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Abstract
The present study was designed to compare the defense response of the host plant towards endophytic
bacteria Pseudomonas aeruginosa PM389 and pathogenic bacteria Erwinia carotovora and to correlate
the level of defense enzymes vis-a-vis bacterial colonization in the host. Wheat seedlings were treated
with 107-108 cells ml-1 endophytic and pathogenic bacteria in the separate experimental set-up, and the
level of plant defense enzyme was measured at various time intervals. Comparatively reduced level
of most defense enzymes was produced in endophytic bacteria treated plants. While the endophytic
bacterial population was almost constant after 24 HAI (hour after inoculation), the population of
pathogenic bacteria kept fluctuating during the study period from 24 HAI. Unlike pathogenic bacteria,
we observed attenuated defense response in challenged host plants towards endophytic bacteria, which
helps endophytes establish inside plant. This study would be useful for understanding the mechanism
of colonization and strategies of endophytes to fight against the host defense response.
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INTRODUCTION
Plants harbor a diverse micro-ﬂora of
soil-borne bacteria and fungi that may have
either beneﬁcial or deleterious effects on the
plant. Some of these bacteria, termed 'endophytic
bacteria' colonize the interior of plant roots and
shoots without harming their host plants.1 These
endophytic bacteria can benefit host plants
directly by providing nutrition (N, P, Fe etc.)
and growth induction through phytohormone
production, and indirectly through biocontrol
and induced systemic tolerance.2 The majority of
endophytic bacteria originate from the soil and
colonize the plant interior. The exact mechanism
of endophytic bacterial colonization is not well
understood. However, various studies suggest
that entry of endophytes in root is facilitated
through wounds, cracks, and the points of lateral
root emergence.3,4 The rhizosphere is the site of
the complex interaction between plant and soil
microflora, where plant exudates like organic
acids, amino acids, and proteins etc., released from
plants are responsible for initiating the colonization
of bacterial endophytes in the plant interior.5 Since
both endophytic (beneficial) and pathogenic
(harmful) bacteria are capable of colonizing
the host interior, successful establishment of
endophytic bacteria inside the plant depends
on genotypic compatibility, physiological status,
and extent of host plant defense response. 6
Thus, favored colonization of endophytes over
pathogenic bacteria indicates interplay between
plant and bacterial traits.
Plants respond to invading bacteria
by eliciting defense responses which may be
generalized or specific. The basal immune
surveillance system of plant protects from
microbial invasion through pattern triggered
immunity (PTI) by identifying microbe-associated
molecular pattern (PAMP/MAMP) like ﬂagellin
and lipopolysaccharides (LPS).7,8 However, some
pathogenic bacteria dodge defense response by
directly delivering the effector molecules inside
the plants through a bacterial secretion system
and cross the first line of defense.9 During coevolution, plants have developed intracellular
defense receptors (Resistance/R-gene-derived
receptors) for the recognition of microbial effector
molecules, i.e., effector-triggered immunity (ETI).10
ETI is highly specific for polymorphic effectors
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of different pathogens, which either releases
certain hydrolytic enzymes like chitinase, β-1,3glucanase or leads to hypersensitive responses
and programmed cell death of infected cells.11,12
On microbial invasion, plants produce phytoalexin
and defense enzymes responsible for lignin and
callose deposition to make strong defense barriers
against pathogens.13,14
Since both endophytic and pathogenic
bacteria are alien to the host plant during the
colonization process, endophytes initially trigger
the host’s defense response similar to the
pathogens. However, the endophytes somehow
manage to combat the host defense later on
to gain entry inside the plants, which requires
further confirmation.15,16 Albeit beneficial, plants
may respond towards endophytic bacteria as
non-self body, which leads to induction of defense
response in host plants. Despite the generation
of plant defense response towards beneficial
microbe, plants do not discourage interacting
beneﬁcial microbe. It suggests a well-coordinated
and continuous molecular dialogue between the
plant and the beneﬁcial organism.17 To establish a
mutualistic interaction with the plant, endophytes
need to cope with host defense responses
triggered locally in the roots upon endophytic
MAMP perception. Thus, it is important to
understand the strategies deployed by endophytic
bacteria to deal with host defense responses and
the role of plants in assisting endophytic bacteria
in establishing inside the plants. To our knowledge,
a few studies have been conducted on plant
defense responses during endophytic bacterial
colonization.18 Therefore, to address possible
differences in intensities of defense response to
endophytic and pathogenic bacteria, the present
study aims to estimate the level of defense
response by measuring the activity of defense
enzymes produced after bacterial challenges and
correlating them with successful colonization of
given bacteria in-planta. We hypothesize that
endophytes are evolved to suppress defense
response, or they are not identified by plant factors
and thus evade defense response.
The activity of four defense enzymes
namely polyphenol oxidase (POD), peroxidase
(P.O.), phenylalanine ammonia-lyase (PAL) and,
β-1,3-glucanases was estimated.19 The present
study has been carried out using endophytic
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bacteria Pseudomonas aeruginosa PM389 and
a pathogenic strain Erwinia carotovora. PM389
was isolated from pearl millet and showed various
plant growth promoting traits like nitrogen
fixation, siderophore production, phosphate
solubilization, and ability to cross-infect wheat
plant. 19 Erwinia carotovora is a broad range
pathogen, and it causes secondary infection in
wheat for enhancing the activity of major wheat
pathogens like Fusarium spp. etc.20 We chose the
wheat plant as host for defense response studies
as it is a major cereal crop worldwide, and such
studies on wheat can help increase crop yields
in the future to feed the burgeoning population
worldwide.

Subsequently, plant samples were collected at 0, 6,
and 12 hours post-inoculating bacterial strains and
at a regular interval of 24 hours up to six days after
inoculation (DAI). Collected plants were crushed
in liquid nitrogen and stored at -70°C for further
analysis of defense enzymes. Plants treated with
1X PBS served as control. All the treatments were
carried out in four replicates (biological replicates),
and each sample was further assayed in triplicates
(technical replicates).
Plant defense enzymes estimation
The collected plant tissues were crushed
in liquid nitrogen and stored at -70°C for the
analysis of defense enzymes namely peroxidase,
polyphenol oxidase, phenylalanine ammonia lyase
and β-glucanase using standard methods described
below. All the samples were homogenized in two
times volume of respective buffer for the particular
enzyme assay and centrifuged at 8000 g for 10
min at 4°C. The resulting supernatant was used
for enzyme assays. Protein was estimated by the
method as described by Lowry et al.21
β-glucanase activity
Plant samples were macerated in 0.05
mol l-1 sodium acetate buffer (pH 5. 0) by grinding
at 4°C. A 10 μl crude enzyme extract was added
to 10 μl of 4% laminarin and then incubated at
40°C for 10 min. The reaction was stopped by
adding 375 μL of dinitrosalicylic reagent (0.8%
NaOH, 0.25% dinitrosalicylic, 0.2% phenol,
0.05% Na2SO3) and 10 min heating on a boiling
water bath followed by addition of 20 μl of 40%
sodium potassium tartarate. The resultant colored
solution was diluted three-fold with Milli Q water,
vortexed and, absorbance was read at 575 nm in
UV-Vis spectrophotometer (JASCO, USA). Various
concentrations of glucose (0 to 1 mmol l-1) were
used to obtain a calibration curve. One unit of
enzyme activity is defined as the amount of
enzyme that produced reducing sugar equivalent
to 1 μmol of glucose equivalent per 10 min under
the above conditions.22
Phenylalanine ammonia lyase (PAL) activity
estimation
The plant sample was mixed in 50 mmol
l-1 Tris, pH 8.8. To 40 μl of total enzyme extract, 24
μl of 10 mmol l-1 phenylalanine, and 176 μl Tris (pH
8.8) were added in successive order. The resultant
mixture was incubated for 60 min at 30°C, and the
reaction was stopped by adding 200 μl of 2 mol

MATERIALS AND METHODS
Bacterial Strains used
Plant growth-promoting endophytic
bacteria used in the present study was
Pseudomonas aeruginosa PM389 isolated from
pearl millet.19 Erwinia carotovora, a broad host
range plant pathogen, was procured from Indian
Agriculture Research Institute, Pusa, India. Pure
cultures were maintained on Luria Bertini (L.B.)
agar media, and long-term storage was done at
-70°C in glycerol (15%, v/v).
Test bacterial strains inoculation on wheat plant
Triticum aestivum variety GW322 seeds
were surface sterilized with 70% ethanol for 2
min followed by 0.2% HgCl2 solution for 3 min.
The seeds were washed thoroughly with several
rounds of sterile distilled water to remove traces
of sterilants. Finally, seeds were placed on moist
sterile Whatman filter paper No.1 in Petridishes
for germination and watered every alternate
day for four days under dark conditions. Healthy
seedlings were transferred on the 4th day to the
tubes containing semi-solid Hoagland media
(0.3% Agar). Composition of Hoagland media was
(g l-1): KNO3, 202; Ca(NO3)2.4H2O, 118; Fe-EDTA,
15; MgSO4.7H2O, 493; NH4NO3, 80; H3BO3, 2.86;
MnCl2.4H2O, 1.81; ZnSO4.7H2O, 0.22; CuSO4, 0.051;
Na2MoO4.2H2O, 0.12; KH2PO4, 136 (pH to 6.0 with
3M KOH). Seedlings were grown hydroponically
in Hoagland medium standard condition (14
h-light, 10 h-dark cycle at 25°C ± 2 and 15°C
± 2 respectively). On the 10th day of growth,
plants were inoculated (separately) with107-108
cells ml-1 (in 1X PBS) endophyte and pathogen.
Journal of Pure and Applied Microbiology
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l-1 HCl and 300 μl toluene. The reaction mix was
spun at 750 g for 5 min, and the upper layer was
collected to read absorbance at 290 nm. Cinnamic
acid (1-5 μg ml-1) was used to prepare a standard
curve for the quantification.23
Peroxidase activity estimation
Plant tissue was extracted in 10 mmol l-1
phosphate buffer (pH 6.0). A 6 µl of enzyme extract
was added to the reaction mix containing 24 µl
0.25% guaiacol dissolved in 0.01 mol l-1 potassium
phosphate (pH 6.0) and 0.1 mol l-1 H2O2. Enzyme
activity was measured by taking OD every 30 sec
for 3 min at 470 nm and expressed as changes in
absorbance min-1 mg-1 protein.24
Polyphenoloxidase activity estimation
Plant samples were homogenized in
0.1 mol l-1 sodium phosphate buffer (pH 6.5).
The enzymatic assay was done using 20 µl of the
enzyme extract, in which 320 µl of 0.1 mol l-1
sodium phosphate buffer (pH 6.5) was added. To
start the reaction, 40 µl of 0.01 mol l-1 catechol was
added to the reaction mix, and the activity was
expressed as changes in absorbance (measured
at every 30 sec for 1min) at 495 nm min-1 mg-1
protein.25
Evaluation of bacterial colonization in plants
Colonization studies were carried out
using similar experimental set-up as described
above for defense enzyme analysis of endophytic
and pathogenic bacteria,. Their establishment in
plants were evaluated by reisolation of inoculated
bacteria at various time intervals followed by
the confirmation of their identity by ERIC-PCR
(Enterobacterial repetitive intergenic consensus
sequence-PCR) to track the identity of bacterial
inoculants.
Isolation of bacteria from plants
Healthy wheat plants were uprooted
and washed thoroughly with sterilized tap water
to remove media. Plant samples were surface
sterilized by immersing in 70% ethanol for 2
minutes followed by 4% sodium hypochlorite for
12 minutes. All traces of sterilants were removed
by rinsing the plant samples thoroughly with
sterilized distilled water. A 100 µl of last wash was
spread on Nutrient Agar (N.A.) media (HiMedia,
India) to assess the sterilization efficiency of the
protocol used. Surface sterilized plants were
macerated separately in a sterile PBS solution.
100 µl of macerate was spread on NA plates and
Journal of Pure and Applied Microbiology

incubated at 37°C for two days. Bacterial colonies
were counted individually for each treatment.
Enterobacterial repetitive intergenic consensus
sequences-PCR (ERIC-PCR)
DNA template for PCR was prepared
by “Boiling lysis method” as described by Misra
et al. 26 ERIC-PCR was performed using PTC
thermal cycler (MJ Research, Inc., Walthon,
MA, USA) following a standard protocol.27 The
final volume of PCR reaction mixture was 50 µl,
consisting of 1.5 units of Taq DNA polymerase,
125 µmol l-1 each dNTPs, 1.5 mmol l-1 MgCl2, 30
pmol of each primer, and 50 ng genomic DNA.
The specific primers (Sigma-Aldrich, USA) used
were 1R (5′-ATGTAAGCTCCTGGGGATTCAC-3′)
and 2R (5′-AAGTAAGTGACTGGGGTGAGC G-3′).
The thermal cycler program included an initial
denaturation at 94°C for 5 min followed by 35
cycles of 1 min at 94°C, 55°C for 1 min and, 72°C
for 1 min with a final extension of 5 min at 72°C.
The amplified products were analyzed on 2%
agarose gel using a gel documentation unit (BioRad Laboratories, USA). The ERIC profiles were
analyzed on the basis of the pattern of amplified
DNA fragments separated in the gel. Isolates
showing identical DNA band patterns were
considered to be the same strain.
Statistical analysis
One-way ANOVA, standard deviation,
and correlation analysis were done wherever
applicable using Microsoft excel. Least Significant
Difference (LSD)28 was done to identify significant
differences in plant defense response towards
endophytic and pathogenic bacteria. Duncan's
Multiple Range Test (DMRT) was used to compare
the mean at different time intervals of the study
period.
Results
Comparative analysis of plant defense enzymes
in response to endophytic and phytopathogenic
bacteria
Peroxidase activity (PO)
The PO activity was significantly (n=12,
p<0.05) stimulated in plants immediately after
inoculation of PM389 in plants treated with
endophytic bacteria (from 0-12 HAI), whereas
the appearance of PO activity in pathogentreated plants took place after 24 HAI. The
highest peroxidase activity was observed in plants
2489
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collected at 24 and 48 HAI in all the treatments,
and after 48 HAI activity was suddenly reduced in
each treatment. During this period (24-48 HAI),
pathogen treatment resulted in a significantly
highest change in the activity of PO enzyme,
while repressed enzyme activity was recorded
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in endophytic bacteria (PM389) treated plants in
comparison to control treatment (Fig. 1a.).
Polyphenol oxidase (PPO)
In all the treatments, a sudden increment
in PPO activity was observed at 24 HAI. Maximum
activity of PPO was observed at 48 HAI in
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Fig. 1. Changes in the activity of different defense enzymes in wheat (Triticum aestivum var. GW322) plants at various
time intervals in response to endophytic bacteria PM389 and phytopathogenic bacteria Erwinia carotovora. (a)
Plant peroxidase, (b) Polyphenol oxidase (c) β-1,3-glucanase, and (d.) Phenylammonia lyase. Plants treated with
phosphate buffer saline used as a control (PBS) treatment. Each value represents the mean of four biological and
three technical replicates (12 replicates). Vertical bars represent standard deviation. The mean values were compared
using Duncan’s multiple range test (DMRT) at p < 0.05. Values that are significantly different from each other are
headed by different letters in each column of treatment.* represents a significant difference in the respective
column from the column. ** represents a significant difference from both control and endophyte in the pathogen.
*-/-* represents a significant difference in the pathogen from control/endophyte only (Part of this data has been
published in another article in Press (Gupta et al. 2021 in Research Journal of Biotechnology))
Journal of Pure and Applied Microbiology
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Fig. 2. Population dynamics of (a.) endophyte (PM389) and (b.) pathogen (Erwinia caratovora) on challenge
inoculation in Triticum aestivum (var. GW322) at selected time points (0-144 HAI). Each value represents the mean
of duplicates, and the experiment was repeated two times (4 replicates). Vertical bars represent standard deviation.
The mean values were compared using Duncan’s multiple range test (DMRT) at p < 0.05. Values that are significantly
different from each other are headed by different letters (Part of this data has been published in another article in
Press (Gupta et al. 2021 in Research Journal of Biotechnology))
Journal of Pure and Applied Microbiology
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pathogen-treated plants. There was a significant
(n=12, p<0.05) increase with 26% higher PPO
activity in pathogenic bacteria treated plants at
48 HAI than endophytic bacteria treated and uninoculated control plants (Fig. 1b.). However, it
followed a sharp decrease in the activity of PPO in
all the treatments at 96 HAI. On the contrary, no
significant deviation in PPO activity was observed
in plants treated with endophytic bacteria from
the PPO activity noted in control plants (Fig. 1b.).
β-glucanase
Starting from 24 HAI, the activity of
β-glucanase in all plants remained higher in
samples collected at various time intervals.
At 24 HAI, β-glucanase activity was reported
significantly higher in pathogen-treated plants
than uninoculated control and endophytetreated plants. Similar to results of PPO activity,
plants treated with pathogenic bacteria showed
enhanced activity of the β-glucanase enzyme. In
contrast, endophytic bacteria PM389 did not elicit
much higher glucanase activity than that of control
(Fig. 1c). In all the treatments, glucanase activity
was higher from 24-48 HAI and afterward started
reducing drastically.
Phenyl ammonia lyase (PAL)
Unlike other assays, no finite trend was
observed in the PAL assay. There was alternate
increase and decrease in enzyme activity at
different time points in all treatments, including
control plants. At 48 HAI, PAL activity decreased
drastically for all the treatments. Further, the
activity enhanced suddenly at 72 HAI. Similar to
the results of other enzyme assays, pathogenic
bacterial treatment led to the greatest change
in enzyme activity in host plants. In pathogentreated plants, significantly higher activity (n=12,
p<0.05) was recorded at 0 HAI. At 6 HAI, activity
was drastically reduced in both endophyte and
pathogenic treatment followed an increase in
activity until 24 HAI. At 24 HAI, a significant
difference has been observed in pathogenic and
endophytic treatment as shown in Fig. 1d. On
the other hand, PM389 stimulated insignificantly
lesser and constant defense response than E.
carotovora from 12-24 HAI (Fig. 1d).
Endophytic and pathogenic colonization tracking
in wheat plants
To estimate and compare colonization
efficiency of endophyte (PM389), reisolation
Journal of Pure and Applied Microbiology

of inoculated bacteria from plants was done
at various time intervals. The efficiency of
colonization was assessed based on CFU count
of each bacterial species inoculated separately.
ERIC-PCR fingerprinting was used to confirm
the identity of selected bacterial isolates. An
identical ERIC-PCR profile of isolates recovered
from inoculated plants to that of pure culture
was used to confirm the colonization abilities
of test strains. Recovery of endophytic bacteria
from inoculated plants started from 24 HAI. The
maximum population of endophytic bacteria was
achieved after 144 HAI as depicted in Fig. 2a. The
CFU count of endophytic isolates showed slight
variation in plant samples collected at different
time intervals. On the other hand, pathogenic
bacteria failed to establish consistently during the
entire study period. Unlike endophytic bacteria,
pathogen recovery was obtained as early as 6
HAI with a sudden increase in population and
followed a steep decline in population at 12 HAI
and subsequent increase from 24 HAI. Further,
a steep decline in population was noticed at
96 HAI, which again started increasing slowly
in subsequent time points (Fig. 2b). For both
pathogen and endophyte, population decrement
was recorded with an increase in the level of
either of the defense enzyme and vice-versa with
few exceptions (Table 1). Thus, the population of
pathogenic bacteria exhibited alternate rise, and
decline in population during colonization.
DISCUSSION
Plants synthesize several PR proteins
and their homologues, including superoxide
dismutase (SOD), peroxidase (POD), catalase
(CAT) (oxidative enzymes), polyphenol oxidase
(PPO), phenylalanine ammonia-lyase (PAL),
β-1,3-glucanases (PR-2 family), and chitinases
(PR-3 family) constitutively but the level of these
proteins are mainly affected in response to
Table 1. Correlation analysis of changes in population
count and levels of defence enzyme with time
log10 CFU
PM389
Erwinia

PO

PPO

β- glucanase

PAL

-0.23
0.42

0.94*
0.61

0.70*
0.57

0.02
-0.42

*p<0.05, n =9
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microbial invasion.29,30 Therefore, in the present
study, we compared activities of some of the
above-mentioned defense enzymes in plants
inoculated separately with endophytic bacteria
Pseudomonas aeruginosa PM389 and pathogenic
bacteria Erwinia carotovora. We also compared
the kinetics of bacterial colonization in relation to
immune response. To our knowledge, only a few
works have demonstrated the differential behavior
of host plants to beneficial and pathogenic
bacteria.
Upsurge in peroxidase activity in plants
following microbial challenge may lead to oxidative
burst resulting from sudden changes in ion fluxes
across the membrane.31,32 The appearance of
peroxidase activity in the wheat plant immediately
after inoculation of endophytic bacteria suggests
rapid recognition of endophytic bacteria by
plants. It might have led to the generation of
ROS. Similar to our observation, increased ROS
production (catalyzed by peroxidase) in response
to microbial infection was noted as early as 2 min
in an earlier study.33 Except for the initial sampling
period, peroxidase activity remained decreased
in response to PM389. This result is supported by
results of Naffaa et al34 which suggested that the
reduction in peroxidase level may be a possible
mechanism to facilitate endophytic colonization
of bacteria. On the contrary, peroxidase activity
was not enhanced in response to pathogen up
to 12 HAI indicating suppression of oxidative
burst in the initial phase of infection. However, it
was strongly induced from 24-48 HAI. Thus, the
peroxidase activity was induced for longer period
in pathogen-treated plants, which may restrict the
entry of pathogen to certain extent.
Unlike the results of peroxidase activity,
induction of glucanase appeared at 24 HAI.
However, there are some studies that reported
induction of different genes, including that
for glucanase immediately after recognition
of bacteria-derived effector molecules. 35 We
observed that inoculation with Erwinia showed
significant induction of β-glucanase activity at 24
HAI, while no significant change was observed for
above enzyme in plants inoculated with PM389.
On the contrary, slightly repressed activity was
observed in response to PM389 in comparison
to control treatment. This finding is similar to
the studies conducted on Sinorhizobium meliloti,
Journal of Pure and Applied Microbiology

which showed downregulation of β-glucanase
(MtBGLU1) gene in the roots of Medicago
truncatula after 24 h of inoculation.37 After 24
HAI, the β-glucanase expression was turned down
for all the treatments. A decrease in activity in
further sampling period may rely on the fact that
β- glucanase gets intensified further only in the
presence of glucan oligomers released during the
lysis of the fungal cell wall. Since both treatments
are bacterial in the present study, inoculated plants
did not show further induction of β-glucanse
activity due to the absence of elicitors.38
Similar to the results of β- glucanase
activity, significant induction of PPO was observed
in only pathogen treated plants at 48 HAI. It
suggests that plants are also responsible for
differentiating endophytes and pathogen during
infection and help establish endophytic bacteria
inside the plants. Recently, researchers reported
two waves of transcriptional reprogramming in M.
truncatula involving repression of defense-related
genes followed by the activation of a nodulespecific transcriptome.39 Several collections of
plant and bacterial mutants were used in the
study, which established that the transcriptome
switch depends upon a molecular dialogue
between both partners. The fourth enzyme
whose activity was assayed during plant-microbe
interaction was phenyl ammonia lyase (PAL), the
first key enzyme of phenylpropanoid pathway
and flavanoid pathway generating precursors
for lignin biosynthesis, phytoalexins, and other
phenolic compounds that have direct effects on
pathogens. Cinnamic acid is the product of PAL,
which is directly linked to the cell lignification
process.41,42 PAL activity was higher for pathogens
at 0 HAI, suggesting the quick recognition by the
plant’s phenylpropanoid pathway. Subsequently,
PAL activity decreased in all treatments except in
the samples collected from 72-120 HAI. Further,
reduced PAL activity was recorded in endophyte
treated plants, again supporting the notion that
plants generate weak defense response against
endophytes or beneficial bacteria.43
Attenuated defense response in
endophyte treated plants than pathogen treated
plants indicates that endophytes may gain
entry into plants by suppressing or evading
from plant defense response. It gains support
from a few of earlier studies which report that
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various MAMPs like EPS (exopolysaccharide),
LPS (lipopolysaccharide), and nod-factors of
beneficial bacteria are capable of suppressing
defense response of the plant to gain entry inside
the plant.44 Downregulation of PR proteins in
host plant on inoculation of endophytic bacteria
Burkholderia phytofirmans has also been reported
recently.18
To corroborate defense response to the
success of colonization in plants, reisolation of
PM389 and E. carotovora was made, and their
extent of colonization was measured in terms of
CFU count. Since ERIC sequences are distributed
throughout the genome, and their distribution
pattern and repeat number vary amongst
different species/strains, bacterial inoculants'
identification was confirmed by ERIC-PCR based
DNA fingerprinting approach.19,45 Based on the
results of the reisolation study, it appears that
colonization of PM389 started late compared
to Erwinia, where the latter was recovered
as early as 6 HAI showing infection severity.
However, the extent of colonization of PM389
was consistent throughout the study period with
a slight intermittent decrease in CFU count. The
pattern of colonization by two types of bacteria
corresponded to the pattern of defense response.
Higher defense enzyme activities immediately
after inoculation restricted bacterial colonization
by endophytes, whereas pathogenic bacteria could
colonize early when the defense enzyme activities
were low. Similar to PM389, stress and defenserelated genes were found to be upregulated
initially and then, followed downregulation in
Rhizobium inoculated plants.46 This phenomenon
strengthens the fact that beneficial bacteria have
evolved to establish in host plant through immunosuppression of the host system. In contrast, Erwinia
colonized earlier, but its population fluctuated at
successive intervals. Successive increase and
decrease of the pathogenic population at different
time intervals evince constant fight of the host
plant to ward off pathogen and pathogen further
tries to pioneer in the plant by specific tactics.
Overall, the population of both pathogenic and
endophytic bacteria keeps dwindling though at
different levels based on the corresponding levels
of defense enzymes. Although the population of
pathogenic and endophytic bacteria at 144 HAI
Journal of Pure and Applied Microbiology

is almost similar, which might be due to lower
levels of defense enzyme at this time point or
might arise from changed defence strategy of the
pathogenic bacteria. It shows a similar pattern to
that of the zig-zag model of the plant's defense
response against pathogenic establishment inside
the plant.47
Conclusion
Endophytes were compared with plant
pathogen for induction of defense enzyme as well
as their establishment in the host plant. It was
observed that endophyte showed suppression of
defense system of host, which could be a possible
reason for successful colonization. It infers that
a constant and positive molecular dialogue
between host and endophytic bacteria might be
involved for endophytic establishment, unlike
pathogen establishment which shows constant
fight occurring between pathogen and host plant.
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