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5% acillus spp. refers to a diverse group of rod-shaped, Gram-positive, aerobic or
&gwfw facultatively anaerobic bacteria belonging to the genus Bacillus. These bacteria are
&% commonly found in soil, water, air, and decomposing organic matter. One of their defining
&gwgw characteristics is the ability to form endospores — tough, dormant structures that enable them
0 to survive in extreme environmental conditions, such as heat, radiation, desiccation, and
K chemical disinfectants. Many Bacillus species are aerobic (require oxygen), while some are
280 facultatively anaerobic (can survive with or without oxygen). They are widely distributed in
Qe nature, found in soil, water, and even the human body. The genus Bacillus includes more
CEQ€§3) . . - - 4 P - - - - - .
208 than 200 species, with a wide range of applications and implications in agriculture, medicine,
Qs and industry. Bacillus species are among the most promising and widely studied plant
;’H; growth-promoting rhizobacteria (PGPR) due to their ability to colonize plant roots, produce
> bioactive compounds, and withstand environmental stresses. Their role in sustainable
«: o agriculture is increasingly significant as alternatives to chemical fertilizers and pesticides are
5 E sought.

55,
" Mechanisms of Plant Growth Promotion

%P Direct Mechanisms of Plant Growth Promotion
"7 These mechanisms involve direct interactions between Bacillus and the plant that lead to
92 enhanced growth and development.
Oi5ee 1. Nutrient Solubilization and Mobilization

Phosphate solubilization: Secretes organic acids to convert insoluble phosphates into

plant-available forms.

Siderophore production: Binds iron (Fe*") and makes it available to plants while

limiting pathogens.

Potassium and zinc solubilization: Releases minerals essential for plant health.

2. Phytohormone Production

Indole-3-acetic acid (IAA): Stimulates root elongation and branching.

Gibberellins and cytokinin: Promote shoot growth, germination, and cell division.

e ACC deaminase: Reduces ethylene levels in stressed plants, improving root
development.

3. Indirect Promotion via Biocontrol

« Antibiotic and lipopeptide production: Suppresses soil pathogens.

« Hydrolytic enzymes: Degrade fungal cell walls (e.g., chitinases, glucanases).

e Induced systemic resistance (ISR): Primes plant defense via jasmonic acid and ethylene
pathways.

« Pathogen Control: Bacillus strains can trigger ISR, a mechanism where plants activate

their defense systems in response to beneficial microbes. This can lead to increased

resistance against pathogens, including fungi, bacteria, and viruses.
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o Abiotic Stress Tolerance:

ISR can also enhance plant tolerance to abiotic stresses like drought, salinity, and heavy

metal toxicity.

e ACC Deaminase Activity:

Some Bacillus species produce the enzyme 1-aminocyclopropane-1-carboxylate (ACC)

deaminase, which breaks down ACC, a precursor to ethylene. By reducing ethylene levels,

these bacteria can alleviate stress-related growth inhibition and promote root development.

4. Stress Tolerance Enhancement

« Helps plants cope with drought, salinity, and heat by improving antioxidant defense and
osmolyte levels.

5. Biofilm Formation and Root Colonization

e Forms protective biofilms on roots, enhancing nutrient exchange and outcompeting
pathogens.

Examples of Bacillus Species with Biocontrol and PGP Traits:

Bacillus subtilis Strong antibiotic producer, ISR inducer, biofilm-forming

Bacillus amyloliquefaciens Excellent in biocontrol; produces lipopeptides and enzymes

Bacillus velezensis Highly effective in root colonization and ISR
Bacillus thuringiensis Mainly insecticidal; used as a bioinsecticide
Bacillus megaterium Good phosphate solubilizer, IAA producer

Bacillus pumilus Salinity tolerance, enzyme secretion

Applications in Agriculture

o Biopesticides: Bacillus formulations used against fungi (e.g., Fusarium, Rhizoctonia),
bacteria (Xanthomonas), and insects

« Biofertilizers: Promote plant health and yield

o Seed treatment: Enhances germination and vigor

e Soil amendment: Improves soil microbiome and fertility

e Stress management: Helps plants cope with drought, salinity, and heavy metals

Bacillus as a Biostimulant in Organic and Regenerative Farming

« Increasing interest in Bacillus-based formulations as natural biostimulants to:
o Replace chemical fertilizers and pesticides

e Rebuild degraded soils

e Improve sustainability in organic, permaculture, and agroecological systems
« Some Bacillus strains have OMRI-certified products for organic agriculture.

Heavy Metal Detoxification and Phytoremediation

Bacillus spp. help in removing or stabilizing heavy metals (e.g., Cd, Pb, Cr) through:

« Biosorption and bioaccumulation

e Altering metal speciation in soil

« Reducing oxidative stress in host plants

Bacillus cereus and B. subtilis are often found in metal-contaminated soils improving
phytoremediation potential.

Microbial Community Dynamics & Rhizosphere Engineering

Microbiome Structuring

« Bacillus inoculation shapes root microbial communities

o Encourages beneficial microbes, suppresses unwanted ones

e Supports microbial consortia and biodiversity for soil health

Synergistic Bioinoculant Guilds

e Co-inoculation with PGPR (e.g., Pseudomonas, Azospirillum) enhances nutrient cycling
and resilience
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e Synthetic communities offer targeted root colonization and mutualism

Field-based Bioaugmentation

o Localized Bacillus application near roots

e Precision in delivery improves root colonization efficiency, boosts nutrient uptake and
drought tolerance

Practical Applications & Formulations:

o Delivery via seed coatings, soil amendments, foliar sprays, or compost-based inoculants .

o Endospore formation ensures shelf stability and resilience through processing and field
conditions.

o Multi-strain consortia (e.g., combining surfactin-producers with 1AA-producers) enhance
effectiveness via synergistic effects.

Challenges & Future Directions

« Field consistency gap: effectiveness varies; only ~1-2% of isolates retain efficacy after
field inoculation.

e Strain selection: identification of predictive biomarkers (e.g., metabolite profiles,
genomic traits) is critical.

1. Regulatory complexity: field testing and bioinoculant approval face regulatory hurdles,
especially concerning environmental release

2. Formula optimization: nano-encapsulation (e.g. pickering emulsions) can allow
combined delivery with agrochemicals.

e Need for tailored strain-soil-plant compatibility screening and advanced ‘“omics”
characterization.

Conclusion

Bacillus spp. constitute a robust platform for integrating sustainable agriculture through:

1. Direct pathogen suppression via antimicrobials and enzymes.

2. Growth promotion through hormone production, nutrient solubilization, and stress
mitigation.

3. Long-term resilience due to spore-forming, biofilm, and VOC capabilities.

Future efforts should focus on precision strain development, multi-strain formulations,

and regulatory paths to scale up field adoption—ensuring reliable performance and broad

impact on crop productivity and environmental health.
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