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Chemical Fertilizers

INTRODUCTION

Agriculture depends heavily on fertilizers to supply essential
nutrients required for crop growth and productivity. Chemical
fertilizers such as urea, diammonium phosphate (DAP),
muriate of potash (MOP), and complex fertilizers have played
an important role in increasing agricultural production.
However, their excessive and imbalanced use may contribute
to soil degradation, nutrient imbalance, water pollution,
greenhouse-gas emissions, and reduction in soil biological
activity. In this context, biofertilizers have emerged as an
important component of sustainable and environmentally
friendly agriculture. Biofertilizers are preparations containing
living microorganisms that improve the availability of
nutrients to plants through biological processes such as
nitrogen fixation, phosphate solubilization, potassium
mobilization, sulphur oxidation, and production of plant-
growth-promoting substances. Biofertilizers do not simply act
as direct substitutes for all chemical fertilizers. Rather, they
are important biological inputs that complement fertilizers and
improve nutrient-use efficiency. Their integration with organic
manures, chemical fertilizers, crop residues, and other
sustainable practices can reduce dependence on synthetic
inputs while maintaining crop productivity. Biofertilizers are
particularly valuable in integrated nutrient management
(INM), organic farming, natural farming, conservation
agriculture, and climate-smart agricultural systems.

2. Definition of Biofertilizers

A biofertilizer is a preparation containing living or dormant
microorganisms that, when applied to seed, soil, or plant
surfaces, colonize the rhizosphere or plant tissues and promote
plant growth by increasing the availability or supply of
essential nutrients.
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In simple words, biofertilizers are icrobial
inputs that help plants obtain nutrients
naturally through biological activities. The
microorganisms used in biofertilizers may
include bacteria, fungi, cyanobacteria, and
other beneficial microorganisms. Important
examples include:

e Rhizobium

e Azotobacter

Azospirillum
phosphate-solubilizing bacteria (PSB)

— ISSN (E): 2583 — 1933
.vitalbiotech.org

e potassium-solubilizing bacteria (KSB)
e cyanobacteria

e arbuscular mycorrhizal fungi (AMF)

e sulphur-oxidizing microorganisms

e zinc-solubilizing microorganisms
Biofertilizers  differ from chemical
fertilizers because their major function is
to enhance nutrient cycling and
availability through biological processes,
rather than directly supplying large
quantities of nutrients in mineral form.

Biofertilizers as Eco-Friendly Alternatives
to Chemical Fertilizers

«J WHAT ARE BIOFERTILIZERS? Nourishing Soil - Enhancing Growth - Protecting Nature BENEFITS OF BIOFERTILIZERS

Biofertilizers are living

microorganisms that enhance

plant growth by improving

nutrient availability and -
soil fertility naturally.

TYPES OF BIOFERTILIZERS
w

Rhizobium
Fixes nitrogen in legume
root nodules.

Azotobacter
Free-living nitrogen fixer
that enriches soil fertility.

BIOFERTILIZERS
¥ Natural & Renewable
 Improve Soil Health
 Eco-Friendly

Azospirillum
Promotes plant growth
by nitrogen fixation.

Phosphate Solubilizing
Bacteria (PSB)

Solubilizes bound phosphates
and makes them available

to plants.

Mycorrhizae
Enhances nutrient and water
uptake through symbiotic

association with roots.

CHEMICAL FERTILIZERS
X Soil Degradation
X Water Pollution
- 1 = v Harmful to Beneficial
 Sustainable e X\ Microbes.
7 Non-Renewable

Improve soil structure and fertility
Increase nutrient use efficiency
Enhance plant growth and yield

Reduce dependence on
chemical fertilizers

Environmentally safe
and sustainable

Treatment  Application  Dipping Spray

Biofertilizers restore soil health,
reduce pollution, and ensure
food security for a greener
and healthier future.

CHOOSE BIOFERTILIZERS + PROTECT SOIL « SAVE ENVIRONMENT - SECURE FUTURE

3. Need for Biofertilizers

The increasing use of chemical fertilizers

has contributed significantly to
agricultural ~ productivity. However, 33
continuous and indiscriminate application

can create several problems.

3.1 Soil Fertility Decline

Long-term nutrient imbalance can affect

soil fertility. Excessive application of

some nutrients without adequate supply of

others may disturb nutrient balance and 34
reduce soil productivity.

3.2 Decline in Soil Biological Activity

Beneficial microorganisms are essential
for decomposition, nutrient cycling, and
soil structure formation. Poor nutrient
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management and intensive agricultural
practices may negatively influence soil
biological diversity.

Water Pollution

Excess nitrogen and phosphorus can move
from agricultural fields into surface water
and groundwater. Nutrient enrichment of
water  bodies can  contribute to
eutrophication and deterioration of water
quality.

Environmental Concerns

The production and use of nitrogen
fertilizers are associated with energy
consumption and greenhouse-gas
emissions. Improving biological nutrient
management can contribute to reducing
the environmental footprint of agriculture.
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Chemical fertilizers can represent a
significant component of crop production
costs. Efficient use of biofertilizers may
help reduce unnecessary expenditure on
some nutrient inputs.

3.6 Sustainable Agriculture

Modern agriculture requires systems that
maintain productivity while protecting
soil, water, biodiversity, and
environmental quality. Biofertilizers are
therefore  important components of
sustainable nutrient management.

Major Types of Biofertilizers

Biofertilizers can be classified according
to their microorganisms and functions.

4.1 Nitrogen-Fixing Biofertilizers

Nitrogen is an essential nutrient required
for protein  synthesis, chlorophyll
formation, and vegetative  growth.
Atmospheric nitrogen is abundant but
cannot be directly utilized by most plants.
Certain microorganisms convert
atmospheric nitrogen into forms that
become available to plants.

. Rhizobium

Rhizobium is a beneficial symbiotic
nitrogen-fixing bacterium mainly
associated with leguminous crops such as
chickpea, pea, lentil, soybean, groundnut,
pigeonpea, mungbean and urdbean. It
enters the roots of compatible legumes and
forms specialized structures called root
nodules. Inside these nodules, atmospheric
nitrogen (N2) is converted into forms that
can be utilized by plants. Proper seed
inoculation with compatible Rhizobium
strains promotes effective nodulation and
improves nitrogen nutrition, plant growth
and productivity. Thus, Rhizobium
biofertilizer reduces dependence on
chemical  nitrogen  fertilizers  and
contributes to  sustainable nutrient
management.
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Azotobacter is a free-living nitrogen-
fixing bacterium used mainly in non-
leguminous crops such as wheat, maize,
cotton,  vegetables, sugarcane, and
horticultural crops. It fixes atmospheric
nitrogen and produces growth-promoting
substances, thereby improving root
development, nutrient uptake, and crop
growth.It may contribute nitrogen fixation
and also produce substances that promote
plant growth.

. Azospirillum

Azospirillum is an associative nitrogen-
fixing bacterium mainly associated with
cereals and grasses. It is commonly used
in rice, maize, wheat, sorghum, pearl
millet, and sugarcane. Besides fixing
atmospheric ~ nitrogen,  Azospirillum
produces plant-growth-promoting
substances that enhance root development,
nutrient uptake, plant growth, and
ultimately crop productivity.

Phosphate-Solubilizing Biofertilizers

Phosphorus is an essential macronutrient
required for energy transfer, root
development, flowering, seed formation,
cell division, and overall plant growth.
However, much of the phosphorus present
in soil occurs in insoluble forms that plants
cannot readily absorb.
Phosphate-solubilizing ~ microorganisms
(PSMs) convert some insoluble phosphate
compounds into  available  forms.
Important PSMs include Bacillus,
Pseudomonas, Aspergillus, and
Penicillium species. They produce organic
acids and other substances that dissolve or
mobilize unavailable phosphorus. Thus,
phosphate-solubilizing biofertilizers
improve phosphorus availability, enhance
nutrient uptake, and increase the efficiency
of applied phosphorus fertilizers. They
also support healthy crop growth and
improve fertilizer-use efficiency.
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Potassium-Solubilizing Biofertilizers

Potassium-solubilizing ~ microorganisms
(KSMs) help release potassium from
insoluble mineral sources such as feldspar
and mica. They produce organic acids and
other substances that increase potassium
availability in soil. Potassium is essential
for enzyme activation, water regulation,
stomatal function, photosynthesis, disease
KSMs
potassium

resistance and
nutrient

crop quality.

cycling,
availability and plant growth. They can
complement potassium fertilizers and

improve

support efficient nutrient management, soil
fertility and
production.

sustainable  agricultural

Mycorrhizal Biofertilizers

Arbuscular mycorrhizal fungi (AMF) form
beneficial associations with plant roots.
Their fungal hyphae extend into
surrounding soil, increasing the effective
root area. They particularly improve the
uptake of phosphorus, zinc and copper.
Mycorrhizae  also  enhance  water
absorption, root development, drought
tolerance, soil aggregation and resistance
to environmental stresses. Thus,
mycorrhizal biofertilizers improve
nutrient-use efficiency, plant growth, soil
health and sustainable crop production.

Cyanobacterial Biofertilizers

Cyanobacteria, or blue-green algae, are
useful biofertilizers, particularly in flooded
rice ecosystems. Important examples
include Anabaena, Nostoc and Aulosira.
Some species fix atmospheric nitrogen and
improve soil fertility. The Azolla—
association is  especially
important in rice cultivation, as Azolla

Anabaena
provides a habitat for nitrogen-fixing
cyanobacteria.

Cyanobacterial biofertilizers can reduce
dependence  on  chemical nitrogen
fertilizers and support sustainable, low-

input rice production.
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9.

10.

Sulphur- and Micronutrient-
Solubilizing Microorganisms

Certain beneficial microorganisms improve
the availability of sulphur and micronutrients
in soil. Sulphur-oxidizing microorganisms
convert reduced sulphur into plant-available
forms required for protein synthesis and
enzyme activity. Other microorganisms
increase the availability of zinc, iron,
manganese and copper. Thus, these
microorganisms enhance nutrient cycling,
correct nutrient deficiencies, improve plant
nutrition and contribute to sustainable soil
fertility management.

Mechanisms of Action of Biofertilizers

Biofertilizers promote plant
through several mechanisms.

growth

10.1 Biological Nitrogen Fixation

Nitrogen-fixing microorganisms convert
atmospheric nitrogen into biologically
useful forms.

This is especially important in legume—
Rhizobium associations.

10.2 Phosphate Solubilization

Microorganisms produce organic acids and
other compounds that help convert
insoluble phosphorus into more available
forms.

10.3 Nutrient Mobilization

Certain microorganisms mobilize
potassium, zinc, iron, sulphur, and other
nutrients from unavailable forms.

10.4 Production of Plant Growth Regulators

Some beneficial microorganisms produce
plant growth-promoting substances such
as indole-3-acetic acid (IAA), gibberellin-
like compounds, cytokinins, and other
metabolites. These substances stimulate
root development, cell division, -cell
elongation, nutrient uptake, and overall
plant growth. Microbial production of
plant growth regulators can improve root
architecture and help plants utilize water
and nutrients more efficiently, thereby
contributing to better crop establishment,
growth and productivity.

84



Current

Agriculture Al’(lflllble ()nline at

Trends:

ISSN (E): 2583 — 1933

P http://currentagriculturetrends.vitalbiotech.org

10.5 Siderophore Production

Some  beneficial  bacteria  produce
siderophores, which bind iron and can
improve iron acquisition while influencing
microbial competition in the rhizosphere.

10.6 Improvement of Root Development

Beneficial microorganisms can stimulate
root branching and root-hair development.
A stronger root system improves the plant's
ability to acquire water and nutrients.

10.7 Improvement of Soil Biological Activity

Biofertilizers contribute to microbial
activity in the rhizosphere and support
biological nutrient cycling.

11. Biofertilizers as Eco-Friendly
Alternatives to Chemical Fertilizers

Biofertilizers are eco-friendly biological
inputs containing beneficial
microorganisms that improve nutrient
availability and plant growth. They can
reduce excessive dependence on chemical
fertilizers and  promote  sustainable
agriculture. Biofertilizers improve nutrient-
use efficiency by increasing nutrient
availability and utilization by crops. They
may also reduce nutrient losses through
leaching and runoff, thereby helping to
minimize environmental pollution. Their
use supports beneficial microbial activity,
nutrient cycling and overall soil health.
Biofertilizers contribute to sustainable crop
production by improving resource-use
efficiency and maintaining soil fertility.
They can be integrated with chemical
fertilizers, FYM, compost, vermicompost,
crop residues and green manure under
Integrated Nutrient Management.

12. Advantages of Biofertilizers

Biofertilizers provide several agricultural
and environmental benefits.

12.1 Environmental Benefits

e Reduce excessive dependence on
synthetic fertilizers.
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e Support biological nutrient cycling.

e Help maintain soil biological health.

e Reduce potential nutrient losses when
nutrient management is improved.

e Contribute to environmentally
sustainable agriculture.

12.2 Agronomic Benefits

e Improve nutrient availability.

e Promote root development.

e Improve plant establishment.

e Increase nutrient-use efficiency.

e  Support crop growth and productivity.
e Improve soil microbial activity.

12.3Economic Benefits

Require relatively small application
quantities.

Can improve the efficiency of applied
fertilizers.

May reduce fertilizer expenditure in
integrated nutrient-management systems.

Can be produced using microbial
technologies and locally adapted strains.

12.4 Long-Term Soil Benefits

Regular use of biological inputs as part of
a balanced nutrient-management
programme can improve soil health over
the long term. Biofertilizers support
microbial diversity, nutrient cycling, soil
aggregation, organic matter
decomposition, and beneficial biological
activity. These processes improve nutrient
availability, soil structure and fertility.
Consequently, the continuous and
appropriate use of biological inputs can
contribute to healthier soils, better crop
growth, efficient nutrient utilization and
sustainable agricultural production.

13. Methods of Application

Biofertilizers can be applied through
different methods depending on the crop,
microorganism and farming system.
Proper application ensures better contact
between beneficial microorganisms and
the plant or soil.
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13.1 Seed Treatment

Seed treatment involves coating seeds with
a suitable microbial formulation before
sowing. It is used for
Rhizobium, Azospirillum, and other

commonly

beneficial microbial inoculants. The
process  improves  contact  between
microorganisms and emerging roots,

supporting early plant growth and nutrient
availability.
biofertilizer is

Generally, a  suitable
selected, an adhesive
solution is prepared if necessary, and the
inoculant is mixed uniformly with seeds.
Treated seeds are dried under shade and
sown soon after treatment for better
microbial survival and effectiveness.

13.2 Soil Application

In soil application, biofertilizers are mixed
with compost, farmyard manure, or other
suitable organic carriers and applied
directly to the soil. This method helps
distribute  beneficial ~ microorganisms
throughout the root zone, where they can
establish and interact with plant roots. Soil
application is useful for improving nutrient
availability, microbial activity and nutrient
cycling. Proper soil moisture and suitable
environmental conditions support microbial
survival and effectiveness after application.

13.3 Seedling Root Dip

In the seedling root-dip method, roots of
seedlings are immersed in a suitable
microbial suspension before transplanting.
This allows beneficial microorganisms to
attach to the roots and establish near the
root zone after transplanting. The method is
commonly useful for transplanted crops and
can support early root development,
nutrient availability and plant
establishment.

13.4 Drip or Irrigation-Based Application

Liquid microbial formulations may be
applied through drip irrigation or other
irrigation systems when permitted by the
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14.

15.

product  label and  recommended
agronomic practices. This method can
distribute ~ microorganisms

around the crop root

uniformly
zone. Proper
formulation, application rate and irrigation
conditions are important for maintaining

microbial viability and effectiveness.

Role of Biofertilizers in Integrated

Nutrient Management

Integrated Nutrient Management (INM)

combines chemical fertilizers, organic
manures, crop residues, green manures,
biofertilizers and other nutrient resources.
Biofertilizers strengthen the biological
component of INM by improving nutrient
availability, cycling and utilization. For
cereal-legume

example, systems may

combine chemical fertilizers, organic
manure, Rhizobium, PSB and crop-residue
management. Such integration can reduce
nutrient losses, improve soil fertility and
sustain productivity. Biofertilizers should
be selected according to the crop, soil
type, nutrient requirement, microbial
compatibility, climate and recommended

agricultural practices for effective results.

Biofertilizers and Climate-Smart

Agriculture

Climate change causes challenges such as
drought, heat stress, irregular rainfall, soil
degradation  and  declining  water
availability. Biofertilizers can support
climate-smart agriculture by improving
nutrient-use efficiency, root development
and overall plant health. Beneficial
microorganisms may enhance
tolerance  to

through  better
improved water-use efficiency, production
of stress-related metabolites, stronger root

plant
environmental  stresses

nutrient  acquisition,

systems and interactions with plant
defence mechanisms. Thus, biofertilizers
can contribute to resilient, resource-
efficient and sustainable crop production

under changing climatic conditions.
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16. Biofertilizers and Soil Health

Soil is a living ecosystem containing
bacteria, fungi, archaea, protozoa and
other organisms. Beneficial
microorganisms play important roles in
decomposition, nutrient mineralization,
nutrient immobilization, nitrogen fixation,
phosphorus solubilization, organic matter
transformation and soil aggregation.
Biofertilizers support these biological
processes and improve nutrient cycling
and microbial activity. Their regular and
appropriate use can therefore contribute to
soil health management, in which the
chemical, physical and biological
properties of soil are managed together for
sustainable crop production.

17. Future Prospects

The future of biofertilizers is closely
associated with advances in microbiology,
biotechnology, soil science and digital
agriculture. Important developments include
microbial consortia, where compatible
microorganisms provide multiple functions
such as nitrogen fixation, phosphorus
solubilization and plant-growth promotion.
Advanced formulations may improve
microbial survival and field performance.
Microbiome-based agriculture can identify
beneficial microbial communities for
specific crops and soils. Precision
biofertilization using soil testing, sensors and
remote sensing may improve application
efficiency. Biofertilizers can also support
circular agriculture by utilizing agricultural
residues and organic wastes as microbial
substrates or carriers, promoting nutrient
recycling and sustainable farming.

CONCLUSION

Biofertilizers are an important biological
approach to sustainable nutrient management.
They wuse beneficial microorganisms to
improve nitrogen fixation,
solubilization, root growth and biological
nutrient cycling. Important biofertilizers
include Rhizobium, Azotobacter,

nutrient
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Azospirillum, phosphate- and potassium-
solubilizing microorganisms, cyanobacteria
and arbuscular mycorrhizal fungi. They
improve nutrient-use efficiency, soil biological
health and sustainable crop production while
reducing  excessive  chemical fertilizer
dependence. However, their effectiveness
depends on  microbial quality, crop
compatibility, soil and environmental
conditions, storage and proper application.
Therefore, biofertilizers should be integrated
with chemical fertilizers, organic manures and
crop residues under Integrated Nutrient
Management.
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