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ABSTRACT

Green gram (Vignaradiata L.) is a popular edible legume of India. The plant is cultivated
by the local farmer as cash crops. Rhizobium sp. was isolated from the root nodules of green
gram. The pure culture of the isolated bacterium was carried out at the laboratory with
Yeast- Extract Mannitol (YEM) Agar medium. The characterization of the bacterium was
made by morphological and biochemical tests. Production of siderophores by the Rhizobium
bacterium was qualitatively measured by Chrome Azurol S (CAS) agar plate method.
Antagonistic  behaviour of the Rhizobium isolates against two phytopathogenic
microorganisms such as Rhizoctonia solani and Rhizoctonia oryzae were studied by the
agar co-cultivation method. The zone of inhibition was recorded for both the pathogens are
46% and 51% respectively. The results indicated that Rhizobium species are capable to
resist the growth of both the studied phytopathogens at in vitro condition. Therefore,
Rhizobium sp. is a good candidate to control the growth of both the studied phytopathogenic

microorganisms and can be used as a biocontrol agent for the same.
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INTRODUCTION

Green gram (Vignaradiata L.) is a legume plant
belongs to family leguminosae and is cultivated
by the local farmer as rabi crops. The crop
plants are facing a lot of stresses during their
growth in the environment. These stresses are
directly impact on the production of the crop
(Pandey et al., 2017). Out of the range of
stresses, the biotic stress is very frequent to the
plants. The stress causes profound loss to the
yielding of plant (Achuo et al., 2006). It is
estimated that about 33% of a reduction of yield
has been incurred due to attack of pest
(Duveiller et al., 2007). Therefore, a reliable
and effective method of control of pest is very
essential to get hold of more production.
Generally the pests are controlled by using of
chemical pesticides. Most of the chemical
pesticides are degraded naturally after
application on the crops or when they come to
soil. One of the major causes of soil and water
pollutants is the use of pesticide to the crop
(Aktar et al., 2009). Due to improper use of
pesticides by farmers, they cause serious
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problem to the ecosystem. These pesticides are
harmful to the plants and animals as well,
including human beings. Sometimes, several
pesticides persist for a longer period at the
ecosystem and accumulate in the body or organ
of plant and animal particularly those organisms
are positioned at the higher level of the food
chain (Chau et al., 2015). Therefore, it is quite
desirable to replace the chemical pesticides with
suitable organic pesticides which have no
adverse effect to the ecosystem.

Biopesticides are preferable because they do not
cause any harm to the environment and also
control the pests as par with the chemical
pesticides (Meena and Mishra, 2020). These are
organic compounds are obtained from
microorganisms or the plants or their products
which are used against pest to protect the crops.
It is therefore desirable to use biocontrol sort of
pest management (Bagheri et al., 2018). It is
reported that certain bacteria can be used as a
biocontrol agent because these bacteria can
manufacture various type of metabolites such as
enzymes, antibiotics, siderophore setc like
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antimicrobial metabolites (Singh et al., 2017).
Lacuna should be highlighted. In the present
study Rhizobium sp. was isolated from root
nodule of legume plant (green gram) and
screened as a biocontrol agent against two
destructive phytopathogens such as Rhizoctonia
solani and Rhizoctonia oryzae.

MATERIALS AND METHODS

Isolation of Rhizobium strains

The roots of Green gram (Vigna radiata L.)
were collected by uprooting the plant and then
immediately brought to the laboratory for
isolation of Rhizobium bacteria. The larger sized
root nodules separated from the root of the old
plant, the surface sterilized with5% (w/v)
sodium hypochlorite (NaOCl;) for 5 minutes
followed by 0.3% of mercury chloride (HgCl>)
for 3 minutes. The root nodules were put in a
test tube and crushed with a sterilized glass rod
to extract the bacterium. The extract was
serially diluted with double distilled water and
spread on the Yeast- Extract Mannitol (YEM)
agar medium (Mallika et al., 2018). The agar
plates were kept at 27 + 2° C for 48 h. The
bacterial colonies appeared in the agar plate
were vigilantly observed.

Subculture and identification of the bacteria

The isolated Rhizobium bacterial strain was sub
cultured at the laboratory using the same
medium.  The isolated bacterium  was
morphologically and biochemically
characterized following the Bergey's Manual of
Systematic Bacteriology. The pure culture of
the bacterium was maintained at the laboratory
for future study.

Assay of antimicrobial compounds

Rhizobium species produce metabolites known
as siderophore, an antimicrobial compound. The
siderophores synthesised by the culture bacteria
was qualitatively measured by the Chrome
Azurol S (CAS) agar plate method. Chrome
Azurol S agar medium was commercially
obtained from Hi Media Private Limited,
Mumbai. The agar plates were prepared
following the standard procedure (Arora and
Verma, 2017). Rhizobium isolates were
transferred onto the CAS agar plates and then
incubated at 28° C for 72 h. Change of colour of
the medium was recorded.
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The in vitro study of the zone of inhibition:
Rhizobium bacterium was screened for its anti-
microbial efficacy against two  experimental
phytopathogens such as Rhizoctonia solani and
Rhizoctonia oryzae. The phytopathogens were
collected from the local Agriculture Centre and
maintained at the laboratory with the suitable
medium. The phytopathogens in pure form was
placed centrally on a Yeast- Extract Mannitol
agar plate and then isolated Rhizobium isolate
was placed in opposite sides of the
phytopathogens following standard procedure
(Sharma and Das, 2010; Das, 2011). The agar
plates were incubated at room temperature for 5
days. The zone of inhibition developed by
Rhizobium sp. due to resist of growth of
phytopathogenic in agar culture was recorded.
The average values are calculated in the replica
of three sets of experiments.
Scanning Electron Microscope study
Phytopathogenic ~ microorganisms  growing
towards the Rhizobium sp. at the zone of
interaction was analysed with Scanning
Electron Microscope (SEM) to reveal the cause
of death of the phytopathogenic
microorganisms. A small piece of agar disc (1
mm thickness) was cut out from the interaction
zone, treated with 2% osimium tetroxide for 24
h. Then photograph was taken by scanning
electron microscopy at different angles.
RESULTS AND DISCUSSION
The Rhizobium strains were isolated from root
nodules of green gram using YEM media. Pink
coloured bacterial colonies were appeared in the
culture medium after 48 h (fig. 1).

—

Figure 1. Rhizobium bacterial colonies in the
culture medium after 48 h of incubation
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The development of pink colour Dbacterial
colonies is the preliminary confirmation of
isolation  of  Rhizobium  bacteria.  The
characterization of the isolated bacterial strain
was made with their morphological and
biochemical analysis. The results of the analyses
are presented in table 1.

Table 1. The characterization of the isolated
Rhizobium  bacterial ~ strain  with  their
Morphological and biochemical analysis.

Characters analysed | Result
Shape Rod shaped
Motility Positive
Gram staining Negative
Indole Production Positive
Methyl Production Negative
Voges—Proskauer Positive
Citrate utilization Negative
H>S production Negative
NOs Production Positive
Catalase Positive
Urase activity Positive
Oxidase Positive
Starch Hydrolysis Positive
Gelatin Liquefaction Negative

The shape of the bacterium was rod shaped and
tested gram negative. The indol production and
Voges—Proskauer test showed positive whereas
methyl production and citrate utilization were
negative. Similarly, other biochemical testes such
as NOs production, catalase production, Urease
activity, Oxidase, Starch Hydrolysis were found
positive. H>S production and gelatin liquefaction
were found to negative.From the study, it is
confirmed that the isolated bacterium was
Rhizobium strain. To analyse the production of
siderophore by the isolated Rhizobium sp., the
bacterial strain was transferred to Chrome Azurol
S (CAS) agar plate.

The bacterial colonies changed the colour of the
medium from blue to yellow after 24 h of
incubation. This indicates that the Rhizobium
species has capable of producing the
antimicrobial secondary metabolites siderophore
(Boiteau et al., 2016). To study the antibacterial
activity the isolated Rhizobium strains are co-
cultured with phytopathogenic fungi in Yeast-
Extract Mannitol agar plate. To each well 0.1 mL
of 10*cells per of Rhizobium isolates was

© 623

JBiopest 14(1):27-31(2021)
29

Zone of inhibition developed by the Rhizobium strain
against phytopathogenic microorganism
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Figure 2. Percentage of the zone of inhibition
developed by the Rhizobium strain against
phytopathogenic microorganism

added. The zone of inhibition developed by the
Rhizobium strain against the phytopathogenic
microorganism represented in Figure 2.

Each value is the average of 5 replicates. The
Rhizobium sp. had strong antagonistic behaviour
against all the studied phytopathogens such as
Rhizoctonia solani and Rhizoctonia oryzae. The
zone of inhibition was initially observed after 24
hours of incubation in both the phytopathogenic
fungi and then it was gradually increased up to
120 h (i.e. 5 days) of incubation. The maximum
zone of inhibition was recorded for
phytopathogenic fungi Rhizoctonia solani and
Rhizoctonia oryzae was 20£0.8 mm and 24+0.7
mm respectively. The antagonistic behaviours of
Rhizobium sp. against phytopathogenic
microorganism have been reported by many
investigators (Deshwal et al., 2003; Khan et al.,
2008; Al-Ani et al., 2012). Rhizobium species
produce a secondary metabolites siderophores
which is an iron chelating compound (Ghavami et
al., 2017). Therefore, Rhizobium causes iron
deprive to the phytopathogenic microorganism
which is required for their growth and
pathogenesis. Apart from that Rhizobium species
are also produce rhizobactin an antimicrobial
compound during its growth (Damien et al.,
2001). Therefore, the antimicrobial compounds
siderophores or rhizotoxins or both the
compounds thereof subdued the growth of the
studied phytopathogenic microorganism. Thus,
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the growth of the phytopathogenic
microorganism was inhibited. Phytopathogenic
fungi were analysed with scanning electron
micrograph (Fig. 3).
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Figure 3. Scanning Electron Micrograph (SEM)

20 FU

of Phytopathogenic fungi interacted with
Rhizobium strain.
The photograph indicates that the fungal

pathogens have deformities and fragmentation in
their hyphae. There is a clear sign of swelling and
presence of pores on the hyphal wall. Therefore,
the Rhizobium sp. has competent to control the
growth of both the studied phytopathogenic
microorganisms.

Biological or biocontrol is an eco-friendly
method where insects, mites, weeds and plant
diseases are controlled using other organism. The
technique does not emit any hazardous chemical
to the environment. It is based on the principle of
predation, parasitism, herbivory or antagonistic
effect. The technique is considered as the better
method of pest control in compared to the
chemical method of control of pest. In the piece
of investigation, Rhizobium sp. is screened as a
biocontrol agent against two common
phytopathogens such as Rhizoctonia solani and
Rhizoctonia oryzae. Rhizobium species was
isolated from the root nodules of the green gram
cultivated by the local farmers as a cash crop in
their field. The isolation of the Rhizobium
bacterium was made with Yeast- Extract
Mannitol (YEM) agar medium. Production of the
antimicrobial secondary metabolites siderophores
was qualitatively measured by Chrome Azurol S
(CAS) agar medium assay. The isolated
Rhizobium strain is capable of producing
siderophores an iron chelating compound. The in
vitro study of antagonistic behaviour of the
isolated Rhizobium sp. against Rhizoctonia solani
and Rhizoctonia oryzae was studied by agar plate
co-cultured method. It is found that the isolated
Rhizobium species has capable to resist the
growth of both the studied pathogenic
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microorganisms.  The  scanning  electron
micrograph photograph of the pathogenic

microorganisms indicated that there is a swelling,
breakage and pores on the fungal hyphae.
Therefore it can be concluded that Rhizobium
species is a good candidate for biocontrol
mediator against Rhizoctonia solani and
Rhizoctonia  oryzae, the two  studied
phytopathogenic microorganisms.
ACKNOWLEDGEMENTS

The authors are highly grateful to authorities of
GIET University, Gunupur for providing the
laboratory facilities to carry out the piece of
investigation.

REFERENCES

Achuo, E. A., Prinsen, E. and Hofte, M.
2006. Influence of drought, salt stress and
abscisic acid on the resistance of tomato
to Botrytis cinerea and Oidium
neolycopersici. Plant Pathology, 55: 178-
186. 10.1111/j.1365-3059.2006.01340.x

Aktar, Md. W., Sengupta, D. and Chowdhury,
A. 2009. Impact of pesticides use in
agriculture: their benefits and hazards.
Interdisciplinary Toxicology, 2(1):1-
12. doi: 10.2478/v10102-009-0001-7.

Al-Ani, R.A., Adhab, M.A., Mahdi, M.H. and
Abood, H.M. 2012. Rhizobium japonicum as
a biocontrol agent of soybean root rot disease
caused by Fusarium
solani and Macrophomina phaseolina. Plant
Protection Science, 48:149-55.

Arora, N.K. and Verma, M. 2017. Modified
microplate method for rapid and efficient
estimation of siderophore produced by
bacteria. 3Biotech, 7: 381.
https://doi.Org/10.1007 /s13205-017-1008-y

Bagheri, A., Emami, N., Allahyari, M.S. and
Damalas, C.A. 2018. Pesticide handling
practices, health risks, and determinants of
safety behavior among Iranian apple farmers.
Human and Ecological Risk Assessment,
24(8): 2209-2223. https: //doi.org/10.1080
/1080 7039 .2018.1443265

Boiteau, R. M., Mende, D. R., Hawco, N. J.,
Mcllvin, M. R., Fitzsimmons, J. N., Saito, M.
A. and Repeta, D. J. 2016. Siderophore-
based microbial adaptations to iron scarcity
across the eastern Pacific



Efficacy of antagonistic activity of Rhizobium species

Ocean. Proceedings of the National Academy
of Sciences of the United States of America,
113(50), 14237-14242.
doi:10.1073/pnas.1608594113

Chau, N.D., Sebesvari, Z., Amelung, W. and
Renaud, F.G. 2015. Pesticide pollution of
multiple drinking water sources in the
Mekong Delta, Vietnam: evidence from two
provinces. Environmental Science and
Pollution Research, 22 (12): 9042-58. doi:
10.1007/s11356-014-4034-x.

Damien, L., John, O'.B. Timothy, W., Paul, C.,
Paraic, O. C., Jorge, H. C. and Michael, O'C.
2001. Genetic Organization of the Region
Encoding Regulation, Biosynthesis, and
Transport of  Rhizobactin 1021, a
Siderophore  Produced by Sinorhizobium
meliloti. Journal of Bacteriology, 183(8):
2576-2585. doi: 10.1128/JB.183.8.2576-
2585.2001

Das, M. 2011.Chitinase produced by Serratia
marcescens SMG isolated from decomposed
Volvariella volvacea. African Journal of
Microbiology Research, 5(20): 3220-3222

Deshwal, V.K., Panday, P., Kang, S.C. and
Maheswari,. D.K. 2003. Rhizobia as a
biocontrol agent against soil borne plant
pathogenic  fungi. Indian Journal of
Experimental Biology, 41:1160-1164

Duveiller, E., Singh, R. P. and Nicol, J.M.
2007. The challenges of maintaining wheat
productivity: pests, diseases and potential
epidemics. Euphytica, 157: 417-430.10.1007
/s10681-007-9380-z.

Ghavami, N., Alikhani, H.A., Pourbabaei, A.A.
and Besharati, H. 2017. Effects of two new
siderophore-producing  Rhizobacteria on
growth and iron content of maize and canola
plants. Journal of Plant Nutrition, 40:736-
746

Khan, Z., Kim, S.G., Jeon, Y.H., Khan, H.U.,
Son, S.H. and Kim, Y.H.2008. A plant
growth promoting
Rhizobacterium, Paenibacillus
polymyxa strain GBR-1, suppresses root-knot
nematode. Bioresource Technology,99:
3016-3023.

Mallika, D., Yamikani, C., Apiraya, T.,
Pilunthana, T., Sirinapa, C., Shigeyuki, T.
and Mika, N. 2018. Isolation and

© 623

JBiopest 14(1):27-31(2021)

31
characterization of rhizobia from nodules
of Clitoria ternateain Thailand. Plant

Biotechnology, 35(2): 123 -129. doi:10.5511
/plant biotechnology .18.0402a

Meena, R.K. and Mishra, P. 2020. Bio-
pesticides for agriculture and environment
sustainability. In: Kumar, S., Meena, R.S.
and Jhariya, M.K. (eds) Resources Use
Efficiency in  Agriculture.  Springer,
Singapore. https://doi.org/10.1007/978-981-
15-6953-1 3

Pandey, P., Irulappan, V., Muthukumar, V. and
Bagavathiannan, M. S. 2017. Impact of
combined abiotic and biotic stresses on plant
rowth and Avenues for crop improvement by
exploiting  physio-morphological traits.
Frontiers in Plant Science, 8:
537. doi: 10.3389/pls.2017.00537

Sharma, D. and Das, M. 2010. Efficacy of
antimicrobial metabolites of Pseudomonas
fluorescens PFG against phytopathogenic
fungi. Proceeding of National Academy of
Science, India, 80: 68-71

Singh, M., Kumar, A., Singh, R. and Pandey, K.
D. 2017. Endophytic bacteria: a new source
of bioactive compounds. 3 Biotech, 7(5):
315. doi: 10.1007/s13205-017-0942-z

Manoja Das*, Sumitra Mandal, Rajsekher
Padhy and Pragyna P Tripathy
Department of MSc Life Sciences,
University, Gunupur- 765022, Odisha
*Corresponding author

Contact No. 06857-250172(0),
9437771065(M), 06857-250232 (Fax)

Email: manoja2003@rediffmail.com

Orcid id : https://orcid.org/0000-0002-1571-3295

GIET


mailto:manoja2003@rediffmail.com
https://orcid.org/0000-0002-1571-3295

	Introduction
	Biopesticides are preferable because they do not cause any harm to the environment and also control the pests as par with the chemical pesticides (Meena and Mishra, 2020). These are organic compounds are obtained from microorganisms or the plants or t...
	MATERIALS AND METHODS

