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Meloidogyne graminicola has a well-established negative impact on rice yield, resulting in
yield losses of up to 20 to 90 percent. Studies were undertaken to isolate native strains of
potential bio-control agents to manage RRKN. Eighteen bacterial strains and eleven fungal
strains were isolated from the rhizosphere of crops like rice, okra, ash gourd, chili, beans
and cucumber, enveloping diverse soil types of the Upper Brahmaputra Valley region of
Assam. Morphological findings stated that six bacterial strains were gram-positive while
twelve stained negatively, fifteen bacteria were rod-shaped, two were coccus and one
diplococcus in shape and all the bacterial isolates exhibited motility. All the bacterial
strains exhibited positivity for gelatin hydrolysis and catalase test. Seven bacteria showed
positive while eleven showed negative reactions to the citrate test. The study of the in
vitro efficacy of the twenty-nine bacterial and fungal isolates tested against second stage
juveniles (J,) of Meloidogyne graminicola revealed that all the bacterial and fungal isolates

potentially inhibited the test organism and caused significant mortality over sterile water
treatment. The promising bacterial and fungal isolates that exhibited mortality above 50%
were identified as BSH8, BTS4, BTS5, BJA15, FJB 11 and FSH5. The strain BSH8 exhibited
the best result of mortality with 80.79% mortality against J, of M. graminicola. The
effective and promising bio agents were identified using the 16 S rRNA sequencing and the
organisms were identified as Bacillis subtilis (BSH8), Bacillus velezensis (BTS4), Alcaligenes
faecalis (BTS5), Rhizobium pusense (BJA15), Talaromyces allahabadensis (FSH5) and
Trichoderma asperellum (F)B11). These results indicated the microorganism's potential
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against M. graminicola and its potential for successful biological implementation. Further
the native strains could be tested against various nematode pests of rice in field

conditions. Its compatibility with various pesticides and implication of the potential strains
in IPM can be assessed.
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Abstract:

Meloidogyne graminicola has a well-established negative impact on rice yield, resulting in yield
losses of up to 20 to 90 percent. Studies were undertaken to isolate native strains of potential bio-
control agents to manage RRKN. Eighteen bacterial strains and eleven fungal strains were isolated
from the rhizosphere of crops like rice, okra, ash gourd, chili, beans and cucumber, enveloping
diverse soil types@the Upper Brahmaputra Valley region of Assam. Morphological findings
stated that six bacterial strains were gram-positive while twelve stained negatively, fifteen bacteria
were rod-shaped, two were coccus and one diplococcus in shape and all the bacterial isolates
exhibited motility. All the bacterial strains exhibited positivity for gelatin hydrolysis and catalase
test. Seven bacteria showed positive while eleven showed negative reactions to the citrate test. The
study of the in vitro efficacy of the twenty-nine bacterial and fungal isolates tested against second
stage juveniles (J,) of Meloidogyne graminicola revealed that all the bacterial and fungal isolates
potentially inhibited the test organism and caused significant mortality over sterile water treatment.
The promising bacterial and fungal isolates that exhibited mortality above 50% were identified as
BSHS8, BTS4, BTS5, BJA15, FIB 11 and FSHS. The strain BSH8 exhibited the best result of
mortality with 80.79% mortality against J, of M. graminicola. The effective and promising bio
agents were identified using the 16 S rRNA sequencing and the organisms were identified as
Bacillis subtilis (BSHS8), Bacillus velezensis (BTS4), Alcaligenes faecalis (BTSS5), Rhizobium
pusense (BJA1S5), Talaromyces allahabadensis (FSHS) and Trichoderma asperellum (FIB11).
These results indicated the microorganism's potential against M. graminicola and its potential for
successful biological implementation. Further the native strains could be tested against various
nematode pests of rice in field conditions. Its compatibility with various pesticides and implication

of the potential strains in [IPM can be assessed.

Key words: Rhizospheric, Bacillus. vel = nsis, Meloidogyne graminicola, mortality
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1. Introduction

Rice (Oryza sativa) is a crucial food crop that plays a significant role in the world's
socioeconomic scenario. It provides nourishment to around four billion people, and spreads over
160 million hectares. The significance of this crop can be measured by the fact that it contributes
to 20% of the total calorie intake globally (Le, 2010). Rice is widely recognized as an essential
dietary cereal crop, ranking second in terms of the area it is grown (Devi and Ponnarasi, 2009).The
crops delivers approximately 67% and 34% of the energy input for nearly 3 billion people in
eastern Asia and 1500 million people in Latin America and Africa respectively. In India rice covers
a major share of the food plate for about 800 million people, fulfilling the 43% calorie requirement
and contributing nearly 40% and 55% to the country's food grain and cereal production
respectively (Pathak et al, 2020).India ranks 9%in productivity ratio with average yield across India

estimated to be approximately 2.7 thousand kg/ha (https://www.statista.com/statistics/764299/india-

vield-of-rice/). Lagging productivity in rice cultivation can be attributed to various biotic and abiotic
factors. Biotic factors, such as the resurgence of insects and pests, including nematodes, pose a
persistent threat to rice crops. Plant parasitic nematodes alone result in a staggering 21.3% crop
loss, equivalent to approximately 102,039.79 million rupees per year (Kumar et al., 2020). Over
210 species of plant parasitic nematodes have been reported to be associated with rice crop (Prot,
1994). The economically important nematodes associated with the crop are Meloidogyne
graminicola, Dictylenchus angustus, Heterodera oryzicola, Aphelenchoides besseyi,
Hirschmanniella spp. Dictylenchus angustus and Aphelenchoides besseyi feed on the aboveground
parts. Rice root-knot nematode (M. graminicola), stem nematode (Ditylenchus angustus), white
tip nematode (Aphelenchoides besseyi), and cyst nematode (Heterodera oryzicola) were
collectively projected to cause yield losses of 10.50 percent and losses of 779.30 million rupees,

respectively (Jain et al., 2007).

M. graminicola is a sedentary obligate endo-parasitic nematode and its female reproduces
by meiotic parthenogenesis and amphimixis. It lays eggs (200-500) inside the root in a gelatinous
matrix. First-stage juveniles (IJ<) -re produced after 4-7 days, and they molt into second-stage
juveniles in next 2-3 days (J,). Under favorable environmental conditions, the infectious J; is
poised to hatch out of the egg. The J; is the infective stage and it enters through the elongation
zone and induces the formation of syncytium and gall (Abad et al. 2003). The loss caused by M.
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graminicola alone was reported at a range of 16-32% in irrigated and 11-74% in flooded and
submerged paddy in India (Soriano et ¢ . 2000).Overall, M. graminicola has a well-established
negative impact on rice yield, resulting in yield losses of up to 20 to 90 percent. The pathogenic
nematodes in soil not only act as primary invaders against agricultural crops but also supplement
the secondary pathogens like bacteria, fungi, viruses, etc., in establishing disease quadrangle. The
use of chemical pesticides has been a quick solution for managing nematodes, but the recent focus
on sustainability and the harmful effects of pesticides has led to the need for a safer alternative.
The shift towards more sustainable practices has made it imperative to find a safer solution for

managing pests.

Bio-control agents (BCA) are the potentially efficient microorganisms in the rhizosphere
that can be harnessed and successfully implicated against detrimental microorganisms
(Rayemakers, 2020).Studies reported the successful application and identification of bioagents for
the control of nematode plant diseases (Nagendranet al., 2013), however recently efficient bio-
control agents like Pasteuria penetrans, Bacillus sp., Verticillium chlamydosporium,
Paecilomyces lilacinus, Trichoderma spp. etc. have shown promising results against various plant
parasitic nematodes like Meloidogyne spp., Aphelenchus avenae, Globodera spp., Pratylenchus
spp., Heterodera spp., Rotylenchulus spp (Tothne Bogdyani et al., 2021). Assam is an important
state in India under the BGRIE (Bringing Green Revolution to Eastern India) with a total area of
2.28 million hectares under rice with production rate of 4.86 million tons (Agriculture statistics at
a glance, 2019) and parallel in fronting the menace of M. graminicola which threats the crop
sustainability. Therefore a study was undertaken to isolate and identify the promising native
bioprotective rhizospheric microorganisms from Upper Brahmaputra Valley region of Assam
(UBVA) and in succession the invitro efficacy of the isolated strains against the disease causing

second stage juveniles of rice root knot nematode M. graminicola.

2. Material and Methodology

2.1. Maintenance of inoculum (Meloidogyne graminicola)

The pure culture of the rice root-knot nematode Meloidogyne graminicola was

maintained in the susceptible rice variety Luit in pots, in the Department of Nematology, Assam
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Agricultural University, Jorhat for its requisite during the course of in-vitro evaluation. The seeds
were obtained from ICR Farm, seedlings were germinated and then transplanted into Skg pots for

inoculum maintenance.

2.2. Collection of soil samples

A roving survey was conducted in the month of August 2021from areas of UBVA like
Alengmora, Sibsagar, Titabor, Jorhat, Golaghat and around 110 soil samples (100gms each) were
collected from the rhizosphere of various crops like ash gourd, chili, okra, rice, beans, and
cucumber (Table 1).The soil samples were labeled with various information like date of collection,

age of the crop, type of soil, and variety of crop and were refrigerated at 5-10°C until further use.

2.3. Isolation of bacterial and fungal isolates

The soil samples collected from the crop's rhizosphere were thoroughly mixed individually and
about 1 gm of the soil was weighed and taken for isolation of bacterial bioagents. The isolation of
bacterial bioagents from soil involved the use of serial dilution procedures. Sterile dilution blanks
were marked sequentially, starting from stock and10-! to 10, A fresh sterile pipette transferred
one ml from the stock to the 10-! dilution blank. From a dilution tube of 10”7, 0.1ml of dilution
fluid was transferred into nutrient agar culture media. The plates with soil fluid were sealed using
paraffin wax and incubated at 28+2°C for 24 hours in order to recover the maximum possible
colonies of bacteria. After 24 hrs., the morphologically different bacterial colonies were selected
and were repeatedly streaked to achieve pure bacterial colonies (Table 1). The same protocol was
followed for the isolation of fungal bioagents, but instead of nutrient agar, PDA was used as a
culture media, and the plates were incubated for 3-4 days. The morphologically different fungal

colonies were selected and repeatedly streaked to achieve pure fungal colonies (Table 1).

2.4. Morphological and biochemical characterization of bacterial isolates

Colony characters like size, shape, color of the colonies, and gram stain were recorded as
cultural and morphological characters of the bacteria. A few biochemical tests such as KOH

solubility test, starch hydrolysis test, citrate test, catalase test, and gelatin hydrolysis tests were
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also conducted for identification of the bacteria following protocols given in The Bergey's Manual

of Determinative Bacteriology (De Ley and Frateur, 1974) (S. Figure 7).

2.5. Preparation of culture filtrates

Pure bacterial isolates were seeded to 100 ml of nutrient broth media and were incubated
at 28°C for 48 hours. The liquid suspension was passed through Whatman No. 1 filter paper and
once through a bacterial filter (Aalten and Gowen, 1998) and then centrifuged for 15 minutes at
6000 rpm. The suspended residues were discarded once the supernatant was collected for testing.
The same procedure was repeated for fungal bioagents, but instead of nutrient broth, potato

dextrose broth was used as a seeding agent for pure fungal isolates.

2.6. In vitro efficacy of bacterial and fungal bio-agents

The extracted cell-free culture filtrates of isolated bacterial and fungal bio-agents were
considered as stock solution (100% concentration). The sterile water was added to the stock
solution to have S/2, S/4, and S/8 concentrations of cell-free bacterial and fungal culture
filtrates. Two ml of cell-free stock culture filtrate of isolated bacterial and fungal bio-agents were
poured into the sterile cavity blocks. To each cavity block 50 freshly hatched juvenile (J,) of M.
graminicola isolated overnight were added. A completely randomized block design (3 factorial
CRD) with three replications was used to arrange all cavity blocks stored in the lab at room
temperature. At 6, 12, 24, and 48 hours after exposure, observations on juvenile mortality were
made. Apart from the treatments with different bioagent concentrations of culture filtrates, sterile
distilled water (SDW) was also maintained as a control. The percent juvenile mortality was

calculated using the formula given below:

Number of dead juvenilesin the treatment y

Percent mortality = 100

Total number of juveniles in the treatment

2.7. Identification of efficient bio-agents
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The bacterial and fungal isolates exhibiting minimum 50 % mortality in the in vitro assay
were selected for amplification of the 16S rDNA. Genomic DNA and were extracted using
the EXpure Microbial DNA extraction kit from Bogar Bio Bee stores Pvt. Ltd. Amplification
of the genomic DNA were carried out using 16S rRNA based primer i.e. forward primer—
27F (5" AGAGTTTGATCTGGCTCAG 3') and reverse primer- 1492R (5’
TACGGTACCTTGTTACGACTT 3').The PCR product obtained from bacteria were sequenced
at Triyat scientific Co. Pvt. Ltd., Maharashtra. The phylogeny analysis of query sequence with
the closely related sequence of MUSCLE 3.7 was used for multiple alignments of sequences
(Edgar, 2004) and the program Tree Dyn 198.3 was used for the construction of phylogenetic trees
(Dereeper et al., 2008) (Table 2).

2.8. Statistical analysis

The invitro three factorial completely randomized design statistical programs were used to analyze
data on percent mortality statistically. The main effects' isolates, concentrations, times of exposure,
and their interactions were assessed for important differences at P=0.05.The percentage values
were subjected to arcsin transformation and data were analyzed using SAS and IBM SPSS
statistics 20.0 software. Tukey test and DMRT test wereconducted to determine the significance
of treatments.The experimental data obtained were analyzed by following Fisher's method of
Analysis of Variance.Thestandard error of deviation (S.Ed) between the mean of the treatment

combination was calculated as:

SEd+— 2 x Error Mean {Squgre
Number of replication

3. Results

3.1. Isolation and characterization of bacterial bioagents from crop rhizosphere

Among the 110 soil samples taken from the Upper Brahmaputra Valley region of Assam, a total
of n=18 potential spore forming bacterial microorganisms and n=11 potential fungal isolates were
isolated and pure cultures were maintained based on colonial morphology, microscopy,

biochemical reactions. The spore-forming bacterial strains were selected for further confirmatory
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tests.The locality and village from where they were isolated, as well as their classification as
bacteria (B) and fungus (F), were all taken into account while coding the bacterial and fungal

isolates (Table 1).

3.1. Morphological and Biochemical characterizations of isolated bacterial strains
3.1.1. Morphological characterization

Terminal and subterminal spores were segment of the 18 motile bacterial isolates out of
which 15 were rod-shaped, two were coccus-shaped, and one was diplococcus-shaped. The
isolated bacteria exhibited diverse colony characteristics resembling regular, irregular, slightly
raised, flat,and colors, such as whitish, creamish white, creamish yellow, yellowish orange, and
others.Bacterial isolates BAK2, BAB3, BTS5, BTS6, BTM7, BGA11, BGA12, BJA13, BJA14,
BJA15,BJR17, and BJB 18 were gram-negative in response to the gram staining test, while strains

BAKI1, BTS4, BSHS8, BSL9, BSL10, and BJR16 tested positively (Table 3).

3.1.2.Biochemical Characterization

KOH supplements and replicates the gram staining results in which the 3% potassium hydroxide
dissolves the cell wall of the gram-negative bacterial isolates leading to the string formation by the
released viscous chromosomal material of the strain. The isolates BAK1, BTS 4, BSHS, BSL9,
BSL10, and BJR 16 thick peptidoglycan deposition in the cell wall resists the dismantling of the
cell wall thus confirming its gram-positive identity. Establishment of potential biocontrol strains
characterizes by their ability to withstand challenging abiotic conditions. The citrate test demarks
the strains with the potential to channelize citrate into its carbon and energy source. The enzyme
citrate permease (citrase) facilitates the citrate into bacteria. Distinctive color variation of the
media from Prussian blue to green signifies positive response to citrate test. All the bacterial
isolates exhibited positivity to the production of gelatinase enzyme that hydrolyzes gelatin to
amino acids via polypeptides. Amino acids are essential component required in the regulation of
biochemical activities of the potential strains.The presence of gelatinase is marked with the
medium transformation from semi-solid to liquid. The bacterial carbohydrate metabolism

accompanies hydrogen peroxide (H,0,) as the end product that is self-destructive. The presence of
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catalase alleviates the impact by converting (H,0,) to water and oxygen. In the present study, all
the bacterial isolates showed the presence of the catalase enzyme by the production of bubbles

(Table 3) (S. Figure 7).

3.2. In vitro Bioassay of Bacterial and Fungal isolates against Rice root knot nematode:

All the bacterial cultural filtrates exhibited a marked and significant degree of larvicidal
activity against the nematode compared to control. Four bacterial isolates BSH8, BTS4, BTS5 and
BJA1S5 exhibited mortality greater than 50 % but the culture filtrate of BSH8 (isolated from
rhizosphere of okra crop) showed average mortality of 80.79% against the infective juveniles of
M. graminicola. After 48 hours of exposure, the strain BSHS triggered 100%, 96.67%, 95.33%,
and 87.33% death at descending concentrations. The isolate BTS4 with average mortality of
71.29% expressed mortality of 97.33% at S concentration and 91.33% mortality at S/2
concentration after 2 days of scrimmage. The culture filtrate of the strain BTSS5 and BJA15
exhibited average mortality of 68.75% and 68.33% overall after 2 days of treatment against
Meloidogyne graminicola (Graphl). The strains of BSH8, BTS4, BTSS5, and BJA15 were at par
for annihilation of juveniles. The strain BGA11 isolated from rice showed the lowest potential for
causing mortality with 11.69% overall and 24% at S concentration after 48 hrs of exposure.
Neglecting the cultural strain and the time of exposure, the mortality rate of the juveniles of M.
graminicola at the concentration S/8 was 28.93%, while at the concentration S, the mortality was
exhibited to be a maximum of 52.78%. Similarly, irrespective of the cultural strain and
concentration of the culture filtrate, the mortality was highest at 48hrs after exposure at 50.61%

and the minimal mortality was 25.96% six hrs after exposure time (Table 4) (Fig. 1)

The effectiveness of the isolated fungal strains were tested against M. graminicola, it
became apparent that the fungal microorganisms substantially displayed mortality regardless of
the different cultural filtrate concentrations and exposure times as compared to controls (sterile
water). In consonance within vitro tests, FJB11 and FSHS5 were the two most promising and
efficient fungal strains, and statistically significant. The fungal strain FJB11 isolated from the
rhizosphere of chilli exhibited a mortality mean of 78.83% against the juveniles of M. graminicola
at all tested concentrations (Fig. 1). The strain FJB11 demonstrated alleviation of nematode

mortality in various concentrations (S/8, S/4, S/2, and S) after 48 hours of exposure. The results
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manifested 77.33%, 82.67%, 90.67%, and 100% mortality, with ascending concentrations
respectively. The strain FSHS, isolated from the rice rhizosphere, indicated promising results with
an average nematode snuffing of 66.25%. The highest mortality was observed at the S
concentration (90%) and S/2 concentration (82%) after 48 hours of exposure. On average, the
concentration effect showed the highest mortality at the S concentration (52.37%) and the lowest

at the S/8 concentration (34.29%). The average effect of exposure time for the fungal isolates was

highest at 48 hours (50.73%) and lowest at 6 hours (32.07%) (Table 4).

3.3. Sequencing and Phylogenetic analysis of bacterial and fungal isolates

The fingerprints of bacterial and fungal communities were generated by separation of 16S rRNA
gene fragments.The amplified PCR fragments of the efficient bacterial and fungal isolates
containing 16S rRNA were subjected to analysis for homology using the n BLAST. The bacterial
isolate BSH8 (0Q216891) was identified as Bacillus subtilis and was isolated from the okra
rhizosphere (S. Figure 1). The strains BTS4 (0Q216889), BTS5 (0Q216890), and BJA15
(0Q216892) were identified as Bacillus velezensis, Alcaligenes faecalis, and Rhizobium pusense,
respectively, and were isolated from the rice rhizosphere (Fig. 2) (S. Figure 2, Figure 3, Figure
4). Similarly, the fungal strains were also subjected to 16S rRNA identification. The bioagents
FSHS and FIB11 were reported to be Talaromyces allahabadensis (0Q244365)and Trichoderma
asperellum (0Q244366)that, were isolated from okra and chilli rhizosphere (S. Figure 5, Figure
6). The isolate FSHS was also overlapping with the sequence of accession OM372948.1 and FIB11
was found to be 100% identical to the accession MN872484.1(Fig. 3).

4. Discussion

Prevention of nematode disease progression requires feasible approaches supportable to
environment. Varying indiscriminate chemical applications in both quality and quantity to manage
nematodes impairs soil health. Promising native microbial strains are becoming increasingly
significant in nematode management.The existence of countless and diverse advantageous
microbial species in the earth's rhizosphere is enormous, and the studies undertaken are simply the

tip of the iceberg Ciancioa et al. (2019).The plant holobiome hibernates majority of microbes and
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we extricated eighteen bacterial and eleven fungal culturable promising microbes from 110
rhizospheric soil samples of agronomic crops such as rice, okra, cucumber, beans, ash gourd, and
chilli. An aggregate of 60 bacterial strains were identified and characterized based on
morphological, biochemical, and 16S rRNA gene sequencingfrom the submerged rice rhizosphere
Amruta et al. (2016). Microbes are positively correlated withthin water films for proliferation and
active soil metabolics. The gram-positive bacteria’s dominated the colonies of various PGPR
isolated from chilli rhizosphere and efficiently resisted the noxious wilt disease of chili Yanti et
al. (2017). Efficient bacterial strains of fluorescent Pseudomonads habitat rhizospheric soils of
chilli, field bean, green gram, brinjal, sunflower, red gram, groundnut, tomato, bermuda grass,
beans, sorghum, paddy and sesame Manjunatha et al. (2012).Furthermore, bacterial strains were
reported in the rhizosphere of soils with nematode outbreaks (AbdelRazek, G.M. and Yaseen, R.,
2020).The efficient bacterial and fungal microbial strains, later to invitro tests, through .o
RNAwere identified to be B. subtilis (0Q216891), Bacillus velezensis (0Q216889), Alcaligenes
faecalis(0Q216890), Rhizobium pusense(0Q216892), Trichoderma asperellum(0Q244366) and
T. allahabadensis (0Q244365)

Microbial-rich Indian soils nurture ubiquitous spp. of Bacillus and Pseudomonads and
varied reports support its efficient resistance to varied biotic stresses including economically
salient nematodes Pandey et al., (2011), Khan (2018), Saikia et al., (2018). The extended viability
and aggressive exertions of Bacillus subtilis against nematodes and their eggs facilitates its
importance. Invitro results exhibited an average mortality of 80.79 % against infecting juveniles
of M. graminicola. The crude cultural filtrate of B. subtilis releasing diffusible and volatile
antibiotics, siderophores, cellulase, glucanase, protease, and chitinase substantiates the mortality
of M. graminicola. M. incognita, M. oryzae Kumar et al. (2020), Amruta et al. (2016). Bacillus
spp. being an aggressive colonizer synthesizes metabolites that inhibit membrane protein and
enzymes Schippers et al. 1987.The various antibiotics, proteolytic enzymes, high surfactin, and
iturin activity supplemented the mortality of the juveniles in vitro. The strain’sability to deliver
lytic enzymes such as chitinase, glucanase, and protease affects the nematode cuticle and survival
Chen et al., (2015), Kavitha et al. (2012). The phytonemtaodes are eliminated from the plant's
rhizosphere by production of antimicrobial peptides, secreting lytic enzymes, vying for nutrients

and space, and causing systemic resistance Kang et al. (2015).
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Promising bacterial strain synonymized with Bacillus amyloliquefacians is now
reclassified as B. velezensis Dunlap et al. (2016), Castro et al., (2020),proliferates in a diverse
ecology including oilseed plants Asaturova et al., (2021) and black pepper Tran et al., (2020). The
gram positive, aerobic and endospore forming beneficial bacterium was first reported from the
mouth of river Velez in Malaga province of Spain Ruiz et al. (2005).The salt-tolerant biocontrol
strain B. velezensis diminished 71.29% of the juveniles of M. graminicola within 48 hrs.
Antagonistic activity of Bacillus velezensis BZR 277 was reported against the devastating root
knot nematodes M. incognita in lab conditions Asaturova et al. (2021). The resistance imparted
against juveniles sourced from production of antibiotics and enzymes. Antibodies increase the
chitinase activity of Bacillus velezensis, making it a promising bio-agent for controlling nematodes
such as Meloidogyne species Tran et al., (2020). Increased chitinase activity, or an antagonistic
effect depending upon infestation pressure facilitates the mortality of infective juveniles Lee and
Klim., (2016). B. velezensis synthesizes cyclic lipopeptides, such as surfactin, bacillomycin-D,
fengycin, and bacillibactin, as well as polypeptides like macrolactin, bacillaene, and difficidin, that

are be harmful to nematodes Rabbee et al., (2019).

B. velezensis produces lipopeptides identified through PCR amplification Azabou et al.,
(2020) and variety of extracellular metabolites, such as lipopeptides and biosurfactant molecules,
have antimicrobial properties against many plant pathogens Ryu et al., (2004). The presence of
two chitinase genes chiA and chiB respectively exhibited increased hydrolytic activity against
colloidal chitin of nematode eggs Tran ef al. (2022). Promising multifaceted biocontrol strain A.
faecalis habitats in diverse and challenging conditions including oil spill soils Yadav et al., (2020),
Mimosa calodendron Felestrino et al., (2020), C.forskohlii (Mastan, 2020)and okra crop (Ray et al.
2016).This represents the earliest instance of A. faecalis being observed in an Assamese rice crop
rhizosphere. RRKN juveniles population were alleviated and growth inhibited prior to exposure
of A. faecalis in invitro ¢ »» litions. Strains of A.faecalis reduced the hatching rates and improved
mortality of the juveniles of Pratylenchus spp. and Meloidogyne spp (Felestrino et al. (2020).
VOC'’s and antibiotic diffusates caused mortality of M. incognita (Lu et al. 2014) Inhibtion of
nematodes against the strain encompasses an array of antimicrobial substances including identified
Espprotein, an extracellular serine protease that affected well over 85% of M. incognita juveniles'

intestines Ju et al., (2016).The BCA is reported adaptive to harsh environmental conditions and
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encodes HCN, siderophore, and phenolic compound synthesis, exhibiting mortality against
nematodes Felestrino et al., (2020). The dominance of chitin in nematode eggs and breakthrough
for genes encoding chitinolytic, esterase activity, proteases and peptides N. Annamalai et al.,
(2011), and production of dimethyl sulfate recognizes the strain as a future promising antinemic

microorganism Xu et al., (2015).

Rhizobium a genus dominant in pulses as PGPR was identified in submerged rice
rhizosphere. Avowed as efficient strain for dissemination of potassium from mica R. pusense
besides 21 phosphate-solubilizing bacteria was isolated from Egyptian agricultural soils Hauka et
al. (2017). Indian ecology dominant food crops such as potato, pigeon pea, maize, banana,
sugarcane, tobacco shares R.pusense (Phospate solubilizing rhizobacteria) rich microbiome that
exhibits potassium solubilizing ability Meena et al. (2015). The application of potassium (K)
demonstrates that the K treatment can lower the occurrence of detrimental nematode infections in
rice and boost crop output Liu et al., (2022). Rhizobium pusense exhibited 68.33% mortality in
invitro conditions. The dynamic impact of cultutral filtrate of R. pusense resists the hatching of
nematode eggs and antibiotics impairs juvenile proliferation Khan et al., (2018).The released
nematicidal compounds resists Meloidogyne javanica at varying degrees (Parveen et al.,
2019).Toxin identified as rhizobitoxine synthesized by R. japonicum aggragavtes the nematode

pathogenesis (Siddique et al., 2007).

Antagonizing microbe,Trichoderma spp. are becoming widely recognized as a means of
restraining plant diseases (Dukare et al., 2019).T. asperellum isolated from chilli rhizosphere
encompasses all ecological niches signifying itself as ubiquitous. Fungal isolates including T.
asperellum dwells in rhizosphere of cocoyam, cacao and banana crop (Tondje et al.,2007),sugar
beet rhizosphere Egypt (Gueye et al., 2020) and mango orchard, Mexico (dos Santos et al.
2021).Undistrubed ecosystem reserves unexplored and potential microbes. The northeastern
region harbours Trichoderma sp. in partially explored in pockets of Manipur (Kamala and Devi.,
2012), the tea gardens of Assam (Naglot et al., 2015),and sorghum plants of Uttrakhand (Manzar
et al., 2021). Meloidogyne spp. is effectively parasitized by T asperellum through inhibited egg
hatching and direct larval mortality (Kumari et al. 2020). MISC antibodies released from the fungal
strain, in bioassay conditions, regulates improved juvenile death Sharon (2009). Arsenal of
antagonistic activities against the nematode by 7richoderma species were reported to contribute

to the biological defiance, including nutrient and space competition, antibiosis, mycoparasitism,
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and induced systemic resistance of plants (Lombardi et al., 2018). Trichoderma spp. excrete
several lytic enzymes (glucanases, chitinases, proteases and lipases) to degrade cell wall
components of other pathogens. The transcriptional activity of chil8-5 (chit42) and chil8-12
(chit33) of Trichoderma regulates chitinolytic enzyme systems during egg-parasitism(Szabo et
al., 2012). Trichoderma spp. produces nematicidal compounds such as trichodermin and trypsin-
like protease which exhibits larvicidal and ovicidal activities against the nematodes (Yang et al.,
2012). The mortality invitro could be facilitated due to conidial attachment to the nematode body
thus immobilizing the host, antifungal compounds (Sharon et al. 2009). The native strains
considered safe to mammals -« mises faster growth rate (31-47cm), finer condial arrangement and
heat resistant at 30°C as compared to 7. viride with 11-33 cm growth radius and suitable growth

at 11°C (Samuels et al., 1999)

Talaromyces allahabadensis parasitsed the nematode juveniles and restricted its movement
leading to mortality of 66.24%. Seventy three fungal isolates collected from different regions
including Talaromyces assiutensis parasitized all the juveniles of M. javanica in in vitro predation
test and killed 30-50% of the juveniles (Hamza et al. 2017). The exhibited potential mortality is
due to the presence of a novel potent nematicidal thermolides (Guo et al., 2012). Varying genus of
economically phytonematodes including Pratylenchus zeae falls prey to Talaromyces sp.

(Kisaakye et al. 2014).

6. Conclusion

The rhizospheric soils are rich in micro organisms and in our study eighteen bacterial
strains and eleven fungal strains were isolated from soil samples collected from rhizosphere of
crops like rice, okra, ash gourd, chili, beans, cucumber from diverse conditions and soil types in
Upper bhramaputra valley region of Assam. The isolated native strains efficiently resisted the
growth and population dynamics of infecting RRKN in bio assay conditions. The native strains
can be further explored as potential bio-control agents against economical nematode pests of rice
in field conditions either alone or in combination. Molecular insights into activation of genes for
production of antibiotics and trapping mechanisms of nematodes are to be deepened. The
multidimentional faecets of promising identified microbes enhanches the changes of successful

establishment of the BCA’s in the soil which is of primary concern. Alcaligenes faecalis being slat
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tolerant can be a viable option in the present soil deteorating and abiotic challenging conditions.
T. asperellum ability to proliferate rapidly in harsh conditions improves its chances to be
successful. The VOC'’s and antibiotics released against M.graminicola are to be studied for further
insight into mechanism. Further the native strains provides encouraging insight into integrated pest

management with synergistic impact on environmental sustainability.

Abbreviations:

—

RRKN- Rice root knot nematode

BGRIE - Bringing Green Revolution to Eastern India
ICR- Institutional cum research

UBVA- Upper Brahmaputra Valley region of Assam
rpm- revolutions per minute

DNA- Deoxyribonucleic acid

RNA- Ribonucleic acid

PCR- Polymorphic chain reaction

BLAST- Basic Local Alignment Search Tool

A S AN N S

—_
S

. VOC’s- Volatile Organic Compound

—
—

. BCA’s- Biocontrol Agents

[S—
N

. PGPR- Plant growth promoting rhizobium

—_—
(98]

. HCN- Hydrogen cyanide

Reference

Aalten, P.M. and Gowen, S.R. (1998). Entomopathogenic nematodes and fluorescent
Pseudomonas rhizosphere bacteria inhibiting Radopholussimlis invasion in banana

roots. Published by British Crop Protection Council, pp. 675-680.

Abad, P.; Favery, B.; Rosso, M.N. and Castagnone-Sereno, P. (2003). Root-knot nematode
parasitism and host response: Molecular basis of a sophisticated interaction. Mol. Plant

Pathol., 4: 217-224.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)


vedan
Highlight

vedan
Sticky Note
Rewrite it properly according to the journal's followed format and cross check the journal names of the given references. Some of the journal names are missing.


PeerJ

424
425

426
427
428
429

430
431
432
433

434
435
436
437

438
439
440

441
442

443
444

445
446

447
448
449
450

AbdelRazek, G.M. and Yaseen, R., (2020). Effect of some rhizosphere bacteria on root-knot
nematodes. Egyptian Journal of Biological Pest Control, 30(1), pp.1-11.

Amruta, N.; Kumar, M.P.; Narayanaswamy, S.; Gowda, M.; Channakeshava, B.C.; Vishwanath,
K.; Puneeth, M.E. and Ranjitha, H.P. (2016). Isolation and identification of rice blast
disease-suppressing antagonistic bacterial strains from the rhizosphere of rice. J. Pure

Appl. Microbiol., 10: 1043-1054.

Asaturova, A.M.; Homyak, A.L.; Kozitsyn, A.E.; Shternshis, M.V.; Rakitin, A.L.; Beletsky, A.V_;
Mardanov, A.V. and Ravin, N.V. (2021). Draft genome sequence of Bacillus

velezensis BZR 277, a prospective biocontrol agent against phytoparasitic

nematodes. Microbiol. Resour. Announc., 10(19): €00266-21.

Azabou, M.C.; Gharbi, Y.; Medhioub, I.; Ennouri, K.; Barham, H.; Tounsi, S.; Triki, M.A.
(2020).The endophytic strain Bacillus velezensis OEE1: An efficient biocontrol agent

against Verticillium wilt of olive and a potential plant growth promoting bacteria. Biol.

Control, 142, 104168.

Castro, D.; Torres, M.; Sampedro, I.; Martinez-Checa, F.; Torres, B. and Bé&jar, V. (2020).
Biological control of Verticillium wilt on olive trees by the salt-tolerant strain Bacillus

velezensis XT1. Microorganisms, 8(7): 1080.

Chen, L.; Jiang, H.; Cheng, Q. ef al. (2015). Enhanced nematicidal potential of the chitinasepachi

from Pseudomonas aeruginosa in association with Cry21Aa. Sci. Rep., 5: 14395.

Ciancio, A.; Pietersen, C.M. and Mercado-Blanco, J. (2019). Harnessing useful rhizosphere

microorganisms for pathogen and pest biocontrol. Front. Microbiol., 10: 1935.

De Ley, J. and Frateur, J. (1974). GluconobacterAsai., (1935). In :Bergey'smanual of determinative
bacteriology. Buchanan, R.E. and Gibbons, N.E. 8%edn. pp. 251-253

Dereeper, A.; Guignon, V.; Blanc, G.; Audic, S.; Buffet, S.; Chevenet, F.; Dufayard, J.F.; Guindon,
S.; Lefort, V.; Lescot, M. and Claverie, J.M. (2008). Phylogeny. fr: robust

phylogenetic analysis for the non-specialist. Nucleic Acids Res., 36(suppl 2): 465-
469.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ

451
452

453
454
455
456

457
458
459

460
461
462
463
464

465
466
467
468

469
470
471
472

473
474
475
476
477

Devi, K.S. and Ponnarasi, T. (2009). An economic analysis of modern rice production technology

and its adoption behaviour in Tamil Nadu. Agril. Econ. Res. Rev., 22: 341-348.

dos Santos Pereira, T.; Monteiro de Paula, A.; Ferrari, L.H.; da Silva, J.; Borges Pinheiro, J.; Navas
Cajamarca, S.M.; Jindo, K.; Pupo Santos, M.; Zandonadi, D.B. and Busato, J.G.
(2021). Trichoderma-enriched vermicompost extracts reduces nematode biotic stress

in tomato and bell pepper crops. Agron., 11(8): 1655.

Dukare AS, Paul S, Nambi VE, Gupta RK, Singh R, Sharma K, Vishwakarma RK. Exploitation
of microbial antagonists for the control of postharvest diseases of fruits: a review. Crit

Rev Food Sci Nutr. 2019;59(9):1498-513.

Dunlap C, Kim SJ, Kwon SW, Rooney A (2016) Bacillus velezensis is not a later heterotypic
synonym of ‘Bacillus amyloliquefaciens’, ‘Bacillus methylotrophicus’, ‘Bacillus
amyloliquefaciens’ subsp. plantarum and 'Bacillus oryzicola'are later heterotypic
synonyms of ‘Bacillus velezensis’ based on phylogenomics. Int J Syst EvolMicrobiol

66:1212-1217.

Felestrino, E.B.; Sanchez, A.B.; Caneschi, W.L.; Lemes, C.G.D.C.; Assis, R.D.A.B.; Cordeiro,
L.F.; Fonseca, N.P.; Villa, M.M.; Vieira, I.T.; Kamino, L. H.Y. and Do Carmo, F.F.
(2020). Complete genome sequence and analysis of Alcaligenes faecalis strain Mc250,

a new potential plant bioinoculant. PloS One, 15(11): e0241546.

Guo, J.P.; Zhu, C.Y.; Zhang, C.P.; Chu, Y.S.; Wang, Y.L.; Zhang, J.X.; Wu, D.K.; Zhang, K.Q.
and Niu, X.M. (2012). Thermolides, potent nematocidal PKS-NRPS hybrid
metabolites from thermophilic fungus Talaromyces thermophilus.J. Amer. Chem.

Soc., 134(50): 20306-20309.

Hamza, M.A.; Lakhtar, H.; Tazi, H.; Moukhli, A.; Fossati-Gaschignard, O.; Mich¢, L.; Roussos,
S.; Ferji, Z.; El Mousadik, A.; Mateille, T. and Boubaker, H. (2017). Diversity of
nematophagous fungi in Moroccan olive nurseries: Highlighting prey-predator

interactions and efficient strains against root-knot nematodes. Biol. Contr., 114: 14-

23.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ

478
479
480

481
482
483

484
485
486

487
488
489

490
491
492
493

494
495
496

497
498
499
500

501
502
503

Hauka, F.; Afify, A. and El-Sawah, A. (2017). Efficiency evaluation of some rhizobacteria isolated
from Egyptian soils, in vitro as biofertilizers. J. Agril. Chem. Biotechnol., 8(9): 231-
235.

Jain, R.K.; Mathur, K.N. and Singh, R.V. (2007). Estimation of losses due to plant parasitic
nematodes on different crops in India. [Indian J. Nematol., 37:

217-219.

Ju, S.; Lin, J.; Zheng, J.; Wang, S.; Zhou, H. and Sun, M. (2016). Alcaligenes faecalis ZD02, a
novel nematicidal bacterium with an extracellular serine protease virulence

factor. Appl. Envt. Microbiol., 82(7): 2112-2120.

Kamala, T. and Devi, S.1., (2012). Biocontrol properties of indigenous Trichoderma isolates from
North-east India against Fusarium oxysporum and Rhizoctonia solani. African Journal

of Biotechnology, 11(34), pp.8491-8499.

Kang, S.M., Radhakrishnan, R. and Lee, 1.J. (2015) Bacillus amyloliquefaciens subsp. plantarum
GR53, a potent biocontrol agent resists Rhizoctonia disease on Chinese cabbage
through hormonal and antioxidants regulation. World J MicrobiolBiotechnol 31, 1517—
1527.

Kavitha, P.G.; Jonathan, E.I. and Nakkeeran, S. (2012). Effects of crude antibiotic of Bacillus
subtilis on hatching of eggs and mortality of juveniles of Meloidogyne incognita.

Nematol. Medit.,40: 203-206.

Khan, M.R., Mohiddin, F.A. and Ahamad, F., (2018). Inoculant rhizobia suppressed root-knot
disease, and enhanced plant productivity and nutrient uptake of some field-grown food

legumes. Acta Agriculturae Scandinavica, Section B—Soil & Plant Science, 68(2),
pp-166-174.

Kisaakye, J. (2014). Talaromyces sp. as a potential bio-control agent against Pratylenchuszeae
infection of rice (Oryza sativa L.). Master's Thesis, Dept. Biology, Faculty of Science,
Ghent University.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ

504
505
506

507
508

509
510
511

512
513
514

515
516
517
518

519
520
521

522
523

524
525
526

527
528
529
530

Kumar, A.; Khilari, K.; Singh, R.; Singh, R. and Yadav, S.S.M. (2020). Evaluation of different
bio-agents on larval mortality and egg hatching of Meloidogyne graminicola causing

root knot disease in rice. (7 : 157-165.

Kumar, V.; Khan, M.R. and Walia, R.K. (2020). Crop Loss Estimations due to Plant-Parasitic

Nematodes in Major Crops in India. National Academy Science Letters, pp. 1-4.

Kumari, M.; Sharma, M.K. and Baheti, B.L. (2020). Biological control of root-knot nematode,
Meloidogyne incognita infecting tomato (Solanum lycopersicum). J. Entomol. Zool.

Stud., 8(1): 35-39.

Le, T.T.H. (2010). Activity of fungal and bacterial endophytes for the biological control of the
root-knot nematode Meloidogyne graminicola in rice under oxic and anoxic soil

conditions.

LIU, M.Y., PENG, D.L., Wen, S.U., XIANG, C., JIAN, J.Z., Jie, Z.H.A.O., Huan, P.E.N.G., LIU,
S.M., KONG, L.A., DAI, LY. and HUANG, W.K., (2022). Potassium sulphate
induces resistance of rice against the root-knot nematode Meloidogyne

graminicola. Journal of Integrative Agriculture, 21(11), pp.3263-3277.

Lombardi N, Vitale S, Turra D, Reverberi M, Fanelli C, Vinale F, Marra R, Ruocco M, Pascale A,
d'ErricoG, Woo SL, Lorito M. Root exudates of stressed plants stimulate and

attract Trichoderma soil fungi. Mol Plant Microbe Interact. 2018;31(10):982-94.

Lu, H.; Wang, X.; Zhang, K.; Xu, Y.; Zhou, L. and Li, G. (2014). Identification and nematicidal
activity of bacteria isolated from cow dung. Ann. Microbiol., 64(1): 407-411.

Manjunatha, H.; Naik, M.K.; Patil, M.B.; Lokesha, R. and Vasudevan, S.N. (2012). Isolation and
characterization of native fluorescent pseudomonads and antagonistic activity against

major plant pathogens. Karnataka J. Agril. Sci., 25(3).

Manzar, N., Singh, Y., Kashyap, A.S., Sahu, P.K., Rajawat, M.V.S., Bhowmik, A., Sharma, P.K.
and Saxena, A.K., 2021. Biocontrol potential of native Trichoderma spp. against
anthracnose of great millet (Sorghum bicolour L.) from Tarai and hill regions of

India. Biological Control, 152, p.104474.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)


vedan
Highlight

vedan
Highlight

vedan
Sticky Note
Journal name is missing.


PeerJ

531
532
533

534
535
536

537
538
539
540

541
542
543

544
545
546
547

548
549
550
551

552
553
554

Mastan, A.; Rane, D.; Dastager, S.G. and Vivek Babu, C.S. (2020). Plant probiotic bacterial
endophyte, Alcaligenes faecalis, modulates plant growth and forskolin biosynthesis in

Coleus forskohlii. Probiot. Antimicrob. Prot., 12(2): 481-493.

Meena, V.S.; Maurya, B.R.; Verma, J.P.; Aeron, A.; Kumar, A.; Kim, K. and Bajpai, V.K. (2015).
Potassium solubilizing rhizobacteria (KSR): isolation, identification, and K-release

dynamics from waste mica. Ecol. Engg., 81: 340-347.

N. Annamalai, M. V. Rajeswari, S. Vijayalakshmi, and T. Balasubramanian, "Purification and
characterization of chitinase from Alcaligenes faecalis AUQ2 by utilizing marine
wastes and its antioxidant activity,"Annals of Microbiology, vol. 61, no. 4, pp. 801—
807, 2011.

Nagendran, K.; Karthikeyan, G.; Peeran, M.F.; Raveendran, M.; Prabakar, K. and Raguchander,
T. (2013). Management of bacterial leaf blight disease in rice with endophytic
bacteria. World Appl. Sci. J., 28(12): 2229-2241.

Naglot, A., Goswami, S., Rahman, I., Shrimali, D.D., Yadav, K.K., Gupta, V.K., Rabha, A.J.,
Gogoi, H.K. and Veer, V., (2015). Antagonistic potential of native Trichoderma viride
strain against potent tea fungal pathogens in North East India. The plant pathology
journal, 31(3), p.278.

Pandey, A., Chaudhry, S., Sharma, A., Choudhary, V.S., Malviya, M.K., Chamoli, S., Rinu, K.,
Trivedi, P. and Palni, L.M.S., (2011). Recovery of Bacillus and Pseudomonas spp.
from the 'Fired Plots'under shifting cultivation in Northeast India. Current

microbiology, 62(1), pp.273-280.

Parveen, G., Noreen, R., Shafique, H.A., Sultana, V., Ehteshamul-Haque, S. and Athar, M., 2019.
Role of rhizobia in suppressing the root diseases of soybean under soil

amendment. Planta daninha, 37.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ

555
556
557

558
559

560
561
562
563
564
565

566
567
568

569
570

571
572
573

574

575
576
577
578

579
580

Pathak, H.; Tripathi, R.; Jambhulkar, N.N.; Bisen, J.P. and Panda, B.B. (2020). Eco-regional-based
Rice Farming for Enhancing Productivity, Profitability and Sustainability. Published
by ICAR-NRRI, NRRI Research Bulletin No. 22.

Prot, J.C.; Soriano, I.R.S. and Matias, D.M. (1994). Major root-parasitic nematodes associated
with irrigated rice in the Philippines. Fundam. Appl. Nematol., 17(1): 75-78.

Rabbee, M.F., Ali, M.S., Choi, J., Hwang, B.S., Jeong, S.C. and Baek, K.H., (2019). Bacillus
velezensis: a valuable member of bioactive molecules within plant
icrobiomes. Molecules, 24(6), p.1046.

Ray, S., Singh, S., Sarma, B.K. and Singh, H.B., (2016). Endophytic Alcaligenes isolated from
horticultural and medicinal crops promotes growth in okra (4belmoschus

esculentus). Journal of Plant Growth Regulation, 35(2), pp.401-412.

Raymaekers, K.; Ponet, L.; Holtappels, D.; Berckmans, B. and Cammue, B.P.A. (2020). Screening
for novel biocontrol agents applicable in plant disease management—a review. Biol.

Control,144: 104-240.

Ryu, C.; Farag, M.A.; Hu, C.; Reddy, M.S.; Kloepper, J.W.; Pare, P.W. Bacterial volatiles induced
resistance in Arabidobsis. Plant Physiol. (2004), 134, 1017-1026. [CrossRef]

Ruiz-Garcia, C.; Béjar, V.; Martinez-Checa, F.; Llamas, I. and Quesada, E. (2005). Bacillus
velezensis sp. nov., a surfactant producing bacterium isolated from the river Vélez in

Malaga, southern Spain. Int. J. Syst. Evol. Microbiol., 55: 191-195.

Saikia, J., Sarma, R.K., Dhandia, R., Yadav, A., Bharali, R., Gupta, V.K. and Saikia, R., (2018)
Alleviation of drought stress in pulse crops with ACC deaminase producing
rhizobacteria isolated from acidic soil of Northeast India. Scientific reports, 8(1), pp.1-

16.

Samuels, G.J.; Lieckfeldt, E.L.K.E. and Nirenberg, H.I. (1999). Trichoderma asperellum, a new
species with warted conidia, and redescription of 7. viride. Sydowia, 51(1): 71-88.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ

581

582
583
584
585

586
587
588
589
590

591
592
593

594
595
596

597
598
599
600
601

602
603
604
605

Szabo, M., Csepregi, K., Gélber, M., Viranyi, F. and Fekete, C., (2012). Control plant-parasitic
nematodes with Trichoderma species and nematode-trapping fungi: The role of chil 8-
5 and chil8-12 genes in nematode egg-parasitism. Biological Control, 63(2), pp.121-
128.

Sharon, E.; Mor, M.; Bar-Eyal, M.; Maghodia, A.B.; Spiegel, Y.; Oka, Y.; Van Kerckhove, S.;
Vanachter, A. and Chet, 1. (2009). TrichoNema: a Trichoderma-Based Project to
Develop a Commercial Bio-Agent Product against Phyto-Nematodes. In: VII
International Symposium on Chemical and Non-Chemical Soil and Substrate

Disinfestation, 883: 223-227.

Siddiqui ZA, Baghel G, Akhtar MS. (2007). Biocontrol of Meloidogyne javanica by Rhizobium
and plant growth promoting rhizobacteria on lentil. World J MicrobiolBiotechnol.

23:435-441.

Soriano, I.LR.S.; Prot, J.C. and Matias, D.M. (2000). Expression of tolerance for Meloidogyne
graminicola in rice cultivars as affected by soil type and flooding. J. Nematol.,32(3):

309-317.

Tondje, P.R.; Roberts, D.P.; Bon, M.C.; Widmer, T.O.M.O.T.H.Y.; Samuels, G.J.; Ismaiel, A.;
Begoude, A.D.; Tchana, T.; Nyemb-Tshomb, E.; Ndoumbe-Nkeng, M. and Bateman,
R. (2007). Isolation and identification of mycoparasitic isolates of Trichoderma
asperellum with potential for suppression of black pod disease of cacao in

Cameroon. Biol. Contr., 43(2): 202-212.

ToéthnéBogdanyi, F., BozinéPullai, K., Doshi, P., Erdés, E., Gilian, L.D., Lajos, K., Leonetti, P.,
Nagy, P.I., Pantaleo, V., Petrikovszki, R. and Sera, B., (2021). Composted municipal green
waste infused with biocontrol agents to control plant parasitic nematodes—a

review. Microorganisms, 9(10), p.2130.

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



PeerJ Manuscript to be reviewed

606 Tran, D.M.; Huynh, T.U.; Nguyen, T.H.; Do, T.O.; Nguyen, Q.V. and Nguyen, A.D. (2022).
607 Molecular analysis of genes involved in chitin degradation from the chitinolytic

608 bacterium Bacillus velezensis. Antonie van Leeuwenhoek, 115(2): 215-231.

609 Xu,Y.Y., Wang, X., Zhang, K.Q. and L1, G.H., (2015). Bioactive constituents from the bacteirium
610 Alcaligenes faecalis YMF 3.175. Applied biochemistry and microbiology, 51(1),
611 pp.52-57.

612 Yadav, U., Kushwaha, S., Anand, V., Kumar, S., Prakash, O. and Singh, P.C., (2020). Chlorpyrifos
613 degradation by plant growth-promoting Alcaligenes faecalis bacteria isolated from oil-

614 contaminated soil. Bioremediation Journal, 25(1), pp.80-88.

615 Yang Z, Yu Z, Lei L, Xia Z, Shao L, Zhang K, Li G.(2012). Nematicidal effect of volatiles
616 produced by Trichoderma sp. J Asia Pac Entomol.;15(4):647-50.

617 Yanti, Y.; Astuti, F.F.; Habazar, T. and Nasution, C.R. (2017). Screening of rhizobacteria from
618 rhizosphere of healthy chili to control bacterial wilt disease and to promote growth and

619 yield of chili. Biodiv. J. Biol. Diver., 18(1).
620
621

622

623

Peer] reviewing PDF | (2023:04:84286:0:1:NEW 6 Apr 2023)



Peer] Manuscript to be reviewed

Figure 1

Fig. 1: Mortality rate of M. graminicola

Fig. 1: Mortality rate of M. graminicola against the potential BCA after 6,12,24,48 hrs in

invitro condition with 5% standard error. (P © 0.05)
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Figure 2

Fig 2: Phylogenetic tree of potential bacterial strains with out-group and boot strap

values

Fig 2: Phylogenetic tree of potential bacterial strains with out-group and boot strap values
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Figure 3

Fig 3: Phylogenetic tree of potential fungal strains with out-group and boot strap values

Fig 3: Phylogenetic tree of potential fungal strains with out-group and boot strap values
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Table 1: Documentation on collection of rhizospheric soil samples from various crops in
Upper areas of Assam.

Table 1: Documentation on collection of rhizospheric soil samples from various

crops in Upper areas of Assam.
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1 Table 1: Documentation on collection of rhizospheric soil samples from various crops in

2 Upper areas of Assam.

Sk.no Code Name of Place | Village name | Code Name of Village name
Place

1. BAK1 Alengmora Kahargaon FAK1 Alengmora Kahargaon
2. BAK2 Alengmora Kahargaon FTS2 Titabor ShyamGaon
3. BAB3 Alengmora Bahphola FTS3 Titabor ShyamGaon
4. BTS4 Titabor ShyamGaon | FTK4 Titabor KarsoliGaon
5. BTS5 Titabor ShyamGaon | FSH5 Sibsagar HulalKalita
6. BTS6 Titabor ShyamGaon | FSS6 Sibsagar Salaguri
7. BTM7 Titabor Madhavpur FSS7 Sibsagar Salaguri
8. BSHS Sibsagar HulalKalita FGMS Golaghat Merapani
9. BSL9 Sibsagar LahonGaon FJA9 Jorhat AAU
10. BSL10 Sibsagar LahonGaon FJA10 Jorhat AAU
11. BGA11 Golaghat Amguri FJB11 Jorhat Barbheta
12. BGA12 Golaghat Amguri
13. BJA13 Jorhat AAU
14. BJA14 Jorhat AAU
15. BJA1S Jorhat AAU
16. BJR16 Jorhat Rowriah
17. BJR17 Jorhat Rowriah
18. BJB18 Jorhat Barbheta
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Table 2: Data on potential bacterial and fungal strains isolated from the crop
rhizosphere and the crop characteristics:

Table 2: Data on potential bacterial and fungal strains isolated from the crop

rhizosphere and the crop characteristics:
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1 Table 2: Data on potential bacterial and fungal strains isolated from the crop rhizosphere and

2 the crop characteristics:

Code Name of Village Crop Variety | Type of soil | Stage of the crop
Place name

BTS4 Titabor Shyam Rice Ranjit Sandy loam Flowering
Gaon (Submerged)

BTSS Titabor Shyam Rice Ranjit Sandy loam Flowering
Gaon (Submerged)

BSHS8 | Sibsagar | Hulal Kalita | Okra Kranti Loamy Fruiting

BJA15 | Jorhat Jorhat Rice Luit Sandy Loam Flowering

FSHS5 | Sibsagar | HulalKalita Okra Kranti Loamy Fruiting

FJB11 Jorhat Barbheta Chili Baljuri Loamy Fruiting
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Table 3. Morphological and Biochemical characteristics of the isolated strains of Bacteria

Table 3. Morphological and Biochemical characteristics of the isolated strains of Bacteria
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Table 3. Morphological and Biochemical characteristics of the isolated strains of Bacteria

Isolate | Colour Gram Shape Motilit | KO Citrate Gelition | Catalas
d strain stainin H utilizatio | hydrolysi e test
g n s
BAK1 | White +ve Rod + -ve -ve +ve +ve
BAK2 | Creamis -ve Coccus + +ve +ve +ve +ve
h yellow
BAB3 | Creamis -ve Rod + +ve +ve +ve +ve
h yellow
BTS4 White +ve Rod + -ve +ve +ve +ve
BTS5 Yellow -ve Rod + +ve -ve +ve +ve
BTS6 Whitish -ve Coccus + +ve +ve +ve +ve
BTM7 | Whitish -ve Rod + +ve +ve +ve +ve
BSHS Yellow +ve Rod + -ve +ve +ve +ve
BSL9 Yellow +ve Rod + -ve -ve +ve +ve
BSL10 | White +ve Rod + -ve -ve +ve +ve
BGA11 | White -ve Rod + +ve +ve +ve +ve
BGA12 | Yellow -ve Rod + +ve +ve +ve +ve
BJA13 | White -ve Rod + +ve +ve +ve +ve
BJA14 | White -ve Rod + +ve +ve +ve +ve
BJA15 | White -ve Rod + +ve -ve +ve +ve
BJR16 | White +ve Diplococcu + -ve +ve +ve +ve
]
BJR17 | Yellow -ve Rod +ve -ve +ve +ve
BJB18 | Creamy -ve Rod +ve -ve +ve -ve
white
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Table 4: Effect of culture filtrate of the isolated promising bacterial and fungal strains on
the juvenile mortality of RRKN (Meloidogyne graminicola).

Table 4: Effect of culture filtrate of the isolated promising bacterial and fungal strains on the

juvenile mortality of RRKN (Meloidogyne graminicola).
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1 Table 4: Effect of culture filtrate of the isolated promising bacterial and fungal strains on the

2 juvenile mortality of RRKN (Meloidogyne graminicola).

Culture Period of exposure
Treatments filtrate Treatment
concentrate | g, 12 hrs 24hrs 48hrs T
S/8 39.33 53.33 64.00 78.67
(38.83) (46.92) (53.17) (62.51)
S/4 46.00 58.00 69.33 83.33
(42.70) (49.61) (56.41) (66.03)
BTS4 71.29
(Bacillus S/2 60.67 72.67 85.33 91.33 (59.71)
velezensis) (51.17) (58.50) (67.56) (73.26)
S 72.67 82.00 86.67 97.33
(58.50) (64.92) (68.63) (80.73)
S/8 36.67 47.33 62.00 78.67
(37.27) (43.48) (51.95) (62.50)
S/4 41.33 55.33 70.00 84.67
BTSS (40.00) (48.07) (56.80) (66.96) 68.75
(fif:zclgzi)es S/2 48.67 62.00 94.00 99.33 (58.79)
(44.24) (51.94) (75.95) (87.29)
S 50.67 72.00 97.33 100
(45.38) (58.06) (80.73) (90.00)
S/8 5133 63.33 75.33 87.33
(45.76) (52.73) (60.23) (69.17)
BSHS S/4 2.00 70.67 81.33 95.33
(Bacillus subtilis) (51.95) (57.21) (64.40) (77.58) 80.79
S/2 76.67 83.33 92.00 96.67 (66.12)
(59.78) (65.91) (73.65) (79.60)
S 75.33 84.00 98.00 100
(60.22) (66.44) (83.44) (90.00)
S/8 36.67 49.33 64.00 75.33 68.33
BJA1S (37.26) | (44.62) | (53.13) | (60.22) (58.07)
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(Rhizobium S/4 42.00 53.33 66.67 80.00
pusense)
(40.40) (46.91) (54.73) (63.45)
S/2 50.67 60.00 84.00 99.33
(45.39) (50.78) (66.52) (87.29)
S 62.67 76.00 93.33 100.00
(52.34) (60.68) (75.28) (90.00)
S/8 39.33 48 54.67 64
FSH5 (38.83) (43.85) (47.68) (53.13)
(Talaromyces S/4 50.67 59.33 65.33 72
allahabadensis) (45.38) (50.42) (53.99) (58.15) 66.24
S/2 60 67.33 74 82 (54.97)
(50.79) (55.17) (59.41) (64.98)
S 72 77.33 84 90
(58.09) (61.60) (66.53) (71.62)
S/8 53.33 62.67 72 77.33
(46.91) (52.34) (58.06) (61.57)
FJA11
S/4 63.33 74.67 77.33 82.67
(Trichoderma (52.74) (59.81) (61.60) (65.45) 78.83
asperellum) 8/2 72.67 79.33 85.33 90.67 (64.18)
(58.52) (63.00) (67.55) (72.37)
S 84 89.33 96.67 100
(66.53) (70.95) (79.60) (90)

3 * Figures in parenthesis are arc signed values.

4
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