Reg. No.: COOP/2023/KOTA/201080/26/100

AGRICULTURE FORUM FOR TECHNICAL
EDUCATION OF FARMING SOCIETY

Kota, Rajasthan

Role of Biofertilizers in Sustainable Crop
Production

Authors

Mohd Amanuddinl*, Jillapegu Susmitha Rachelz,
Sathri. Glory Madhuri3, KVS Jahnavi4,
Battala Sheshagiri’

'M.Sc. (Ag.) Agronomy, School of Agriculture,

SR University, Hasanparthy, Telangana, India.
’Assistant Professor, Department of Horticulture, Kadiri
Baburao College of Agriculture (Affiliated to ANGRAU),

Kanigiri, Andhra Pradesh, India.

*M.Sc. (Ag), Department of Agronomy, S. V. Agricultural
College, Tirupati, Acharya N G Ranga Agricultural
University, Guntur, Andhra Pradesh, India.
4Microbiologist, Department of Biofertilizer Production
Unit, Supreme Chemicals Ventures Pvt Ltd, Hyderabad,
Telangana, India.

*MBA Agribusiness, Department of Agricultural
Economics, Naini Agricultural Institute, Sam Higginbottom
University of Agriculture, Technology and Sciences.
Prayagraj, Uttar Pradesh, India.

INTRODUCTION

Modern agriculture faces a critical dilemma: how to
feed a rapidly expanding global population while
preserving the environmental resources necessary
for future generations. For decades, the answer to
increasing crop yields was the heavy application of
synthetic chemical fertilizers. While this approach,
largely popularized during the Green Revolution,
significantly boosted global food production, it came
at a severe ecological cost. The continuous and
indiscriminate use of chemical fertilizers has led to
soil degradation, groundwater contamination, loss
of vital soil microflora, and an increased carbon
footprint.

As the long-term consequences of these
practices become undeniably apparent, the
agricultural sector is undergoing a paradigm shift
toward sustainability. Sustainable agriculture seeks
to harmonize productivity with environmental
stewardship. At the heart of this transition are
biofertilizers—natural, microbial-based solutions
that enhance plant growth without the destructive
side effects of their chemical counterparts.
Biofertilizers represent a return to biological
fundamentals, leveraging the power of nature’s
smallest organisms to build resilient, productive,
and sustainable farming systems.

What Are Biofertilizers?

Biofertilizers are not "fertilizers" in the traditional
sense. They do not directly supply synthetic
nutrients to the plant. |Instead, they are
preparations containing living, latent, or dormant
cells of efficient strains of microorganisms. When

applied to seeds, plant surfaces, or soil, these
microbes colonize the rhizosphere (the soil zone
directly surrounding the plant roots) or the interior
of the plant itself.

Once established, these microscopic allies
work tirelessly to promote growth by increasing the
supply or availability of primary nutrients to the host
plant. They achieve this through natural biological
processes such as nitrogen fixation, solubilizing soil
phosphorus, and stimulating plant growth through
the synthesis of growth-promoting substances. By
introducing these beneficial microorganisms into
the soil ecosystem, biofertilizers essentially "reboot"
the soil's natural nutrient-cycling capabilities.
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The Core Types of Biofertilizers

To fully grasp their role, it is essential to understand
the different categories of biofertilizers, which are
generally classified based on the specific nutrients
they help mobilize.

1. Nitrogen-Fixing Biofertilizers

Nitrogen is a vital component of chlorophyll and
essential for plant growth, yet plants cannot absorb
the abundant nitrogen gas present in the
atmosphere. Nitrogen-fixing biofertilizers contain
bacteria that capture atmospheric nitrogen and




convert it into ammonia, a form the plant can

readily use.

e Rhizobium: This is perhaps the most well-

known biofertilizer, functioning
symbiotically with leguminous plants (like
peas, beans, and lentils). The bacteria infect
the plant roots, forming visible nodules
where nitrogen fixation occurs.

e Azotobacter & Azospirillum: These are free-
living or associative bacteria that do not
require a specific host plant. They are highly
beneficial for non-leguminous crops like
wheat, maize, and cotton.

e Blue-Green Algae (Cyanobacteria) & Azolla:
In submerged rice paddies, blue-green
algae, often working in tandem with the
water fern Azolla, play a massive role in
fixing nitrogen, serving as a natural,
continuous nutrient source for the crop.

2. Phosphorus-Solubilizing Biofertilizers (PSB)
Phosphorus is naturally present in many soils, but it
often exists in insoluble forms that plant roots
cannot absorb. Applying chemical phosphorus often
results in the nutrient quickly becoming fixed and
unavailable in the soil.
e Mechanism: Microorganisms like
Pseudomonas and Bacillus species secrete
organic acids that lower the soil pH in the
micro-environment, dissolving bound

phosphates and making them available to
the plant.

3. Phosphorus-Mobilizing Biofertilizers
(Mycorrhizae)

Mycorrhizal fungi form a fascinating symbiotic
relationship with plant roots.

e Mechanism: These fungi penetrate the root
cortex and extend their microscopic threads
(hyphae) far beyond the reach of the plant's
own root system. They act as an extensive
secondary root network, absorbing water
and nutrients particularly phosphorus from
deep within the soil and delivering them
directly to the plant in exchange for plant
sugars.

Advantages of Biofertilizers in Sustainable Systems
The integration of biofertilizers into standard
agricultural practices offers a multitude of benefits
that extend far beyond simple crop nutrition.

1. Restoration of Soil Health: Unlike chemical
fertilizers that degrade soil structure over
time, biofertilizers improve soil texture,
increase  water-holding  capacity, and
encourage the proliferation of other
beneficial soil flora.

2. Environmental Safety: Biofertilizers are
completely eco-friendly. They eliminate the
risk of chemical runoff that causes
eutrophication (algal blooms) in nearby
lakes and rivers, protecting aquatic
ecosystems.

3. Cost-Effectiveness for Farmers: Chemical
fertilizers are expensive and closely tied to
fluctuating fossil fuel prices. Biofertilizers
are comparatively inexpensive to produce

and apply, significantly reducing the
financial burden on smallholder farmers.

4, Disease Resistance and Drought Tolerance:
Many biofertilizers secrete antibiotics and
metabolites that suppress soil-borne
pathogens. Furthermore, extensive root
systems promoted by mycorrhizae enhance
a plant’s ability to survive during periods of
drought.

5. Enhanced Crop Yield and Quality: By
ensuring a steady, natural supply of
nutrients and growth hormones (like auxins
and gibberellins), biofertilizers can increase
crop yields by 10% to 25% while improving
the nutritional quality of the harvested
produce.

Effective Application Methods

For biofertilizers to be successful, they must be
applied correctly so the living microbes can survive
and establish themselves. There are three primary
methods of application:

e Seed Treatment: This is the most common
and effective method. The seeds are
uniformly coated with a slurry made from
the biofertilizer carrier (usually a peat or
lignite powder) mixed with a sticky adhesive
like a jaggery (sugar) solution. The seeds are
dried in the shade before sowing.

e Seedling Root Dip: Used primarily for
transplanted crops like rice, tomatoes, or
onions. The roots of the seedlings are
dipped into a water-and-biofertilizer




suspension for a few hours before being
planted in the main field.

e Soil Application: The biofertilizer is mixed
with organic compost or farmyard manure
and left to multiply for a few days under
shade. This enriched compost is then
broadcasted over the field prior to sowing.
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Challenges and the Path Forward

Despite their immense potential, the widespread
adoption of biofertilizers faces several hurdles that
the agricultural community must address.

Because they contain living organisms,
biofertilizers have a limited shelf life and are highly
sensitive to extreme temperatures. Improper
transport and storage can kill the microbes,
rendering the product useless by the time it reaches
the farmer. Additionally, there is often a lack of
awareness and education among farmers regarding
the proper application techniques; if applied
simultaneously with harsh chemical pesticides, the
beneficial microbes will be destroyed.

The future of sustainable agriculture relies
on overcoming these challenges. Advances in
biotechnology are leading to the development of
liquid biofertilizers, which boast a much longer shelf

life and higher temperature tolerance. Furthermore,
robust extension programs are necessary to train
farmers on integrated nutrient management
teaching them how to seamlessly blend organic,
microbial, and reduced-chemical practices.

CONCLUSION

The shift towards sustainable crop production is no
longer a luxury; it is an absolute necessity for global
food security. Biofertilizers are not a magic bullet
that will single-handedly replace all agricultural
inputs, but they are an indispensable component of
a modern, sustainable farming strategy. By
harnessing the unseen power of soil microbes, we
can reduce our dependency on ecologically
damaging chemicals, rejuvenate our soils, and
ensure that our agricultural lands remain productive
for centuries to come. Cultivating the microscopic
world beneath our feet is the key to securing the
food on our tables.
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