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INTRODUCTION

Modern farming practices have greatly increased food
production, but they have also led to ecological problems such
as soil degradation, reduced organic matter, nutrient
imbalance, and pollution. The excessive use of chemical
fertilizers has harmed soil biological activity and long-term
productivity. Biofertilizers provide an environmentally
friendly and sustainable alternative, using natural biological
processes to enhance soil fertility. Biofertilizers are made of
living microorganisms that, when applied to seeds, soil, or
plant surfaces, colonize the rhizosphere and support plant
growth by increasing nutrient availability and boosting soil
biological activity.

2. Types of Biofertilizers

(i) Nitrogen-fixing Biofertilizers

Nitrogen-fixing biofertilizers convert atmospheric nitrogen
into ammonia, making it accessible to plants. These
microorganisms form either symbiotic or associative
relationships with plant roots and significantly lessen the need
for chemical nitrogen fertilizers. For example, Rhizobium
creates nodules in legume crops, while Azotobacter and
Azospirillum are free-living nitrogen fixers that increase
nitrogen availability for non-leguminous crops.
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(i)  Phosphate-solubilizing  Biofertilizers
(PSB)

Much of the phosphorus in soil exists in
insoluble forms, making it unavailable to
plants. Phosphate-solubilizing microorganisms
like Bacillus and Pseudomonas convert these
insoluble phosphates into soluble forms by
producing  organic  acids, improving
phosphorus uptake and plant growth.

(iii) Potassium-solubilizing Biofertilizers
These biofertilizers help release potassium
from insoluble mineral sources in the soil.
Potassium is vital for various plant processes,
including enzyme activation and water
regulation. Potassium-solubilizing bacteria
enhance its availability, improving plant health
and yield.

(iv) Mycorrhiza (Fungal Biofertilizers)
Mycorrhizal fungi create symbiotic
connections with plant roots, significantly
boosting the absorption of water and nutrients,
especially phosphorus. Arbuscular
Myecorrhizal Fungi (AMF) extend the root
surface area, enhancing plant tolerance to
drought and soil stress.

(v) Plant Growth Promoting Rhizobacteria
(PGPR)

PGPR are helpful bacteria that foster plant
growth through various methods, including
hormone production, nutrient mobilization,
and disease suppression. They generate
growth-promoting substances like auxins,
gibberellins, and cytokinins, stimulating root
and shoot development.

3. Mechanism of Action

Biofertilizers support plant growth and soil
fertility ~ through multiple biological
mechanisms. A key process is biological
nitrogen fixation, where nitrogen-fixing
microorganisms convert atmospheric nitrogen
into ammonia. These microorganisms also
solubilize vital nutrients like phosphorus and
potassium, making them available to plants.
Additionally, biofertilizers produce plant
growth regulators such as auxins, gibberellins,
and cytokinins, enhancing root and overall
plant growth. Certain biofertilizers suppress
plant diseases by producing antibiotics and
competing with harmful pathogens in the
rhizosphere. Improved root growth leads to
more efficient nutrient and water uptake,
enhancing plant performance.

4. Impact on Crop Productivity

Using biofertilizers significantly boosts crop
productivity by enhancing nutrient availability
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and promoting healthy plant growth. Crops
treated with biofertilizers typically show
higher yields thanks to improved nitrogen
fixation and nutrient uptake. Beyond
increasing yield, biofertilizers also enhance the
nutritional quality of produce. They reduce
dependence on chemical fertilizers, lowering
production costs and minimizing
environmental risks. Moreover, biofertilizers
increase plant resilience to abiotic stresses like
drought and salinity, as well as biotic stresses
like diseases and pests.
5. Impact on Soil Health
Biofertilizers are crucial for improving soil
health by enhancing its physical, chemical, and
biological properties. They improve soil
structure by promoting aggregation and
aeration, which supports better root growth.
The activity of beneficial microorganisms rises
significantly, leading to enhanced nutrient
cycling and organic matter breakdown.
Biofertilizers also increase soil organic carbon
content, essential for maintaining soil fertility.
Furthermore, they help keep a balanced
nutrient supply and reduce soil pollution by
limiting the buildup of harmful chemicals.
6. Advantages of Biofertilizers
Biofertilizers have several benefits compared
to  chemical  fertilizers.  They are
environmentally safe and sustainable, posing
no risk of soil or water pollution. They are
cost-effective and easily accessible to farmers,
making them a good fit for low-input
agriculture. Biofertilizers boost  sail
biodiversity by increasing populations of
beneficial microorganisms. They enhance
long-term soil fertility and are particularly
suited to organic farming  systems.
Additionally, they help reduce greenhouse gas
emissions tied to chemical fertilizer production
and use.
7. Limitations
Despite their many benefits, biofertilizers have
limitations that hinder their  broader
acceptance. They usually have a short shelf
life and require proper storage to remain
effective. Environmental factors such as
temperature, moisture, and soil pH can affect
their efficiency. Biofertilizers often take longer
to show results compared to chemical
fertilizers, which can discourage farmers
seeking immediate outcomes. Moreover, a
lack of awareness, inadequate training, and
poor quality control are significant obstacles to
their use.
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8. Future Prospects

The future of biofertilizers looks bright due to
progress in biotechnology and microbial
research. New formulations, like liquid
biofertilizers and carrier-based inoculants with
extended shelf life, are being developed to
improve their effectiveness. Combining
biofertilizers ~ with  Integrated  Nutrient
Management (INM) practices can optimize
crop yields while preserving soil health.
Government support, quality assurance, and
education programs for farmers are crucial to
promote widespread adoption. Furthermore,
research on stress-tolerant and multifunctional
microbial strains will enhance their efficacy.

CONCLUSION

Biofertilizers offer a sustainable and eco-
friendly approach to modern farming by
boosting crop productivity and maintaining
soil health. Their ability to improve nutrient
availability, encourage plant growth, and
support soil biological activity makes them
essential for sustainable farming systems.
Using biofertilizers can lower environmental
pollution, improve soil fertility, and increase
farm profits. Therefore, promoting the use of
biofertilizers through research, outreach, and
policy support is vital for achieving
sustainable agricultural development.

Copyright © April., 2026; Current Agriculture Trends

REFERENCES
https://www.anbr.in/11-benefits-of-using-bio-
fertilizer/

Igbal, A., Shafi, M. ., Rafique, M., Jabeen, A.,
Asif, S., Zaman, M., ... & Jiang, L.
(2023). Biofertilizers to improve soil
health and crop yields. In Sustainable
Agriculture Reviews 61: Biochar to
Improve  Crop  Production and
Decrease Plant Stress wunder a
Changing Climate (pp. 247-272).
Cham: Springer International
Publishing.

Li, L., Tong, L., & Lv, Y. (2023). Influence of
bio-fertilizer type and amount jointly
on microbial community composition,
crop production and soil
health. Agronomy, 13(7), 1775.

Mehata, D. K., Kattel, 1., Sapkota, P., Ghimire,
N. P, & Mehta, R. K. (2023).
Biofertilizers: A sustainable strategy
for organic farming that would
increase crop production and soil
health. Plant Physiology and Soil
Chemistry, 3(2), 49-53.

Ramasamy, M., Geetha, T., & Yuvaraj, M.
(2020). Role of biofertilizers in plant
growth and soil health. In Nitrogen
fixation. IntechOpen.

Yadav, K. K., & Smritikana Sarkar, S. S.
(2019). Biofertilizers, impact on soil
fertility and crop productivity under
sustainable agriculture.

79



