parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

) 4

1 Bn T[o
‘3' Q’}

=

i | =0

Publishing Skills...

gl Hrticles

(e-Magazine for Agricultural Articles)

Volume: 04, Issue: 02 (MAR-APR, 2024)
Available online at http://www.agriarticles.com
°Agri Articles, ISSN: 2582-9882

The Function and Interplay of Microorganisms within Soil
(‘Dishita Aseriand Pawan Ahari)
RajasEhan College of Agriculture, MPUAT, Udaipur, Rajasthan
Corresponding Author’s email: dishitaaseri@gmail.com

oil microorganisms are a diverse range of tiny organisms residing in the soil, crucial for
maintaining soil fertility and health through various biological processes. They include
bacteria, fungi, protozoa, nematodes, and archaea. These microorganisms are often classified
into categories such as bacteria, actinomycetes, fungi, algae, protozoa, and nematodes.
Alongside decaying plant or animal matter, soil organic matter (SOM) comprises a
significant portion of living microorganisms and their remains. They serve as reliable
indicators of soil quality and are closely linked to changes in soil characteristics. They are
like:-
1. Bacteria: These single-celled microorganisms are highly abundant in soil, playing crucial
roles in processes like decomposition and nutrient cycling, including nitrogen fixation.
Certain bacteria also form beneficial partnerships with plants, supplying them with vital
nutrients such as nitrogen and phosphorus.
2. Fungi: Fulfilling essential roles as decomposers in soil, fungi break down complex organic
matter like deceased plants and animals into simpler compounds that plants can utilize.
Mycorrhizal fungi establish symbiotic connections with plant roots, aiding in nutrient and
water absorption from the soil in exchange for carbohydrates from the plants.
3. Protozoa: These single-celled organisms feed on bacteria, fungi, and other organic material
in the soil. They help regulate bacterial populations and contribute to nutrient cycling by
releasing nutrients through their waste products.
4. Nematodes: Microscopic roundworms, nematodes can have both beneficial and harmful
impacts on the soil ecosystem. Some species prey on bacteria and other nematodes, assisting
in pest control, while others, like plant-parasitic nematodes, can harm crops by feeding on
plant roots.
5. Archaea: Similar to bacteria but possessing distinct genetic and biochemical features,
archaea are present in soil, with some thriving in extreme conditions. They also play roles in
nutrient cycling processes within the soil ecosystem.

Role of microorganisms in soil

Microorganisms in soil play numerous critical roles that are essential for the health and

functioning of ecosystems. Some of the key roles of microorganisms in soil include:

1. Decomposition: Bacteria and fungi, primarily, serve as the main decomposers within soil,
breaking down complex organic matter such as deceased plant material and animal
remains into simpler compounds. This breakdown process releases nutrients into the soil,
making them accessible for plant uptake.

2. Nutrient Cycling: Microorganisms play a significant role in the cycling of elements
within terrestrial ecosystems. They inhabit various environmental niches within soils,
spanning from fully aerobic conditions in surface soils to entirely anaerobic environments
within soil aggregates or deep sub-surfaces. Different forms of sulphur (sulphate,
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sulphide, sulphite, and elemental sulphur) serve as electron donors or terminal electron
acceptors in redox pathways utilized by a variety of organisms, contributing to the supply
of reducing equivalents to cells.

Mycorrhizal Associations: Mycorrhizal fungi form specialized symbiotic relationships
with a wide array of plants, facilitating intimate associations with plant roots. These
associations are also observed between fungi and the underground gametophytes of
numerous bryophytes and pteridophytes, as well as with the sporophytes of most
pteridophytes and the roots of seed plants.

Disease Suppression: Certain soil microorganisms, such as beneficial bacteria and fungi,
can aid in the suppression of plant diseases by outcompeting or inhibiting pathogenic
microorganisms.

Soil Structure: Fungi, particularly, play a pivotal role in the formation and maintenance of
soil structure. They produce a sticky substance known as "glomalin,” which assists in
binding soil particles together, creating stable aggregates. These aggregates enhance soil
porosity, aeration, and water infiltration.

Waste Breakdown: Microorganisms are responsible for the degradation of various
pollutants and organic waste within the soil, contributing to the process of
bioremediation.

Carbon Sequestration: Soil microorganisms contribute to carbon sequestration by
decomposing organic matter and storing carbon in the soil as stable humus.

Pest Control: Soil-dwelling organisms such as predatory nematodes can aid in controlling
pest populations, offering a natural method for pest management.

Ecosystem Resilience: Microorganisms play a vital role in enhancing ecosystem
resilience by supporting plant health, nutrient availability, and soil structure. Soils with
diverse microbial communities tend to exhibit greater resistance to disturbances and
environmental pressures.

Interaction of microorganisms in soils

The interactions among microorganisms within soils form a complex and dynamic ecosystem
characterized by interdependence and connectivity. These interactions are pivotal for nutrient
cycling, organic matter decomposition, and overall soil vitality. Below are some key
interactions among soil microorganisms:

Competition: Microorganisms compete for limited resources such as nutrients and space.
For instance, bacteria and fungi may vie for the same organic matter as a food source,
influencing the distribution and diversity of microbial communities in the soil.

Synergy and Collaboration: Certain microorganisms engage in mutually beneficial
relationships, cooperating for mutual gain. For example, mycorrhizal fungi establish
symbiotic associations with plant roots, enhancing nutrient uptake in exchange for
carbohydrates. Similarly, some bacteria fix nitrogen, benefiting both themselves and
plants.

Predation and Grazing: Predatory microorganisms like specific nematodes and protozoa
prey on other microorganisms within the soil. This predation helps regulate bacterial and
fungal populations, influencing nutrient cycling and community composition.
Decomposition and Nutrient Cycling: Microorganisms collaborate in breaking down
complex organic matter. Bacteria and fungi act as primary decomposers, transforming
organic material into simpler forms and releasing nutrients accessible to plants and other
organisms.

Biological Regulation: Certain microorganisms serve as agents of biological control,
restraining the proliferation of plant-harming pathogens. Through mechanisms like
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competition, antimicrobial compound production, or triggering plant defense responses,
beneficial bacteria and fungi can impede the growth of harmful microorganisms.

e Chemical Communication: Microorganisms communicate using chemical signals,
including the release of signalling molecules or volatile organic compounds. These
signals have the potential to influence the behaviour and actions of nearby
microorganisms.

e Influence of Environmental Factors: Environmental conditions like soil pH, temperature,
moisture levels, and nutrient availability shape microbial interactions. Specific
microorganisms may thrive under particular conditions, reshaping the overall microbial
community structure and functions.

e Ecological Succession: Over time, microbial succession unfolds in soils, with different
microbial groups dominating at various stages of ecosystem development or post-
disturbance. This succession impacts nutrient cycling dynamics and the resilience of
ecosystems.

e Effects on Plant Well-being: Soil microorganisms can directly or indirectly affect plant
health. Beneficial microorganisms can bolster plant growth and vigour, while pathogenic
ones may induce diseases and hinder plant productivity.

e Recognizing these interactions is crucial for effective soil health and fertility
management. Implementing appropriate land management strategies can foster favourable
microbial interactions, establishing a harmonious soil ecosystem that enhances
agricultural output and sustains ecosystem health.
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