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Abstract

This research investigates the biocontrol potential of salt and temperature-tolerant plant growth-
promoting rhizobacteria isolated from the rhizosphere soil of tomato plants, aiming to combat various
plant pathogens and enhance crop resilience against diseases like vascular wilt, crown gall, root rot, leaf
wilt, and curling disease. Among 138 soil samples, 12 isolates were selected for comprehensive
assessment through biochemical tests and biocontrol activity evaluations. Standard methods were
employed to analyse indole production, urease activity, oxidase activity, starch hydrolysis, gelatin
liquefaction, methyl red test, VVoges-Proskauer test, H2S production, and citrate utilization. Biocontrol
activity was determined using a dual-culture plate method, wherein actively growing phytopathogenic
fungi of 5 mm diameter was placed at the center of Petri plates and Bacterial isolates were streaked
approximately 2.2 cm away from the phytopathogen in a circular manner, while control plates lacked
bacterial streaks. Incubation was performed at 30 °C in a BOD incubator. After 4 days, the percentage of
mycelial growth inhibition was calculated. Key findings revealed that: Pseudomonas furukawaii STT-A8
exhibited positive results for the oxidase test, gelatin liquefaction and citrate utilization. Achromobacter
sp. STT-A12 displayed positive results for the oxidase test and citrate utilization. Agrobacterium pusense
STT-A24 and STT-A39 showed positive results for indole production, urease activity, starch hydrolysis,
methyl red test, and citrate utilization. Brevibacterium epidermidis STT-K2 and STT-N28 tested positive
for gelatin liquefaction and citrate utilization. Priestia flexa STT-K13 and Bacillus sp. STT-K24
exhibited positive results for urease activity, oxidase activity, starch hydrolysis, gelatin liquefaction, and
citrate utilization. Pusillimonas sp. STT-K15 demonstrated positive oxidase activity. Among the 12
extremely salt and temperature-tolerant rhizobacteria isolates, the highest inhibitory effects against
Fusarium oxysporum were observed in Pseudomonas furukawaii STT-A8 (87.6%), Agrobacterium
pusense STT-A39 (78.75%), Achromobacter sp. STT-A12 (77.5%), Pusillimonas sp. STT-K15 (72.5%),
Agrobacterium pusense STT-A24 (71.25%), Priestia flexa STT-K13 (71.25%), Bacillus badius STT-N22
(70%), Bacillus badius STT-N33 (68.75%), and Bacillus badius STT-N26 (68.42%). Brevibacterium
epidermidis STT-K2 (55%), Brevibacterium epidermidis STT-N28 (50%), and Bacillus sp. STT-K24
(50%) also exhibited significant inhibition against Fusarium oxysporum. This research offers valuable
insights into the biocontrol capabilities of salt and temperature-tolerant rhizobacteria, positioning them as
essential inoculants for disease management and the promotion of tomato plant growth in saline
environments.

Keywords: Biocontrol agent, selection, Inhibition, salt and temperature tolerant, plant growth promoting
rhizobacteria

Introduction

Biochemical tests are essential tools for characterizing and identifying biocontrol agents,
particularly plant growth-promoting rhizobacteria (PGPR) and other beneficial
microorganisms. These tests help researchers and farmers assess the biochemical properties of
these agents, which are closely linked to their effectiveness as biocontrol agents. Here are
some common bhiochemical tests and their relationships with biocontrol agents: In the realm of
sustainable agriculture, the critical role played by beneficial microbes, particularly Plant
Growth-Promoting Rhizobacteria (PGPR) has garnered significant attention. As early as 2004,
Kloepper and colleagues highlighted the remarkable potential of PGPR in not only promoting
plant growth but also in serving as a protective shield against a diverse array of plant
pathogens. Subsequently, scientists like Adesemoye et al. (2009) @ have underscored the
diverse applications of PGPR, ranging from biocontrol to biofertilization and bolstering plant
resistance against abiotic stress.
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PGPR, an invaluable class of bacteria, have proven to be vital
allies for numerous plant species. Their colonization of the
rhizosphere creates a symbiotic relationship that confer
manifold advantages upon their host plants. These benefits
encompass improved plant growth and heightened resilience
against the serious and imminent dangers posed by
nematodes, fungi, bacteria, and viruses, as evidenced in the
studies of Kloepper et al. (2004) (61 Within the PGPR
community, taxa such as Alcaligenes, Arthrobacter,
Azospirillum, Bacillus, and Pseudomonas have emerged as
key players, leveraging their diverse metabolic capabilities to
support plant health and combat pathogens. These bacteria
employ an arsenal of mechanisms, such as antibiotic
production, enzymatic degradation of fungal cell walls,
sequestration of iron in the rhizosphere, induction of systemic
resistance, and competition for resources in the rhizosphere,
as elucidated by Parani et al. (2012) 5. Notably, the
synthesis of antibiotics by PGPR stands as one of the
paramount mechanisms underpinning their efficacy in
biocontrol. Additionally, the ability to produce antifungal
enzymes, like chitinases and glucanases, further enhances
their capacity to combat fungal infections. Furthermore, the
production of low-molecular-mass siderophores capable of
chelating iron in the soil significantly impedes the growth of
fungal pathogens, as demonstrated by Kohl et al. (2019) 1271,
For instance, Pseudomonas fluorescens has been recognized
for its role in creating siderophores like pyochelin and
pyoverdine (Bora et al., 2017) &I, while Pseudomonas trivalis
strain BIHB 745 has been identified as a siderophore producer
(Parani et al., 2012) 1, In addition to antibiotics, many
Pseudomonas species also generate lytic enzymes and other
bioactive compounds that further enhance their biocontrol
capabilities. The practical implications of harnessing PGPR in
agriculture are underscored by the development of biocontrol
products containing specialized strains of Pseudomonas,
Bacillus, and Streptomyces. These products have been tailored
to combat specific plant diseases, exemplified by
Pseudomonas fluorescens A506's effectiveness against
Erwinia amylovora-induced fire blight in pome fruits
(Cabrefiga et al., 2007) 61 and Pseudomonas chlororaphis
efficacy against diseases caused by Drechslera species and
Fusarium (Johnsson et al., 1998; Puopolo et al., 2011) [5 271,
Moreover, Bacillus subtilis has shown promise in promoting
plant growth and salt tolerance (Han et al., 2014) [*?, while B.
amyloliquefaciens has been instrumental in inhibiting
Monilinia  vaccinii-corymbosi, a pathogen affecting
blueberries (Ngugi et al., 2005) %1, and preventing bottom rot
in lettuce (Chowdhury et al., 2013) [, The efficacy of PGPR
extends beyond individual species, encompassing protection
against bacterial and fungal pathogens, as documented for
genera like Agrobacterium, Alcaligenes, Arthrobacter,
Bacillus, Pseudomonas, and Rhizobium. These bacteria
employ a spectrum of strategies, including colonization,
competition, and the release of potent antimicrobial
substances, such as antibiotics and cell wall lytic enzymes, to
thwart plant diseases. Additionally, they facilitate the
establishment of plant resistance mechanisms (Montesinos et
al., 2009; Lugtenberg and Kamilova, 2009; Berendsen et al.,
2012) (221,41 "Intriguingly, microbial biological control agents
shield crops from disease damage through various modes of
action, which can be either direct or indirect. These agents
may bolster plant resistance or directly target pathogens
within plant tissues without direct antagonistic contact.
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Competition for resources and space is another indirect but
effective strategy against pathogens (Spadaro and Droby,
2016) 32, Moreover, the involvement of hyperparasites that
infiltrate and eliminate pathogen cells, mycelium, spores, and
latent structures adds another layer of complexity to this
biological warfare (Ghorbanpour et al., 2018) I, The
significance of PGPR and their multifaceted mechanisms in
the realm of agricultural biocontrol cannot be overstated. This
paper delves into the intricate web of interactions between
these beneficial microbes and plants, elucidating their roles in
enhancing plant health, productivity, and resilience against
pathogens.

Materials and Methods

Biochemical test

The chosen salt-tolerant isolates were submitted to
biochemical characterisation using the methods described by
Seeley et al., (1991) and Cappuccino and Sherman (1987),
which are considered industry standards. The many
biochemical tests that were run and the techniques that were
employed are briefly described here.

In-dole test

Getting ready the Tryptone Broth and transferring a little
amount of a brand-new, 18-24-hour bacterial culture. Place
the inoculated Tryptone Broth in an incubator that has been
set to a 35-37 °C temperature range. Give it a 24-hour period
to incubate. Reagent of Kovac is added to the culture.
Introduce a few drops (about 0.5 ml) of Kovac's reagent
carefully down the inside wall of the test tube using a sterile
pipette or dropper. Over the next 2 to 5 minutes, keep an eye
on the tube for any colour changes. If in-dole is present in the
culture, the alcohol layer of the medium will develop a unique
pink to red colour (commonly referred to as cherry-red). This
colour shift is advantageous. If the only noticeable colour
change is a slight yellow hue, this is considered a negative
result.

Oxidase test

The trypticase soy agar plates were spotted with overnight-
grown cultures of the test isolates, and the plates were
incubated for 24 hours at 28 2 °C. Two to three drops of
tetramethyl phenylenediamine dihydrochloride (TPD) were
added to the test isolate's development after incubation. Blue
coloration was seen as an indicator of an active oxidase.

Gelatin liquefaction

The test cultures were inoculated into the pre-sterilized
nutritional gelatin deep tubes, and the tubes were cultured at
28 20C for 24 hours. The tubes were then put in a freezer at -
40C for 30 minutes. For the test, the culture-containing tubes
that didn't solidify after being refrigerated were considered
positive, while those that did were considered negative.

Starch hydrolysis

We looked studied the isolates' capacity to hydrolyze starch.
The test culture was added to three identical starch agar
plates, which were then incubated for three days at 30 °C.
Following incubation, the plates were flooded with Lugol's
iodine solution and left to stand for 15 to 30 minutes. The
colonies were then checked for a clear zone that would
indicate starch hydrolysis.
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Methyl Red — Voges Proskauer (MR-VP)

Test tubes containing 5 ml of MR-VP media were inoculated
with the overnight cultures and incubated for 48 hours at
370C. After that, around one-fourth of the cultures that had
been incubating were decanted into a clean test tube and 0.5
ml (8-10 drops) of the alpha napthanol solution (5% solution
in alcohol) was added. Following the addition of decanted
cultures, 0.5 ml of 40% KOH solution containing 0.3%
creatine was added, vigorously shaken, and left to stand for 5—
30 minutes. The presence of acetylmethylcarbinol was
indicated by a pink to red tint, which was reported as a
positive VP test.

Methyl red test

By incorporating a few drops of an alcoholic solution of
methyl red, the test culture was examined for acidity. A
prominent red colour was regarded a positive test result,
whereas the formation of a yellow tint was viewed as a
negative test result.

Hydrogen sulfide production

The semisolid SIM agar tubes holding the bacterial isolates
were punctured. The tubes were incubated at 50 °C for 48
hours. Following incubation, the stab line developing a black
colour was identified as a sign that H2S was being produced.
The control was an uninoculated semisolid SIM agar tube.

Urease Activity

Test tubes containing sterilised urea broth and the overnight
cultures were inoculated, and the test tubes were then
incubated at 50 2 °C for 48 hours. Pink colour fading was
considered a positive test result, and if the colour remained
unchanged, the test was deemed negative. As a control, pre-
sterilized urea broth was not infected.

Citrate utilization

The overnight cultures were added to test tubes with Simmons
citrate agar slants and cultured for 18 to 24 hours at 350° to
370 °C. Because they develop slowly on citrate medium,
certain organisms may need up to 7 days of incubation. For a
positive test, the growth will be evident on the slant surface
and the medium will be a deep Prussian blue. For a negative
test, there will be no growth apparent, no colour change, or
only a small amount of growth.

Biocontrol activity

The bioconrol activity of various bacterial strains, including
Pseudomonas furukawaii STT-A8, Achromobacter sp. STT-
Al12, Agrobacterium pusense STT-A24, Agrobacterium
pusense STT-A39, Brevibacterium epidermidis STT-K2,
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Priestia flexa STT-K13, Pusillimonas sp. STT-K15, Bacillus
sp. STT-K24, Bacillus badius STT-N22, Bacillus badius
STT-N26, Brevibacterium epidermidis STT-N28, and

Bacillus badius STT-N33, was assessed using a dual culture

plate technique (Jasim et al., 2016) ¥l The experiment

involved the following steps:

1. Preparation of Potato Dextrose Agar (PDA) Plates: 30
mL of potato dextrose agar (PDA) was sterilized by
autoclaving at 15 psi for 15-20 minutes. The sterilized
PDA was then poured into Petri plates and allowed to
solidify.

2. Inoculation of Fungal Pathogens: Small amounts of
fungal isolates, specifically Fusarium oxysporum was
placed at the center of the Petri plates using a sterile loop.
These fungal cultures served as controls.

3. Inoculation of Bacterial Isolates: A 5 mm diameter
mycelial disc of the respective fungal isolates was cut out
using a sterile cork borer and placed at the center of the
Petri plates. The bacterial isolates (Pseudomonas
furukawaii STT-A8, Achromobacter sp. STT-Al2,
Agrobacterium  pusense STT-A24, Agrobacterium
pusense STT-A39, Brevibacterium epidermidis STT-K2,
Priestia flexa STT-K13, Pusillimonas sp. STT-K15,
Bacillus sp. STT-K24, Bacillus badius STT-N22,
Bacillus badius STT-N26, Brevibacterium epidermidis
STT-N28, and Bacillus badius STT-N33) were streaked
2.2 cm away from the fungal pathogens in a circular
fashion using sterile toothpicks.

4. Control Plates: Plates without bacterial streaks were
used as controls to observe the growth of fungal
pathogens in the absence of bacterial intervention.

5. Incubation: All the Petri plates, including those with
bacterial streaks and control plates, were incubated in a
BOD Incubator at a temperature of 30 °C. Observations
were made at 24-hour intervals.

6. Calculation of Percentage Inhibition: After 4 days of
incubation, the percentage inhibition of mycelial growth
was calculated using the following formula:

1=100% (C-T)/C

Where,

I = Percentage inhibition of mycelial growth

C = Growth of the fungal pathogen (in millimeters) in the
control plate

T = Growth of the fungal pathogen (in millimeters) in dual
cultures under the tested conditions.

Results and Discussion

Table 1: Biochemical characteristics of salt and temperatuire tolerant Rhizobacteria.

Characteristics
Sr. No. Rhizobacteria Indole |Ureasel Oxidase Hydrolysis| Gelatin  |Methyl| Voges- [Production| Citrate
of Starch |Liquefication| red |proskaur| of HoS |Utilization
1 Pseudomonas furukawaii STT-A8 - - + - + - - - +
2 Achromobacter sp. STT-A12 - - + - - - - B T
3 Agrobacterium pusense STT-A24. + + - + - + - - +
4 Agrobacterium pusense STT-A39 + + - + - + - - T
5 Brevibacterium epidermidis STT-K2 - - - - + - - - +
6 Priestia flexa STT-K13 - + + + + - - - T
7 Pusillimonas sp. STT-K15 - - + - - N + R T
8 Bacillus sp. STT-K24 - + + + + - - - +
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9 Bacillus badius STT-N22 - - - - + - - - _
10 Bacillus badius STT-N26 - - - - + - - - _
11  |Brevibacterium epidermidis STT-N28 - - - - + - - - +
12 Bacillus badius STT-N33 - - - - + - R R R

The results of this study revealed that Pseudomonas
furukawaii STT-A8 was shown positive test for Oxidase,
Gelatin liquefaction and Citrate utilization test and negative
for Indole, Urease, Starch hydrolysis, Methyl red, Voges-
proskaur and H,S production. Achromobacter sp. STT-A12
was shown positive test for Oxidase and Citrate utilization
test and negative for Indole, Urease, Starch hydrolysis,
Gelatin liquefaction, Methyl red, Voges-proskaur and H,S
production. Agrobacterium pusense STT-A24 and STT-A39
ware shown positive test for Indole, Urease, Starch
hydrolysis, Methyl red, Citrate utilization test and negative for
Oxidase, Gelatin liquefaction, Voges-proskaur and H,S
production. Brevibacterium epidermidis STT-K2 and STT-
N28 ware shown positive test for Gelatin liquefaction and
Citrate utilization test and negative for Oxidase, Indole,
Urease, Starch hydrolysis, Methyl red, VVoges-proskaur and
H,S production. Priestia flexa STT-K13 and Bacillus sp.
STT-K24 ware shown positive test for Urease, Oxidase,

Starch hydrolysis, Gelatin liquefaction and Citrate utilization
test and negative for Indole, Methyl red, VVoges-proskaur and
H,S production. Pusillimonas sp. STT-K15 was shown
positive test for Oxidase, VVoges-proskaur, Citrate utilization
test and negative for Indole, Urease, Starch hydrolysis,
Gelatin liquefaction, Methyl red, and H,S production.
Jianyang et al., (2020) 4 reported similar results for
pusillimonas Oxidase, VVoges-proskaur and Citrate utilization
test positive. Bacillus badius STT-N22, STT-N26 and STT-
N33 ware shown positive test for Gelatin liquefaction and
negative for Citrate utilization test Oxidase, Indole, Urease,
Starch hydrolysis, Methyl red, Voges-proskaur and H,S
production. Dye, (1979) 1% have given similar biochemical
characteristics with the help of which one can differentiate
Rhizobium and  Agrobacterium from each other.
Agrobacterium pusense was Gram-negative, rod-shaped
bacteria and it tested positive for catalase, methyl red, indole,
and motility assays reported by Kaur et al., (2022) (8],

Table 2: Assessment of salt and temperature tolerant Rhizobacteria as biocontrol agent

Treatment _ Fusarium oxysporum -
Diameter+SE (cm) % inhibition

Pseudomonas furukawaii STT-A8 1+0.03 87.5

Achromobacter sp. STT-A12 1.840.12 775

Agrobacterium pusense STT-A24 2.3+0.06 71.25

Agrobacterium pusense STT-A39 1.7+0.06 78.75
Brevibacterium epidermidis STT-K2 3.6+0.06 55

Priestia flexa STT-K13 2.3+0.06 71.25

Pusillimonas sp. STT-K15 2.2+0.06 725
Bacillus sp. STT-K24 4+0.14 50
Bacillus badius STT-N22 2.4+0.06 70

Bacillus badius STT-N26 2.5+0.06 68.42
Brevibacterium epidermidis STT-N28 4+0.12 50

Bacillus badius STT-N33 2.5+0.06 68.75
control 8+0.06 0

C.D. 0.23 1.478

S.E(m) 0.08 0.506

S.E(d) 0.11 0.715

C.V. 4.56 1.387

%o inhibition of fusarium oxysporum by rhizobacteria
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Graph 1: Showing % inhibition of fusarium oxysporum by different salt and temperature tolerant rhizobacterial isolates.
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Out of total 12 extremely salt and temperature tolerant
Rhizobacteria, the highest inhibition percentage showed
(Table 2, Graph 1, Figure 1 and 2) by Pseudomonas
furukawaii STT-A8 (87.6%), Agrobacterium pusense STT-
A39(78.75%),  Achromobacter sp. STT-Al12(77.5%),
Pusillimonas sp. STT-K15(72.5%) and Agrobacterium
pusense  STT-A24 (71.25%), Priestia flexa STT-
K13(71.25%), Bacillus badius STT-N22(70%), Bacillus
badius  STT-N33(68.75%), Bacillus badius  STT-
N26(68.42%) followed by Brevibacterium epidermidis STT-
K2(55%), Brevibacterium epidermidis STT-N28(50%),
Bacillus sp. STT-K24(50%) against Fusarium oxysporum. It
might be due to completely or partially destroyed by enzymes
during Endolysis and exolysis lysis produced by
rhizobacteria. In endolysis, destruction of a cell's cytoplasm
by its own enzymes after death, which can be brought on by
food deprivation, antibiosis, or other toxins and in exolysis
breakdown of a cell by the enzymes of a different organism
like chitinases, cellulases, etc., and it frequently culminates in
the death of the cell that was attacked. Similar results reported
in both leguminous and non-leguminous crops, rhizobacteria
inhibits the growth of pathogenic fungi such F. solani and M.
phaseolina (Omar and Abd-Alla 1998) 4. Sorghum seeds
were treated with biocontrol agents to control the Fusarium
moniliforme infection reported by Raju et al., (1999) 28l The
sorghum seeds had varying degrees of Fusarium moniliforme
infection. Pure cultures of Pseudomonas fluorescens,
Trichoderma harzianum, and Chaetomium globosum at the
rate of 1 x108 cfu g! were employed, as well as talc-based
formulations of 28 x10” cfu g°!, 19 x107 cfu g!, and 4 x10°

&>
L
J
J

Fig 1: Achromobacter sp. STT-A12

https://www.thepharmajournal.com

cfu g ! at the rate of 6 g kg and 10 g kg of seeds, respectively.
Rhizobacteria considerably improve seed germination, plant
growth, and vyields by reducing soil-borne infections,
according to a number of earlier researches (Sheikh et al.,
2006; Mazen et al., 2008) % 20 The current discovery is
consistent with the study conducted by Al-Ani et al. (2012) 1,
which sought to safeguard soybean plants from soil-borne
diseases (F. solani and M. phaseolina). By using the agar well
diffusion method, it was discovered that the two pathogenic
fungi had reductions in radial growth of 33.84, 46.46, 59.27,
and 65.58 percent and 39.61, 47.12, 57.06, and 64.04 percent,
respectively. On the other hand, the reduction in fungal
growth by the filtrate was discovered to be 54.11, 63.33,
67.11, and 72.66 percent for F. solani. Safin et al., (2020) 2%
found similar results for Endophytic bacteria (Bacillus
subtilis) and rhizospheric bacteria (Pseudomonas fluorescens)
were used as bioagents of biofungicides. Djaenuddin et al.,
(2020) ! found similar results against Maydis Leaf Blight by
application of Bacillus subtilis TM4 formulation. Meena et
al., (2022) 211 showed the similar type of biocontrol activity
results of Bacillus cereus, Bacillus anthracis, Bacillus
velezensis and Serratia marcescens against Colletotrichum
falcatum, Fusarium oxysporum f sp. ciceri, Helminthosporium
maydis, F. oxysporum f. sp. lycopersici, Aspergillus niger,
Mucor sp., Helminthosporium oryzae and Rhizoctonia solani
by using dual culture method and reported that Bacillus
velezensis inhibites F. oxysporium f sp. ciceri 88.15%.
Trichoderma harzianum showed a best biocontrol agent
against Fusarium wilt of Chickpea reported by Abdulle et al.,
(2022) 141,

Honor N

Fig 2: Bacillus badius STT-N22

Fig 1-2: Inhibition of fusarium oxysporium by Achromobacter sp. STT-A12 and Bacillus badius STT-N22 respectively.

Conclusion

Among the 12 extremely salt and temperature-tolerant
rhizobacteria isolates, the highest inhibitory effects against
Fusarium oxysporum were observed in Pseudomonas
furukawaii STT-A8 (87.6%), Agrobacterium pusense STT-
A39 (78.75%), Achromobacter sp. STT-Al12 (77.5%),
Pusillimonas sp. STT-K15 (72.5%), Agrobacterium pusense
STT-A24 (71.25%), Priestia flexa STT-K13 (71.25%),
Bacillus badius STT-N22 (70%), Bacillus badius STT-N33
(68.75%), and Bacillus badius STT-N26 (68.42%).

Brevibacterium epidermidis STT-K2 (55%), Brevibacterium
epidermidis STT-N28 (50%), and Bacillus sp. STT-K24
(50%) also exhibited significant inhibition against Fusarium
oxysporum. Among the 12 extremely salt and temperature-
tolerant rhizobacteria isolates Nine (Pseudomonas furukawaii
STT-A8, Agrobacterium pusense STT-A39, Achromobacter
sp. STT-A12, Pusillimonas sp. STT-K15, Agrobacterium
pusense STT-A24, Priestia flexa STT-K13, Bacillus badius
STT-N22, Bacillus badius STT-N33, and Bacillus badius
STT-N26 can be used as a best biocontrol agent against
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Fusarium oxysporum.
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