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ABSTRACT: The present study confirmed that out of thirty one isolates collected from chickpea rhizoshpere,
four isolates PR7, PR10, PR30, PR31 found to be potent and identified PR7, PR10 as E. cloacae gram
negative and PR30, PR31 as B. subtills gram positive in clear microscopic view at 100x magnification. These
strains were identified on basis of 16s rRNA sequencing and were resulted to be antagonistic against R.
bataicola with 65.75% of higher zone inhibition observed in PR30 strain. Protease ranged between 27.75 to
19.00 μg/ml of production, siderophore with 1.29 in PR30 to 0.98 μg/ml which helps in iron uptake, and low
production in PR7. Chitin assay was 192.25 to 147.75 U/ml of production reported high in PR7, Cellulase was
482.0 U/ml observed in PR30 assisted in production of lytic enzymes that is responsible for breakdown of
fungal cell wall. Whereas HCN was only able to change color in PR10 only. All these mentioned four isolates
in this study, performed PGPR traits such as assessment of qualitative and quantitative screening were
pronounced to be potential, thus considered as an attractive solution for the challenges facing towards the
reported pathogen R. bataticola in chickpea under in vitro conditions that exhibited antagonistic activity.
Keywords: PGPR, R. bataticola, E. cloacae, B. subtills, Chickpea, Qualitative and Quantitative traits.
INTRODUCTION
In chickpea, among numerous factors related to biotic
and non-biotic, susceptibility to diseases is the most
important cause for the low productivity. Among
several diseases, dry root rot caused by Rhizoctonia
bataticola is one of the major constraints registered so
far which declines 10-60% of production every year
(Sundravandana et al., 2012). R. bataticola is mainly
soil and seed borne fungal pathogen highly affects
matured chickpea plants at podding and flowering
stages in comparison to seedlings. During dry soil,
temperature exceeding 30⁰C, the intensity of dry root
rot increases with increasing the frequency of water
deficit (Mamta et al., 2015).
The Rhizoctonia genus split a numerous features in
their anamorphic states which are similar and
considered to be a fungal filamentous taxon in
heterogeneous group has wide host range (Garcia et al.,
2006). Formerly, the dry root rot has not gained much
significant importance, but in modern years, it has
become a most important threat to chickpea production
predominantly due to altered weather conditions on the
account of severe and prolonged drought (Sharma et al.,
2013).
Bacteria that colonize roots and encourage plant growth
are denoted as plant growth promoting rhizobacteria
Kumeera et al.,

(PGPR). They have significant impacts on growth and
development as they improve the availability of micronutrients to their host plant by assembly of growth
promoting chemicals. They are also well identified for
their role in improving growth patterns of roots. A huge
diversity of organic compounds ooze out from the roots
as exudates that act as a signal for attracting soil
microbes as they are rich source of carbon supply
within the soil (Drogue et al., 2013). The uptake of
mineral nutrition and plant growth regulators are
augmented by PGPR directly and/or stimulate
immunity of chickpea against fungal pathogens
indirectly. Use of bacterial inoculation in particular,
plant growth promoting rhizobacteria (PGPR) is
effective and eco- friendly to improve drought tolerance
(Rolli et al., 2015; Balloi et al., 2010).
Generally, these fungal pathogens which are considered
as soil borne are managed by chemicals, but this
process leads to other health and environmental issues.
Approximately 2.5 million tons of pesticides are
utilized per annum universally also accumulates into
the environment (Rao et al., 2015). Hence alternative
management strategies are most pleasing. PGPR use
many different mechanisms to protect against various
abiotic stresses. Several organisms have been
successfully used as biocontrol agents such as
Pseudomonas spp., Bacillus spp., Enterobacter spp. for
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the management of dry root rot in chickpea (Christy et
al., 2012). These are interrelated multifaceted processes
which include fixation of atmospheric nitrogen (N),
phosphorus (P) solubilization, acquisition of nutrients,
modulation of plant hormone (IAA) are having direct
involvement in growth promotion. Whereas,
hydrocyanic (HCN) production, volatile compounds,
antibiotics, systemic resistance, siderophore production,
antagonistic action against biotic pathogens for disease
control and other mechanisms indirectly support the
growth of chickpea plants (Abd El Daim et al., 2014).
These PGPR usage in agriculture is increasing
constantly because of its growth promoting activities
and for the promotion of nutrient uptake by these
rhizobacteria (Ali et al., 2020). The suppression of
disease causing organisms because of a broad-spectrum
antifungal activity reported by several supporting
literatures (Kudoyarova et al., 2019) and the promotion
of positive effects on phytohormones production for the
growth and development of the plant (Park et al., 2017).
Inorder to suppress fungal diseases, biocontrol method
of approaching in indirect mechanism which is suitable
to act as antagonistic role (O’ Brien, 2017). Many
organic and inorganic compounds such as phosphorus,
iron, potassium, nitrogen, and zinc are well known
phenomenon for plant growth promotion available
directly through PGPR (Olanrewaju et al., 2017).
Therefore, the objective of the present study was to
isolate the rhizospheric bacteria from chickpea (C.
arietinum) and screen them for PGPR traits like
production of IAA (Indole acetic acid, protease,
siderophore, HCN (Hydrocyanic acid), cellulase,
chitinase, phosphate solubilization and capability to
provide tolerance against Rhizoctonia bataticola by
dual culture assay under in vitro conditions.
METHODOLOGY
Screening of bacteria from the rhizosphere soil:
Thirty one isolates were screened for PGPR traits from
chickpea rhizosphere. For the Bacterial isolation the
serial dilution technique has done and King’s B media
was used for the isolated bacterial bio control agents.
Four isolates were found to be potential for biocontrol
activity against Rhizoctonia bataticola.
Indole-3-acetic acid (IAA) estimation: The IAA
production was estimated by method of (Gorden and
Paleg 1957). The bacterial isolates was raised in Luria
Bertani broth for 72 hours at 37°C under shake
conditions. Then supernatant collected by the
centrifugation of cultures at 15,000 rpm and
Salkowski's reagent (2 mL) was mixed, and placed in
dark for 30 minutes for the development of pink color.
The color intensity was measured OD at 535 nm.
HCN production: The test cultures streaks on
prepoured plates of King’s medium B. The Whatman’s
No.1 filter paper strips soaked in 0.5% picric acid in
0.2% sodium carbonate and placed in between the
petriplates (Baker and Schippers 1987). The petri plates
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was sealed with parafilm and then incubated at 37°C for
1-4 days. Uninoculated control also maintained for
comparison. The plates was observed for color change
in filter paper from yellow to orange brown to dark
brown.
Chitinase enzyme assay: For chitinase assay, the
bacterial isolates grown in 100 mL fresh medium (3%
w/v chitin; 0.1% KH2PO4; 0.05% MgSO4.7H2O; 50
mM sodium phosphate buffer, pH 6.0) for three days at
30°C. After incubation, the supernatant was collected
by centrifuging the mixture at 12,000 rpm for 20
minutes. For qualitative assay method, along with
above said media, yeast (0.5g/L), colloidal chitin
(30g/L) and agar was added for plates. Bacteria
inoculated and incubated for 3-4 days at 28 ⁰C. The
plates observed a clear hallow zone that indicated
growth of bacteria in petriplates (Berger and Reynolds
1958).
Gram stain technique: The cells that were stained
with crystal violet and iodine was treated with a
decolorizing agent such as 95% ethanol or a mixture of
acetone and alcohol. Gram-positive bacteria retain
purple iodine-dye complexes after the treatment with
the decolorizing agent. To visualize decolorized Gramnegative bacteria, a red counter stain such as safranin
has been used after decolorization treatment (Danish
physician Hans Christian Gram 1984).
Siderophore production: The quantitative estimation
of siderophore production by isolates was performed by
liquid chrome azurol-S (CAS) assay method (Schwyn
and Neilands 1987). The cell-free extract of supernatant
(0.1 mL) mixed with 0.5 mL CAS assay solution along
with 10 μl of shuttle solution (0.2 M 5-sulfosalicylic
acid). The mixture kept at room temperature for 10
minutes and absorbance noted at 630 nm using UV-VIS
spectrophotometer. A blank reference was maintained
using all above components, except cell-free extract of
supernatant. The siderophore units was calculated as:
Percent siderophore unit = Ar − As
As × 100
Where Ar was the absorbance of reference at 630 nm,
and As was absorbance of test solution at 630 nm.
Phosphate solubilization: Diameters of clear zones
around the colonies after 5 days of incubation at 28°C
was measured on Pikovskaya agar inoculated plates.
whereas for quantitative assay, Pikovskaya broth was
used to inoculate and incubated at 37°C, then
centrifuged at 1000rpm for 30min, collected
supernatant was observed reading in spectrophotometer
at 410nm (Pikovskaya 1948).
Cellulase Production: Isolates were grown on LB
medium
supplemented
with
1%
carboxy
methylcellulose (CMC), Congo red dye 1% and
destaining with 1 M NaCl (Slama et al., 2019).
Cellulase activity was checked by the presence of clear
zones surrounding individual isolated colonies. For
quantitative assay, KH2PO4 (0.5g), MgSO4 (0.25g),
gelatin (2g) added in 1L of distilled water, CMC (0.1g),
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bacteria inoculated and incubated at 30⁰C for 3-4 days.
Centrifuged at 15000 rpm for 10min, 4⁰C. To this
supernatant solution citrate buffer was added and
incubated 50⁰C for 30min. Dns reagent (3ml) added
and OD was observed at 540nm.
Protease Production: Protease activity was checked by
measuring clear zone after inoculation of bacterial
strains on skimmed milk agar media containing (g/L):
Yeast extract, casein peptone, agar and supplemented
after autoclaving with 250 mL of sterile skimmed milk
(Mefteh et al., 2017). For quantitative assay, 50mM
potassium phosphate buffer, pH 8.0 at 37⁰C, 1% (w/v)
casein solution, 10% trichloro acetic acid reagent,
500mM sodium carbonate solution (Na2CO3) in nutrient
broth 13g autoclaved and bacteria inoculated then kept
under shaking incubator for 3-4 days at 35⁰C with
800rpm and observed OD at 280nm.
Dual culture assay: Dual inoculated plates with fungus
alone as control containing PDA medium, were
incubated at 28 °C with a 12 h photoperiod. The
inhibition zone between the 2 cultures was measured 3
days after inoculation for R. bataticola (Krishna
Kishore et al., 2005).
Inhibition percentage = RC-RT /RC 100
RESULTS
Qualitative and quantitative screening of bacterial
isolates for assessment of PGPR traits:
Thirty one bacterial isolates of chickpea rhizosphere
were screened against R. bataticola for antagonistic
activity and plant growth promotion traits. Out of these,
four isolates named PR7, PR30, PR10 and PR31 were
found to be potential in this study.
16S rRNA identification: 16S rDNA PCR
amplification were performed as stated by (Ovreas et
al., 1997) using the universal primers. PCR product was
purified with a PCR purification kit (Qiagen, U.S.A)
and nucleotide sequence data under accession number
KP966499 for the strain PR31 identified as Bacillus
subtilis.
PR30
strain
identified
as Bacillus
subtilus under accession number KP966505. PR7 strain
identified as Enterobacter cloacae under accession
number KP226581. PR10 strain identified as
Enterobacter cloacae
under
accession
number
KP226575 and was deposited in Gen-Bank sequence
database. The online program BLAST was used to find

the related sequences with known taxonomic
information in the databank at NCBI.
Protease activity: All the four isolates PR7, PR30,
PR10, PR31 were capable for clear hallow zone
formation in protease qualitative activity in petri-plates
recorded high zone diameter with 29.00 mm, and low
zone formation in PR7 with 12.0mm diameter shown in
Table 1. During quantification assay, production of
protease ranged from 19 μg/ml to 27.75 μg/ml, where
highest recorded in PR30 and least in PR7 over control
(22.25 μg/ml) shown in Table 2.
Siderophore production: All these reported isolates
were also capable of inductive formation of siderophore
activity for production of an orange hallow surface
around the colony on the CAS agar plates, however
highly produced zone diameter 29.0 mm in PR30, least
siderophore producing isolate was PR7 with 2.0 mm
zone diameter resulted in Table 1. Whereas, in
quantification test mentioned isolates shown in Table 2,
produced 1.29 μg/ml as highest siderophore production
and 0.98 μg/ml was considered as least production over
control (0.58 μg/ml).
Chitinase activity: Chitinase was also produced
periodically clear zone around the colony by these
isolates highly with 13.3mm of zone diameter in PR31,
and least isolate producer of chitin was PR14 with 5.3
mm of diameter measurement shown in Table 1.
However, the same bacterial isolates recorded highly at
the range of 192.25 U/ml and low production of chitin
was 147.75 U/ml at quantitative assay over control
(120.20 U/ml) shown in Table 2.
Phosphate solubilization: A clear yellow zone of
phosphate solubilization was highly produced in PR10
with 20.6mm, and least in PR31 with 14.3mm in
diameter shown in Table 1. However, in quantitative
estimation results in Table 2, showed that these isolates
ranged between 1.68 μg/ml to 1.30 μg/ml with PR10
being maximum producer of phosphate over control
with (1.05 μg/ml) and least recorded in PR31 strain.
Indole-3-acetic acid (IAA) production: Only two
isolates were able to produce IAA indicating the
production of pink color in bacterial isolates of PR30
and PR10 shown in Fig. 4, while in quantitative assay
with high range of 0.67 μg/ml of IAA production was
in PR30 strain and least recorded as 0.27 μg/ml of
production in PR7, as same isolate along with PR31
was found to be negative with no color formation of
IAA as phytoharmone shown in Table 1 and 2.

Table 1: Screening of PGPR traits for qualitative tests.
Pgpr
strains
PR7
PR30
PR10
PR31
Kumeera et al.,

Organisms
Control
E. cloacae
B. subtilis
E. cloacae
B. subtilis

Protease
(μg/ml)
22.25
19.00
27.75
27.00
26.75

Siderophore
(μg/ml)
0.58
0.98
1.29
1.19
1.02

Chitinase
(U/ml)
120.20
192.25
158.75
147.75
171.50
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IAA
(μg/ml)
0.05
0.27
0.67
0.45
0.34

Cellulase
(U/ml)
360.0
446.0
480.0
350.0
458.0
235

Table 2: Screening of PGPR quantitative traits
Protease
Strains

Siderophore

Chitinase

Phosphate

Cellulase

IAA

HCN

Q.A

Q.A

+

-

Dual
culture
Control
(90mm)
Inhibition
(%)
55.74

-

65.76

+

+
-

+
-

60.4
59.04

+

Organisms

PR7

E. cloacae

+

Z.D
(mm)
12.0

PR30

B. subtilis

+

PR10
PR31

E. cloacae
B. subtilis

+
+

Q.A

+

Z.D
(mm)
2

29.0

+

24.3
23.3

+
+

Q.A

+

Z.D
(mm)
15.2

29

+

27
27

+
+

Q.A

+

Z.D
(mm)
20.3

7.6

+

5.3
13.3

+
+

Cellulase production: Cellulase production was
indicated with a clear hallow zone formation of congo
red plate in three out of four mentioned isolates, highly
produced in PR30 strain with 18.2mm of zone diameter
and least in PR7 with 8.6mm of diameter in Table 1.
These cellulase produced at quantification asaay with
high range of 480.0 U/ml of cellulase production and
least in PR10 at 350.0 U/ml production in Table 2 yet
less than control (360.0U/ml), as this strain (PR10) was
pronounced negative during qualitative assay in petri
plates with no zone formation.

Q.A

+

Z.D
(mm)
8.6

16.6

+

18.2

20.6
14.3

+

15.3

Q.A

Gram
staining

HCN determination: HCN production was recorded in
only PR10 isolate shown in Fig. 2, while other isolates
were unable to change color from yellow to orange
brown as there was absence of hydrogen cyanide
producing capability in remaining PGPR isolates.
Gram staining: Gram staining of PR7 and PR10
isolates were found to be negative with pink color of
microscope view, the remaining mentioned two isolates
namely PR30 and PR31 were found to be gram positive
with rod shaped bacteria, violet color of microscopic
view at 100x magnification clearly shown in Fig. 1.

Fig. 1. Microscopic view of PGPR isolates at 100x magnification.

Fig. 2. Qualitative test indicated zone formation for the production of Siderophore, Protease and color change in
HCN (Hydrogen cyanide) test along with control in petri plates.
Antagonistic activities against R. bataticola as
pathogenic fungi: In this present study, PR30
identified as B. subtilis reported high inhibition of
65.76% with antagonistic activity, followed by PR10
identified as E. cloacae with high inhibition percentage
of 60.4%, neatly by isolate PR31 identified as B.
subtilis with 59.04% of inhibition and least in
Kumeera et al.,

comparison to four isolates was PR7 identified as E.
cloacae with 55.74 inhibition percentage resulted
against R. bataticola during dual culture assay, where
control was maintained at 90mm in petriplate clearly
shown in Fig. 3. Inhibition zone in mm was recorded
and inhibition percentage was calculated accordingly,
the results thus obtained were presented in Table 1.
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-

Fig 3. Dual culture assay against Rhizoctonia bataticola with control.
DISCUSSION
PGPR traits works combinely, as it was suggested in
the ‘‘additive hypothesis,’’ that multiple mechanisms,
such as phosphate solubilization, IAA, siderophore
antifungal activity and biosynthesis etc. are accountable
for the yield and plant growth promotion (Bashan and
Holguin, 1997). Phosphorous is widely available
second most nutrients in both organic and inorganic
forms of soil. The abundant amount of P present is of
no use to plants since they absorb only in the ionic form
of monobasic (H2PO−4) and dibasic (HPO2−4)
(Bhattacharyya and Jha 2012). The conversion and
release of inorganic form of phosphorous to organic
form, were considered as phosphate solubilizing
bacteria (PSB), the results of these isolates proved that
it acts as potential agent. The present study were in
agreement with several literatures reporting phosphate
solubilization by Bacillus spp. and Enterobacter spp. as
the most significant PSB and also as an another
important traits of PGPR (Panhwar et al., 2014). It can
produce both organic acids that can improve the
chemical availability of P and growth promoting
substances by enhancing various physiological
functions (Maliha et al., 2004). P plays a vital role in
early root development, yield quality and resistance to
plant diseases in chickpea (Islam et al., 2013a).
IAA as phytohormone production by Enterobacter spp.
followed by B. subtilis shown in Fig. 4, which helps in
plant growth promotion, development as well as
defense responses is a major tool employed by PGPR is
significant (Reetha et al., 2014). This diversity of
function is reflected by the extraordinary complexity of
IAA transport, biosynthetic and signaling pathways
(Santner et al., 2009). Indole acetic acid production
stimulated by tryptophan and reduced by anthranilate, a
Kumeera et al.,

precursor for tryptophan. By this mechanism, IAA
biosynthesis is fine tuned because tryptophan inhibits
anthranilate formation by a negative feedback
regulation on the anthranilate synthase, resulting in an
indirect induction of IAA production (Spaepen et al.,
2007). Since, IAA is engaged in multiple processes like
vascular bundle formation, cell division and
differentiation, these three processes are also
indispensable for nodule formation and also assists in
seedling growth and flower development (Glick, 2012).
The PGPR isolates reported in this study, promotes
plant growth by assisting nitrogen fixation, providing
indole acetic acid production (IAA), phosphate
solubilization and iron nutrition through siderophore
(Hamid et al., 2021). They produced in both Grampositive and Gram-negative strains were able to chelate
iron from surrounding environment altered to green
color from blue as shown in Fig. 2, due to removal of
iron from the CAS blue media (Padda et al., 2017).
Siderophore production by these rhizobacteria plays an
important role in Fe nutrition from soil to form
complexes and thereby improving the growth in
chickpea. Iron (Fe3+) in siderophore complex on
bacterial membrane is reduced to (Fe2+) which is further
released into the cell through gating mechanism linking
the inner and outer membranes. During this reduction
process, the siderophore may be recycled or destroyed.
Therefore, performs as solubilizing agents from
minerals or organic compounds under iron limitations
(Rajkumar et al., 2010). Siderophore produced by these
mentioned PGPRs is an indirect mechanism that
majorly takes part in preventing negative effects caused
by reported pathogen by exhibiting antagonistic effects
and by preventing the rise of other fungal pathogens in
plant rhizosphere (Abdul Malik et al., 2020). These are
low molecular in weight usually less than 1 kDa, and
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capable to sequester ferric forms of ions in the
rhizosphere zone in a counter track by making iron
unapproachable to the phytopathogens, thus preventing
their growth (Sayyed et al., 2019).
These PGPR were capable of releasing extracellular
enzymes like chitinase and β-1,3- glucanase, which
contributes in cell wall lysis (Singh et al., 2013; Liu et
al., 2019). Chitinase producing Enterobacter spp.
followed by other strains in this study, revealed
antagonistic activities by eliminating
fungal
phytopathogens, as it is primarily composed of β-1,4-Nacetyl-glucosamine, chitinase and β-1,3-glucanase are
reported as potent antifungals that suppress pathogen
growth (Riaz et al., 2021). They were capable of
hydrolyzing the -1, 4-linkages, an abundant N-acetyl-D-glucosamine polysaccharide which is an integral
structural component of fungal cell walls. This helps in
degrading cell walls of R. bataticola by production of
such enzymes (Ramyasmruthi et al., 2012). Detection
of –1,3–glucanase and cellulase activity in Fig. 2, was
confirmed after the translucent zones with U/ml high

production were observed in positivity of results in
these isolates (Patil et al., 2015).
HCN production by PGPR indirectly increases
Phosphate availability by metal chelation and
sequestration of these geo chemical entities (Rijavec et
al., 2016). This may also contribute the capability to
synthesize cell wall degrading enzymes for suppression
of pathogen by releasing different kind of enzymes,
metabolites shown in Fig. 4 specially protease,
siderophore, chitinase in chickpea (Kumar et al., 2019).
Interactions between these PGPR with reported isolates
may be synergistic or antagonistic and the beneficial
effects of such interactions could be exploited for
economic gain. It also secretes cellulose, protease,
glucanase for degrading cell walls of fungus (Abd ElDaim et al., 2019). HCN also increases phosphate
availability for rhizobacteria and Synthesis of lytic
enzymes that breaks the glycosidic linkages in the cell
wall of phytopathogens via limiting their vicinity and
growth. HCN have been shown by genera Enterobacter
spp. appears to act synergically with other methods of
biocontrol employed by these resulted PGPR (Nandi et
al., 2017).

Fig. 4. Quantification of bacterial isolates for production of a) IAA (Indole acetic acid), b) Siderophore and c)
Protease activity.
The major indirect mechanism of plant growth
promotion in rhizobacteria is through acting as
biocontrol agents. The four bacterial isolates in this
study from chickpea rhizosphere was reported to have
antifungal activities against major soil borne fungal
pathogen (Srivastava et al., 2016). Amongst these
isolated strains, PR30 identified as Bacillus subtilis
were used as powerful biocontrol agents exhibited clear
antagonistic activity when initially checked against dry
root rot caused by R. bataticola in comparing to other
strains. In addition, due to its broad host range, its
ability to form endospores and produce different
biologically active compounds with a wide spectrum of
activity displayed in Fig. 3 during in vitro conditions
(Saraf et al., 2008). The inhibition of reported fungal
pathogen growth by plant growth promoting
rhizobacteria occurs synergistically through producing
antibiotics, enzymatic lysis, volatile organic compound
(VOC) production and other mediated various principal
mechanisms (Nishad et al., 2020).
Kumeera et al.,

CONCLUSION
Plant growth promoting rhizobacteria (PGPR) has a
prominent role but dominated by harsh chemicals,
pesticides to manage dry root rot caused by Rhizoctonia
bataticola, which negatively impacts on environment
and crop productivity. Due to vast usage of these
agrochemicals, a serious threat facing in global and
health issues annually. Inorder to overcome this criteria,
PGPR is an alternative solution for managing soil borne
fungal pathogen, thus being beneficial for crop growth,
yield in chickpea as well as significantly helpful for
marginal farmers in present agricultural scenario
organically and even to reduce environment and health
concerns. In this present study, out of thirty one root
colonizing chickpea (C. arietinum) rhizosphere
bacterial isolates, four isolates reported highly
antagonistic activity by suppressing R. bataticola
growth mainly by showing its bio-control activity under
in vitro conditions. PGPR attributes including of both
indirect and direct traits, all these four mentioned
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isolates pronounced as actively potential in this current
study.
Acknowledgment: The authors would like to acknowledge
Dr. D. P. Google, Head, Department of Molecular Biology
and Genetic Engineering at Rashtrasant Tukadoji Maharaj
Nagpur University (RTMNU) for providing laboratory
facilities and supporting throughout the work.
Conflict of Interest. Nil.

REFERENCES
Abd, E. l., Daim, I. A., Häggblom, P., Karlsson, M., Stenström,
E., & Timmusk, S. (2014). Paenibacillus polymyxa A 26
Sfp- type PPTase inactivation limits bacterial antagonism
against Fusarium graminearum but not of F. culmorumin
kernel assay. Frontiers in Plant Science, 6: 368.
Abd, El-Daim, I. A., Bejai, S., & Meijer, J. (2019). Bacillus
velezensis 5113 Induced Metabolic and Molecular
Reprogramming during Abiotic Stress Tolerance in
Wheat. Science Reports, 9: 16282.
Abdul, Malik, N. A., Kumar, I. S., & Nadarajah, K. (2020).
Elicitor and receptor molecules: Orchestrators of plant
defense and immunity. International journal of
Molecular Science, 21: 963.
Ali, S., Hameed, S., Shahid, M., Iqbal, M., Lazarovits, G., &
Imran, A. (2020). Functional characterization of potential
PGPR exhibiting broad-spectrum antifungal activity.
Microbiology Research, 232: 126389.
Baker, P., & Schippers, D. (1987). Microbial cyanide production
in the rhizosphere in relation to potato yield production
and Pseudomonas spp. mediated plant growth
stimulation. Soil Biology and Biochemistry, 9: 451-457.
Balloi, A., Rolli, E., Marasco, R., Mapelli, F., Tamagnini, I., &
Cappitelli, F. (2010). The role of microorganisms in
bioremediation and phytoremediation of polluted and
stressed soils. Agrochimical, 54: 353–369.
Bashan, Y., & Holguin, G. (1997). Azospirillum-plant
relationships: Environmental and physiological advances
(1990–1996). Canadian Journal of Microbiology, 43:
103–121.
Berger, L. R., Reynolds, & D. M. (1958). The chitinase system of
a strain of Streptomyces griseus. Biochimica et
Biophysica Acta, 29: 522-534.
Bhattacharyya, P. N., & Jha, D. K. (2012). Plant growthpromoting rhizobacteria (PGPR): emergence in
agriculture. World Journal of Microbiology and
Biotechnology, 28: 1327–13.
Christy, J. E., Tharmila, S., & Niranjan, K. (2012). Antagonistic
activity of Trichoderma spp. and Bacillus spp. against
Pythium aphanidermatum isolated from tomato damping
off. Archives of Applied Science Research, 4: 1623-1627.
Danish physician Hans Christian Gram. (1984). Gram
Kleuring.doc., molecular cell physiology.
Drogue, B., Combes‐Meynet, E., Moenne‐Loccoz, Y.,
Wisniewski‐Dyé, F., & Prigent‐Combaret, C. (2013).
Control
of
the
cooperation
between
plant
growth‐promoting rhizobacteria and crops by rhizosphere
signals. Molecular Microbiology and Ecology of
Rhizosphere, 1 & 2: 279-293.
García, V. G., Onco, M. P., & Susan, V. R. (2006). Biology and
systematic of the form genus Rhizoctonia. Spanish
Journal of Agricultural Research, 4: 55-79.
Glick, B. R. (2012). Plant Growth-Promoting Bacteria:
Mechanisms and Applications. Hindawi Publishing
Corporation, Scientifica, 2012: 1-15.
Gorden, S. A., & Paleg L. G. (1957). Quantitative measurement
of indole acetic acid. Plant Physiology, 10: 37-48.

Kumeera et al.,

Hamid, B., Zaman, M., Farooq, S., Fatima, S., Sayyed, R.Z.,
Baba, Z. A., Sheikh, T. A., Reddy, M. S., El Enshasy, H.,
& Gafur, A. (2021). Bacterial Plant Biostimulants: A
Sustainable
Way
towards
Improving
Growth,
Productivity, and Health of Crops. Sustainability, 13:
2856.
Islam, M., Akmal, M., & Khan, M. A. (2013a). Effect of
phosphorus and sulphur application on soil nutrient
balance under chickpea (Cicer arietinum) monocropping.
Romanian Agricultural Research, 30: 223-32.
Krishna Kishore, G., Pande, S., & Podile, A. R. (2005).
Biological control of collar rot disease with broad
spectrum antifungal bacteria associated with groundnut.
Canadian Journal of Microbiology, 51: 123–132.
Kudoyarova, G., Arkhipova, T., Korshunova, T., Bakaeva, M.,
Loginov, O., & Dodd, I. C. (2019). Phytohormone
Mediation of Interactions Between Plants and NonSymbiotic Growth Promoting Bacteria Under Edaphic
Stresses. Frontiers in Plant Science, 10: 1368.
Kumar, G., Mukherjee, A., Yadav, S. K., Raghuwanshi, R.,
Singh, H. B., & Sarma, B. K. (2019). Role of bacterial
endophytes in plant growth and disease management. In:
Pandey, R.N., Chakraborty, B.N., Singh, D., Sharma, P.
(Eds.), Microbial Antagonists: Role in Biological Control
of Plant Diseases Part-II Bacterial Antagonists and
Bacteriophages. Indian Phytopathological Society, New
Delhi, pp. 515–531.
Liu, H., & Brettell, L. E. (2019). Plant defense by VOC-induced
microbial priming. Trends in Plant Science, 24: 187–189.
Maliha, R., Khalil, S., Ayub, N., Alam, S., & Latif, F. (2004).
Organic acids production and phosphate solubilization by
phosphate solubilizing microorganisms (PSM) under in
vitro conditions. Pakistan Journal of
Biological
Sciences, 7: 187–196.
Mamta Sharma, R., Ghosh & Pande S. (2015). Dry root rot
(Rhizoctonia bataticola (Taub.) Butler): an emerging
disease of chickpea – where do we stand? Archives of
Phytopathology and Plant Protection, 48: 797-812.
Mefteh, F. B., Daoud, A., Chenari Bouket, A., Alenezi, F.N.,
Luptakova, L., Rateb, M.E., Kadri, A., Gharsallah, N.,
& Belbahri, L. (2017). Fungal root microbiome from
healthy and brittle leaf diseased date palm trees (Phoenix
dactylifera L.) reveals a hidden untapped arsenal of
antibacterial and broad spectrum antifungal secondary
metabolites. Frontiers in Microbiology, 8: 307.
Nandi, M., Selin, C., Brawerman, G., Fernando, W. G. D., &
Kievit, T. (2017). Hydrogen cyanide, which contributes
to Pseudomonas chlororaphis strain PA23 biocontrol, is
upregulated in the presence of glycine. Biological
Control, 108: 47–54.
Nishad, R., Ahmed, T., Rahman, V. J., & Kareem, A. (2020).
Modulation of Plant Defense System in Response to
Microbial Interactions. Frontiers in Microbiology, 11:
1298.
O’ Brien, P.A. (2017). Biological control of plant diseases.
Australian Plant Pathology, 46: 293–304.
Olanrewaju, O. S., Glick, B. R., & Babalola, O. O. (2017).
Mechanisms of action of plant growth promoting
bacteria. World Journal of Microbiology and
Biotechnology, 33: 197.
Ovreas, L., Forney, L., Daae, F. L., & Torsvik, V. (1997).
Distribution of bacterio plant on in meromictic Lake
Saelevannet, as determined by denaturing gradient
electrophoresis of PCR-amplified gene fragments coding
for 16S rRNA. Applied Environment and Microbiology,
63: 3367-3373.
Padda, K. P., Puri, A., Zeng, Q., Chanway, C. P., & Wu, X.
(2017). Effect of GFP-tagging on nitrogen fixation and

Biological Forum – An International Journal

13(3): 233-240(2021)

239

plant growth promotion of an endophytic diazotrophic
strain of Paenibacillus polymyxa. Botany, 95: 933–942.
Panhwar, Q.A., Naher, U.A., Jusop, S. (2014) Biochemical and
molecular characterization of potential phosphatesolubilizing bacteria in acid sulfate soils and their
beneficial effects on rice growth. Plos One, 9: 1–14.
Park, Y. G., Mun, B. G., Kang, S. M., Hussain, A., Shahzad, R.,
Seo, C. W., Kim, A. Y., Lee, S. U., Oh, K. Y., & Lee,
D.Y. (2017). Bacillus aryabhattai SRB02 tolerates
oxidative and nitrosative stress and promotes the growth
of soybean by modulating the production of
phytohormones. Plos One, 12: 0173203.
Patil, S., Shivannavar, C. T., Bheemaraddi, M. C., & Gaddad,
S.M. (2015). Anti phytopathogenic and plant growth
promoting attributes of Bacillus strains isolated from
rhizospheric soil of chickpea. Journal of Agriculture
Science and Technology, 17: 1365–1377.
Pikovskaya, R. I. (1948). Mobilization of phosphorus in soil in
connection with vital activity of some microbial species.
Microbiology, 17: 362-370.
Rajkumar, M., Prasad, M. N. V., & Freitas, H. (2010). Potential
of siderophore-producing bacteria for improving heavy
metal phytoextraction. Trends in Biotechnology, 28: 142–
149.
Ramyasmruthi, S.O., Pallavi, S., Pallavi, K., Tilak, & Srividya, S.
(2012). “Chitinolytic and secondary metabolite producing
Pseudomonas fluorescens isolated from Solanaceae
rhizosphere effective against broad spectrumfungal
phytopathogens,” Asian Journal of Plant Science
Research, 2: 16–24.
Rao, G.V.R., Ratna Kumari, B., Sahrawat, K. L., & Wani, S. P.
(2015). Integrated Pest Management (IPM) for reducing
pesticide residues in crops and natural resources. In:
Chakravarthy AK (ed) New Horizons in insect science:
towards sustainable pest management, 397–412.
Reetha, S., Bhuvaneshwari, G., Thamizhiniyan, P., & Mycin, T.
R. (2014). Isolation of indole acetic acid (IAA) producing
rhizobacteria of Pseudomons fluorescens and Bacillus
subtilis and enhance growth of onion (Allium cepa. L).
International Journal of Current Microbiology, 3: 568574.
Riaz, U., Murtaza, G., Anum, W., Samreen, T., Sarfraz, M., &
Nazir, M. Z. (2021). Plant Growth-Promoting
Rhizobacteria (PGPR) as biofertilizers and biopesticides.
In Microbiota and Biofertilizers, Springer, pp. 181–196.
Rijavec, T., & Lapanje, A. (2016). Hydrogen cyanide in the
rhizosphere: not suppressing plant pathogens, but rather
regulating availability of phosphate. Frontiers in
Microbiology, 7: 1785.
Rolli, E., Marasco, R., Vigani, G., Ettoumi, B., Mapelli, F., &
Deangelis, M. L. (2015). Improved plant resistance to

drought is promoted by the root−associated microbiome
as a water stress−dependent trait. Environmental
Microbiology, 17: 316–331.
Santner, A., Calderon-Villalobos, L. I. A., & Estelle, M. (2009).
Plant hormones are versatile chemical regulators of plant
growth. Nature Chemical Biology, 5: 301–307.
Saraf, M., Thakker, A., & Patel, B. V. (2008). Biocontrol activity
of different species of Pseudomonas against
phytopathogenic Fungi In vivo and In vitro conditions.
International Journal of Biotechnology and Biochemistry,
4: 11-18.
Sayyed, R. Z., Ilyas, N., Tabassum, B., Hashem, A., Abd Allah,
E. F., & Jadhav, H. P. (2019). Plausible role of plant
growth-promoting Rhizobacteria in future climatic
scenario. Environmental Biotechnology, Springer, pp.
175–197
Schwyn, B., & Neilands J. B. (1987). Universal chemical assay
for the detection and determination of siderophores.
Annals of Biochemistry, 160: 47-56.
Sharma, M., & Pande, S. (2013). Unravelling effects of
temperature and soil moisture stress response on
development of dry root rot [Rhizoctonia bataticola
(Taub.)] butler in chickpea. American Journal of Plant
Science, 4: 584-589.
Singh, R. K., Kumar, D. P., Solanki, M. K., Singh, P., Srivastva,
A. K., Kumar, S., Kashyap, P. L., Saxena, A. K., Singhal,
P. K., & Arora, D. K. (2013). Optimization of Media
Components for Chitinase Production by Chickpea
Rhizosphere Associated Lysinibacillus fusiformis BCM18. Journal of Basic Microbiology, 53: 451–460.
Slama, H., Cherif-Silini, H., Chenari Bouket, A., Qader, M.,
Silini, A., Yahiaoui, B., Alenezi, F. N., Luptakova, L.,
Triki, M. A., & Vallat, A. (2019). Screening for
Fusarium antagonistic bacteria from contrasting niches
designated the endophyte Bacillus halotolerans as plant
warden against Fusarium. Frontiers in Microbiology, 9:
3236.
Spaepen, S., Vanderleyden, J., & Remans, R. (2007). Indole- 3acetic acid in microbial and microorganism-plant
signaling. FEMS Microbiology, 31: 425–448.
Srivastava, S., Bist, V., Srivastava, S., Singh, P. C., Trivedi, P.
K., Asif, M. H., Chauhan, P. S., & Nautiyal, C. S. (2016).
Unraveling aspects of Bacillus amyloliquefaciens
mediated enhanced production of rice under biotic stress
of Rhizoctonia solani. Frontiers in Plant Science, 7: 587.
Sundravandana, S., Alice, D., & Thirumurugan, S. (2012).
Exploration of variability in colony morphology and
virulence of rhizoctonia bataticola isolates causing dry
root rot of pulses global. Journal of Bio-Science and
Biotechnology, 1: 91-97.

How to cite this article: Kumeera, B., Matikhaye, S., Ramteke, P.W. and John, S.A. (2021). In vitro Qualitative and
Quantitative Assessment of PGPR Potential Attributes against Rhizoctonia bataticola in Chickpea. Biological Forum – An
International Journal, 13(3): 233-240.

Kumeera et al.,

Biological Forum – An International Journal

13(3): 233-240(2021)

240

