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Abstract
An endophytic isolate HR1 from the root nodules of Vigna mungo L. was isolated and identified as Klebsiella pneumoniae
by 16S rDNA sequencing. The isolate can solubilize phosphate, zinc and produce siderophore, IAA, and HCN. Moreover,
the isolate can tolerate heavy metal cadmium and produce hydrolytic enzymes protease, amylase and chitinase. K.
pneumoniae inhibited the growth of Macrophomina phaseolina strongly in a paired culture study. The greenhouse study
revealed that HR1 significantly increased the germination percentage, shoot and root length, shoot and root dry weight in the
treated plants compared to the healthy control and the M. phaseolina infected plant. K. pneumoniae reduced the occurrence
of M. phaseolina which induced the root rot disease in Vigna. The lowest percentage of disease incidence (18.2 %) was
observed when K. pneumoniae was applied in dual-mode (seed bacterization + soil drench application) in the M. phaseolinainfested soil. Activities of defense-related enzymes such as, chitinase, phenylalanine ammonia lyase, peroxidase and β-1, 3glucanase increased significantly following the application of K. pneumoniae, and challenged inoculation with M.
phaseolina. Results clearly indicate that the isolate may be used as biocontrol agent to induce systemic resistance to M.
phaseolina.
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1. Introduction
Vigna mungo (L.) (Black gram), is an important pulse
crop occupying a unique position in Indian agriculture and
is a major source of protein (24 %) for humans as well as
animals (Satyanandam et al., 2013). Most often, for its
nutritional values it has been recommended for diabetes.
However, the plant is severely affected by charcoal rot, a
devastating root rot disease distributed over arid to tropical
regions (Cottingham, 1981; Abawi and Pastor-Corrales,
1990). The pathogenic fungus, Macrophomina phaseolina
(Tassi) Goid (Dothideomycetes, Botryosphaeriales) is
responsible for this devastating root rot disease leading to
seedling blight in the initial stage, and brown lesions on
roots and stems are found later in the mature stages of the
plant (Iqbal et al., 2010b). M. phaseolina is a soil and
seed-borne fungal pathogen, which produces cushion-like
black microsclerotia (Wheeler, 1975). Thus, the
management of the root rot disease is essential to meet the
enhanced requirements of the crop productivity by an
actively growing population. To cope with this problem,
farmers generally use chemical fungicides mostly nonjudicially. Moreover, the prolonged use of chemical
fungicides is environmentally not suited because they
could generate resistant pathogen (McMullen and
Bergstrom, 1999). So, an alternative method needs to be
developed for a sustainable and eco-friendly cultivation of
black gram.
*
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In this milieu, plant-associated bacteria can play an
important role in the biological control of many plant
diseases. Recently, lot of attention has been given to the
use of these organisms as biocontrol agents as well as
plant-growth promoters to reduce the detrimental effects
resulting from using chemical fungicides. Bacterial
endophytes can be suitable biocontrol agents as they
colonize the same ecological niche, which is inhabited by
phytopathogens (Berg et al., 2005). After the colonization
in inter tissues, these microorganisms produce some
important biochemical compounds, and can alter the plant
cell metabolism to enhance host resistance to diseases
(Krishnamurthy and Gnanamanickam, 1997; Bloemberg
and Lugtenberg, 2001; Lugtenberg and Kamilova, 2009).
Several endophytic bacteria such as Pseudomonas,
Bacillus, and Paenibacillus have been reported for their
antagonism against M. phaseolina (Atef, 2000;
Senthilkumar et al., 2009).
Endophytic Klebsiella spp. was reported earlier by
authors to possess plant growth- promoting activities
(Sharma et al., 2014; Yamina et al., 2014). Reports on
heavy-metal resistant strains of K. pneumoniae,
Pseudomonas aeruginosa and Pantoea agglomerans were
mentioned earlier by researchers (Nath et al., 2012;
Yamina et al., 2014; Bhagat et al., 2016). There have been
several reports which emphasized the antagonistic activity
of Klebsiella sp. and Pseudomonas sp. against some
pathogenic fungi including M. phaseolina (Das et al.,
2015; Kumar et al., 2007).
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The current study is conducted to investigate the
effectiveness of the endophytic bacteria Klebsiella
pneumoniae HR1 (Gamma proteobacteria, Enterobacteriales) in controlling M. phaseolina root rot disease in
Vigna, and to determine the role of the isolate in the
induction of plant defence-enzymes in response to the M.
phaseolina infection.
2. Material and Methods
2.1. Isolation of Endophytic Strain from Root nodule of
V. mungo L.
Healthy root nodules of V. mungo were collected from
different agricultural fields of three districts in North
Bengal -Malda, Uttar Dinajpur and Dakshin Dinajpur. The
samples were washed with sterile distilled water, and were
then surface sterilized using 95 % ethanol for one minute,
followed by 0.1 % mercuric chloride (HgCl 2 ) for three
minutes. They were finally rinsed six times with sterile
distilled water. Then, 1g of nodules was crushed in 5 mL
of sterile water resulting in a milky suspension, which was
serially diluted up to 10-6 dilution. 0.1 mL of each dilution
was spread on sterile yeast extract mannitol agar (YEMA)
plates containing 0.1 % Congo red. The plates were
incubated for forty-eight hours at 28 ± 1°C. The colonies
were picked and maintained in YEMA slant at 4°C for
further study.
2.2. Characterization and Identification of the Bacterial
Strain
The isolates were characterized morphologically on the
basis of the colony colour, shape, appearance, diameter,
transparency, and gram staining. For the biochemical
characterization, oxidase test, production of acid and gas
from carbohydrate, citrate utilization, nitrate reduction,
gelatin liquefaction, urease, methyl red and Voges
Proskauer tests were performed by following the standard
protocols (Cappuccino and Sherman, 1992).
For identification, genomic DNA was extracted from
the twenty-four-hour-old culture following the method of
Stafford et al., (2005). DNA was precipitated from the
aqueous phase with chilled ethanol (100 %) and was
pelleted by centrifuging at 12000 rpm for fifteen minutes,
followed by washing in 70 % ethanol and centrifugation.
The pellet was, then, air- dried and suspended in TE buffer
pH 8. For ITS-PCR amplification, DNA was amplified by
mixing the template DNA (50 ng) with the polymerase
reaction buffer, dNTP mix, primers and Taq polymerase.
The polymerase chain reaction was performed in a total
volume of 100 μL containing 78 μL of deionized water, 10
μL 10× Taq polymerase buffer, 1 μL of 1U Taq
polymerase, 6 μL 2 mM dNTPs, 1.5 μL of 100 mM reverse
and forward primers and 3.5 μL of 50 ng template DNA.
The amplification of 16S rRNA gene was carried out by
PCR
using
the
forward
(27f
5ʹ
GAGTTTGATCACTGGCTCAG 3ʹ) and reverse (1492r 5ʹ
TACGGCTACCTTGTTACGACTT 3ʹ) primers (Byers et
al., 1998). The PCR was programmed with an initial
denaturing at 94 °C for five minutes, followed by thirty
cycles of denaturation at 94 °C for thirty seconds,
annealing at 61°C for thirty seconds and an extension at
70°C for two minutes and with a final extension at 72°C
for seven minutes in a Thermocycler (Applied Biosystems,
2720). The amplified products were resolved by

electrophoresis in 0.8 % agarose gel and PCR amplicons
were purified. The purified DNA sequenced from Xcelris
laboratory, Ahmadabad, India, and the 16S rDNA
sequence obtained from PCR products were subjected to
BLAST analyses. After complete annotation, the DNA
sequences were deposited to NCBI GenBank through
BankIt to get accession number. A phylogenetic analysis
was conducted in MEGA - 4.0.2 software (Tamura et al.,
2007). The evolutionary history was inferred by NeighborJoining Method (Saitou and Nei, 1987).
2.3. In vitro Screening for Plant Growth Promoting
Activity
2.3.1. Phosphate Solubilization
The phosphate solubilization efficacy of the isolate was
determined using both Pikovskya’s and National Botanical
Research Institute’s phosphate (NBRIP) medium
(Pikovskaya, 1948; Nautiyal, 1999). The isolate was spotinoculated at the center of the plate and was incubated for
seven days at 28°C. The clear zone around the colony
indicated phosphate solubilization activity.
2.3.2. Zinc Solubilizing Activity
A modified Pikovskaya medium supplemented with
zinc oxide (Glucose 10g, MgSO 4 .7H 2 O 0.1g, (NH 4 ) 2 SO 4
1g, KCl 0.2g, K 2 HPO 4 2g, yeast extract 5g, ZnO 1g and
Agar 20g in 1000 mL dH 2 O) was used for determining the
zinc-solubilizing activity of the isolate. The plate was
streaked and incubated for seven days at 30°C. The clear
zone around the colony was considered as a positive result
(Pikovskaya, 1948).
2.3.3. Indole Acetic Acid (IAA) Production
IAA production was determined by inoculating the
bacterial suspension (100 µL) in a YEM broth
supplemented with tryptophan (0.01 %), and was
incubated for three days. After centrifugation at 10000 rpm
for twenty minutes, the supernatant was collected. A few
drops of the orthophosphoric acid and 4 ml of the
Salkowski reagent (1 mL of 0.5 M FeCl 3 solution in 50
mL of perchloric acid) were added to 2 mL of the
supernatant and were kept in the dark for thirty minutes at
room temperature. The appearance of the pink colour
confirmed the IAA production (Brick et al., 1991).
2.3.4. Production of Ammonia
For ammonia production, a freshly-grown culture was
inoculated in 10 mL peptone water and was incubated for
forty-eight hours at 28 ± 2°C. Then, Nessler’s reagent (0.5
mL) was added. The development of the brown to yellow
colour represents positive results for ammonia production
(Cappuccino and Sherman, 1992).
2.3.5. Hydrogen Cyanide (HCN) production
The evaluation of hydrogen cyanide (HCN) production
was done by inoculating the bacterial isolate on a YEMA
medium amended with glycine. A Whatman No. 1 filter
paper previously soaked in picric acid solution (0.05%
solution in 2% sodium carbonate) was placed at the inner
side of the Petri plate. Then the plate was sealed and
incubated for forty-eight hours at 30°C. The change in
colour of the filter paper from deep yellow to reddish
brown was considered as an indication of the HCN
production (Bakker and Schippers, 1987).
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2.3.6. Siderophore Production
Siderophore production was detected on a Chromeazurol S (CAS) medium following the method of Schwyn
and Neilands, (1987). The isolate (24-hour-old culture)
was spotted on a CAS medium, and all plates were
incubated at 28±1°C for forty-eight hours. The formation
of yellow or orange halos around the colonies was
considered as the positive response to the production.
2.3.7. Heavy Metal Tolerance
Heavy-metal tolerance of the isolate was determined
using cadmium (Cd) as a heavy metal source. The dilution
plate method was used to determine the lowest
concentration of Cd that absolutely prevented the growth
of the bacterial strain. The YEM agar plate supplemented
with 25, 50, 75 and 100 μg/mL CdCl 2 was used. The
inoculated plates were incubated for seven days at 28°C.
2.4. Production of Extracellular Hydrolytic Enzymes
2.4.1. Protease Production
The assay of protease production was performed on
sterile skim milk agar plates. The isolate was spotinoculated and incubated at 30°C. The zone of clearance
around the colony indicated the production of protease
(Chaiharn et al., 2008).
2.4.2. Amylase Production
For amylase production, the bacterial isolate was spotinoculated on starch agar medium and was incubated for
forty-eight hours at 30°C. After the incubation period, the
plate was flooded with Lugol’s iodine solution, and was
kept for a minute. The colorless zone around the colonies
indicated the production of amylase (Shaw et al., 1995).
2.4.3. Cellulase Production
The production of cellulase was assessed by following
the method of Rangel-Castro et al., (2002) with some
modifications. The isolate was inoculated on a modified
YEMA medium supplemented with CMC (Carboxymethyl
cellulose) instead of mannitol. The plate was incubated at
30°C for five days. After incubation, the media was
flooded with an aqueous solution of Congo red (1% w/v),
and the formation of a clear zone was considered as a
positive response in the production of cellulase by the
bacterial isolate.
2.4.4. Chitinase Production
Chitinase production efficacy of the isolate was
determined by following the method of Roberts and
Selitrennikoff, (1988) with some modifications. The
chitinase-detection agar (CDA) plate was prepared by
replacing mannitol with 1% colloidal chitin in modified
YEMA, and the strain was spot-inoculated at the center of
the plate. The plate was then incubated at 28°C for seven
to ten days. The formation of a clear zone indicated the
production of chitinase.
2.5. In-vitro Antagonistic Activity
The in-vitro antagonistic activity of the isolate was
assessed by a dual culture method against the fungal
pathogens: M. phaseolina, Fusarium oxysporum Smith &
Swingle (Sordariomycetes, Hypocreales), F. semitectum
Berk. and Ravenel (Sordariomycetes, Hypocreales),
Colletotrichum sp, Alternaria alternata (Fr.) Keissl
(Dothideomycetes, Pleosporales), and Aspergillus sp. in
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modified PDA supplemented with 2 % sucrose instead of
dextrose (Kumar et al., 2012). The inoculated plates were
incubated at 28 ± 1°C for five days, and the inhibition of
the colony growth was measured. The percentage of
inhibition was calculated using the following formula –

PI = Percentage of inhibition, T = Redial growth of the fungal
colony opposite the bacterial colony, and C = radial growth of the
pathogen in the control plate.

All the plant pathogenic cultures were obtained from
the culture collection of Microbiology and Microbial
Biotechnology laboratory at the University of Gour Banga,
Malda.
2.6. Assessments of Strain HR1 as a Biocontrol Agent
against Root Rot Disease of V. mungo under Greenhouse
Conditions
The efficacy of the strain HR1 to control the root rot
disease of V. mungo, caused by M. phaseolina was
determined under greenhouse conditions. The seeds of V.
mungo var. sarada were collected from the ‘Pulse and Oil
seeds Research Station’ Rani Bagan, Behrampore, West
Bengal, India. For seed bacterization, the isolate was
grown in a YEM broth at 30°C and 140 rpm on a rotary
shaker for three days. After centrifugation at 6000 rpm for
fifteen minutes, the bacterial suspension was diluted to
attain the concentration of 108 CFU/mL.
The surface-sterilized seeds were soaked in a bacterial
suspension supplemented with 1 % CMC overnight, and
were sown (6 seeds/bag) in black polythene bags
containing 2 kg of sterilized soil. The bacterium was also
applied as soil drench (100 mL/Kg soil, concentration of
108 CFU/mL) to the rhizosphere of potted plants after
seven days of growth.
The mass inocula of M. phaseolina was prepared by
inoculating mycelial block in a pre-sterilized 30g moist oat
meal medium, and was incubated at 30°C for five days for
soil infestation. The inoculum (0.1 % w/w) was mixed
thoroughly in the double autoclaved soil.
Growth promotion of Vigna plants was measured in
terms of increase in the percentage of seed germination,
shoot and root length, shoot and root dry weight following
the application of the bacterial isolate. The vigor index was
calculated as described by Abdul-Baki and Anderson,
(1973).
The root rot disease caused by M. phaseolina was
assessed, after fifteen days of growth by measuring the
percentage of disease incidence (PDI) as follows:

The sets of treatments were: I – sterilized soil and unbacterized
seed (healthy control), II – M. phaseolina inoculated sterilized soil
(diseased control), III – bacterized seeds of black gram with K.
pneumoniae and challenge inoculation with M. phaseolina and IV
– dual-mode of application (seed bacterization + soil drench) of K.
pneumoniae, challenge inoculation with M. phaseolina. The plants
were maintained in a normal daylight condition. Ten replicates
were taken for each treatment, and the average of the ten replicate
plants were analyzed.

2.7. Biochemical Analysis
Leaves of V. mungo were grown in treated or control
soil used for all the biochemical analysis. The leaves were
collected for assay after fifteen days of germination.
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2.8. Enzyme Assay
2.8.1. Peroxidase (EC 1.11.1.7)
The extraction and assay of peroxidase (POX) were
conducted by following the method of Chakraborty et al.,
(1993). Activity was assayed at 465 nm by monitoring the
oxidation of O-dianisidine in the presence of H 2 O 2 .
Specific activity was expressed as the increase in ΔA 465/
min/ g tissue.
2.8.2. Chitinase (EC 3.2.1.39)
The extraction of chitinase (CHT) and measurement of
its activity were conducted by following the method
described by Boller and Mauch, (1998) with
modifications. 1g of the leaf samples was crushed in 5 mL
of 0.1 M chilled sodium citrate buffer (pH 5.0). The
homogenate was centrifuged at 12000 rpm for ten minutes
at 4oC. The supernatant was used as the enzyme source.
In the assay mixture, colloidal chitin was used for the
detection of chitinase activity, and the activity was
determined by measuring the released N-acetyl
glucosamine (Glc–Nac). The colloidal chitin was prepared
according to the method of Roberts and Selitrennikoff,
(1988). The activity was expressed as mg Glc–NAc
released/ g tissue /hour.
2.8.3. Phenylalanine Ammonia Lyase (EC 4.3.1.5)
The enzyme phenylalanine ammonia lyase (PAL) was
extracted, and its activity was measured by following the
method of Chakraborty et al., (1993). PAL activity was
determined by measuring the production of cinnamic acid
from L-phenylalanine spectrophotometrically at 290 nm.
The enzyme activity was expressed as µg cinnamic acid/
min/ g tissue.

Table 1. In vitro Morphological and Biochemical characterization
of the endophytic isolate HR1.
Morphological and
Biochemical tests

Bacterial
Isolate HR1

Gram stain

-

Shape

Rod

Indole Production

-

Oxidase

-

Citrate

+

Gelatin Hydrolysis

-

Urease

+

Methyl red

-

Voges Proskauer

+

Acid- gas production

+

Nitrate

+

‘+’ = Activity Present; ‘-’ = Activity Absent.

A continuous stretch of the 1420 16S rRNA gene
sequence was obtained from the isolate HR1. The BLAST
query of the sequence against GenBank database
confirmed the identity of the isolate as K. pneumoniae with
99 % similarity with the sequences of other isolates of the
same genus deposited in NCBI database. This was
confirmed with the phylogenetic analysis, in which the
HR1 isolate clustered with other K. pneumoniae isolates
(Figure 1). The sequence has been deposited in NCBI,
GenBank database under the accession No. KY029037.

2.8.4. β-1, 3-Glucanase (EC 3.2.1.39)
β- 1, 3-glucanase (GLU) was extracted and assayed
from the leaf samples following the method of Pan et al.,
(1991). The reaction mixture consisted of 62.5 μL of the
leaf enzyme extract and 62.5 μL of laminarin (4%). The
mixture was incubated at 40°C for ten minutes and 375 μL
of DNSA (dinitro salicylic acid) was added to the mixture
following incubation for five minutes on a boiling water
bath. Finally, the coloured solution was diluted with 4.5
mL of water, and the amount of glucose liberated was
determined spectrophotometrically using a standard curve.
The enzyme activity was expressed as μg glucose
released/min/g tissue.
2.9. Statistical Analyses
The results were analysed statistically using one-way
ANOVA, SPSS version 22 software. Duncan’s Multiple
Range Test (DMRT) was used for mean separation
wherever appropriate.
3. Results
3.1. Characterization and Identification of HR1
The morphological study revealed that the isolate HR1
is rod-shaped, gram-negative bacterium and showed
positive response in the Voges- Proskauer test, acid-gas
production test, nitrate reduction test, urease test, as well
as the citrate-production test during the biochemical
characterization (Table 1).

Figure 1. The phylogenetic relationships of the strain K.
pneumoniae HR1 based on 16S rRNA gene analysis. Evolutionary
distances were calculated using the Neighbor – joining method.
The level of bootstrap support (1,000 repetitions) is indicated at
all nodes

3.2. Evaluation of PGP Activities and Excretion of
Extracellular Hydrolytic Enzymes
The isolate was evaluated for in-vitro plant growthpromoting (PGP) activities. The phosphate-solubilising
activity was assessed both with PKV and NBRIP medium,
and the isolate HR1 showed positive results in both cases.
The isolate also produced a clear zone on the modified
PKV medium containing ZnO, which indicated its efficacy
as a zinc-solubilizer. The isolate also produced
siderophore, IAA and HCN (Table 2, Figure 2). The K.
pneumoniae HR1 showed a transparent zone on the
chitinase-detection agar plate which clearly indicated the
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ability of HR1 to produce chitinase. The halo zones around
the bacterial spot on the starch agar and skim milk agar
revealed that the strain produced amylase and protease,
respectively. However, the isolate could not show positive
results on the CMC agar plate (Table 2). The bacterial
isolate showed its active growth on the YEM agar plates
containing 25, 50, 75 and 100 μg / mL of CdCl 2
concentration which shows that the isolate could tolerate
cadmium.
Table 2. In vitro tests of endophytic isolate HR1 for the
determination of PGP activities and production of extracellular
hydrolytic enzymes by the isolate.
PGP Activities

Traits

Extracellular Hydrolytic
Enzymes
Response
of isolate
HR1

Hydrolytic

Phosphate
solubilization

+

Protease

+

+

Amylase

+

Zinc solubilization

+

Cellulase

-

IAA production

-

Chitinase

+

Ammonia production
HCN production

Enzymes

Productio
n by
Isolate
HR1

+
+

Siderophore
production
‘+’ = Positive activity/ presence of hydrolytic enzymes; ‘-’ =
Negative activity / absence of hydrolytic enzymes

Figure 3. Inhibition of the growth of fungal pathogens by K.
pneumoniae HR1 expressed in terms of percentage of inhibition.
Data represent mean ± SD. Bars not sharing the same letter are
different at the P< 0.05 level by one-way ANOVA with DMRT

3.4. Assessments of Root Rot Disease of V. mungo
The greenhouse study revealed that the application of
K. pneumoniae reduced the disease incidence significantly
(F= 766.697; df= 2; P= 0.05) in comparison to the control
plants in the presence of M. phaseolina. It was observed
that the percentage of disease incidence was quite high
(78.2 %) in the diseased control plants. PDI decreased
when the plants were inoculated (seed bacterization) with
the isolate; however, the lowest PDI (18.2 %) was
achieved when K. pneumoniae was applied in a dual-mode
(seed bacterization + soil drench application at 108
CFU/mL concentration) (Table 3).
Table 3. Assessment of root rot disease of V. mungo, caused by
M. phaseolina in terms of the percentage of disease incidence
(PDI) and the percentage of decrease over control (PDOC)
following treatment with K. pneumoniae HR1 and pathogen
challenge.
Disease assessment
Days of inoculation

Treatments
PDI
Control

15

T1
T2

Figure 2. In vitro PGP activity of K. pneumoniae HR1. a.
Phosphate solubilization in NBRIP media, b. Phosphate
solubilization in PKV media, c. Zinc solubilization, d. IAA
production, e. HCN production, f. Siderophore production

3.3. In vitro Antagonistic Activity of K. pneumoniae
against Fungal Pathogens
In vitro antagonism of K. pneumoniae was tested
against M. phaseolina, F. oxysporum, F. semitectum, A.
alternata, Aspergillus sp. and Colletotrichum sp. The
results revealed that K. pneumoniae inhibited the tested
pathogens significantly (F= 381.662; df= 5; P= 0.05). The
highest inhibition observed against M. phaseolina was
(73.3 %), followed by Aspergillus sp. (58.8 %), F.
semitectum (53.5 %), A. alternata (50.8 %) and
Colletotrichum sp. (42.26 %). However, K. pneumoniae
showed the lowest percentage of inhibition against F.
oxysporum (34.12 %) (Figure 3).

PDOC

78.2 ± 3.4a

-

b

65.02 ± 0.9

c

76.73 ± 0.2

27.3 ± 0.5
18.2 ± 0.9

Results represented as mean ± SD, T1 = Seeds of V. mungo
bacterized with K. pneumoniae and challenge inoculation with M.
phaseolina; T2= Dual-mode of application (seed bacterization +
soil drench at 1×10^8 CFU/mL) of K. pneumoniae, challenge
inoculation with M. phaseolina. Values in rows not sharing the
same letter are different at the P< 0.05 level by one-way ANOVA
with DMRT (n=10)

3.5. Effect of K. pneumoniae on the Growth of V. mungo
in a M. phaseolina-infested soil
The dual application of K. pneumoniae led to a
significant increase in the growth of Vigna in terms of
increase in the germination percentage, shoot and root
length, shoot and root dry weight in comparison to the
healthy control and the M. phaseolina-infected plants
(diseased control). A significant decrease in the
germination percentage (F= 578.569; df= 4; P= 0.05),
shoot length (F= 187.688; df= 4; P= 0.05) and dry weight
(F=466.831; df= 4; P= 0.05), root length (F= 112.143; df=
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4; P= 0.05), dry weight (F= 969.355; df= 4; P= 0.05) and
vigour index (F= 1443.915; df= 4; P= 0.05) were observed
in the presence of M. phaseolina. As for the percentage of
increase over control (PIOC), a statistically-significant
increase in seed germination, shoot length, root length and

dry weight was observed in the plants in the presence of K.
pneumoniae alone, in comparison to other treatments
(Table 4, figure 4).

Table 4. Effect of K. pneumoniae HR1 on the growth of V. mungo in a M. phaseolina-infested soil.
Growth Parameters

Treatments
Untreated
Healthy

Untreated
Inoculated (M.
phaseolina)

b

Germination (%)

88.27±1.38

Shoot length (cm)

14.3±0.50

b

e

3.3±0.17

0.23±0.01

b

0.06±0.002

1554.9±52.23

262.0±19.01

c

0.21±0.006
d

0.07±0.001
e

2.9±0.13
d

0.18±0.003

a

0.02±0.001
b

c

2.3±0.14
a

0.29±0.003

e

12.6±0.61

d

3.8±0.19
e

0.09±0.004

c

10.3±0.42

a

1.4±0.11
b

79.1±0.3.20

d

16.1±0.24

0.04±0.0002
a

1862.2±16.13

Treated Inoculated [K.
pneumoniae HR1 (Seed
treatment + Drench
Application) + M.
phaseolina]
c

70.2±0.72

a

7.2±0.35

Treated Inoculated [K.
pneumoniae HR1
(Seed treatment) + M.
phaseolina]
d

93.3±0.70

e

Shoot Dry weight (g)
Vigour Index

a

30.4±1.73

b

Root length (cm)
Root Dry weight (g)

e

Treated Healthy (K.
pneumoniae HR1)

d

880.8±21.39

c

0.05±0.0007

c

1225.9±13.66

Results represented as mean ± = SD, values in rows not sharing the same letter are different at the P< 0.05 level by one-way ANOVA with
DMRT (n=10)

3.6. Activities of Defence Enzymes during Disease
Suppression by K. pneumoniae
Activities of defence enzymes were assayed in leaves
subjected to various treatments. The activities of defence
enzymes increased significantly after the application of K.
pneumoniae and challenged inoculation with M.
phaseolina. However, the most significant increase
observed was when the isolate was applied in a dual-mode
following the challenge inoculation with the pathogen
[POX (F= 334.694; df= 3; P= 0.05), PAL (F= 257.825; df=
3; P= 0.05), CHT (F= 3439.517; df= 3; P= 0.05), GLU (F=
262.067; df= 3; P= 0.05)] (Figure 5).
Figure 4. Effect of K. pneumoniae HR1 on the growth of V.
mungo. Control refers to the plants inoculated with M. phaseolina
only. Data represent mean ± SD. Bars not sharing the same letter
are different at the P< 0.05 level by one-way ANOVA with
DMRT.

Figure 5. Activities of Peroxidase (a), Phenylalanine ammonia lyase (b), Chitinase (c) and β-1, 3 glucanase (d) in leaves of V. mungo after
15 days of growth and challenged inoculation with M. phaseolina. T1- M. phaseolina inoculated, T2- Bacterized Seeds of black gram with
K. pneumoniae and challenge inoculation with M. phaseolina, T3 – Dual-mode of application (seed bacterization + soil drench) of K.
pneumoniae, challenge inoculation with M. phaseolina. Bars with different letter are significantly different at P<0.05 according to DMRT.
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4. Discussion
M. phaseolina is the causal agent of charcoal root rot
disease. It is a devastating pathogen affecting agricultural
and forest crops, with more than five-hundred susceptible
host’s worldwide (Wyllie et al., 1984). In the present
study, the researchers have isolated and characterized one
endophytic isolate from K. pneumoniae HR1 for its
antagonistic and biocontrol efficacy against M. phaseolina.
The endophytic gram-negative and rod-shaped
bacterium K. pneumoniae HR1 was isolated from the root
nodules of the leguminous plant, V. mungo, on yeast
extract mannitol agar medium, and was preliminarily
characterized morphologically and biochemically. The
HR1 isolate exhibited a phosphate-solubilising activity by
producing halos zone on the Pikovskaya’s (PKV) and
National Botanical Research Institute’s phosphate
(NBRIP) media. The bacterium could solubilize zinc oxide
(insoluble) supplemented in a modified PKV medium.
Both phosphate and zinc are essential nutrients and play a
crucial role in the promotion of plant growth.
Enhancement of growth in V. radiata by the zincphosphate- solubilizing bacterial isolates was reported
previously (Iqbal et al., 2010a). Vaid et al., (2014) also
reported that about the Zn-solubilising and IAA-producing
Burkholderia and Acinetobacter strains which increased
the uptake of Zn and promoted the growth of rice plant.
Plant growth-promoting rhizobacterial strains actively
colonize plant roots and exert beneficial effects on the
host. Endophytes, residing inside the plants, with plant
growth- promoting activities are considered more effective
in promoting growth in host plants. In their study, Sharma
et al., (2014) isolated endophytic Klebsiella spp. which
could solubilise ZnO. In the present study, it was also
observed that the endophytic isolate HR1 solubilized ZnO
quite efficiently. Heavy-metal tolerance is considered one
of the crucial attributes of PGPRs. Bacterial isolates with
this capacity are considered effective to induce systemic
tolerance in plants against heavy-metal stress. Several
reports suggested that Klebsiella sp. has greater cadmium
and other heavy-metal tolerance efficiency (Nath et al.,
2012; Yamina et al., 2014). In the present study, the isolate
K. pneumoniae HR1 could tolerate even up to 100 µg/mL
of CdCl 2 . Furthermore, the isolate-HR1 was found to be
the producer of IAA, siderophore, hydrogen cyanide,
chitinase, amylase and protease. The production of several
hydrolytic enzymes such as protease, chitinase, cellulase,
lipase and amylase by Klebsiella sp. was demonstrated by
Mazzucotelli et al., (2013), which showed similar results
to the observations of the current study. The production of
hydrolytic enzymes, hydrogen cyanide, and siderophore by
the isolate HR1 may be the probable mechanisms
responsible for the antagonistic activity against
phytopathogens. IAA-producing bacteria are believed to
influence the endogenous auxin pool of plants, and thus
can promote root elongation and plant growth (Patten and
Glick, 2002; Ahemad and Khan, 2011a; Ahemad and
Khan, 2011b). Jha and Kumar, (2007) also stressed the
plant growth promoting traits- phosphate solubilization,
IAA production, and nitrogenase activity of K. oxytoca. In
vitro PGP traits such as IAA, siderophore, HCN
production, and phosphate solubilization of endophytic
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PGP bacteria inside the roots of Brassica napus were
reported by Etesami et al., (2014).
The isolate showed commendable antagonistic activity
against phytopathogens used in the present study. The
highest inhibition percentage against M. phaseolina (73.3
%) and the lowest inhibition against F. oxysporum (34.12
%) were observed by K. pneumoniae in the paired culture.
The inhibition of fungal pathogens by the isolate may be
attributed to the production of antifungal enzymeschitinase, protease, amylase as well as HCN. Simonetti et
al., (2015) reported antagonistic activities of eleven
bacterial isolates against M. phaseolina. Among the
isolates Pseudomonas fluorescens 9 showed the highest
percentage of inhibition (62 %) in vitro. Their study is
consistent with the results of the current work. Moreover,
this study showed that the isolate HR1 exhibited a much
more inhibition efficiency against M. phaseolina.
In the present study, the application of K. pneumoniae
both in a single and a dual-mode, in the presence of M.
phaseolina resulted in a significant increase in growth,
measured in terms of increase in shoot and root length,
shoot and root dry weight, and vigour index of black gram.
However, a significant decrease in the growth parameters
was found in the presence of M. phaseolina compared to
the untreated healthy black gram. During the assessment of
the root rot disease, the highest percentage of decrease
over control (76.73 %) was observed when K. pneumoniae
was applied two times (as seed bacterization + soil drench
application at 108 CFU/mL) in the of M. phaseolina.
Plants subjected to a dual application with the bacterium in
the presence of the pathogen also showed a significantly
higher percentage of increase than the control (PIOC) in
comparison to the other treatments. It is quite apparent that
K. pneumoniae not only promoted growth but effectively
reduced the root rot disease of V. mungo as a potent
antagonistic endophytic PGPR strain. Previously, K.
pneumoniae was reported as disease suppressive and as a
plant growth-promoting strain, which reduced 72 % of
stem rot severity caused by Sclerotinia increasing the plant
height by 52–67 % (Abdeljalil et al., 2016).
The role of potential bacterial antagonists in reducing
the severity of M. phaseolina root rot disease by enhancing
the activities of peroxidase, PAL, β-1, 3-glucanase and
chitinase was also highlighted by many other authors
(Govindappa et al., 2011). Kumar et al., (2007) focused on
the control of charcoal rot of chickpeas caused by M.
phaseolina via the application of a potent antagonistic
isolate Pf4-99. Feng et al., (2006) also reported that the
rice endophytic strain YS19 promoted growth and
increased root biomass. In the current study, it was
observed that the activities of defence-related enzymes
peroxidase, chitinase, phenylalanine ammonia lyase and β1, 3-glucanase increased significantly after the application
of K. pneumoniae and challenge inoculation with M.
phaseolina. The increased activities of peroxidase (PR9),
chitinase (PR3) and β-1, 3-glucanase (PR2) indicate the
activation of PR proteins during defence. Since the
application of K. pneumoniae in the M. phaseolinainfested soil increased the accumulation of defence–related
enzymes in leaves, it is quite apparent that K. pneumoniae
HR1 endophytic strain induces a systemic response. Bruce
and West, (1989) reported the role of peroxidase in the
biosynthesis of lignin which limited the extent of pathogen
spread because of antifungal activity. The accumulation of
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PR proteins during the induction of resistance in crops
against pathogens by biocontrol agents was also reported
earlier by some researchers (Bargabus et al., 2004; Bharati
et al., 2004). Resistance in V. mungo against M.
phaseolina was induced through the accumulation of
phenolics, PR proteins and the induction of defence
enzymes by the two potent endophytic strains of P.
fluorescens – Endo2 and Endo35 (Karthikeyan et al.,
2005). Govindappa et al., (2010) reported that higher
activities of peroxidase, phenylalanine ammonia lyase,
chitinase, polyphenol oxidase and β-1, 3-glucanase
involved in phenyl propanoid pathways were observed in
the potent antagonistic strain Bacillus subtilis which
treated safflower plants after challenge inoculation with M.
phaseolina. The induction of systemic resistance in
legumes (V. mungo, V. radiata) against F. oxysporum and
A. alternata was also highlighted by Rao et al., (2015).
5. Conclusion
The endophytic isolate K. pneumoniae HR1 showed
strong antagonistic activity and suppression of the root rot
disease, caused by M. phaseolina. While determining the
mechanism of action, it was found to promote plant
growth-promotion and induce resistance in the host plants
by elevating the synthesis of defence-related enzymes. The
results of the current study provide strong evidence that
the endophytic K. pneumoniae HR1 has a great potential as
a candidate for the biocontrol of the soil-borne fungal
pathogen, M. phaseolina, and as a plant-growth promoter.
The use of such beneficial endophytes, which can induce
resistance to diseases in the host plants, is a boon to
agriculture for a better crop production and a healthy soil.
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