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Abstract 

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 ×  106 CFU/g), B. amyloliquifaciens 1% WP (2 ×  108 CFU/g), Pseudomonas putida 1% WP 
(2 ×  108 CFU/g), P. fluorescens 1% WP (2 ×  109 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 
in field conditions in bottle gourd.
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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 

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.

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 ʹ 
North latitude and 77°09.951 ʹ East longitude).

Bacterial formulations
The bacterial formulations, B. megaterium 1% 
WP (2 ×  106  CFU/g), B. amyloliquifaciens 1% WP 
(2 ×  108 CFU/g), P. putida 1% WP (2 ×  108 CFU/g), P. flu-
orescens 1% WP (2 ×  109 CFU/g), used in the study were 
procured from Division of Entomology and Nematology, 
Indian Institute of Horticultural Research (IIHR), 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 ℃ 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 

was selected for this experiment. Thirty-three beds, each 
measuring 2 × 1 m (2  m2), 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@1 t/ha + P. 
putida@10  g/kg of seed; T7—Neem cake@1 t/ha + B. 
megaterium@10  g/kg of seed; T8—Neem cake@1 t/
ha + B. amyloliquefaciens@10  g/kg of seed; T9—Neem 
cake@1 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)/C × 100 (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  102,  103,  103,  105, 
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 106,  107, and  108. 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 

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@1 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. 

Fig. 1 In vitro effect of microbial formulations on egg hatching of Meloidogyne incognita 
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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  J2 (Table 1; Fig. 3). The final soil 
population of RKN juveniles ranged from 124.5 to 215.0 
 J2 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  (T9) harbored the lowest RKN 
soil population of, i.e., 124.5 juveniles per 200  cc soil 
which was also found at par with  J2 population in other 
treated plots.

The mean  J2 population in  T1 (Neem cake@1t/ha) 
and  T2 (seed treatment with P. putida@10 g/kg of seed) 
also showed statistical similarity with  J2 population in 
untreated plots. All the treatments, except  T1 (Neem 
cake@1t/ha), resulted in significant lower M. incognita 
 J2 populations in bottle gourd roots than the untreated 

Fig. 2 In vitro effect of microbial formulations on second stage juveniles of Meloidogyne incognita 

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)

a Figures in the parentheses are square root transformed values

Treatment Final M. incognita J2 
population

Root gall index Yield (t/ha) % Increase 
in yield over 
control

200 cc soil 5 g root

T1—Neem cake@1 t/ha 215.0 (14.60)a 34.2(5.82) 2.83 14.39 3.61

T2—P. putida@10 g/kg of seed 198.3 (13.62) 25.0(5.00) 2.41 15.23 8.93

T3—B. megaterium@10 g/kg of seed 157.3 (12.54) 24.8(4.98) 2.31 16.12 13.96

T4—B. amyloliquefaciens@10 g/kg of seed 195.0 (13.95) 27.2(5.20) 2.53 15.50 10.51

T5—P. fluorescens@10 g/kg of seed 148.2 (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 148.8 (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) 22.3 (4.73) 2.24 16.51 15.99

T9—Neem cake@1 t/ha + P. fluorescens@10 g/kg of seed 124.5(11.14) 18.7(4.31) 1.68 17.66 21.46

T10—Carbofuran@1.0 kg a.i./ha 177.0(13.29) 27.3(5.23) 2.30 17.08 18.79

T11—control (untreated check) 332.5 (17.87) 41.2 (6.41) 3.42 13.87 –

CD (P = 0.05) 3.59 0.70 0.76 2.61 –
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check (Table 1). Minimum root population, i.e., 18.7  J2 
per 5  g of the root, was recorded  inT9 (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  J2 population (124.5 and 
18.7 J2s in soil and root, respectively) was also recorded 
in T9 i.e. 143.2 M. incognita J 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  T9, 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 
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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 ×  106 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 ×  106 per g of soil) and followed by 
T8 (112.66 ×  106 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 ×  106 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 (P. 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.

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 ×  109 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 DAPG1.

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.

Abbreviations
CFU: Colony-forming unit; DAPG: 2,4 Diacetylphloroglucinol; IIHR: Indian 
Institute of Horticultural Research; J2: M. incognita second-stage juveniles; NHB: 
National Horticulture Board; RKN: Root-knot nematode; WP: Wettable powder.

Acknowledgements
We would like to acknowledge Dr. Yashwant Singh Parmar University of 
Horticulture and Forestry, Nauni, Solan, HP, India-173230, for supporting this 
research. We are also grateful to Professor and Head, Department of Entomol-
ogy, Dr. YSPUHF, Nauni, (H.P.), India, for providing necessary facilities during 
experiments.The authors are thankful to the Project Coordinator (AICRP, Nema-
todes) for financial assistance and technical guidance for carrying out these 
studies and IIHR Bangalore for supplying the biocontrol agents.

Authors’ contributions
MS designed the experiment and conducted the field experiments. PR 
conducted the laboratory experiments along with field experiments, analyzed 
the data, and drafted the manuscript with inputs from all authors. HP, MS, 
and MS collaborated closely with PR in the whole process and writing of the 
manuscript. All authors read and approved the final manuscript.

Authors’ information
Priyanka Rani is M.Sc. Research Scholar and has specialization in Agriculture 
Entomology, Department of Entomology, Dr. YSP UHF, Nauni, Solan, Himachal 
Pradesh, India; Mohinder Singh (Ph.D., PDF) is Principal Scientist and Incharge 
of Nematology Laboratory, Department of Entomology, Dr. YSP UHF; Hema 
Prashad (Ph.D.) and Monika Thakur (Ph.D.) are Research Fellows in Department 
of Entomology, Dr. YSP UHF.

Funding
AICRP, Nematodes (HCR-193-07).

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
We, the authors do not have any competing interests.

Received: 27 December 2021   Accepted: 17 March 2022

References
Aballay E, Prodan S, Correa P, Allende J (2021) Assessment of rhizobacterial 

consortia to manage plant parasitic nematodes of grapevine. Crop Prot 
131:105103. https:// doi. org/ 10. 1016/j. cropro. 2020. 105103

Abd El-Aal EM, Shahen M, Sayed S, Kesba H, Ansari M J, El-Ashry R M, Eldeeb 
A M (2021). In vivo and in vitro management of Meloidogyne incognita 
(Tylenchida: Heteroderidae) using rhizosphere bacteria, Pseudomonas 
spp. and Serratia spp. compared with oxamyl. Saudi J Biol Sci 
28(9):4876–4883. https:// doi. org/ 10. 1016/j. sjbs. 2021. 06. 078

Backer R, Rokem JS, Ilangumaran G, Lamont J, Praslickova D, Ricci E, Sub-
ramanian S, Smith DL (2018) Plant growth-promoting rhizobacteria: 
context, mechanisms of action, and roadmap to commercialization of 
biostimulants for sustainable agriculture. Front Plant Sci 9:1473. https:// 
doi. org/ 10. 3389/ fpls. 2018. 01473

Cetintas R, Kusek M, Fateh SA (2018) Effect of some plant growth-promoting 
rhizobacteria strains on root-knot nematode, Meloidogyne incognita, 
on tomatoes. Egypt J Biol Pest Control 28:7. https:// doi. org/ 10. 1186/ 
s41938- 017- 0008-x

Dash S, Behera S, Behera BS (2015) Efficacy of biocontrol antagonists against 
root-knot nematode, meloidogyne incognita infecting tomato. Int J 
Agric Sci 5(5):405–414

Forghani F, Hajihassani A (2020) Recent advances in the development of envi-
ronmentally benign treatments to control root-knot nematodes. Front 
Plant Sci 11:1125. https:// doi. org/ 10. 3389/ fpls. 2020. 01125

https://doi.org/10.1016/j.cropro.2020.105103
https://doi.org/10.1016/j.sjbs.2021.06.078
https://doi.org/10.3389/fpls.2018.01473
https://doi.org/10.3389/fpls.2018.01473
https://doi.org/10.1186/s41938-017-0008-x
https://doi.org/10.1186/s41938-017-0008-x
https://doi.org/10.3389/fpls.2020.01125


Page 9 of 9Rani et al. Egyptian Journal of Biological Pest Control           (2022) 32:29  

Gomez KA, Gomez AA (1984) Statistical procedures for agricultural research. 
Wiley, New York

Gowda MT, Rai AB, Singh B (2017) Root-knot nematode: a threat to vegetable 
production and its management. IIVR, Technical Bulletin No. 76, Army 
Printing Press, Varanasi. 32p. http:// krishi. icar. gov. in/ jspui/ handle/ 12345 
6789/ 22119

Heiser CB Jr (1979) The gourd book. University of Oklahoma Press, Norman
Holajjer P, Dey R, Pal KK, Chakraborty K, Harish G, Nataraja MV, Deepak E (2018) 

Assessment of nematicidal properties of fluorescent pseudomonas 
using peanut root-knot nematode, Meloidogyne arenaria. Biol Control 
32:193–202. https:// doi. org/ 10. 18311/ JBC/ 2018/ 21359

Jayakumar J (2019) An evaluation of biocontrol agents for management 
of sugarcane nematodes under field condition. Ann Plant Prot Sci 
27:261–263

Kofoid CA, White WA (1919) A new nematode infection of man. J Am Med 
Assoc 72:567–569

Kumar V, Khan MR, Walia RK (2020) Crop loss estimations due to plant-parasitic 
nematodes in major crops in India. Natl Acad Sci Lett. https:// doi. org/ 10. 
1007/ s40009- 020- 00895-2

Liu Z, Budiharjo A, Wang P, Shi H, Fang J, Borriss R, Zhang K, Huang X (2013) 
The highly modified microcin peptide plantazolicin is associated with 
nematicidal activity of Bacillus amyloliquefaciens FZB42. Appl Microbiol 
Biotechnol 97:10081–10090. https:// doi. org/ 10. 1007/ s00253- 013- 5247-5

Mane PB, Mhase NL (2017) Bioefficacy of different bioagents against root-knot 
nematode, Meloidogyne incognita infesting bottle gourd under laboratory 
conditions. Int J Plant Prot 10(1):87–91. https:// doi. org/ 10. 15740/ HAS/ 
IJPP/ 10.1/ 87- 91

Migunova VD, Sasanelli N (2021) Bacteria as biocontrol tool against phytopara-
sitic nematodes. Plants 10(2):389. https:// doi. org/ 10. 3390/ plant s1002 
0389

Noureldeen A, Asif M, Ansari T, Khan F, Shariq M, Ahmad F, Mfarrej MFB, Khan 
A, Tariq M, Siddiqui MA, Al-Barty A, Darwish H (2021) Effect of individual, 
simultaneous and sequential inoculation of Pseudomonas fluorescens and 
Meloidogyne incognita on growth, biochemical, enzymatic and nonenzy-
matic antioxidants of tomato (Solanum lycopersicum L.). Plants 10:1145. 
https:// doi. org/ 10. 3390/ plant s1006 1145

Nyodu K, Das D (2020) Efficacy of some bacterial biocontrol agents as seed 
treatment against root-knot nematode, Meloidogyne incognita on 
tomato. Int J Curr Microbiol 9(9):1043–1046. https:// doi. org/ 10. 20546/ 
ijcmas. 2020. 909. 129

Oka Y, Kolta H, Bar-Eyal M, Mor M, Sharon E, Chet I, Spiegel Y (2000) New 
strategies for the control of plant-parasitic nematodes. Pest Manag Sci 
56:983–988

Purseglove JW (1974) Tropical Crops-Dicotyledons. Longmans, London
Qiao J, Yu X, Liang X, Liu Y, Borris R, Liu Y (2017) Addition of plant-growth-pro-

moting Bacillus subtilis PTS-394 on tomato rhizosphere no durable impact 
on composition of root microbiome. BMC Microbiol 17:131

Radwan MA, Farrag SAA, Elamayem A, Ahmed NS (2012) Biological control 
of the root knot nematode, Meloidogyne incognita on tomato using 
bioproducts of microbial origin. Appl Soil Ecol 56:58–62. https:// doi. org/ 
10. 1016/j. apsoil. 2012. 02. 008

Sheoran OP, Tonk DS, Kaushik LS, Hasija RC, Pannu RS (1998) Statistical software 
package for agricultural research workers. In: Hooda DS, Hasija RC (eds) 
Recent advances in information theory, statistics & computer applica-
tions. Department of Mathematics Statistics, CCS HAU, Hisar, pp 139–143

Siddique IA, Ehetshamul-Haque S, Shaukat SS (2001) Use of rhizobacteria in 
the control of root rot-root knot disease complex of mungbean. J Phyto-
pathol 149:337–346

Singh T, Patel BA (2015) Management of root-knot nematode (Meloidogyne 
incognita) in bottle gourd using different botanicals in pots. J Parasit Dis 
39(3):441–445. https:// doi. org/ 10. 1007/ s12639- 013- 0361-y

Sonkar SS, Bhatt J, Meher J, Kashyap P (2018) Bio-efficacy of Pseudomonas 
fluorescens against the Root-Knot Nematode (Meloidogyne incognita) in 
Tomato Plant. Int J Curr Microbiol Appl Sci 7(11):1692–1699

Sreegyathri S, Karthikeyan G, Rajendran L, Shanthi A, Jegathesh RR (2018) 
Effect of root-knot nematode (Meloidogyne incognita) infestation on 
severity of wilt (Fusarium solani) in bitter gourd and its management. 
Madras Agric J 105:579–588

Stirling GR (2014) Biological control of plant-parasitic nematodes. Annu Rev 
Phytopathol 24:453–489. https:// doi. org/ 10. 1146/ annur ev. py. 24. 090186. 
002321

Terefe M, Tefera T, Sakhuja PK (2009) Effect of a formulation of Bacillus firmus on 
root-knot nematode Meloidogyne incognita infestation and the growth 
of tomato plants in the greenhouse and nursery. J Invertebr Pathol 
100:94–99

Weller DM, Raaijmakers JM, Mcspadden BB, Thomashow LS (2002) Microbial 
populations responsible for specific soil suppressiveness to plant patho-
gens. Annu Rev Phytopathol 40:309–348

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://krishi.icar.gov.in/jspui/handle/123456789/22119
http://krishi.icar.gov.in/jspui/handle/123456789/22119
https://doi.org/10.18311/JBC/2018/21359
https://doi.org/10.1007/s40009-020-00895-2
https://doi.org/10.1007/s40009-020-00895-2
https://doi.org/10.1007/s00253-013-5247-5
https://doi.org/10.15740/HAS/IJPP/10.1/87-91
https://doi.org/10.15740/HAS/IJPP/10.1/87-91
https://doi.org/10.3390/plants10020389
https://doi.org/10.3390/plants10020389
https://doi.org/10.3390/plants10061145
https://doi.org/10.20546/ijcmas.2020.909.129
https://doi.org/10.20546/ijcmas.2020.909.129
https://doi.org/10.1016/j.apsoil.2012.02.008
https://doi.org/10.1016/j.apsoil.2012.02.008
https://doi.org/10.1007/s12639-013-0361-y
https://doi.org/10.1146/annurev.py.24.090186.002321
https://doi.org/10.1146/annurev.py.24.090186.002321

	Evaluation of bacterial formulations as potential biocontrol agents against the southern root-knot nematode, Meloidogyne incognita
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Bacterial formulations
	Raising of pure culture of M. incognita
	Laboratory experiment
	Extraction of M. incognita egg masses from infected roots
	Extraction of M. incognita juveniles from egg masses
	Effect of bacterial formulations on M. incognita egg hatching
	Effect of bacterial formulations on M. incognita juveniles

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

	Statistical analysis
	Soil microbial status

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

	Juvenile mortality
	Efficacy of microbial formulations against M. incognita under field conditions
	Final nematode population
	Root gall index
	Crop yield
	Soil bacterial count

	Discussions
	Conclusions
	Acknowledgements
	References


