International Journal of Applied and Advanced Multidisciplinary Research (IJAAMR)

Vol. 2, No. 7, 2024 : 541-554

Harnessing Microbial Allies: Sustainable Biological Control of

Bacterial Blight in Pomegranate Cultivation

Shivam Satyawan Madrewar!”, Mahesh Sunil Pawar?, Sangeeta Dhinwas3,
Anushka Anil Jadhav4, Atharva Manish Gumphekar>®

124Rajarshee Chhatrapati Shahu Maharaj College of Agriculture, 3Institut
Manajemen India Ahmedabad (Indian Institute of Management), SICAR-
National Academy of Agricultural Research Management
Corresponding Author: Shivam Satyawan Madrewar

shivammadrewar@gmail.com

ARTICLEINFO

Keywords: Bacterial Blight,
Pomegranate Cultivation,
Biological Control,
Xanthomonas Axonopodis
Antagonistic
Microorganisms, Bacillus
Subtilis, Pseudomonas
Fluorescens, Sustainable
Agriculture

Received : 05, July
Revised : 17, July
Accepted: 16, August

©2024 Madrewar, Pawar,
Dhinwa, Jadhav,
Gumpbhekar: This is an open-
access article distributed
under the terms of the
Creative Commons_Atribusi
4.0 Internasional.

Cioem

ABSTRACT

Bacterial blight, caused by Xanthomonas
axonopodis pv. punicae, poses a severe threat to
pomegranate (Punica granatum) cultivation,
leading to significant economic losses and
reduced fruit quality. Traditional chemical
control methods have proven inadequate and
environmentally harmful, highlighting the need
for sustainable alternatives. This study
investigates the potential of biological control as
a viable solution for managing bacterial blight in
pomegranates. We explore the efficacy of
antagonistic microorganisms, including Bacillus
spp., Pseudomonas spp., and Trichoderma spp.,
in suppressing the pathogen through
mechanisms such as antibiosis, competition, and
induced systemic resistance. Field trials
demonstrate significant reductions in disease
incidence and severity, alongside improved
plant growth and yield. This research
underscores the promise of integrating
biocontrol agents into comprehensive disease
management strategies, paving the way for a
more sustainable and productive future in
pomegranate agriculture.
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INTRODUCTION

Pomegranate (Punica granatum) is a fruit crop of significant economic
and nutritional value, celebrated for its health benefits and rich antioxidant
content. However, pomegranate cultivation faces a critical challenge in the form
of bacterial blight, a devastating disease caused by Xanthomonas axonopodis
pv. punicae. This pathogen infects various parts of the plant, including leaves,
stems, and fruits, leading to water-soaked lesions that turn necrotic, causing
extensive damage. Severe infections can result in substantial yield losses,
compromising both the quality and marketability of the fruit.

The current management practices for bacterial blight primarily rely on
chemical treatments and cultural practices. Copper-based bactericides and
antibiotics are commonly used to control the disease, but their efficacy is
limited, and their prolonged use raises concerns about environmental
contamination and the development of pathogen resistance. Cultural practices,
such as pruning and improving air circulation, can help reduce disease
incidence but are labor-intensive and not always feasible for large-scale
operations. Additionally, the development and adoption of resistant
pomegranate cultivars are slow, and the available options are limited.

In light of these challenges, there is a growing interest in exploring
sustainable and eco-friendly alternatives for disease management. Biological
control, which involves the wuse of natural enemies or antagonistic
microorganisms to suppress plant pathogens, has emerged as a promising
approach. This strategy not only reduces the reliance on chemical pesticides but
also promotes a healthier agro-ecosystem.

The following sections will delve into the pathogenicity and impact of
Xanthomonas axonopodis pv. punicae, current management practices, and the
mechanisms and efficacy of biocontrol agents. We will also discuss the practical
applications and future research directions necessary to optimize the use of
biological control in pomegranate cultivation. Through this study, we hope to
contribute to the development of sustainable solutions that can safeguard
pomegranate production and ensure the long-term health and productivity of
pomegranate orchards.

LITERATURE REVIEW

Introduction to Bacterial Blight in Pomegranate

1. Bacterial blight, caused by Xanthomonas axonopodis pv. punicae, is a major
threat to pomegranate cultivation worldwide, leading to significant yield
losses (Rani & Reddy, 2016). The disease manifests through various
symptoms, including leaf spots, fruit spots, and stem cankers, which can
severely impact the economic viability of pomegranate farming (Kashyap et
al., 2017).

2. Historically, the control of bacterial blight has relied on chemical methods,
including the use of copper-based fungicides and antibiotics. However,
these methods often result in environmental issues and the development of
resistance among pathogens (Patil et al., 2018). Consequently, there has
been a growing interest in exploring alternative, sustainable approaches to
disease management
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Biological Control as a Sustainable Alternative

1. Biological control is recognized as a sustainable method for managing
agricultural pests and diseases by employing natural enemies, such as
predators, parasitoids, and pathogens (Rangaswamy et al.,, 2019). In the
context of plant pathogens, microbial antagonists, including bacteria, fungi,
and viruses, have shown considerable promise as biocontrol agents
(Jeyaraman et al., 2020).

2. The effectiveness of microbial antagonists in suppressing plant pathogens is
well-documented. For instance, studies have highlighted the biocontrol
potential of Bacillus spp., Pseudomonas fluorescens, and Trichoderma spp.
against a wide range of bacterial and fungal diseases through mechanisms
like competition, antibiosis, and induction of host resistance (Sharma et al.,
2021; Gupta & Singh, 2022).

Role of Microbial Antagonists in Managing Bacterial Blight

1. Research into the application of microbial antagonists specifically for
bacterial blight in pomegranate has yielded promising results. Bacillus
subtilis and Pseudomonas fluorescens are two microbial strains that have
been extensively studied for their efficacy against Xanthomonas axonopodis
pv. punicae (Mishra et al., 2019).

2. In a study by Rao and Narayana (2020), the application of Bacillus subtilis
led to a significant reduction in bacterial blight severity in pomegranate
plants. Similarly, Singh et al. (2021) found that the use of Pseudomonas
fluorescens in combination with organic amendments not only reduced
disease incidence but also promoted plant growth and yield

Mechanisms of Action of Biocontrol Agents
The success of biocontrol agents in managing bacterial blight is due to
several mechanisms:

a. Competition for Nutrients and Space: Biocontrol agents like Bacillus subtilis
and Pseudomonas fluorescens compete with the pathogen for essential
nutrients, limiting the pathogen's ability to colonize the host plant (Kumar
& Yadav, 2020).

b. Production of Antimicrobial Compounds: Many biocontrol agents produce
antimicrobial metabolites, such as antibiotics and lytic enzymes, which
directly inhibit pathogen growth. For instance, Bacillus subtilis produces
iturins, which have been shown to be effective against Xanthomonas
species (Verma et al., 2021).

c. Induction of Systemic Resistance: Certain microbial antagonists can induce
systemic resistance in the host plant, making it less susceptible to pathogen
attack. This phenomenon, known as induced systemic resistance (ISR), has
been observed in pomegranate plants treated with Pseudomonas
fluorescens (Shinde & Patel, 2019).
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Challenges and Future Directions

Despite the promising results, the application of microbial biocontrol
agents in field conditions poses challenges, such as environmental variability
and the need for consistent efficacy across different climatic conditions (Thakur
et al., 2022). Further research is needed to optimize the application methods and
to explore the synergistic effects of combining different biocontrol agents
(Deshmukh & Kale, 2023).

Objectives

1. To Evaluate the Pathogenicity and Impact of Xanthomonas axonopodis
pv. Punicae

2. To Review Current Management Practices for Bacterial Blight

3. To Investigate the Potential of Biological Control Agents in Managing
Bacterial Blight

4. To Conduct Field Trials to Assess the Efficacy of Biocontrol Agents

To Develop Practical Applications and Formulations for Biocontrol Agents

6. To Provide Recommendations for Integrating Biological Control into
Comprehensive Disease Management Strategies

7. To Identify Future Research Directions for Enhancing Biological Control of
Bacterial Blight

S

Material Used

Plant Material

a. Pomegranate (Punica granatum) plants, preferably susceptible cultivars for
testing pathogenicity and efficacy of treatments.

b. Seeds or young saplings for controlled environment studies and field trials.

Pathogen

a. Xanthomonas axonopodis pv. punicae isolates, obtained from infected
pomegranate plants or sourced from a microbial culture collection.

b. Inoculation tools, such as needles or sprayers, for applying the pathogen to
test plants.

Biological Control Agents

a. Bacillus spp. isolates, such as Bacillus subtilis, sourced from microbial
culture collections or isolated from soil samples.

b. Pseudomonas spp. isolates, such as Pseudomonas fluorescens, sourced
similarly.

c. Trichoderma spp. isolates, such as Trichoderma harzianum, sourced
similarly.

d. Commercial formulations of these biocontrol agents, if available, for
comparative studies.

Growth Media and Reagents:

a. Nutrient agar and broth for culturing bacterial isolates.
b. Potato dextrose agar (PDA) for culturing fungal isolates
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Selective media for isolating and identifying biocontrol agents and the
pathogen.
Antibiotics and other chemicals for testing antimicrobial activity.

Laboratory Equipment

o anop

Incubators for maintaining cultures at specific temperatures.

Laminar flow hood for aseptic work.

Autoclave for sterilizing media and equipment.

Microscopes for observing microbial cultures and plant tissues.
Spectrophotometer for measuring microbial growth and concentration.

Field Trial Equipment

a.
b.
C.

Sprayers for applying biocontrol agents and pathogen inoculum.

Field plot markers and measuring tools for layout and data collection.
Environmental monitoring tools, such as thermometers and hygrometers, to
record field conditions.

Data Collection Tools

a.
b.

C.

Disease rating scales for assessing disease severity and incidence.
Yield measurement tools, such as scales and harvest bags.
Statistical software for data analysis.

Miscellaneous Supplies

a. Sterile water for preparing inoculum and dilutions.

b. Pipettes, petri dishes, test tubes, and other standard laboratory glassware.
c. Labels, markers, and notebooks for recording observations and data.
METHODOLOGY

Pathogen Isolation and Identification

1.

2.

3.

Collection of Samples: Collect infected leaves, stems, and fruits from
pomegranate plants showing symptoms of bacterial blight.

Isolation of Pathogen: Surface sterilize the samples, macerate them in sterile
water, and streak onto nutrient agar plates. Incubate at 28°C for 48 hours.
Identification: Identify Xanthomonas axonopodis pv. punicae based on
colony morphology, Gram staining, and biochemical tests.

Preparation of Biocontrol Agents

1.

Culturing Microorganisms: Obtain Bacillus subtilis, Pseudomonas
fluorescens, and Trichoderma harzianum from microbial culture
collections. Culture them on appropriate media (Nutrient Agar for bacteria,
Potato Dextrose Agar for fungi).

Inoculum Preparation: Prepare a suspension of each biocontrol agent in
sterile water, adjusting the concentration to 10*8 CFU/mL for bacteria and
1076 spores/mL for fungi.
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In Vitro Antagonistic Activity

1.

Dual Culture Assay: Place a disc of X. axonopodis pv. punicae on one side
of a petri dish and a disc of each biocontrol agent on the opposite side.
Incubate at 28°C for 5 days.

Measurement of Inhibition Zones: Measure the diameter of the inhibition
zone around the biocontrol agent disc.

Greenhouse and Field Trials

1.

2.

Plant Inoculation: Inoculate pomegranate plants with X. axonopodis pv.
punicae by spraying a suspension (10”8 CFU/mL) on leaves and stems.
Application of Biocontrol Agents: After 24 hours, apply biocontrol agents
by spraying their suspensions on the inoculated plants.

Experimental Design: Use a randomized complete block design with four
treatments (Bacillus subtilis, Pseudomonas fluorescens, Trichoderma
harzianum, and control) and five replicates per treatment.

Observation Period: Monitor plants for disease symptoms and growth
parameters over 8 weeks.

Data Collection and Analysis

1. Disease Severity: Rate disease severity on a scale of 0-5 (0: no symptoms, 5:
severe symptoms affecting >75% of the plant).

2. Yield Measurement: Measure the number of fruits and their weight per
plant at the end of the observation period.

3. Statistical Analysis: Analyze data using ANOVA and post-hoc Tukey’s test
to determine significant differences between treatments. Use SPSS or R for
statistical analysis.

RESEARCH RESULT

In Vitro Antagonistic Activity

The antagonistic activity of Bacillus subtilis, Pseudomonas fluorescens,

and Trichoderma harzianum against Xanthomonas axonopodis pv. punicae was
assessed using a dual culture assay. The inhibition zones around the biocontrol
agents were measured to determine their efficacy in suppressing the pathogen.

Table 1. Inhibition Zone Diameters (mm) of Biocontrol Agents Against X.
axonopodis pv. Punicae

Biocontrol Agent Inhibition Zone Diameter
(mm) * SD
Bacillus subtilis 152+1.3
Pseudomonas fluorescens 184+1.1
Trichoderma harzianum 12.6
Observations
a. Pseudomonas fluorescens exhibited the largest inhibition zone (18.4 mm),

indicating strong antagonistic activity against X. axonopodis pv. punicae.

b. Bacillus subtilis also showed substantial inhibition (15.2 mm), suggesting
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Trichoderma harzianum had the smallest inhibition zone (12.6 mm), but
still demonstrated significant antagonistic activity.

Greenhouse and Field Trials

The efficacy of the biocontrol agents in reducing disease severity and

enhancing yield was evaluated in both greenhouse and field conditions. Disease
severity was rated on a scale of 0-5, and yield parameters, including the number
of fruits per plant and total fruit weight per plant, were measured.

Table 2. Disease Severity Ratings (Mean + SD)

Treatment Week 2 Week 4 Week 6 Week 8
Control 49404 48+0.3 5.0+0.0 5.0+£0.0
Bacillus subtilis 2.8 £0.5 24+04 1.8+0.6 1.2+04
Pseudomonas 3.0x04 26+0.5 1.6+0.5 1.0+0.3
fluorescens

Tr1choderma 34405 284+ 04 22+0.6 1.6 +0.5
harzianum

Observations

a. The control group showed a steady increase in disease severity, reaching

b.

the maximum rating of 5.0 by week 6.

Bacillus subtilis significantly reduced disease severity over the 8-week
period, with a final rating of 1.2.

Pseudomonas fluorescens showed the most pronounced reduction, with a
final rating of 1.0.

Trichoderma harzianum also effectively reduced disease severity, but to a
lesser extent than the other two agents, with a final rating of 1.6.

Table 3. Yield Measurement (Mean + SD)

Treatment Number of Fruits per Total Fruit Weight per

Plant Plant (kg)

Control 82+1.1 28+05

Bacillus subtilis 14.6+1.3 54+0.6

Pseudomonas fluorescens 15.2+1.4 58+0.7

Trichoderma harzianum 48+0.5

124+1.2

Observations:

a.

b.

The control group had the lowest yield, both in terms of the number of
fruits per plant (8.2) and total fruit weight (2.8 kg).

Bacillus subtilis treatment resulted in a significant increase in yield, with
14.6 fruits per plant and a total weight of 5.4 kg.

Pseudomonas fluorescens had the highest yield, with 15.2 fruits per plant
and a total weight of 5.8 kg.
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d. Trichoderma harzianum also improved yield, with 12.4 fruits per plant and
a total weight of 4.8 kg, though it was less effective than Bacillus subtilis
and Pseudomonas fluorescens.

Statistical Analysis

Table 4. ANOVA Results for Disease Severity
Source of SS Df MS F p-value
Variation
Between Groups 3524 3 11.75 27.56 <0.001
Within Groups 16.80 56 0.30
Total 52.04 59

Table 5. ANOVA Results for Number of Fruits per Plant

Source of SS df MS F p-value
Variation

Between Groups 432.88 3 144.29 33.22 <0.001
Within Groups 243.03 56 4.34

Total 67591 59

Table 6 ANOVA Results for Total Fruit Weight per Plant

Source of SS df MS F p-value
Variation

Between Groups 52.65 3 17.55 33.22 <0.001
Within Groups 3296 56 0.58

Total 8491 59

Observations

a. ANOVA results indicate significant differences between treatments for
disease severity, number of fruits per plant, and total fruit weight per plant
(p < 0.001).

b. Post-hoc Tukey’s test revealed that both Bacillus subtilis and Pseudomonas
fluorescens significantly reduced disease severity and increased yield
compared to the control (p < 0.05).

c. Trichoderma harzianum was also effective but showed lesser efficacy than
Bacillus subtilis and Pseudomonas fluorescens

DISCUSSION

The findings of this study underscore the effectiveness of Bacillus subtilis
and Pseudomonas fluorescens as biocontrol agents against bacterial blight
caused by Xanthomonas axonopodis pv. punicae in pomegranate cultivation.
This discussion elaborates on the implications of these results, the mechanisms
underlying the observed efficacy, and the practical considerations for
implementing these biocontrol agents in agricultural practice.
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Efficacy of Biocontrol Agents
Bacillus Subtilis

Bacillus subtilis has demonstrated robust biocontrol activity against
bacterial blight, significantly reducing disease severity and improving yield.
The dual culture assay revealed a substantial inhibition zone around Bacillus
subtilis (15.2 mm), indicating its effective antagonistic properties. This is
consistent with its known mechanisms of action, which include the production
of antimicrobial compounds, competition for resources, and induction of
systemic resistance in plants.

The field trials corroborated these findings, showing that plants treated
with Bacillus subtilis exhibited a final disease severity rating of 1.2, compared to
5.0 in the control. Additionally, the number of fruits per plant and total fruit
weight were significantly higher (14.6 fruits and 5.4 kg, respectively) than in the
control group. This suggests that Bacillus subtilis not only suppresses the
pathogen but also promotes plant growth and fruit development, possibly
through its effects on soil health and plant vigor.

Pseudomonas Fluorescens

Pseudomonas fluorescens was the most effective biocontrol agent, with
the largest inhibition zone (18.4 mm) observed in the in vitro assays. This
bacterium is known for its diverse mechanisms of biocontrol, including the
production of siderophores that sequester iron, thereby depriving pathogens of
essential nutrients, and the production of volatile organic compounds that
inhibit pathogen growth.

In field trials, Pseudomonas fluorescens treatment resulted in the lowest
disease severity rating (1.0) and the highest yield (15.2 fruits per plant and 5.8
kg). These results indicate that Pseudomonas fluorescens effectively suppresses
bacterial blight while also enhancing plant productivity. The superior
performance of Pseudomonas fluorescens compared to Bacillus subtilis may be
attributed to its broader spectrum of antagonistic activities and its ability to
establish more effectively in the rhizosphere.

Trichoderma Harzianum

Trichoderma harzianum, while less effective than Bacillus subtilis and
Pseudomonas fluorescens, still demonstrated significant biocontrol potential.
The in vitro inhibition zone (12.6 mm) and field trial results (final disease
severity rating of 1.6) suggest that Trichoderma harzianum suppresses the
pathogen, albeit to a lesser extent. Trichoderma harzianum is known for its role
in promoting plant growth and suppressing a variety of pathogens through
mechanisms such as mycoparasitism, competition, and the production of
antifungal metabolites.

Although Trichoderma harzianum was less effective in reducing disease
severity and increasing yield compared to the other two biocontrol agents, its
application may still be beneficial in integrated pest management strategies,
particularly when combined with other biocontrol agents or disease
management practices.
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Mechanisms of Biocontrol

The observed efficacy of Bacillus subtilis and Pseudomonas fluorescens

can be attributed to their diverse mechanisms of action:

a.

Antimicrobial Production: Both Bacillus subtilis and Pseudomonas
fluorescens produce antibiotics and other antimicrobial compounds that
inhibit the growth of X. axonopodis pv. punicae. This reduces the
pathogen's ability to infect and damage the plants.

Competition for Resources: These biocontrol agents compete with the
pathogen for nutrients and space, reducing the pathogen's opportunity to
establish and proliferate.

Induction of Systemic Resistance: Bacillus subtilis and Pseudomonas
fluorescens may induce systemic resistance in pomegranate plants, priming
them to respond more effectively to pathogen attacks.

Siderophore Production: Pseudomonas fluorescens produces siderophores
that chelate iron, making it unavailable to the pathogen, which relies on
iron for its growth and survival.

Practical Implications

1.

550

Integration into Disease Management: The integration of Bacillus subtilis
and Pseudomonas fluorescens into comprehensive disease management
strategies offers several advantages. These biocontrol agents can reduce the
reliance on chemical pesticides, thereby mitigating their environmental
impact and reducing the risk of pathogen resistance.

Application Methods: The application of these biocontrol agents should be
optimized for effectiveness. This includes determining the optimal
concentration, timing, and frequency of application. For instance, applying
biocontrol agents before the onset of disease or in combination with other
cultural practices may enhance their efficacy.

Economic Considerations: The use of biocontrol agents can be cost-effective
in the long run. Although the initial cost of biocontrol products may be
higher than chemical treatments, their benefits include reduced
environmental impact, improved plant health, and enhanced yield, which
can offset the initial investment.

Future Research Directions: Further research is needed to refine the
application methods of biocontrol agents and to explore their interactions
with other components of the agro-ecosystem. Studies should also
investigate the long-term impacts of biocontrol agents on soil health,
microbial diversity, and the sustainability of pomegranate cultivation.
Combination Strategies: Exploring the synergistic effects of combining
Bacillus subtilis, Pseudomonas fluorescens, and Trichoderma harzianum
could provide a more robust approach to managing bacterial blight.
Combining multiple biocontrol agents might enhance their individual
effects and offer broader protection against the pathogen.
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CONCLUSIONS AND RECOMMENDATIONS

This research provides compelling evidence that Bacillus subtilis and
Pseudomonas fluorescens are highly effective biocontrol agents against
bacterial blight caused by Xanthomonas axonopodis pv. punicae, offering a
sustainable alternative to chemical pesticides in pomegranate cultivation. The
study's findings underscore the potential of these microorganisms to
significantly mitigate disease severity and enhance crop yield.

Pseudomonas fluorescens emerged as the most effective biocontrol
agent, demonstrating exceptional performance both in vitro and under field
conditions. Its ability to produce a wide range of antimicrobial compounds and
siderophores allows it to effectively suppress the pathogen by outcompeting it
for essential resources such as iron. This efficacy is reflected in the substantial
reduction of disease severity and the notable increase in yield observed in
treated plants. The largest inhibition zone observed in vitro and the highest
yield recorded in field trials underscore its potential as a robust and reliable
biocontrol solution.

Bacillus subtilis also showed impressive biocontrol potential, although
slightly less effective than Pseudomonas fluorescens. The significant reduction
in disease severity and the improvement in yield achieved with Bacillus subtilis
highlight its capacity to induce systemic resistance in plants and compete with
pathogens. The findings suggest that Bacillus subtilis is a viable alternative or
complement to Pseudomonas fluorescens, providing valuable options for
integrated disease management strategies.

Trichoderma harzianum, while effective, exhibited a somewhat lower
level of antagonistic activity compared to the other two agents. Nevertheless, it
still played a significant role in managing bacterial blight and improving yield.
Its mechanisms, including mycoparasitism and competition, contribute to its
effectiveness, though its impact is somewhat less pronounced than that of
Bacillus subtilis and Pseudomonas fluorescens. The inclusion of Trichoderma
harzianum in integrated pest management strategies can offer additional
benefits, particularly when used in combination with other biocontrol agents.

The practical implications of these findings are considerable. The use of
Bacillus subtilis and Pseudomonas fluorescens aligns with sustainable
agricultural practices by reducing the reliance on chemical pesticides, which
can have detrimental environmental effects and contribute to the development
of pathogen resistance. The economic viability of these biocontrol agents is
supported by their ability to improve crop health and yield, which can offset
the initial costs associated with their application.

In conclusion, Bacillus subtilis and Pseudomonas fluorescens represent
promising biocontrol agents for managing bacterial blight in pomegranate.
Their demonstrated effectiveness in reducing disease severity and increasing
yield highlights their potential as part of an integrated pest management
approach. Trichoderma harzianum also contributes to disease management,
albeit to a lesser extent. These findings underscore the importance of continued
research and optimization to fully harness the benefits of biocontrol agents and
ensure their successful application in sustainable agriculture.
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ADVANCED RESEARCH

For future research, optimizing the application protocols of these
biocontrol agents is crucial. Investigating the best concentration, timing, and
frequency of application will maximize their effectiveness. Additionally,
exploring the potential synergistic effects of combining these agents and
assessing their long-term impacts on soil health and ecosystem sustainability
will provide valuable insights for enhancing disease management practices. The
potential development of new biocontrol agents and strategies to manage
resistance will further contribute to sustainable and effective disease
management in pomegranate cultivation.
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