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The present study was designed to study the factors affecting the root colonization
by plant growth promoting endophytic bacteria. A total of 17 isolates (8 from root and 9
from nodule) of endophytic bacteria from mungbean rhizosphere were selected on the
basis of their multifunctional traits and further studied for root colonization and growth
parameters under in-vitro conditions. Highest biofilm formation was calculated at 12
hrs ranged between 0.180 to 0.411 (OD 595nm). Enhancement in autoaggregation was
recorded after 24hrs (25.6 to 45.3%). Endophytic reactivity to antibiotics revealed that
58.8% of isolates were resistant to ampicillin (10 pg disc?). All the cultures exhibited
significant increase in percent seed germination ranged from 80.8% to 90.0% in mungbean
variety SML 668 and SML832 (except LREB1) as compared to nonbacterized control.
Endophytic bacterization improved total length and fresh weight of seedlings in mungbean.
Root endophytic Klebsiella sp. LREK25, nodule endophytic Bacillus sp. LNEB1 and
Pseudomonas sp. LNEP16 were found to be most promising PGPR showing highest root
colonization and seed vigor index. Phenotypic characteristics and genotypic
distinctiveness of isolated strain from other phylogenetic neighbours of Klebsiella, Bacillus
and Pseudomonas species, strain LREK25, LNEB1 and LNEP16 have been designated as
Klebsiella sp. LREK25 (GenBank accession number KF424316), Bacillus aryabhattai
LNEB1 (KF853102) and Pseudomonas aeruginosa LNEP16 (KF853103). These potential
endophytes can be considered as highly competent microorganisms for better colonization,
competitiveness and establishment in rhizosphere for improving mungbean productivity.
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The colonization of plant roots by soil-
borne and introduced bacteriais avery important
step in establishing an effective plant bacterial
interaction. The success of inoculating seeds or
seedlingswith beneficial bacteriausually depends
upon the colonization potential of introduced
strains'2. Beneficial endophytic rhizobacteria
with plant growth promoting (PGP) traits are
proposed as promising inocula for agriculture.
Despite their potential as PGPR with low-input
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practical agents of plant growth promotion and
application of Plant growth promoting
rhizobacteria (PGPR) has been hampered by
inconsistent performance in Geld tests. This is
usually attributed to their poor rhizosphere
competence®. Rhizosphere competence of PGPR
comprises effective root colonization combined
with the ability to survive and proliferate along
growing plant roots over a considerable time
period, in the presence of the indigenous
microQorat. Colonization of roots by inoculant
strains seems to be a critical step in the
interaction between beneficial bacteria and host
plants. Endophytic PGPR include a broad
spectrum of bacteria belonging to genera
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including  Acetobacter,  Azospirillum,
Azotobacter, Bacillus, Burkholderia, Klebsiella,
Pseudomonas and Serratia etc. present in
rhizosphere have beneficial effects on the host
plants owing to their biological control traits?,
plant growth promotion®, competition for
nutrients and niches® and induction of systematic
resistancein the host plant”. Bacterial endophytes
and soil rhizospheric bacteria colonize an
ecological niche similar to that of
phytopathogens, which makes them suitable as
biocontrol agents®. This diverse group of bacteria
not only out-compete with the others for
rhizospheric establishments, but complement
functionally for plant growth promotion. These
bacteria live in consortia bound to surfaces such
asin biofilms, flocs or granules at an early stage
of development influenced enhancement of
seedling germination and plant vigour even under
adverse conditions®. Bacterial root colonization
often starts with the recognition of specific
compounds in the root exudates by the bacterial®.
These compounds also play major roles in
belowground community interactions'?.
Theoretically, plants  simultaneously
communicate with commensalistic, mutualistic,
symbiotic and pathogenic microorganisms via
compounds exuded by their roots2. However, it
has been suggested that plants can communicate
to specifically attract microorganisms for their
own ecological and evolutionary benefit**3, The
ability of soil bacteriato approach plant rootsvia
chemotaxis-induced motility and effectively
colonize these via attachment, biofilm formation,
autoaggregation and microcolony formation is
probably among the strongest deterministic
factors for successful endophytic colonization®.
Besides organic and amino acids, plant secondary
metabolites, especially flavonoids, have been
proposed as important chemoattractants for
endophytic colonization. The root surface and
surrounding rhizosphere are signilicant carbon
sinks. Photosynthate allocation to this zone can
be as high as 40%?**. Competent bacterial
endophytes in the vicinity of plant roots need to
gear their metabolisms towards a physiological
state that enables optimal nutrient acquisition,
niche adaptation and competition®>. Endophytic
bacteria with high intrinsic antibiotic resiatance
provide better competiton to other native bacteria
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and resulted into successful colonization of root/
nodul e tissue. Several studies on gene expression
in rhizobacteria have shown that the genes
involved in nutrient acquisition and stress
adaptation, next to activation of transcriptional
regulators, are among the first responders when
bacteriaare exposed to root exudate compounds'®
18, Hence, bacterial traitsinvolved in the response
to environmental stimuli, communication, niche
adaptation and plant colonization are important
for successful interactions with the plant, in a
complex process. Thus, along root surfaces there
arevarious suitable nutrient rich niches attracting
a great diversity of microorganisms, including
phytopathogens. Given the importance of
rhizosphere competence as a prerequisite for
selecting their effective PGP traits and better
understanding of root-microbe communication
will signiQcantly contribute in improving the
eflicacy of endophytic PGPR. Therefore, the
present study was devised to study the effect of
biofilm formation, autoaggregation and Intrinsic
Antibiotic Resistance (IAR) spectra of mungbean
endophytic PGPR on seed germination and vigor
index in mungbean (Vigna radiata L. Wilczek)
in vitro.

MATERIALSAND METHODS
Selection of mungbean endophytic PGPR

A total of 8 isolates of root and 9 of
nodule endophytic bacteria from mungbean
rhizosphere were selected on the basis of their
multifunctional traits as givenin Table no.1 .
Biofilm formation assay

Each endophytic strain was grownin 10
ml of LB medium at 28°C overnight. After
vortexing, 100 ¥ volumes were transferred into
Poly vinyl chloride (PVC) microtiter plate wells.
After different incubation period (at 0,2,4,6 and
12 hrs), medium was removed from wells and
microtiter plate wells was washed five timeswith
sterile distilled water to remove loosely
associated bacteria. Plates were air dried for 45
min and each well stained with 150 ¥d of 1%
crystal violet solution in water for 45 min.
Biofilm was visible as purple rings formed on the
side of each well. The quantitative analysis of
biofilm production was performed by adding 200
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¥l of 95% ethanol to destain the wells. One
hundred microliters from each well was
transferred to a eppendorf tube and volume
brought to 1 ml with distilled water. The level
(OD) of thecrystal violet present in the destaining
solution was measured at 595nm?°,
Autoaggregation assay

Autoaggregation assays were performed
according to Kos et al.?°, with minor
modifications. Endophytic species were grown
in Luria Bertanni broth (LB) at 28°C to give
cultures of 1x10® CFUmL. The cells were
harvested by centrifugation at 5000 g for 15 min,
washed twice, and resuspended in phosphate
buffered saline (PBS). Cell suspensions were
mixed by vortexing, and autoaggregation was
determined during 24 h of static incubation at
room temperatures. After intervals of 6 h and 24
h , 0.1mL of the upper layer of the bacterial
suspension was transferred to another tube with
3.9mL of PBS, and the absorbance (A) was
measured at 600 nm. Autoaggregation percentage
is expressed as 1-(A/A.)/ 100, where A,
represents the absorbance at different sampling
times, and A the absorbance at t=0.
Intrinsic Antibiotic Resistance (IAR) spectra

Intrinsic antibiotic spectra (IAR) test was
carried out to identify the bacterial sensitivity or
resistance to antibiotics. In order to check the
sensitivity of the isolate towards different
antibiotics, disc diffusion was done where culture
was grown on NA in the presence of sterilefilter
paper discs (HiMedia, Mumbai) impregnated with
different concentration of antibiotics viz.
tetracycline (30 pg disct), ampicillin (10 pg disc
1), kanamycin (30 pg disc?), erythromycin (15 ug
disc'), chloramphenicol (25 pg disc?),
amoxycillin (10 pg disc?) and streptomycin (25
ug disct) After 48 h incubation of plate at 28 °C,
either development of zone of inhibition was
observed and interpreted as sensitive (S) or
resistant (R).
Seed Germination and vigor index assay by
roll towel method

Seed germination studies were
conducted using paper towel method??. One
hundred mungbean seeds of each variety;
SML668 and SML832 were surface sterilized®
and treated with different endophytic cultures as
per treatment. Paper towel moistened with
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distilled water was stretched on a clean table and
10 seeds were arranged in arow on it. The paper
towel was rolled and placed vertically in a seed
germinator in upward position at 25-30°C. After
5 days, percent seed germination , root-shoot
length and fresh weight of were recorded. Seed
vigour index was calculated by using formula:
Seed vigor index |= Per cent seed germination x
(shoot length+ root length)
Seed vigor index | 1= Per cent seed germination x
(fresh shoot weight+ fresh root weight)
Molecular identification of promising root/
nodule endophytic isolate

On the basis of PGP activities, root
endophytic Klebsiella sp. LREK 25 with GenBank
accession number KF424316 (Data not shown),
nodul e endophytic Bacillus sp. LNEB1 (Data not
shown) and Pseudomonas sp. LNEP16 were
further identified by 16S rRNA based
phylogenetic analysis. The 16S rRNA gene
sequencing study was performed by Xcelris 178
Labs Limited, Ahmedabad (India). DNA was
isolated from bacterial strain KG1 by using
QIAamp DNA Purification Kit (Qiagen). The 16S
rRNA gene was amplified by using PCR method
with universal bacterial primers 8F (AGA GTT
TGATCCTGG CTCAG) and 1492R (ACG GCT
ACCTTGTTACGACTT). Amplified PCR product
was purified using Qiagen Mini elute Gel
extraction kit according to the manufacturer’s
protocol. Sequencing of the purified 16S rRNA
gene was performed using BigDye® Terminator
v3.1 Cycle sequencing kit (Applied Biosystems,
USA) as recommended by manufacturer. The
purified sequencing reaction mixtures were
electrophoresed automatically using ABI 3730xI
GeneticAnalyzer (Applied Biosystem, USA). The
16S rRNA gene sequence of the strain LNEB1
was processed manually, analyzed at NCBI
(National Centre for Biotechnology Information)
server (http://www.ncbi.nlm.nih.gov) using
BLAST tool and compared to the corresponding
neighbour sequences from the GenBank-NCBI
database. Multiple alignment of the strain KG1
was performed with related Klebsiella, Bacillus
and Pseudomonas species (from GenBank-NCBI
database) using Multalin program and
phylogenetic tree was constructed by the neighbor
joining method?+2?5, Evolutionary distance
matrices for the neighbor joining method were
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calculated using the algorithm of Kimuras two-
parameter model?s. The topology of the
phylogenetic tree was evaluated by performing a
bootstrap analysis with 1000 replicates. The
GenBank/EMBL/DDBJ accession numbers for
the 16S rRNA gene sequence of the strain
LNEP16 and related Pseudomonas species are
shown in Figure 6.
Satistical Analysis

All data were analyzed statistically by
analysis of variance (ANOVA). Significant
difference among different treatment (P<0.05)
was calculated by Tukey’'s Honestly significant
test using SAS software.

RESULTSAND DISCUSSION

Biofilm formation is a dynamic process
and different mechanisms are involved in their
attachment and growth. The initiation of biofilm
formation was assayed by the ability of 8 isolates
of root endophytic and 9 isolates of nodule
endophytic bacteriawith attachment to the wells
of microtiter plates formed of polyvinylchloride
(PVC). Thebiofilm was detected by staining with
crystal violet (CV) (Figure 1). Formation of
colored ring stained with crystal violet at the
interface between air and liquid indicated the
biofilm formation (Figure 2). Further biofilm
formation was quantitatively measured by level
(OD) of thecrystal violet present in the destaining
solution at 595 nm. In the present study, increase
in amount of crystal violet in destaining solution
was observed with increase in time. At O hr, very
low amount of CV was detected which increased
with increase in time. Highest OD (595) was
calculated at 12 hrs ranged between 0.180 to
0.411, being maximum for Klebsiella sp.
LREK?25 (OD= 0.411) followed by Bacillus sp.
LNEB1 (0.370) and Pseudomonas sp. LNEP16
(0.321). Likewise, several researchers also
reported successful colonization of roots and
plant tissue by biofilm forming rhizobacteria?-%.
Our resultsarein agreement with the earlier report
where non-rhizobial mungbean bacterial isolates,
M2, M4, M5 and M6 showed high efficiency in
colonization on roots and biofilm formation on
abiotic surface?”. Our study in congurence with
the earlier finding where Pseudomonas putida
can respond rapidly to the present of root

JPUREAPPL MICROBIO, 9(2), JUNE 2015.

KAUR & SHARMA: ROOT COLONIZATION STUDIES OF ENDOPHYTIC BACTERIA

exudates in soil, converging at root colonization
sites and establishing stable biofilm®. Previous
studies on Plant-growth- promoting
Pseudomonas, Bacillusand Klebsiella have been
reported to discontinuously colonize the root
surfaces?®?, Azospirillum brasilense and related
species are motile heterotrophic proteobacteria
that interact with roots of avariety of cerealssuch
aswheat and maize, and often promote the growth
of their host plant3. Bacterial biofilms
established on plant roots could protect the
colonization sites and act as a sink for the
nutrients in the rhizosphere, hence reducing the
availability of root exudate nutritional elements
for pathogen stimulation or subsequent
colonization on theroot®. The ability of nifH gene
containing endophytic PGPR to promote plant
growth seems to be related to stimulation of root
proliferation, rather than providing fixed nitrogen
to the plant. Besides the Gram negative, Gram-
positive microbes also effectively colonize the
rhizophere and are well represented in plant
rhizosphere®. Biofilm formation by different
strainsin present study could increase early root-
microbe association and function as structures
resistant against stress factors such as
desiccation, UV radiation, predation, and
antibiosis, which help in creating protective
niches for mungbean rhizobia.

In order to elucidate whether some
bacterial traits might be responsible for the low
degree of rhizobial root attachment, we
performed studies of autoaggregation as bacterial
properties linked to surface adhesion. In the
present study, the percentage of autoaggregation
varied from 8.3% to 19.7% after 6 hrs whereas
25.6 to 45.3% of autoaggregation was observed
after 24hrs (Figure 3). The highest percentage of
autoaggregation was shown by Klebsiella sp.
LREK?25 (17.3-45.3%) followed by Bacillus sp.
LNEB1 (15.6-44.0%) and Pseudomonas sp.
LNEP16 (15.1-40.0%). Similarly, Albareda et
al.’®* observed highest percentage of
autoaggregation shown by E. fredii strains SMH12
(47-62%) and HH103 (65-88%) after 24 h of
incubation. Results are well documented with
earlier findings where bacterial ability for
autoaggregation is well correlated with adhesion
to different surfaces 34, Our results are aso in
agreement with those obtained by Kos et al.2° with
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Lactobacillus strains. In present study, highest
autoaggragation percentage was shown with
endophytic bacteria which also record highest
biofilm formation indicated the direct relation of
biofilm formation with their autoaggregation
ability. However, results are in contrast with the
findings of Zaady and Okon®* who reported that
Azospirillum cell treatments leading to strong
inhibition of aggregation culminate in the greatest
adsorption to maize roots.

Antibiotics reactivity of 17 selected
endophytes from mungbean rhizosphererevealed
that 58.8 % of isolateswereresistant to ampicillin
whereas 41.2% showed resistance to tetracycline
and chloramphenicol and 29.4% rhizobacterial
isolates were resistant to kanamycin and
streptomycin (Table 2). Resistance to
erythromycin and amoxicillin was shown by
35.3% and 23.5% of isolates, respectively (Figure
4). Resistance of PGPR to several antibiotics
might have an ecological advantage of survival in
the rhizosphere when they introduced asinoculum
. Thedatawas supported by Siddiqui et a.l*®* where
most of the isolates of Pseudomonas sp. were
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resistant to ampicillin. Kundu et al.® in their
studies found that isolates belong to genera
Pseudomonas from chickpea, wheat and mustard
rhizosphere were resistant to ampicillin. They
also reported that these isolates were resistant to
tetracycline and kanamycin. Similarly, several
workersreveal ed that rhizobacterial isolateswere
intrinsically resistant to antibiotics tested®*.
Inherent capacity of resistance to antibiotics
might facilitate the endophytic bacteria in
colonization through biofilm formation possibly
by process of antibiosis against phytopathogens®.

Increase in the seed germination, total
length and weight of seedlings are considered as
important PGP properties of endophytic
rhizobacteria due to their effective root
colonizing ability. The seed germination
experiment was conducted by bacterization of
mungbean seeds with different endophytic
bacteriain vitro condition. Total length and fresh
weight of seedling was measured for calculating
the seed vigour index (Table 3). All the cultures
except LREB1 exhibited significant increase in
percent seed germination varied from 80.3 to

Table 1. Multifunctional traits of selected mungbean endophytic PGPR
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P-solubilisation= Phosphate sol ubilisation, | AA=Indol e acetic acid production, OAP- Organic acid Production, ACC deaminase=

1-amino-cyclopropane-carboxlic acid

LREB1 and L REB4= Root endophytic Bacillus spp. , LREP12= Root endophytic Pseudomonas sp., LREK 19, LREK 21, LREK 22,

LREK 24, L REK 25= Root endophytic Klebsiella spp.

LNEB1 and LNEB4= Nodule endophytic Bacillus spp., LNEP10, LNEP11, LNEP12, LNEP13, LNEP16= Nodule endophytic
Pseudomonas spp. , LNEK 32 and LNEK 37= Nodule endophytic Klebsiella spp
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Amoxydillin Streptomycin
S S
S S
S R
S R
S S
R R
S S
R S
S R
S R
S S
S S
R S
S S
R S
S S
S S

235 294

Chloramphenicol
S
S
S
S
R
S
S
S
R
S
R
S
S
R
R
R
R

412

Erythromycin

Table 2. Intrinsic antibiotic spectraof mungbean endophytic bacteria
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89.7% in SML 668 whereas 81.4 to 90.3% in
SML 832 as compared to nonbacterized control.
In both varieties, highest seed germination was
obtained with Klebsiella sp. LREK25 (89.7% in
SML 668 and 90.3% in SML 832 ) followed by
Bacillus sp. LNEB1 (88.9% in SML 668 and
89.9% in SML 832) and Pseudomonas sp.
LNEP16 (88.6% in SML 668 and 89.6% in SML
832).

All the cultures resulted into increase in
total length and fresh weight of seedlings as
compared to nonbacterized control (Figure5). Of
the selected root and nodule endophytes,
significantly maximum plumule length was
obtained by bacterization with root endophytic
Klebsiella sp. LREK?25 in both varietiesi.e 14.6
cminSML 668 and 15.3 cmin SML 832 followed
by Bacillussp. LNEBli.e13.5cmto 14.9cmin
SML 668 andin SML 832 ascompared to control.
Similar pattern was observed for radical length
being significantly highest with root endophytic
Klebsiella sp. LREK25 i.e 4.4 cm in SML 668
and 5.0 cm in SML 832. All the cultures resulted
increase in total length and fresh weight of
seedlings as compared to nonbacterized control.
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Total fresh weight of seedlings varied from 0.213
g t00.460 g in SML 668 and 0.226 g to 0.487 g
in SML 832 as compared to uninocul ated control.
Vigor index determines the state of the health of
seedling and productivity of the plant. Among all
the selected endophytes, root endophytic
Klebsiella sp. LREK?25 found to be most
promising PGPR producing significantly highest
seed vigor index | (1704.3in SML 668 and 1833.1
inSML 832) and 1 (41.3in SML 668 and 43.9in
SML 832) as compared to control (Table 4).
However, difference among varieties was found
to be nonsignificant. Ability of endophytic
bacteriato autoaggregate and forming biofilm, on
seed surface might have contributed in effective
colonization and possibly improved seed
germination and seed vigor index in the present
study. Highest seed germination and growth
parameterswere also well correlated with highest
biofilm, autoaggregation and IAR spectra with
endophytic bacteria. Colonization success of PGP
rhizobacteriareportedly increases the growth and
fitness of many host plant species®#. Several
workers also reported better colonization, seed
germination and plant growth by biofilm forming

Table4. Effect of endophytic bacteriaon vigor index in mungbean

Bacterial Endophytes Vigor Index | Vigor Index 11

SML668 SML 832 Mean SML 668 SML832 Mean
Control 610.6 705.6 658.1 1.2 12.8 12.0
LREB1 754.8 911.6 833.2 171 184 17.7
LREB4 1277.4 1435.9 1356.6 259 276 26.4
LREP12 1088.7 1211.3 1150.0 24 238 231
LREK19 1176.3 1317.8 1247.0 24.6 26.6 25.6
LREK21 1159.6 1266.8 1213.2 232 24.2 237
LREK22 1357.8 1555.8 1456.8 283 301 29.2
LREK24 1419.2 1585.9 1502.5 313 335 324
LREK25 1704.3 1833.1 1768.7 413 439 426
LNEB1 1582.4 1753.0 1667.7 379 40.6 39.2
LNEB4 1305.0 1517.3 1411.1 26.8 285 276
LNEP10 931.1 1098.5 1014.8 185 209 19.7
LNEP11 1065.5 1199.9 1132.7 21.6 234 225
LNEP12 860.7 1040.0 950.3 17.8 19.7 18.7
LNEP13 1006.5 1148.1 1077.3 194 21.6 205
LNEP16 1485.5 1655.6 1570.5 339 383 358
LNEK32 1061.7 1195.6 1128.6 20.7 22.6 21.6
LNEK37 1238.3 1354.7 1296.5 251 274 26.2
Mean 11714 13214 24.7 26.9
P<0.05 V=8.82,T=26.4VxT=37.4 V=1.11,T=3.35VxT=NS

Variety:V, Treatment: T
JPUREAPPL MICROBIO, 9(2), JUNE 2015.
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and autoaggregating rhizobacteria®®?°2” . Our
results are in agreement with the results of
Stajkovic et al.® who reported the positive effect
of non-rhizobial nodule endophytic Bacillus,
Brevibacillus and Microbacterium sp. on shoot
length, shoot and root dry weight of alfalfa
(Medicago sativa L.). Similarly, Tariq et a.?” also
reported biofilm forming non-rhizobial
endophytic and showed very high root surface
colonization in mungbean. Further, root
colonization was directly related to their ability
of forming highly efficient biofilm on abiotic
surface. Significant reduction in the incidence of
root rot and increased per cent seed germination
and plant height in mungbean inoculated with
endophytic Burkholderia sp. strain TNAU-1 well
supported present study of using root and nodule
endophytic bacteria with biocontrol activities
(siderophore, HCN, cellulase, and protease
production)?, This proves to be a promising
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feature since the endophytic movement from the
point of application to theinternal tissues provide
a relatively uniform and protected environment
and by colonizing theinternal tissues, can exclude
the entry of a pathogen and ineffective bacteria?.
The results obtained in present study are in
agreement with findings of Malleshwari and
Bagyanarayana* who reported that all theisolates
of PGPR (Azospirillum, Azotobacter, Bacillus
and Pseudomonas) used in study, significantly
enhanced seed germination and seedling vigor of
sorghum, maize and green gram seeds.

Highest seed germination and growth
parameters can also be contributed by PGP
mechanisms of endophytic bacteria which are
thought to be similar to those of PGP
rhizobacteria; namely, they affect plant growth by
producing phytohormones, such as cytokinins or
auxins, by degrading hormone precursors, such
as ACC by ACC deaminase, by suppression of
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Fig. 1. Each bar represent the mean of triplicate valuesat different hours. Barswith different letterswas statistically
differed at 5% significant level. Letter ‘a’ represents the lowest value, ‘b’ represents the significant difference
between treatmentsand ‘ ab’ represents nonsignificant difference between treatments
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deleterious microorganisms, phosphate
solubilisation and promotion of mineral uptake®®.
This is largely supported in present study as
selected root and nodul e endophytic bacteriafrom
mungbean rhizosphere solubilized phosphate,
produced IAA and ACC deaminase. These sel ected
endophytes showed multiple PGP traits and stress
tolerant activities for better colonization and
growth promotion of plant. Endophytes producing
IAA are often found to promote root growthin an
auxin dependant manner, although exact results
on host roots depends on the amount of auxin
produced, the presence of other interacting
hormones, and plant sensitivity to lAA. Similarly,
the present findings also agreed with results
obtained by Patten and Glick*? where
Pseudomonas putida GR12-2 is able to stimulate
up to 50% greater root elongation and
adventitious root formation in mungbean, but this
trait was reduced in ipdc insertion mutants
deficient in auxin production. Another important
mechanism of endophyte-dependent root growth
promotion isthrough the reduction of the volatile
plant hormone, ethylene by production of ACC
deaminase enzyme which resultsinto cleavage of
ACC, immediate precursor of ethylene*.
Ethylene affects roots by inhibiting elongation,
promoting lateral root growth and stimulating
root hair formation™. In thisway, ethylenein roots
antagonizes auxin function and reduces root
surface area available for nutrient absorption.
Similarly, Changes in root growth of S. nigrum
are clearly correlated to the production of IAA
and ACC deaminase by endophytic bacteria®.
Other microbially produced phytohormones,
including cytokinins and gibberellins (GA), can
alter growth but have not been widely reported as
root specific growth promoting mechanisms by
endophytes’.

Molecular characterization and
phylogenetic analysis of endophytic bacteria
LREK25 (root), LNEB1 (nodule) and LNEP16
(nodule) by 16s rRNA technique revealed 99%
similarity to Klebsiella sp. (data not shown),
100% similarity to Bacillus aryabhattai (data not
shown) and 100% to Pseudomonas aeruginosa
(data given in figure 6) respectively. The
morphological, biochemical and phylogenetic
analysis suggested that strain LREK?25, LNEB1
and LNEP16 are members of the genera
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Klebsiella, Bacillus and Pseudomonas
respectively and designated as Klebsiella sp.
LREK25 (GenBank accession number
KF424316), Bacillus aryabhattai LNEB1
(KF853102) and Pseudomonas aeruginosa
LNEP16 (KF853103).

Among all the selected endophytes, root
endophytic Klebsiella sp. LREK?25, nodule
endophytic Bacillus sp. LNEB1 and
Pseudomonas sp. LNEP16 can be considered as
potential microorganisms producing large amount
of biofilm, autoaggregation, IAR spectra and
growth parameters (seed germination, seedling
length, fresh weight of seedling and seed vigor
index | and I1). These endophytes can be promoted
as highly robust microorganisms for better
colonization and competitiveness in mungbean
rhizosphere.

REFERENCES

1 Compant, S., Duffy, B., Nowak, J., Cle'ment, C.,
Barka, EA. A minireview Use of plant growth-
promoting bacteriafor biocontrol of plant diseases:
principles, mechanisms of action, and future
prospects. Appl Environ Microbiol., 2005;
71:4951-4959.

2. Weller DM. Biological control of soilborne plant
pathogensin the rhizosphere with bacteria. Annu
Rev Phytopathol., 1988; 26:379-407.

3. Lucy, M., Reed, E., Glick, B.R. Application of
freeliving plant growth promoting rhizobacteria.
Antonie van Leeuwenhoek Int. J. Gen. Mol.
Microbiol., 2004; 86: 1-25

4, Nandhini, S., Sendhilve, V., Babu, S. Endophytic
bacteria from tomato and their efficacy against
Fusarium oxysporum f.sp. lycopersici, the wilt
pathogen. J Biopest., 2012; 5: 178-185.

5. Zhao, L., Xu,Y., Sun, R., Deng, Z., Yang, W.,
Wei, G. |dentification and characterization of the
endophytic plant growth promoter Bacilluscereus
strain MQ23 isolated from Sophora
alopecuroidesroot hodules. Braz. J Microbiol.,
2011; 42: 567-575.

6. Dudeja, S.S,, Giri, R., Saini, R., Madan, S.P,
Kothe, E. Interaction of endophytic microbeswith
legumes. JBasic Microbiol., 2012; 52: 248-260.

7. Kloepper, JW., Ryu, C.M. Bacterial endophytes
as elicitors of induced systemic resistance. In:
Schulz BJE, Boyle CJC Sieber TN, editors.
Microbial Root Endophytes. Springer-Verlag,
Berlin. 2006; pp. 33-52.

8. Berg, G, Zachow, C., Jana, L., Gotz, M., Costa,

JPUREAPPL MICROBIO, 9(2), JUNE 2015.



1608

10.

12.

13.

14.

15.

16.

17.

18.

10.

KAUR & SHARMA: ROOT COLONIZATION STUDIES OF ENDOPHYTIC BACTERIA

R., Kornelia, S. Impact of plant speciesand site
on rhizosphere-associated fungi antagonistic to
Verticillium dahliae kleb. Appl Environ
Microbiol., 2005; 71:4203-4213.

Stajkovic, O., Meyer, S.D., Mili

Willems, A., DuSica, D. Isolation and
characterization of endophytic non-rhizobial
bacteriafrom root nodules of alfalfa(Medicago
sativaL.) Bot Serb., 2009; 33 : 107-114

de Weert S., Vermeiren, H., Mulders, |.H.M.,
Kuiper, 1., Hendrickx, N., Bloemberg, G.V.,
Vanderleyden, J., DeMot, R., Lugtenberg, B.J.J.
Flagella-driven chemotaxis towards exudate
componentsisan important trait for tomato root
colonization by Pseudomonas fluorescens. Mol
Plant—Microbe Interact., 2002; 15: 1173-1180.
Bais, H.P, Park, SW., Weir, T.L., Callaway,
R.M., Vivanco, J.M. How plants communicate
using theunderground information superhighway.
Trends Plant Sci., 2004; 9:26-32.

Bais, H.P, Weir, T.L., Perry, L.G, Gilroy, S,
Vivanco, J.M. The role of root exudates in
rhizosphere interactions with plants and other
organisms. Ann Rev Plant Biol., 2006; 57:233—
266.

Sgrensen, J., Sessitsch, A. Plant-associated
bacteria- lifestyleand molecular interactions. In:
VvE JD, Jansson J, Trevors J, editors. Modern soil
microbiology. 2006; Taylor and Francis, Inc.
Degenhardt, J., Gershenzon, J.,, Baldwin, |.T.,
Kessler, A. Attracting friends to feast on foes:
engineering terpene emission to make crop plants
more attractive to herbivore enemies. Curr Opin
Biotechnol., 2006; 14:169-176.

Albareda, M., Dardanelli, M.S., Sousa, C.,
Megias, M., Temprano, F., Rodriguez-Navarro,
D.N. Factor affecting the attachment of
rhizospheric bacteriato bean and soybean roots.
FEMSMicrobiol Lett., 2006; 259:67-73.
Somers, E., Ptacek, D., Gysegom, P, Srinivasan,
M., Vanderleyden, J. Azospirillum brasilense
producesthe auxin-like phenylacetic acid by using
the key enzyme for indole-3-acetic acid
biosynthesis. Appl Environ Microbiol., 2005; 71:
1803-1810.

Rosenblueth, M., Martinez-Romero, E. Bacterial
Endophytes and Their Interactions with Hosts.
The American Phytopathol Soc., 2006; 19:827.
Haggag, W.M. Colonization of
exopolysaccharide-producing Paenibacillus
polymyxa on peanut roots for enhancing
resistance against crown rot disease. Afr J
Biotechnol., 2007; 6:1568-1577.

O'Toole, G, Kolter, R. Initiation of biofilm
formation in Pseudomonas fluorescens WCS365
proceeds via multiple, convergent signalling

JPUREAPPL MICROBIO, 9(2), JUNE 2015.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

3L

pathways: a genetic analysis. Mol Microbiol.,
1998; 28: 449-461.

Kos, B.S., C usCkovi'c, J., Vukovi'c, S.,
SCimpraga, M., Frece, J., MatosCic, S. Adhesion
and aggregation ability of probiotic strain
Lactobacillus acidophilus M92. J Appl
Microbiol., 2003; 94: 981-987.

Sarode, S.V., Kolhe, A.V., Sable, V.R. IPM
strategiesfor cotton in relation to climate change.
In: V.V. Ramamurthy, GP. Guptaand S.N. Puri
(eds) Proc. Natn. Symp. IPM Strategies to
Combat Emerging Pestsin the Current Scenario
of Climate Change. January 28-30, 2009; p.181-
205 Pasighat, Arunachal Pradesh.

Satya, V.K., Vijayasamundeeswari, A.,
Paranidharan, V., Velazhahan, R. Burkholderia
sp. strain TNAU-1for biological control of root
rot in mung bean (Vigna radiata L.) caused by
Macrophomina phaseolina. J Plant Protection
Res., 2011; 51: 273-278.

Vincent, J.M. A manual for the practical study of
root-nodule bacteria. |BP handbook 15. 1970;
Blackwell Scientific Publications, Oxford.
Corpet, F. Multiple sequence alignment with
hierarchical clustering. Nucleic Acids Res., 1988;
16:10881-10890.

Saitou, N., Nei, M. The neighbor-joining method:
A new method for reconstructing phylogenetic
trees. Mol. Biol. Evol., 1987; 4: 406-425.
Kimura, M. A simple method for estimating
evolutionary rate of base substitutions through
comparative studies of nucleotide sequences. J.
Mol. Eval ., 1980; 16:111-120.

Tarig, M., Hameed, S., Yasmeen, T., Ali,A. Non-
rhizobial bacteria for improved nodulation and
grain yield of mung bean (Vigna radiata(L.)
Wilczek). Afr J Biotechnol. 2012; 11:15012-
15019.

Stanley, N.R., Britton, R.A., Grossman, A.D.,
Lazazzera, B.A. ldentification of catabolite
repression asaphysiological regulator of biofilm
formation by Bacillus subtilis by use of DNA
microarrays. J Bacteriol., 2003; 185:1951-1957.
Bloemberg, G.V., Wijfjes, A.H.M., Lamers,
G.E.M., Stuurman, N., Lugtenberg, B.J.J.
Simultaneous imaging of Pseudomonas
fluorescens WCS365 populations expressing
three different autofluorescent proteins in the
rhizosphere: new perspectives for studying
microbial communities. Mol Plant Microbe
Interact., 2000; 13:1170-1176.

Espinosa-Urgel, M., Kalter, R., Ramos, J.L. Root
colonization by Pseudomonasputida: loveat first
sight. Microbiol., 2002; 148:341-343.
Burdman, S., Okon, Y., Jurkevitch, E. Surface
characteristics of Azospirillum brasilense in



32.

36.

37.

KAUR & SHARMA: ROOT COLONIZATION STUDIES OF ENDOPHYTIC BACTERIA

relation to cell aggregation and attachment to
plant roots. Crit Rev Microbiol., 2000; 26:91-
110.

Weller, D.M., Thomashow, L.S. Current
challenges in introducing beneficial
microorganismsinto therhizosphere. InMolecular
Ecology of Rhizosphere Microorganisms ed.
O’ Gara, F., Dowling, D.N. and Boesten, B..NY:
Academic Press. 1994; pp. 1-18.

Boureau, T., Jaques, M.A., Berruyer, R.,
Dessaux, Y., Dominguez, H., Morris, C.E.
Comparison of the phenotypes and genotypes of
biofilmsand solitary epiphytic bacterid populaions
on broad-leaved endive. Microb. Ecol., 2004;
47:87-95.

Zaady, E., Okon, J. Cultural conditions affecting
Azospirillum brasilense cell aggregation and
adsorption to maize roots. Soil. Biol. Biochem.,
22: 1103-1107.

Siddiqui, I.A., Shaukat, S.S., Sheikh, I.H., Khan,
A. Role of cyanide by Pseudomonas
fluorescens CHAO in the suppression of root-
knot nematode, Meloidogyne javanica in
tomato. World J. Microbiol. Biotechnol., 2006;
22: 641-650.

Kundu, B.S., Nehra, K., Yadav, R., Tomar, M.
Biodiversity of phosphate solubilizing bacteriain
rhizosphere of chickpea, mustard and wheat
grown in different regions of Haryana. Indian J
Microbiol., 2009; 49:120-127.

Yasmin, F., Othman, R., Sijam, K., Saad, M.S.
Characterization of beneficia propertiesof plant
growth promoting rhizobacteria isolated from
sweet potato rhizosphere. Afr JMicrobiol Res.,
2009; 3:815-21.

Haggag, Wafaa, M. and Salme T. Colonization

39.

41.

42.

1609

of peanut roots by biofilmforming Paenibacillus
polymyxa initiates biocontrol against crown rot
disease. J. Appl. Microbiol., 2008; 104: 961-
969.

Chanway, C.P, Shishido, M., Nairn, J., Jungwirth,
S., Markham, J., et al. Endophytic colonization
and field responses of hybrid spruce seedlings
after inoculation with plant growth-promoting
rhizobacteria. Forest Ecol. Management., 2000;
133: 81-88.

Benizri, E., Baudoin, E., Guckert, A. Root
colonization by inoculated plant growth-promoting
rhizobacteria. Biocontrol Sci. Tech. 2001; 11:
557-574.

Malleswari, D., Bagyanarayana, G. Effect of plant
growth promoting rhizobacteria on seed
germination and vigor index of sorghum, maize
and green gram. J. Mycol. PI. Pathol. 2011; 41:

Patten, C.L., Glick, B.R. Role of Pseudomonas
putida indole acetic acid in development of the
host plant root system. Appl. Environ.
Microbiol., 2002; 68: 3795-3801.

Glick, B.R., Todorovic, B. et d. Promotion of plant
growth by bacterial ACC Deaminase. Cri. Rev.
Plant. Sci., 2007; 26: 227-242.

Bernard, R.G. Modulation of plant ethylenelevels
by the bacterial enzymeACC deaminase. FEMS
Microbiol Lett., 2005; 251: 1-7.

Long, H.H., Schmidt, D.D., Baldwin, |.T. Native
bacterial endophytes promote host growth in a
species-specific manner; phytohormone
mani pulations do not result in common growth
responses, PLoOSONE. 2008; 3: 2702
Tanimoto, E. Regulation of root growth by plant
hormones: Rolesfor auxin and gibberellin. Cri.
Rev. Plant Sci., 2005; 24: 249-265.

JPUREAPPL MICROBIO, 9(2), JUNE 2015.



