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Background: Bacterial bioagents, Pseudomonas fluorescens, P. putida, Bacillus amyloliquifaciens, and B. megaterium,
have management potential against root-knot nematode (RKN), Meloidogyne incognita, in bottle gourd.

Results: Field and laboratory experiments were conducted to evaluate the effect of bacterial bioagents Bacil-

lus megaterium 1% WP (2 x 106 CFU/qg), B.amyloliquifaciens 1% WP (2 x 108 CFU/qg), Pseudomonas putida 1% WP

(2 x 108 CFU/q), P fluorescens 1% WP (2 x 10° CFU/g) on egg hatching and juvenile mortality of root-knot nematode,
M. incognita. All the bacterial species inhibited the egg hatching in M. incognita and caused juvenile mortality. The
lowest mean egg hatching in 120 h. after treatment was observed in P, putida (20.9% mean egg hatching), followed
by P fluorescens (21.1%), B. amyloliquifaciens (23.7%), and B. megaterium (24.7%) at 4% concentration of the formulated
product against (47%) egg hatching in control. The juvenile mortality was found highest (57.1% mean mortality) in

P fluorescens in 120 h. of exposure, followed by P, putida (56.13%), B. megaterium (54.46%), and B. amyloliquifaciens
(53.13%) at 4% concentration against 0.46 mean juvenile mortality in control, where distilled water was used. Under
field conditions, the bottle gourd seeds that were treated either with B. amyloliquefaciens, B. megaterium, P fluorescens,
or P putida at 10 g/kg seed along with the application of neem cake (1t/ha) significantly resulted in reduced root gall
index and the number of nematode juveniles in soil and roots than the non-treated control.

Conclusion: This study revealed that the tested bacterial bioagents, namely B. amyloquefaciens, B. megaterium, P
fluorescens, and P, putida, showed the potential for controlling of root knot nematode (RKN) in the laboratory as well as
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Background

Bottle gourd [Lagenaria siceraria (Mol.)] is one of the
oldest and the most important cucurbitaceous veg-
etables grown in tropical and subtropical parts of the
world (Purseglove, 1974) and considered indigenous

*Correspondence: 2104hema@gmail.com
Department of Entomology, Dr. Yashwant Singh Parmar University
of Horticulture and Forestry, Solan, Himachal Pradesh 173230, India

@ Springer Open

to Africa (Heiser, 1979). Bottle gourd is widely grown
in warmer areas of India, and it is attacked by many
pests and diseases including nematodes resulting in sig-
nificant yield losses. Among soil pathogens, root-knot
nematodes (RKN), Meloidogyne spp., are considered the
most important nematode pests that cause great eco-
nomic losses to horticultural and field crops, as they
infect almost all the main crops of the world (Oka et al.
2000). The Southern root-knot nematode, Meloidogyne
incognita (Kofoid and White 1919) Chitwood, is a major
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constraint in cucurbitaceous crop production includ-
ing bottle gourd. Due to its minuscule size and farmers’
lack of knowledge, the damage symptoms are confused
with mineral deficiency symptoms in plants. These
pests are frequently disregarded from the plant protec-
tion aspect, resulting in inconvenient agricultural losses.
Plant-parasitic nematodes generally inhabit the soil and
attack the underground parts of plants, so their success-
ful and sustainable management becomes very complex
(Stirling, 2014). In India, the estimated annual losses due
to plant-parasitic nematodes were estimated to be about
21.3% (1.58 billion USD) (Kumar et al. 2020). Economic
losses in bottle gourd due to root-knot nematodes ranged
between 21 and 23% (Gowda et. al., 2017). To avoid these
losses, various nematicides have long been used, but due
to their negative impact on the environment and their
ineffectiveness after prolonged use, there are ongoing
efforts to look for safer and eco-friendly control methods.

Biological control is one of the alternative management
systems which includes the use of living microorgan-
isms to suppress the population of the pest. Among the
biological control agents that have been assessed against
nematodes are antagonistic bacteria, nematophagous
fungi, and yeasts (Forghani and Hajihassani, 2020).

There have been reports of rhizobacteria being effec-
tive in improving plant growth and affecting nematode
growth and reproduction through different mechanisms
involving the production of plant growth hormones,
enhancing nitrogen-fixing ability and mineral availabil-
ity in soil (Backer et al. 2018), and producing metabo-
lites and enzymes that act directly against nematodes.
As bacteria are the most abundant microorganisms in
the root zone, their presence can significantly modify the
rhizosphere environment and affect directly or indirectly
the nematode or the host—parasite relationship. A good
number of bacterial biocontrol agents has been identified
for their nematicidal action on RKN and has been com-
mercially adapted as promising sources of biopesticides
(Migunova and Sasanelli, 2021). The application of Pseu-
domonas fluorescens has been found effective in reducing
RKN, M. incognita, parameters at different concentra-
tions when applied either as seedling root dip treatment
or soil drench around the tomato plants (Sonkar et al.
2018). According to Nyodu and Das (2020), P. fluorescens
and Bacillus subtilis provided comparatively better plant
growth with minimum gall formation in the root system
and lessened the final nematode population in toma-
toes (var. Pusa Ruby). Based on these and various other
past demonstrations on the effects of biocontrol agents,
the present study was designed to evaluate rhizosphere
bacteria, Bacillus amyloliquefaciens, B. megaterium, P
fluorescens, and P. putida against M. incognita, under lab-
oratory and field conditions in bottle gourd.
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Methods

The studies were carried out in the Nematology labora-
tory, and Entomology farm, Department of Entomology,
Dr. Yashwant Singh Parmar University of Horticulture
and Forestry, Nauni, Solan, H.P, India, during the year
2018-2020. Effect of different bacterial formulations on
egg hatching and juvenile mortality of M. incognita was
studied in cavity blocks under the laboratory conditions.
The field evaluation of bacterial bioagents against M.
incognita in bottle gourd cultivar Punjab Round was done
in the experimental farm of Department of Entomol-
ogy situated at 1262 m above mean sea level (30°51.607 ’
North latitude and 77°09.951 ’ East longitude).

Bacterial formulations

The bacterial formulations, B. megaterium 1%
WP (2x10° CFU/g), B. ampyloliquifaciens 1% WP
(2 x 10® CFU/g), P. putida 1% WP (2 x 10® CFU/g), P. flu-
orescens 1% WP (2 x 10° CFU/g), used in the study were
procured from Division of Entomology and Nematology,
Indian Institute of Horticultural Research (ITHR), Hessar-
ghata Lake P.O. Bangalore 560 089, India.

Raising of pure culture of M. incognita

A single egg mass of M. incognita was isolated from
nematode culture on brinjal plants kept in a glasshouse at
23-28 C and a minimum of 50% RH and was placed in a
Petri dish filled with distilled water. Thus hatched second
stage juveniles from a single egg mass were inoculated
on separate brinjal seedlings grown in 500 g soil capac-
ity pots under aseptic conditions. The seedlings were
allowed to grow and were kept alive until the culture was
used for testing. This nematode culture was used in addi-
tional experiments.

Laboratory experiment

Extraction of M. incognita egg masses from infected roots
The inoculated brinjal seedlings’ nematode-infected
roots were carefully watered and uprooted. The roots
were separated from their shoots and thoroughly washed
under running water. For the extraction of egg masses,
the galled roots were kept in a plastic tube filled with
water. Fresh, even-sized egg masses were carefully picked
with forceps and placed in Petri dishes containing dis-
tilled water for juvenile hatching.

Extraction of M. incognita juveniles from egg masses

The Petri plates containing egg masses were kept at room
temperature for egg hatching. The hatched juvenile sus-
pension was concentrated in such a way that 1 ml sus-
pension contained 100 J2 individuals. This concentrated
freshly hatched juvenile suspension was used for further
studies.
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Effect of bacterial formulations on M. incognita egg hatching
Effects of four commercial formulations, P fluorescens,
P putida, B. amyloliquifaciens, and B. megaterium, on
M. incognita egg hatching were studied under labora-
tory conditions. Three concentrations of each formula-
tion, i.e., 4.0, 2.0, and 1.0% (w/w basis), were evaluated
for their effect on egg hatching of M. incognita in cavity
blocks. Three different concentrations were prepared
for each of the bioagents by using 100 ml sterilized dis-
tilled water. A spatula having 4gm of formulated bioagent
was added in 100 ml distilled water to prepare 4% con-
centration and further diluted to prepare 2 and 1% con-
centrations. A two ml of each bacterial suspension was
added to each cavity block. Uniform-sized egg masses
were hand-picked carefully from the galls with the help
of forceps. Five egg masses were transferred to each cav-
ity block containing a required concentration of bioag-
ents and were kept at room temperature. Each treatment
was replicated thrice. The observations on egg hatching
were recorded at 24-, 48-, 72-, 96- and 120-h intervals.
After 120 h., egg masses were transferred to sterile dis-
tilled water and unhatched eggs were counted for each
treatment.

Effect of bacterial formulations on M. incognita juveniles

All the 3 concentrations (4.0, 2.0, and 1.0%) of each bac-
terial formulation used against M. incognita eggs were
also evaluated for their effect on juveniles in cavity blocks
under laboratory conditions. Double strength suspen-
sions of each bacterial formulation were prepared in
sterile distilled water. After adding 2 ml of each suspen-
sion, the concentrations became half i.e., 4.0, 2.0, and
1.0%. Two ml of each suspension was placed in sepa-
rate cavity blocks. A concentrated 2 ml of juvenile water
suspension was added to each cavity block containing
required bacterial concentrations. There were 3 replica-
tions for each treatment. The cavity blocks were arranged
on a laboratory table, and the data on juvenile mortal-
ity were recorded at 24-h intervals up to 120 h. of expo-
sure. Juveniles were considered dead if they didn’t move
when probed with a fine needle and their body become
straight. At the end of the experiment, both dead and
alive juveniles were counted and percentage mortalities
were calculated.

Field experiment

Field evaluation of bacterial formulations against M.
incognita in bottle gourd

As cucurbitaceous vegetables are highly prone to phy-
toparasitic nematodes (especially RKN), an identified
nematode-sick field (Average initial nematode popula-
tion was 309.1 J2s per 200 cc soil) previously planted with
tomato crop in the Entomology farm of the University
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was selected for this experiment. Thirty-three beds, each
measuring 2 x 1 m (2 m?), were prepared in the selected
field. Various field preparation operations were fol-
lowed as per the package of practices recommended by
the university. During both the years, the seeds of Pun-
jab round variety of bottle gourd were treated with dif-
ferent bacterial formulations as (per the treatments) and
sown in the field during the first fortnight of June (2018
and 2019). In all, 11 treatments and 3 replications were
divided and randomized in the selected field. The treat-
ments evaluated were: T1—Neem cake@1 t/ha; T2—P.
putida@10 g/kg of seed; T3—B. megaterium@0 g/kg of
seed; T4—B. amyloliquefaciens@10 g/kg of seed; T5—P
fluorescens@10 g/kg of seed; T6—Neem cake@l t/ha+ P,
putida@10 g/kg of seed; T7—Neem cake@l t/ha+B.
megaterium@10 g/kg of seed; T8—Neem cake@l t/
ha+B. amyloliquefaciens@10 g/kg of seed; T9—Neem
cake@l t/ha+ P, fluorescens@10 g/kg of seed; T10—Car-
bofuran@1.0 kg a.i./ha, and T11—Control (untreated
check).

Standard cultural practices including irrigation, weed-
ing, hoeing, and thinning as recommended in the uni-
versity package of practices for vegetable crops were
followed throughout the experiment. The experiment
was terminated in the second fortnight of October when
cropping ceased.

Statistical analysis

Laboratory data obtained were subjected to angu-
lar transformation before analyzing the same by using
CRD (Completely Randomized Design). The inhibition
of the egg hatching was calculated using the formula:
I (%)=(C—T)/Cx100 (where I—the inhibition of the
egg hatching, T—number of eggs hatched or number of
juveniles in suspension in treatment, C—number of eggs
hatched or number of juveniles in suspension in the con-
trol). Data obtained from the field experiment were ana-
lyzed by using RBD through OPSTAT computer program
(Sheoran et al. 1998), and the treatments were compared
through critical difference (CD). Analysis of variance was
done as per the method suggested by Gomez and Gomez
(1984).

Soil microbial status

Soil samples were collected from plant rhizosphere and
screened through 2-mm sieve. The serial dilution tech-
nique was employed for isolation and identification
of viable bacteria and preparing the media for desired
microflora. The autoclaved and cooled (45 °C) medium
was poured into sterile Petri plates. Then medium was
allowed to solidify. One gram of sieved (2 mm) soil
was added to 9 ml sterile water blank and shook it for
15-20 min. prepared serial dilutions 10%, 103 10% 10°,
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10° 107, and 10%. One milliliter of aliquots was added
over cooled and solidified medium in Petri plates. Plates
were rotated for uniform distribution of spores and incu-
bated at 28 °C for 3-5 days.

Results

Efficacy of microbial formulations against M. incognita
(eggs and juveniles) under laboratory conditions

Egg hatching

All the concentrations of bioagents, viz. B. amyloliquifa-
ciens, B. megaterium, P. putida, and P. fluorescens, caused
significant reductions in M. incognita egg hatching than
the control. Mean percentage egg hatching was the low-
est (20.9%) in P. putida at 4% concentration (Fig. 1). Egg
hatching significantly decreased with the increase in bio-
agent concentrations and exposure periods from 24 to
120 h. Egg hatching remained higher at lower concentra-
tions and exposure periods.

Juvenile mortality

All the concentrations of bioagents, viz. B. amyloliquifa-
ciens, B. megaterium, P. putida, and P. fluorescens, caused
significant mortalities of M. incognita second-stage juve-
niles than the control. Maximum mean juvenile mor-
tality, i.e., 57.1%, was recorded in P fluorescens at 4%
concentration, followed by P. putida, B. megaterium, and
B. amyloliquifaciens (Fig. 2). Juvenile mortality was sig-
nificantly increased with the increase in exposure period
from 24 to 120 h. Interaction of concentrations and expo-
sure periods was found significant. The highest mortality
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was recorded in P fluorescens at 4% concentration at
120 h. of exposure period, i.e., 69.67%. Juvenile mortal-
ity remained lower at lower concentrations and exposure
periods.

Efficacy of microbial formulations against M. incognita
under field conditions

Lower nematode populations, galling indices, and higher
fruit yields were recorded in treatments, where bottle
gourd seeds were treated with microbial formulations
than the control. The application of neem cake increased
the efficacy of microbial bioagents resulting in further
reductions in nematode population, galling index, and
increase in yield. The pooled data of 2018 and 2019
revealed significant reductions in soil and root popula-
tions of RKN in bottle gourd in treatment T9, where
bottle gourd seeds were treated with P fluorescens along
with field application of neem cake@l t/ha, which was
followed by treatments involving P. putida and B. megate-
rium for seed treatment along with neem cake. The neem
cake application though resulted in a lower RKN popula-
tion in soil and roots, it was found statistically at par with
control. The neem cake application though resulted in a
lower root-knot nematode population in soil and roots, it
was found statistically at par with control. The treatments
with microbial formulations increased the fruit yield of
bottle gourd from 3.61 to 21.46%, with the maximum
increase in treatment involving seed treatment with P
fluorescens along with field application of neem cake,
followed by treatment involving seed treatment with B.
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Fig. 1 In vitro effect of microbial formulations on egg hatching of Meloidogyne incognita
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Fig. 2 In vitro effect of microbial formulations on second stage juveniles of Meloidogyne incognita

megaterium along with neem cake and P putida along
with neem cake.

Final nematode population

This study revealed that during both years, bottle gourd
plots with bacterial treatments resulted in lower soil pop-
ulations of M. incognita J, (Table 1; Fig. 3). The final soil
population of RKN juveniles ranged from 124.5 to 215.0
J, per 200 gm of soil against 332.5 juveniles per 200 gm
of soil in untreated check. The seed treatment with P

fluorescens and neem cake (T,) harbored the lowest RKN
soil population of, i.e.,, 124.5 juveniles per 200 cc soil
which was also found at par with J, population in other
treated plots.

The mean J, population in T; (Neem cake@lt/ha)
and T, (seed treatment with P. putida@10 g/kg of seed)
also showed statistical similarity with J, population in
untreated plots. All the treatments, except T; (Neem
cake@1t/ha), resulted in significant lower M. incognita
J, populations in bottle gourd roots than the untreated

Table 1 Efficacy of different microbial formulations against root-knot nematode (average initial nematode population=309.1 J2s per

200 cc soil) in bottle gourd (Pooled for 2018-2019)

Treatment Final M. incognita J2 Root gallindex Yield (t/ha) % Increase
population in yield over
control
200 cc soil 5 g root
T1—Neem cake@1 t/ha 0(14.60)7  34.2(5.82) 2.83 14.39 361
T2—P putida@10 g/kg of seed 198.3(13.62) 25.0(5.00) 241 15.23 8.93
T3—B. megaterium@10 g/kg of seed 157.3(12.54) 24.8(4.98) 231 16.12 13.96
T4—B. amyloliquefaciens@10 g/kg of seed 195.0 (13.95) 27.2(520) 253 15.50 10.51
T5—P fluorescens@10 g/kg of seed 1482 (12.14) 21.8(4.65) 1.98 16.05 13.58
T6—Neem cake@1 t/ha + P putida@10 g/kg of seed 130.0 (11.73) 21.0(4.56) 1.83 17.33 19.97
T7—Neem cake@1 t/ha + B. megaterium@10 g/kg of seed 1488 (12. 15) 21.8(4.66) 2.03 17.56 21.01
T8—Neem cake@1 t/ha + B. amyloliquefaciens@10 g/kg of seed ~ 158.7 (12.47) 223(4.73) 224 16.51 15.99
T9—Neem cake@1 t/ha + P fluorescens@10 g/kg of seed 124.5(11.14) 18.7(431)  1.68 17.66 2146
T10—Carbofuran@1.0 kg a.i/ha 177.0(13.29) 27.3(5.23) 230 17.08 18.79
T11—control (untreated check) 3325(17.87) 412(641) 342 13.87 -
CD (P=0.05) 3.59 0.70 0.76 2.61 -

@ Figures in the parentheses are square root transformed values
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check (Table 1). Minimum root population, i.e., 18.7 J,
per 5 g of the root, was recorded inT, (combined use
of neem cake and seed treatment with P. fluorescens),
which was also found at par with root population in
other treatments except for T1 (Neem cake alone).
Minimum total M. incognita ], population (124.5 and
18.7 J2s in soil and root, respectively) was also recorded
in T9 i.e. 143.2 M. incognita ] 2 per 200 cc of soil, fol-
lowed by T6 (T1+T2), T7 (T1+T3), T3 (seed treat-
ment with B. megaterium@10 g/kg of seed), T5 (seed
treatment with P fluorescens@10 g/kg of seed), T8
(T1+T4), T4 (seed treatment with B. amyloliquefa-
ciens@10 g/kg of seed), T2 (seed treatment with P
putida@10 g/kg of seed), and T1 (Neem cake 1t/ha)
against 204.3 nematodes in carbofuran (T10) and 373.5
nematodes in untreated check. The results showed that
plots with the combined use of bacterial formulations
with neem cake harbored a lower M. incognita J2 popu-
lation than the plots where bacterial formulations were
applied without neem cake.

Root gall index

The treatments with bacterial formulations significantly
resulted in a lower galling index in bottle gourd than the
control (Table 1; Fig. 4). Minimum gall index (1.68) was
recorded in T9 (seed treatment with P. fluorescens@10 g/
kg seed and neem cake at 1t/ha combination was used),
which was also found statistically similar to treatments
with microbial formulations and treated check, but was
found superior to alone application of neem cake (T1).

Crop yield

During both years, the treatments with bacterial for-
mulations along with neem cake application resulted in
higher fruit yield than the control (Table 1; Fig. 4). Maxi-
mum fruit yield (17.66 t/ha) was recorded in T, i.e., com-
bination of seed treatment with P, fluorescens@10 g/kg of
seed and application of neem cake at 1t/ha, followed by
the treatments T7, T6, T8, T3, T5, T4, T2, and T1, which
were statistically comparable to treated check (T11).
However, the differences in yield among treatments

Yield (t/ha
=
5]

T1 T2 T3 T4 T5

b Yield (t/ha) (2018) ket Yield (t/ha) (2019)
Fig. 4 Trend of root galling and yield attained during 2018 and 2019
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were found nonsignificant. The microbial formulations
resulted in 8.93 to 21.46% increase in bottle gourd fruit
than the control.

Soil bacterial count

Application of bacterial formulations and neem cake
increased the total bacterial count in the soil (Fig. 5).
The highest soil bacterial count (i.e., 128.0 x 10° per g of
soil) was recorded in T6, in which seed treatment with P
putida was combined with neem cake, which was also at
par with T7 (119.66 x 10° per g of soil) and followed by
T8 (112.66 x 10° per g of soil). The soil bacterial count in
T2 was found statistically at par with the treatments T3,
T7, T8, and T9, while bacterial soil population in T3 was
also at statistical similarity with T4 and T9. The lowest
soil bacterial count (61 x 10° per g of soil) was recorded
in T10 (Carbofuran 3G), which was lower than the
untreated check (T11).

Discussions

A good number of bacterial biocontrol agents was iden-
tified for their nematicidal action on RKN and becomes
a promising source of biopesticides. Among the biologi-
cal control agents, antagonistic bacteria, nematophagous
fungi, and yeasts are promising agents against nematodes
(Jayakumar, 2019). Migunova and Sasanelli (2021) pre-
sented a detailed insight about antagonistic interactions
of various potential bacterial species, including the spe-
cies used under the present study against plant-parasitic
nematodes. The present investigations referring to bio-
efficacy of various bacterial formulations (2 fluorescens,
P putida, Bacillus amyloliquifaciens, and B. megate-
rium) against RKN were more or less in agreement with
the findings of Mane and Mhase, 2017, who reported
inhibition of egg hatching and juvenile mortality of M.
incognita.
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Fig. 5 Effect of microbial formulations on total bacterial count in soil

(cfu/g of soil)

Page 7 of 9

The egg hatch inhibition and juvenile mortality of RKN
might be due to nematicidal effects of volatile bacterial
metabolites. Liu et al. (2013) suggested that release of
an unknown compound, plantazolicin, which is struc-
turally similar to telomerase inhibitor telomestatin,
might be responsible for the nematicidal activity of B.
amyloliquefaciens.

In unison with the present results, various studies have
reported reductions in nematode populations with the
application of microbial formulations under field con-
ditions. Minimum M. incognita root population and
galling were reported in tomato plants treated with P
fluorescens, which could be due to the production of phy-
tohormones that indirectly increased the overall root
growth (Noureldeen et al. 2021). Radwan et al. (2012)
also reported the inhibition of M. incognita by P. putida
and B. megaterium in both soil and roots with reduced
galling in tomatoes. Reduction in final nematode popu-
lation and root gall index through the application of
neem leaves was recorded in bottle gourd (Singh and
Patel, 2015). According to Siddique et al. (2001), the plant
growth-promoting rhizobacteria reduced galling and egg
masses on the roots of tomatoes caused by RKN, result-
ing in enhanced production. The inference of Weller et al.
(2002) also suggested that some species of Pseudomonas
bacteria were aggressive colonizers of plant rhizosphere
with a broad-spectrum antagonistic activity against plant
pathogens like nematodes.

The combination of neem cake with bacterial treat-
ments further enhanced the soil bacterial count. The
increase in soil microbial count with the application of
nematode antagonistic bacteria also reported by other
workers. Mane and Mhase (2017) observed that treat-
ments with P, fluorescens resulted in 1 x 10° cfu/cc of soil.
Qiao et al. (2017) obtained similar results in case of Bacil-
lus spp., when applied to the tomato rhizosphere. Hola-
jjer et al. (2018) identified DAPG-producing isolates of P.
putida as an antagonist to M. arenaria and caused sig-
nificant high mortality after an exposure period of 72 h
at 100% concentration and recorded maximum reduc-
tion (51.30%) in root galling with the combination of seed
treatment and soil application of P. putida DAPGLI.

The results of the present study inferred that bacte-
rial bioagents B. amyloliquefaciens, B. megaterium, P
fluorescens, and P. putida had potential for the control of
RKN in the laboratory as well as under field conditions
in bottle gourd, i.e., resulted in inhibition of egg hatching
and juvenile mortality of M. incognita. The application
of neem cake further increased the efficacy of microbial
agents. The seed treatment with P. putida and neem cake
harbored the lowest RKN population of, i.e., 144.3 juve-
niles per 200 cc soil. The treatments with bacterial for-
mulations along with neem cake application resulted in
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higher fruit yield (17.66 t/ha). Abd El-Aal et al. (2021)
recommended the use of organic modifications with
productive rhizobacterial strains to enhance the effect
of the bacteria against M. incognita. Drenching with B.
subtilis@10 ml/liter at transplanting resulted about 19.2,
58.1, and 43.1% improvement in shoot height, dry weight
of shoot and root, respectively, whereas 62.2 and 62.3%
reductions were recorded in galls and egg masses (Dash
et al. 2015). Reduction in root galling in tomato due to
treatment of B. pumilis isolate ZHA90 under green-
house conditions was reported by Cetintas et al. (2018).
Sreegyathri et al. (2018) reported a higher fruit yield and
reduction in root gall index in bitter gourd with Pseu-
domonas (Pf 1) and Bacillus (PG 12) isolates at Coim-
batore, Tamil Nadu. Nyodu and Das (2020) also reported
minimum galls and egg masses per root system and
final nematode population and maximum plant growth
parameters in tomato (var. Pusa Ruby) with P floures-
cens@20 g/kg of seed.

In exception to Terefe et al. (2009), not many stud-
ies determine the role of colony-forming units of bacte-
rial concentrations to be applied for the control of plant
parasitic nematodes. However, Aballay et al. (2021) con-
tradicts the previous statements indicating that higher
cfu formulations do not enhance the degree of nematode
control, emphasizing on the use of lower concentrations
in integrated management modules. On the other hand,
the lowest bacterial counts obtained from carbofuran
treated soil may be attributed to the harmful effect of the
chemical (Carbofuran 3G) on bacteria.

Conclusions

All the bioagents, viz. B. amyloquefaciens, B. megaterium,
P. fluorescens, and P. putida, inhibited egg hatching and
caused juvenile mortality of M. incognita under labora-
tory conditions, whereas, under field conditions, all the
bioagents caused a reduction in root and soil popula-
tion, root gall index, and found to enhance the fruit yield
in bottle gourd. These formulations outperformed in the
presence of neem-based soil amendments against M.
incognita in bottle gourd providing an insight into the
pathogenic relationship between the biocontrol agents
and the pathogen. The present study proposed long-term
research to improve the pathogenic potential of biocon-
trol agents against M. incognita.
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