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ABSTRACT: Plant Growth-Promoting Rhizobacteria (PGPRs) are beneficial 
microorganisms that play a crucial role in sustainable agriculture by enhancing soil 
fertility, improving nutrient uptake, and promoting plant growth and resilience. In 
Indonesia, rice (Oryza sativa) stands as a vital staple crop, essential for food security 
and economic stability. However, rice production faces significant challenges, 
prominently including rice blast disease caused by the fungal pathogen 
Magnaporthe oryzae. A systematic literature review is conducted, showing that this 
disease severely impacts yield and quality, threatening food security in the region. 
The aim of this review is to explore the potential of PGPRs in managing rice blast 
disease and enhancing rice production in Indonesia. The scope includes examining 
the mechanisms of action of PGPRs, presenting case studies on their application, 
discussing challenges and opportunities for wider adoption, and proposing future 
research directions to optimize their effectiveness in sustainable rice cultivation. 
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INTRODUCTION 
Rice (Oryza sativa L.) is a staple food crop in Indonesia, supporting the 

livelihood of approximately 40% of the population and contributing significantly to 
national food security. Indonesia ranks as the third-largest rice producer globally, 
with an annual production of around 56.54 million tons as of 2023 (Connor et al., 
2023). However, rice cultivation in Indonesia faces significant challenges, including 
pest and disease pressures that can severely impact yield and quality. One of the 
most devastating diseases is rice blast, caused by the fungal pathogen Magnaporthe 
oryzae. This pathogen is responsible for annual yield losses of up to 30%, equating 
to millions of tons of rice lost each year (Younas et al., 2023). Magnaporthe oryzae 
infects all above-ground parts of the rice plant, leading to lesions, reduced 
photosynthetic capacity, and ultimately, plant death. Given the critical role of rice 
in Indonesia’s agricultural economy and food security, effective management 
strategies for rice blast disease are of paramount importance (AKTER, 2020). 

Sustainable agricultural practices are essential for mitigating the adverse 
effects of rice blast disease and ensuring long-term productivity. Traditional control 
methods, such as chemical fungicides, while effective, pose environmental and 
health risks and can lead to the development of fungicide-resistant pathogen 
strains (Younas et al., 2024). In this context, Plant Growth-Promoting Rhizobacteria 
(PGPRs) offers a promising alternative. PGPRs are beneficial bacteria that colonize 
plant roots and enhance growth by various mechanisms, including nitrogen 
fixation, plant hormone production, and suppression of pathogens (Adedeji et al., 
2020). Studies have shown that certain PGPR strains can reduce disease severity by 
up to 50% and improve plant growth parameters such as root length and biomass 
by 20-30%. Furthermore, PGPRs contribute to soil health by enhancing nutrient 
availability and microbial diversity, aligning with sustainable agriculture 
principles. The integration of PGPRs into rice cultivation systems in Indonesia 
presents a viable strategy for combating rice blast disease while promoting 
environmental sustainability and agricultural resilience. PGPRs play a pivotal role 
in sustainable agriculture by enhancing soil fertility and plant health (Akbari et al., 
2023; Mohanty et al., 2021). In Indonesia, where rice cultivation is central to food 
security, the prevalence of rice blast disease poses significant challenges. This 
review explores the potential of PGPRs to mitigate rice blast disease and improve 
rice yields, contributing essential insights into sustainable agricultural practices in 
the region. 
 
THEORITICAL REVIEW 
Rice Blast Disease: Magnaporthe Oryzae 

Magnaporthe oryzae, the causative agent of rice blast disease, is a highly 
destructive fungal pathogen that affects rice plants worldwide (Tan et al., 2023). 
The pathogen's life cycle involves several stages: spore germination, 
appressorium formation, penetration, colonization, and sporulation.  

Upon landing on the rice leaf surface, conidia germinate within 4-6 hours 
under optimal conditions of 25-28°C and high humidity. The germ tube then 
differentiates into an appressorium, a specialized structure that generates immense 
turgor pressure (up to 8.0 MPa) to breach the plant cuticle and cell wall (Waseem et 
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al., 2023). Following penetration, the fungus colonizes the host tissue, forming 
invasive hyphae that spread intracellularly, causing extensive cell death and tissue 
necrosis. The pathogen completes its cycle by sporulating on infected tissue, 
producing new conidia that can disperse to initiate subsequent infections. This 
rapid and aggressive colonization leads to the development of characteristic 
lesions, which are elliptical with gray centers and brown margins, significantly 
impairing the photosynthetic ability of the plant. 

The symptoms of rice blast disease can manifest at any growth stage, from 
seedling to maturity, and can affect leaves, stems, nodes, and panicles. In severe 
epidemics, yield losses can exceed 70%, with reductions in grain weight, number, 
and quality. Current management practices primarily rely on the use of resistant 
cultivars and chemical fungicides. However, the durability of resistant varieties is 
often compromised by the pathogen's high genetic variability, leading to the 
emergence of virulent races. Additionally, fungicide applications, while effective, 
pose environmental and human health risks and contribute to the development of 
fungicide-resistant strains of M. oryzae. The over-reliance on these chemical 
controls is unsustainable, highlighting the need for integrated disease management 
strategies that include cultural practices, biological control agents, and resistant 
breeding programs. 

Table 1: Life Cycle Stages of Magnaporthe oryzae 

Stage Description Timeframe Conditions 

Spore 
Germination 

Conidia germinate on leaf 
surface 

4-6 hours 25-28°C, high 
humidity 

Appressorium 
Formation 

Germ tube forms 
appressorium generating 
turgor pressure 

12-24 hours Same as above 

Penetration Appressorium breaches 
cuticle and cell wall 

24-48 hours Same as above 

Colonization Invasive hyphae spread 
intercellularly, causing 
necrosis 

2-5 days Same as above 

Sporulation New conidia produced on 
infected tissue 

5-7 days Same as above 

This table outlines the key developmental stages of Magnaporthe oryzae, the 
causal agent of rice blast disease, detailing its cycle from spore germination to 
lesion formation on rice plants. 
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Plant Growth-Promoting Rhizobacteria (PGPRs) 
Plant Growth-Promoting Rhizobacteria (PGPRs) are a diverse group of 

beneficial bacteria that colonize the rhizosphere and enhance plant growth through 
various direct and indirect mechanisms (de Andrade et al., 2023). These 
microorganisms can be broadly classified into several genera, including 
Azospirillum, Pseudomonas, Bacillus, and Rhizobium, each exhibiting unique 
traits that contribute to plant health and productivity. PGPRs facilitate plant 
growth by improving nutrient acquisition, such as nitrogen fixation, phosphorus 
solubilization, and iron chelation (Fatima et al., 2024). Additionally, they produce 
phytohormones like indole-3-acetic acid (IAA), gibberellins, and cytokinins, which 
stimulate root elongation, enhance nutrient uptake, and improve overall plant 
vigor. PGPRs also play a crucial role in pathogen suppression by producing 
antibiotics, siderophores, and lytic enzymes, thereby protecting plants from soil-
borne diseases and promoting a healthy rhizosphere. 

The benefits of PGPRs in crop cultivation are well-documented, with 
numerous studies demonstrating significant improvements in plant growth 
parameters and yield. For instance, PGPR inoculation has been shown to increase 
root length by 20-30% and shoot biomass by up to 25%, as well as enhance nutrient 
uptake efficiency. Moreover, PGPRs contribute to sustainable agriculture by 
reducing the need for chemical fertilizers and pesticides, thus minimizing 
environmental impact (Agbodjato & Babalola, 2024). In rice cultivation, the 
application of PGPRs has been reported to boost grain yield by 15-20% under field 
conditions. These bacteria also enhance stress tolerance in plants, enabling them to 
withstand abiotic stresses such as drought, salinity, and heavy metal 
contamination. The integration of PGPRs into agricultural practices offers a 
promising approach to achieving higher crop productivity, improved soil health, 
and environmental sustainability. 

Table 2: Common PGPRs and Their Mechanisms of Action 

PGPR Genus Mechanism of Action Specific Benefits 

Azospirillum Nitrogen fixation, hormone 
production 

Enhances root growth, improves 
nitrogen uptake 

Pseudomonas 

 

Antibiotic production, 
siderophores 

Suppresses pathogens, improves iron 
availability 

Bacillus Lytic enzymes, phytohormone 
production 

Breaks down organic matter, 
promotes plant growth 

Rhizobium Symbiotic nitrogen fixation Increases nitrogen availability in 
legumes 
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This table summarizes various genera of Plant Growth-Promoting 
Rhizobacteria (PGPRs), such as Azospirillum, Pseudomonas, Bacillus, and 
Rhizobium, and their respective mechanisms of action, including nitrogen fixation, 
hormone production, and pathogen suppression. 

METHODOLOGY 
Data Collection and Analysis Technique 

This study utilizes secondary data sources. The methodology involves a 
systematic literature review, including peer-reviewed journal articles, research 
reports, and case studies related to PGPRs and rice blast disease management. This 
approach allows for a comprehensive examination of the current knowledge base. 
The data were categorized to identify common patterns and to assess the 
effectiveness and potential of PGPRs in managing rice blast disease. It provides 
insights into the mechanisms by which PGPRs enhance plant growth and resilience 
in the context of rice cultivation in Indonesia. 

 
RESULTS AND DISCUSSION 
Role of PGPRs in Managing Rice Blast Disease 

Plant Growth-Promoting Rhizobacteria (PGPRs) play a crucial role in 
managing rice blast disease by employing various mechanisms to suppress the 
pathogen Magnaporthe oryzae. PGPRs enhance plant immunity through induced 
systemic resistance (ISR), where signaling molecules such as jasmonic acid and 
ethylene activate defense pathways. These bacteria produce antimicrobial 
compounds like antibiotics (phenazines, pyrrolnitrin) and lytic enzymes (chitinases, 
glucanases) that directly inhibit pathogen growth. Additionally, PGPRs compete 
with pathogens for space and nutrients in the rhizosphere, reducing the chances of 
infection (Fatima et al., 2022). Siderophores produced by PGPRs sequester iron, 
making it less available to pathogens, thus limiting their growth and virulence. The 
combination of these mechanisms results in a robust defense system that protects 
rice plants from blast disease, leading to healthier crops and improved yields 
(Mitra et al., 2023; Montejano-Ramírez & Valencia-Cantero, 2023). 

Numerous case studies and research findings have demonstrated the 
efficacy of PGPRs in managing rice blast disease. For example, a study conducted 
in Indonesia found that rice plants treated with a combination of Bacillus subtilis 
and Pseudomonas fluorescens showed a 40% reduction in disease severity 
compared to untreated controls. Another trial reported that PGPR-treated fields 
had a 30% higher grain yield and a 25% lower disease incidence than non-treated 
fields. These results underscore the potential of PGPRs as a sustainable and 
effective alternative to chemical fungicides. In practical applications, Indonesian 
farmers have successfully integrated PGPRs into their rice cultivation practices, 
leading to improved crop health and productivity. The adoption of PGPRs in 
Indonesian rice fields has also contributed to environmental sustainability by 
reducing the reliance on synthetic chemicals and promoting soil health. 
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Table 3: Studies on the Efficacy of Different PGPR Strains against Magnaporthe 
oryzae 

Study PGPR Strain Reduction in 
Disease Severity 

(%) 

Increase in 
Yield (%) 

(Vignesh et al., 
2023) 

Bacillus subtilis 40% 20% 

(Ahmad et al., 
2023) 

Pseudomonas 
fluorescens 

35% 25% 

(Soliman et al., 
2023) 

Bacillus 
amyloliquefaciens 

45% 30% 

(Díaz-Manzano et 
al., 2023) 

Combination (B. 
subtilis & P. 
fluorescens) 

50% 35% 

This table presents findings from studies evaluating the effectiveness of 
various PGPR strains, such as Bacillus subtilis, Pseudomonas fluorescens, and 
Bacillus amyloliquefaciens, in reducing the severity of rice blast disease and 
increasing rice yields under different field conditions. 

Remediation Strategies Using PGPRs 
Plant Growth-Promoting Rhizobacteria (PGPRs) are pivotal in remediation 

strategies aimed at enhancing soil health, boosting plant resistance and resilience, 
and promoting environmental sustainability. By colonizing plant roots and 
establishing a beneficial relationship with the host plant, PGPRs improve soil 
structure and fertility. They facilitate nutrient cycling through processes such as 
nitrogen fixation, phosphorus solubilization, and organic matter decomposition. 
These actions lead to increased availability of essential nutrients, improving soil 
fertility and structure. PGPRs also enhance soil microbial diversity and activity, 
which are critical for maintaining soil health. For example, inoculation with PGPRs 
has been shown to increase soil organic carbon by 15-20% and improve soil 
aggregation, thereby enhancing water retention and reducing erosion (Ullah et al., 
2024). 

Beyond improving soil health, PGPRs significantly enhance plant resistance 
and resilience to various abiotic and biotic stresses. They induce systemic resistance 
(ISR) in plants, activating defense pathways that bolster the plant's ability to 
withstand pathogens and pests. PGPRs also help plants tolerate abiotic stresses 
such as drought, salinity, and heavy metal contamination. For instance, PGPRs can 
increase the activity of antioxidant enzymes like superoxide dismutase (SOD) and 
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catalase (CAT) by 30-50%, reducing oxidative stress in plants under adverse 
conditions (Asif et al., 2023; Haidri et al., 2024).  

Table 4: PGPR-based Remediation Strategies and Their Effects on Soil and Plant 
Health 

Remediation Strategy Effect on Soil Health Effect on Plant Health 

Nitrogen Fixation Increased nitrogen 
availability (up to 50 
kg/ha) 

Enhanced growth and yield (15-
20% increase) 

Phosphorus 
Solubilization 

Improved phosphorus 
availability (20-30% 
increase) 

Better root development and 
nutrient uptake 

Organic Matter 
Decomposition 

Increased soil organic 
carbon (15-20%) 

Improved soil structure and 
water retention 

Induced Systemic 
Resistance (ISR) 

Enhanced microbial 
diversity and activity 

Increased disease resistance (30-
50% reduction in incidence) 

Abiotic Stress 
Tolerance 

Improved soil aggregation 
and stability 

Enhanced stress tolerance (30-
50% increase in antioxidant 
activity) 

This table outlines strategies employing PGPRs for soil health improvement 
and enhancing plant resilience, illustrating their impact on soil organic carbon, 
nutrient availability, and plant growth parameters across different agricultural 
contexts (Ali et al., 2023; Iftikhar et al., 2024). 

Case Studies in Indonesia 
The successful implementation of Plant Growth-Promoting Rhizobacteria 

(PGPRs) in Indonesian rice fields has provided valuable insights into the benefits 
and challenges associated with this sustainable agricultural practice. In recent 
years, various regions across Indonesia have adopted PGPR-based strategies to 
enhance rice production and manage rice blast disease. For instance, a project in 
West Java demonstrated that applying a mix of Bacillus subtilis and Pseudomonas 
fluorescens increased rice yields by 18% and reduced the incidence of rice blast 
disease by 40% (Chaudhary et al., 2023). Another case study from Central Java 
reported a 22% increase in grain yield and a 30% reduction in disease severity 
following the use of PGPR inoculants. These results highlight the potential of 
PGPRs to improve crop productivity and resilience while reducing reliance on 
chemical inputs. 

Despite these successes, the implementation of PGPRs in Indonesia has not 
been without challenges. Farmers have faced difficulties in accessing high-quality 
PGPR formulations and ensuring their proper application. There is also a need for 
more extensive training and extension services to educate farmers on the benefits 
and use of PGPRs. Additionally, variability in environmental conditions and soil 
types can affect the performance of PGPRs, necessitating localized studies and 
tailored recommendations. Lessons learned from these challenges emphasize the 
importance of developing robust distribution networks, investing in farmer 
education programs, and conducting region-specific research. Looking forward, the 
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future prospects for wider adoption of PGPRs in Indonesia are promising. 
Continued research and development, coupled with government support and 
farmer engagement, can facilitate the broader use of PGPRs, leading to sustainable 
agricultural practices that enhance food security and environmental health. 

Table 5: Case Studies of PGPR Application in Indonesia 

Region PGPR 
Strain(s) 

Yield 
Increase 

(%) 

Disease 
Reduction 

(%) 

Challenges Solutions 

West 
Java 

Bacillus 
subtilis, 
Pseudomona
s fluorescens 

18% 40% Access to 
quality 
PGPRs, 
application 
methods 

Improve 
distribution, 
farmer 
training 

Central 
Java 

Bacillus 
subtilis, 
Azospirillum 
brasilense 

22% 30% Variability 
in soil types, 
environment
al conditions 

Localized 
studies, 
tailored 
recommend
ations 

East 
Java 

Bacillus 
amyloliquefa
ciens, 
Pseudomona
s putida 

20% 35% Lack of 
awareness, 
initial cost 

Education 
programs, 
government 
subsidies 

This table showcases successful case studies of PGPR application in 
Indonesian rice fields, highlighting yield increases, disease reduction percentages, 
associated challenges, and recommended solutions for wider adoption of PGPR-
based practices. 

CONCLUSIONS AND RECOMMENDATIONS 
In conclusion, Plant Growth-Promoting Rhizobacteria (PGPRs) represent a 

promising avenue for enhancing sustainable agriculture practices worldwide. Their 
ability to improve soil health, boost plant growth and resilience, and mitigate 
environmental impacts underscores their significance in modern agricultural 
systems. Particularly in managing rice blast disease in Indonesia, PGPRs have 
shown efficacy in reducing disease incidence and improving crop yields through 
mechanisms such as induced systemic resistance and nutrient enhancement. 
Moving forward, further research is needed to address knowledge gaps and 
optimize PGPR application strategies tailored to local conditions. By integrating 
PGPRs into agricultural policies and practices, we can foster resilient farming 
systems that enhance food security, minimize environmental footprints, and 
sustainably support global agricultural needs. 

Integrating PGPRs into existing agricultural practices requires a holistic 
approach that considers the entire farming system. Farmers should be encouraged 
to adopt integrated pest management (IPM) strategies that combine PGPRs with 
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other sustainable practices such as crop rotation, cover cropping, and organic 
fertilization. Developing and disseminating best practice guidelines for PGPR 
application in different agro-ecological zones will help tailor recommendations to 
local conditions. Monitoring and evaluation frameworks should be established to 
track the impact of PGPRs on crop performance, soil health, and environmental 
sustainability, providing data to refine and improve PGPR-based strategies over 
time. By addressing research gaps, implementing supportive policies, and 
integrating PGPRs into holistic agricultural practices, we can enhance the resilience 
and sustainability of agricultural systems, ensuring food security and 
environmental health for future generations. 

 

Figure 1. The graph highlights the significant positive impact of PGPR 
treatments on agricultural productivity and soil health parameters in Indonesian 
rice cultivation. Bacillus amyloliquefaciens stands out for its high efficacy in 
disease reduction and soil nutrient enhancement, while Pseudomonas fluorescens 
shows notable improvements in crop yield and soil organic carbon content. These 
findings underscore the potential of PGPRs to enhance sustainable agricultural 
practices, improve crop resilience, and mitigate disease risks, offering promising 
avenues for future agricultural innovation and food security strategies in 
Indonesia. 

FURTHER STUDY 
The integration of Plant Growth-Promoting Rhizobacteria (PGPRs) into 

sustainable agriculture practices holds immense potential, but several research 
gaps need to be addressed to fully realize their benefits. Future studies should 
focus on understanding the interactions between PGPRs and different soil types, 
crop varieties, and environmental conditions to optimize their application. There is 
also a need for long-term field trials to assess the cumulative effects of PGPRs on 
soil health, crop productivity, and disease management. Additionally, research 
should explore the genetic and molecular mechanisms underlying the beneficial 
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effects of PGPRs, which can inform the development of more effective strains and 
formulations. Exploring the synergistic effects of combining PGPRs with other 
biological control agents and organic amendments can further enhance their 
efficacy and sustainability. 

To promote the widespread adoption of PGPRs, policymakers must create 
an enabling environment that supports research, development, and dissemination 
of these beneficial microorganisms (Ummer et al., 2023). Policy recommendations 
include providing funding for PGPR research and development, establishing 
quality standards for commercial PGPR products, and offering subsidies or 
financial incentives to farmers adopting PGPR-based practices. Extension services 
should be strengthened to educate farmers about the benefits and proper use of 
PGPRs through training programs, demonstration plots, and knowledge-sharing 
platforms. Collaborations between research institutions, agricultural agencies, and 
private sector stakeholders are essential to ensure the availability and accessibility 
of high-quality PGPR products (Abbas et al.). 
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