45 (g-i) 3 WAI 1.0 67.02 + 1.33f
2.5 73.22 + 1.87 (h-j) 2.5 85.63 + 1.91 de
5.0 55.31+2.011 5.0 91.31 + 2.04 (b-d)
7.0 93.26 + 0.77 (a-d) 7.0 91.31 + 1.77 (b-d)
10.0 100.00 + 0.00 a 10.0 100.00 £ 0.00 a
25.0 100.00 + 0.00 a 25.0 100.00 + 0.00 a

4 WAI 1.0 85.79 + 2.38 (b-f) 4 WAI 1.0 85.24 + 3.31 de
2.5 59.83 + 4.73 kI 2.5 87.70 + 1.89 (c-e)
5.0 76.22 + 1.89 (f-i) 5.0 82.24+197e
7.0 92.34 + 2.42 (a-e) 7.0 95.90 + 2.36 ab
10.0 100.00 £ 0.00 a 10.0 100.00 £ 0.00 a
25.0 100.00 + 0.00 a 25.0 100.00 £ 0.00 a

5 WAI 1.0 93.98 + 0.98 (a-c) 5 WAI 1.0 93.98 + 1.19 (a-c)
2.5 92.62 + 1.63 (a-e) 2.5 100.00 + 0.00 a
5.0 100.00 + 0.00 a 5.0 95.90 + 0.94 ab
7.0 100.00 + 0.00 a 7.0 100.00 + 0.00 a
10.0 100.00 + 0.00 a 10.0 100.00 £ 0.00 a
25.0 100.00 + 0.00 a 25.0 100.00 £ 0.00 a

6 WAI 1.0 95.61+1.16 a 6 WAI 1.0 98.24 + 1.75 ab
2.5 96.92 + 0.87 a 25 98.68 + 1.31 ab
5.0 100.00 £ 0.00 a 5.0 100.00 £ 0.00 a
7.0 100.00 + 0.00 a 7.0 100.00 + 0.00 a
10.0 100.00 + 0.00 a 10.0 100.00 £ 0.00 a
25.0 100.00 £ 0.00 a 25.0 100.00 £ 0.00 a

*x%

3.38

Level of significance
CV (%)

*k

2.67

Level of significance
CV (%)

Values are the mean + Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability. * WAI = Week after incubation ** 1%
level of probability.

which might be responsible for the higher mortality rate of ], of
RKN. Antibiosis is one of the mechanisms, by which B. subtilis work
against RKN (Engelbrecht et al., 2018). Antibiosis is the production
of volatile organic compounds, toxins and diffusible antibiotics
(Rahman et al., 2018). Jamily et al. (2018) reported that culture fil-
trates of the several strains of Bacillus spp. significantly increased J,
mortality and decreased the egg hatch of RKN through antibiosis.

It was seen in our mortality experiment that at 9 DAI more than
50.0% of ], were dead in 10.0%, 7.0% and 5.0% concentrations of the
culture filtrates of B. subtilis, whereas, at the same time, similar
percentage of mortality was observed only for 10.0% concentration
of P. fluorescens. It suggests that between the two rhizospheric bac-
teria, B. subtilis might have better capability in affecting the sur-
vival of ], of RKN than P. fluorescens. B. subtilis produces
antibiotics zwittermicin A, kanosamine, lipopeptides, bacisubin,
endotoxins, a variety of antibiotics of bacilomycin group, iturin,
fungistatin, mycobacilin and mycosubtilin and hydrolytic enzymes
such as proteases, chitinase, lipases, b-glucanases, cllulase which
exhibit a broader spectrum of activity in nematode supression
(Leifert et al., 1995; Pal-Bais et al., 2004; Chaurasia et al., 2005;
Kudryashova et al., 2005; Liu et al., 2007). Proteases and chitinase
extracted from the culture filtrates of Bacillus spp. can hydrolyze
peptide bonds and N-acetyl-D-glucosamine polysaccharide chains,
respectively, found in the chitin/protein complex of eggs of RKN
(Castaneda-Alvarez and Aballay, 2016). On the other hand,
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Values are the mean + Standard Error of three replicates. Treatment means were
compared by two-way ANOVA. Same letter in a column do not differ significantly
according to Tukey’s test at 5% probability. * WAI = Week after incubation ** 1%
level of probability.

Siddiqui and Shaukat (2003) reported that P. fluorescens produce
2, 4-diacetylphloroglucinol and hydrogen cyanide that inhibit egg
hatch and induce juvenile mortality of M. javanica. Bacillus spp.
are considered excellent candidate for the formulation of a stable
bio-nematicide as they can form highly resistant endospore under
aerobic condition and can show tolerance against extreme envi-
ronmental condition in dormant state (Padgham and Sikora,
2007; Cawoy et al., 2011).

There are a number of B. subtilis and P. fluorescens based bio-
nematicides available in market viz Rhizo Plus, SERENADE, Bio-
Cure-B, Biocomp-X, SHEATHGUARD, BioStart, Stanes Sting, Qur-
atzo, Pathway Consortia etc. (Berlitz et al., 2014; Abu-Elgawad
and Askary, 2018; Engelbrecht et al., 2018). Formulation of biolog-
ical control agents is not a straightforward task, because their per-
formance largely depends on their ability to establish in and
disperse through new environment (Bordeur, 2012; Engelbrecht
et al., 2018). Thus, it is very important to isolate effective biological
control agents from local environmental condition (Ramezani
et al,, 2013). In this experiment, we have worked with two locally
isolated stains of rhizospheric bacteria and found that 25.0% con-
centration of their culture filtrate could cause 100.0% mortality
and inhibition of hatching of M. javanica. Our findings will help
in the formulation of B. subtilis and P. fluorescens based bio-
nematicides while determining LCso against RKN. Although this
experiment was conducted in a controlled condition and the
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efficacy of any biological control agent depends on many factors in
natural soil, our research findings provide strong support for
undertaking similar research in field involving other RKN.
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