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"5 Soil microorganisms play an important role in improving plant nutrition and maintaining
&gwgw soil fertility. Beneficial microbes such as bacteria, fungi, and actinomycetes help in
7% nutrient cycling, decomposition of organic matter, and conversion of unavailable nutrients
S into forms that plants can absorb easily. These microorganisms fix atmospheric nitrogen,
"% solubilize phosphorus, potassium, zinc, iron, and silicon, and produce plant growth-
e promoting substances. They also improve soil structure, water-holding capacity, and plant
0825%0 ici i i i i ili
iy health. The use of beneficial soil microorganisms reduces dependence on chemical fertilizers
Q0 and supports sustainable agriculture. Therefore, soil microbes are essential for healthy soil,
@flﬁ better crop growth, and environmental sustainability.
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é}»ﬁ; Introduction

SE Soil is a living system filled with many microorganisms like bacteria, fungi, and
0250 actinomycetes. These tiny organisms play an important role in plant nutrition by helping in
d” nutrient cycling and breaking down organic matter. They convert nutrients such as nitrogen,
g}% phosphorus, potassium, and micronutrients into forms that plants can easily absorb. Soil
&% microbes also improve soil fertility, support root growth, and help plants stay healthy under
.., different environmental conditions. Thus, soil microorganisms are essential for improving

20

plant nutrition and maintaining sustainable soil health for better crop production.

Diversity of Soil Microorganisms

Soil contains a wide variety of microorganisms, each performing specific functions related to
nutrient transformation and soil fertility.

1. Bacteria: Bacteria are the most abundant microorganisms in soil. They participate in
decomposition, nitrogen fixation, nutrient solubilization, and production of plant growth-
promoting substances. Common beneficial bacteria include Rhizobium, Azotobacter,
Bacillus, and Pseudomonas.

2. Fungi: Soil fungi help decompose complex organic compounds such as cellulose and
lignin. Mycorrhizal fungi form symbiotic associations with plant roots and improve nutrient
and water absorption.

3. Actinomycetes: Actinomycetes are filamentous bacteria that decompose resistant organic
materials and produce antibiotics that suppress harmful pathogens.

4. Algae and Cyanobacteria: These microorganisms contribute to soil fertility by fixing
atmospheric nitrogen and adding organic matter to soil, especially in paddy fields.

5. Protozoa and Nematodes: These organisms regulate microbial populations and help
release nutrients through microbial predation.
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Role of Soil Microorganisms in Plant Nutrition
1. Biological Nitrogen Fixation: Nitrogen is a
major nutrient required for the synthesis of
proteins, enzymes, nucleic acids, and
chlorophyll. Although the atmosphere contains
about 78% nitrogen gas, plants cannot utilise
atmospheric  nitrogen  directly.  Certain
microorganisms possess the ability to convert
atmospheric nitrogen into ammonia through
biological nitrogen fixation. This process is
carried out by the enzyme nitrogenase.

Types of Nitrogen-Fixing Microorganisms
Symbiotic Nitrogen Fixers

These microorganisms live in close association
with plant roots.

* Rhizobium forms nodules in leguminous plants such as soybean, chickpea, and groundnut.
* Inside the nodules, bacteria convert atmospheric nitrogen into ammonia, which is utilised
by the plant.

* In return, the plant supplies carbohydrates and energy to the bacteria.

Free-Living Nitrogen Fixers

These bacteria live independently in the soil.

Examples:

* Azotobacter

* Clostridium

* Beijerinckia

Associative Nitrogen Fixers

These bacteria associate loosely with plant roots.

Examples:

* Azospirillum

* Herbaspirillum

Biological nitrogen fixation reduces the requirement for synthetic nitrogen fertilizers and
improves soil fertility naturally.

2. Phosphorus Solubilization: Phosphorus is essential for energy transfer, root development,
flowering, and seed formation. However, most soil phosphorus occurs in insoluble forms
such as calcium phosphate, iron phosphate, and aluminum phosphate. Phosphate-solubilizing
microorganisms (PSM) convert insoluble phosphorus into soluble phosphate ions that plants
can absorb.

Mechanism of Phosphorus Solubilization

Microorganisms release:

* Organic acids (gluconic acid, citric acid, oxalic acid)

* Enzymes such as phosphatases

* Chelating substances

These compounds dissolve insoluble phosphate compounds and release available phosphorus
into the soil solution.

Important Phosphate-Solubilizing Microorganisms

* Bacillus megaterium

* Pseudomonas striata

* Aspergillus

* Penicillium

The use of phosphate-solubilizing microorganisms improves phosphorus uptake and
enhances crop yield.
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3. Potassium Solubilization: Potassium plays an important role in enzyme activation,
photosynthesis, water regulation, and disease resistance. A large quantity of potassium exists
in soil minerals such as feldspar and mica, but remains unavailable to plants. Potassium-
solubilizing microorganisms release organic acids that break down potassium-bearing
minerals and release soluble potassium ions.

Examples

* Bacillus mucilaginosus

* Frateuria aurantia

These microorganisms improve potassium availability and reduce dependence on chemical
potassium fertilizers.

4. Zinc Solubilization: Zinc is an essential micronutrient required for enzyme activation,
protein synthesis, and growth hormone production in plants. Zinc deficiency is common in
many agricultural soils. Zinc-solubilizing bacteria convert insoluble zinc compounds into
plant-available forms through acidification and chelation processes.

Examples

* Bacillus subtilis

* Pseudomonas fluorescens

Benefits of zinc-solubilizing bacteria:

* Increased nutrient uptake

* Improved seed germination

* Better crop growth and yield

5. Iron Solubilization and Siderophore Production: Iron is essential for chlorophyll
formation and enzyme activity. Although iron is abundant in soil, it is often unavailable under
alkaline conditions. Many soil bacteria produce siderophores, which are iron-chelating
compounds that bind iron and make it available to plants.

Examples

* Pseudomonas

* Bacillus

Siderophore-producing bacteria also suppress plant pathogens by limiting iron availability to
harmful microorganisms.

6. Silicon Solubilization: Silicon is considered a beneficial element for many crops,
especially rice and sugarcane. Silicon strengthens plant tissues and increases resistance
against pests, diseases, drought, and salinity stress. Silicon-solubilizing bacteria dissolve
silicate minerals and release soluble silicic acid that plants can absorb.

Examples

* Bacillus

* Burkholderia

Benefits include:

* Improved stress tolerance

* Enhanced plant growth

* Increased disease resistance

7. Sulphur Oxidation: Sulphur is necessary for protein synthesis, amino acid formation, and
enzyme activity. Many soils contain sulphur in unavailable elemental forms. Sulphur-
oxidizing bacteria convert elemental sulphur into sulphate ions through oxidation.

Examples

* Thiobacillus

* Acidithiobacillus

This process improves sulphur availability and soil fertility

8. Decomposition of Organic Matter: Microorganisms decompose dead plants, crop
residues, and animal wastes into simpler substances. This decomposition releases nutrients
back into the soil through mineralization.

Benefits of Decomposition

* Nutrient recycling
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* Humus formation

* Improved soil structure

* Enhanced microbial activity

Without microorganisms, organic matter would accumulate, and nutrients would remain
locked in unavailable forms

9. Production of Plant Growth Promoting Substances: Many beneficial microorganisms
produce substances that stimulate plant growth.

Important Plant Growth Regulators

* Auxins

* Gibberellins

* Cytokinins

These compounds:

* Promote root development

* Increase nutrient absorption

* Enhance seed germination

* Improve overall plant vigour

Some microorganisms also produce ACC deaminase enzyme, which reduces stress ethylene
levels in plants and helps them tolerate environmental stress.

10. Mycorrhizal Association: Mycorrhizae are symbiotic associations between fungi and
plant roots.

Functions of Mycorrhizae

* Increase root surface area

* Improve phosphorus uptake

* Enhance water absorption

* Protect against root pathogens

Soil Microorganisms and Soil Health

Healthy soil microbial activity improves:

* Soil aggregation

* Aeration

* Water-holding capacity

* Organic matter content

* Nutrient cycling

Microbial secretions help bind soil particles into stable aggregates, reducing erosion and
improving root penetration.

Beneficial soil microorganisms provide an eco-friendly and sustainable alternative.

Advantages of Using Beneficial Microorganisms

* Reduced chemical fertilizer use

* Improved nutrient efficiency

* Enhanced crop productivity

* Better soil health

* Environmentally safe agriculture

Biofertilizers containing beneficial microorganisms are now widely used for sustainable
nutrient management.

Challenges in Utilizing Soil Microorganisms

Despite their benefits, several factors affect microbial efficiency:
* Soil pH

* Temperature

* Moisture

* Organic matter content

* Competition with native microbes

* Poor shelf life of formulations
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Proper formulation technologies and carrier materials are necessary for successful
application.

Future Prospects

Advances in soil microbiology and biotechnology are opening new opportunities for
agricultural development.

Future research focuses on:

* Development of efficient microbial consortia

* Nano-biofertilizers

* Stress-tolerant microbial strains

* Improved biofertilizer formulations

* Molecular characterization of beneficial microbes

Integration of microbial technologies into farming systems can help achieve sustainable crop
production and environmental conservation.

Conclusion

Soil microorganisms are indispensable components of the soil ecosystem and play a vital role
in improving plant nutrition. They participate in nutrient cycling, biological nitrogen fixation,
phosphorus and micronutrient solubilization, organic matter decomposition, and production
of plant growth-promoting substances. Through these activities, microorganisms increase
nutrient availability, enhance plant growth, and improve soil fertility. Beneficial
microorganisms also contribute significantly to sustainable agriculture by reducing
dependence on chemical fertilizers and promoting environmentally friendly farming
practices. Their use as biofertilizers offers a cost-effective and eco-friendly approach for
maintaining soil health and increasing agricultural productivity. As global agriculture faces
challenges such as soil degradation, nutrient deficiency, and climate change, the importance
of soil microorganisms continues to increase. Therefore, conservation and effective
utilization of beneficial soil microbial communities are essential for ensuring sustainable food
production, environmental protection, and long-term agricultural sustainability.
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