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Introduction:

Biofertilizers: Biofertilizers are living
microorganisms that enhance plant growth by
increasing the supply or availability of
essential nutrients through natural processes
such as nitrogen fixation, phosphate
solubilization, and the stimulation of plant
growth through the synthesis of growth-
substances.  As

promoting eco-friendly

alternatives to chemical fertilizers,

biofertilizers are essential for sustainable
agriculture. This article explores the types,
mechanisms, applications, advantages, and
challenges of Dbiofertilizers, with special
emphasis on their role in soil health and
integrated nutrient management. |

The intensification of agriculture to
meet global food demand has led to
overreliance on chemical fertilizers, resulting
in soil degradation, environmental pollution,
and declining soil microbial biodiversity. As
towards

the world pivots sustainability,

biofertilizers have emerged as a viable, eco-

friendly solution for enhancing soil fertility

and crop productivity without compromising

environmental integrity. Biofertilizers,
consisting of beneficial microorganisms, help
mobilize nutrients from the soil or atmosphere,
improving plant health while maintaining
long-term soil quality. Their use aligns with
the principles of organic farming, integrated
nutrient management (INM), and sustainable
agriculture. According to the Indian Council
(ICAR),

biofertilizers are "products containing living or
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latent cells of efficient strains of
microorganisms that help crop plants' uptake
of _nutrients by their interactions in the
rhizosphere when applied through seed or
soil.”

Types of Biofertilizers: Biofertilizers

are broadly categorized based on the type of

microorganism and the nutrient they
mobilize or fix.
1. Nitrogen-Fixing Biofertilizers: These

microorganisms fix atmospheric nitrogen

into forms usable by plants.
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1. Biological

Biofertilizer Microorganism
Rhizobium Rhizobium spp.
Azotobacter Azotobacter chroococcum
Azospirillum Azospirillum brasilense
Frankia Frankia spp.

Cyanobacteria  Anabaena, Nostoc

Phosphate-Solubilizing Microorganisms
(PSMs): These microbes convert insoluble
phosphates into soluble forms for plant
uptake. Bacteria: Bacillus megaterium,
Pseudomonas striata. Fungi: Aspergillus,
Penicillium

Potassium-Solubilizing Bacteria (KSB):
Frateuria aurantia releases potassium
from soil minerals.
. Zinc-Solubilizing  Bacteria:  Bacillus
subtilis, Thiobacillus spp.

Mycorrhizal Biofertilizers (VAM/AMF):
Arbuscular (e.g.,

Glomus spp.) enhance water and nutrient

Mycorrhizal = Fungi
uptake, particularly phosphorus.

Plant Growth-Promoting Rhizobacteria
(PGPR):  These
bacteria that promote plant growth through
the

are  multifunctional

various  mechanisms, including
production of phytohormones. Examples:

Pseudomonas fluorescens, Bacillus subtilis

Mechanisms of Action:

Nitrogen Fixation:

Atmospheric nitrogen (N2) is converted to

ammonia (NHs) via the enzyme

nitrogenase.
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Host Crop

Legumes (e.g., soybean, chickpea)
Cereals, vegetables

Grasses, wheat, maize
Non-leguminous trees

Rice (wetlands)

Phosphate Solubilization: Organic acids
produced by microbes lower soil pH and
convert  insoluble  phosphates into
bioavailable forms.

Potassium Mobilization: Some bacteria
produce acids that dissolve potassium-
bearing minerals like mica and feldspar.
Production of Growth Regulators: Many
biofertilizers secrete hormones like indole
acetic acid (1AA),

cytokinins,

gibberellins, and

enhancing root and shoot
development.
Certain  strains

Biocontrol = Activity:

suppress  pathogens by  producing
antibiotics or by outcompeting them for

nutrients.

Methods of Application:

1.

Seed Treatment: Seeds are coated with a
biofertilizer slurry using adhesives like
jaggery before sowing.

Seedling Root Dip: Used for rice or
vegetables: roots are dipped in a
biofertilizer solution before transplanting.
Soil Application: Biofertilizer mixed with

compost is applied to the root zone.
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. Foliar Spray: Though less common, some

biofertilizers can be applied to foliage to

stimulate growth.
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2. Organic Farming: They are approved
inputs for organic certification and are

vital in organic nutrient cycles.

Advantage Impact

Eco-friendly Reduces environmental contamination and chemical
residue

Cost-effective Reduces dependency on expensive chemical fertilizers

Improves Soil Health Enhances microbial diversity and soil structure

Enhances Nutrient Availability Provides nitrogen, phosphorus, potassium, and

micronutrients
Promotes Sustainable Agriculture  Supports long-term productivity and ecosystem health

Compatible with Organic Farming  Certified for use in organic systems

Challenge Details

Short Shelf-life Live microbes need proper storage and usage within 3—6 months
Sensitivity to Environment  Extreme temperatures and UV exposure can reduce efficacy
Inconsistent Field Depends on soil pH, moisture, and crop species

Performance

Poor Farmer Awareness Limited knowledge in rural areas about usage and benefits
Quality Control Issues Presence of spurious or low-quality products in the market

Product Microorganism Company/Organization
Azotobacter Culture Azotobacter chroococcum Krishak Bharati Cooperative
Rhizobium Inoculant Rhizobium spp. ICAR Institutes, IFFCO
Phosphate Solubilizer Bacillus megaterium National Fertilizers Limited
Mycorrhiza Glomus spp. Biotech International Ltd.

Role in Sustainable Agriculture:

1.

Integrated Nutrient ~ Management
(INM): Biofertilizers play a vital role in
INM systems, where they are combined
with organic and chemical fertilizers to

maintain soil fertility and crop yield.
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3. Climate-Resilient Farming: Biofertilizers
help reduce greenhouse gas emissions
associated  with  chemical fertilizer
production and use.

Government Initiatives and Policies:
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1. Paramparagat Krishi Vikas Yojana

(PKVY): Promotes organic farming
through the use of biofertilizers and
biopesticides.
2. National Mission on Sustainable
Agriculture (NMSA): Encourages use
of biofertilizers for climate-smart
agriculture.
3. Fertilizer Control Order (FCO)
1985: Regulates the production, sale,
and quality of biofertilizers in India.
Research and Development
a) ICAR Institutes: Indian Institute of
Soil Science (11SS), Bhopal, National
Bureau of Agriculturally
Microorganisms (NBAIM), Mau.

b) Collaborations:

Important

Public-private
partnerships for large-scale biofertilizer
production, Research on stress-tolerant
microbial strains

Future Prospects

Mix of

microbes  for

1. Consortium Biofertilizers:
multiple  beneficial
synergistic effects.

2. Nano-Biofertilizers: Encapsulation of
microbes in  nanomaterials  for
enhanced delivery and stability.

3. Liquid Biofertilizers: Improved shelf
life and ease of handling.

4. Customized Strains: Development of
location-specific strains for different

agro-climatic zones.
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Biofertilizers are a cornerstone of
sustainable and environmentally friendly
agriculture. They not only improve nutrient
availability and crop yield but also help restore
and maintain soil health. Their integration into
mainstream agricultural practices can reduce
chemical dependency and enhance long-term
agricultural sustainability. However, to realize
their full potential, efforts must be made to
improve farmer awareness, product quality,
field performance, and research investment.
With appropriate policies and technological
innovations, biofertilizers can lead the path
toward eco-efficient, productive, and resilient
farming systems.
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