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ABSTRACT

Microbes are essential tools in plant health management and bioremediation. Beneficial
microorganisms, such as mycorrhizae and plant-growth-promoting rhizobacteria, improve
plant health by enhancing nutrient absorption, promoting growth, and controlling soil-borne
pathogens. In bioremediation, microbes break down environmental pollutants, effectively
cleaning contaminated soils and waters. This dual application of microbes supports
sustainable agricultural practices and aids in environmental recovery, making them crucial
for enhancing crop productivity and restoring polluted ecosystems.

INTRODUCTION

icrobes play a vital role in

enhancing plant health and

managing environment pollutants.
Their diverse metabolic capabilities and
interaction with plants make them invaluable
for sustainable agriculture and bioremediation
efforts. Plant Growth-Promoting Microbes
comprises  rhizospheric  bacteria,  fungi,
mycorrhiza, actinomycetes, endo-phytic fungi.
Promotes plant growth through Phyto-
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hormone production, siderophore production,
nitrogen  fixation, mineral  phosphate
solubilization, and release of potent secondary
metabolites (Sonune, 2021).

Plant  growth-promoting  rhizobacteria
(PGPRs): PGPR are microbes that inhibit the
rhizomicrobiome, associated with plant roots
and play a crucial role in nutrient acquisition,
soil texture, and plant growth. They improve
seedling growth, early nodulation, leaf surface

47 |Page


http://www.vigyanvarta.com/
http://www.vigyanvarta.in/

Vo Vigyan Varta an International E-Magazine for Science Enthusiasts
N
Yigyan Varta

E-ISSN: 2582-9467
Popular Article

't‘cg,

WWW.vigyanvarta.com Vol. 5, Issue 10 Borgohain (2024)
WWwWWw.vigyanvarta.in

area, and stimulate carbohydrate build-up and » Biofertilizers: Microbial inoculants are

yield. PGPRs belong to genera like used as biofertilizers to enhance nutrient

Azospirillum, Bacillus, Pseudomonas, availability and promote plant growth.

Agrobacterium,  Azotobacter,  Rhizobium,

Arthrobacter, Serratia, and Xanthomonas. « Disease  Suppression: ~ Microbes  can

They can improve crop tolerance to abiotic outcompete  pathogens  for  resources,

stresses and produce plant hormones that produce  antimicrobial ~ compounds, or

regulate growth and development. PGPRs are
used as biofertilizers and phytoremediation
tools.

Some important ways in which microbes
are utilized:

Microbes as  Biocontrol
Biofertilizers in Agriculture

Agents and

» Biocontrol Agents: Microbes act as
biocontrol agents against plant pathogens,
such as Trichoderma species, by competing
for nutrients and space or producing
antifungal compounds.

» Nitrogen Fixation: Bacteria like Rhizobium
spp. and Azotobacter fix atmospheric
nitrogen, enhancing soil fertility and plant
nutrition.

* Induced Systemic Resistance (ISR):
Microbes can induce systemic resistance in
plants against pathogens, triggering the
plant's defense.

» Plant growth promoter: Microbes can
promote plant growth and development by
producing phytohormones and improving
nutrient uptake efficiency.

» Biodegradation: Some microbes can
degrade toxic compounds in soil, making it
safer for plant growth.

» Composting: Microbes are essential in
composting, producing nutrient-rich humus
and improving soil structure and fertility.

» Soil Aggregation: Microbes form soil
aggregates, improving soil structure,
aeration, and water infiltration.
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induce systemic resistance in plants, thus
suppressing plant diseases.

Bioremediation: Microbes play a critical role
in bioremediation by breaking down or
transforming pollutants into less harmful
forms. “Remediate” means to solve the
problem, and “bioremediate” means to use
biological  organisms to  solve an
environmental problem. It is a waste
management technique that involves the use of
organisms to remove or neutralize pollutants
from a contaminated site (Kumar & Sharma,
2019).

Microbes are utilized in Bioremediation:

» Biodegradation of Organic Pollutants:
Microbes can break down organic
pollutants like petroleum hydrocarbons,
pesticides, and solvents.

» Bioremediation of Heavy Metals: Some
bacteria can transform or immobilize heavy
metals, reducing their bioavailability and
potential harm to ecosystems.

* Enhanced Bioremediation: Stimulates the
growth and activity of naturally occurring
microbes or introduces specific strains to
enhance biodegradation.

« Biostimulation and  Bioaugmentation:
Enhances the environment to stimulate
microbial  populations  capable  of
bioremediation.

* In situ and Ex situ Bioremediation: In situ
bioremediation occurs directly at the
contaminated  site, while ex situ
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bioremediation treats contaminated * Complete destruction of  various

materials outside their original.

* Phytoremediation: Involves a symbiotic
relationship between plants and soil, with
microbes in the rhizosphere aiding in
degradation.

* Natural Attenuation: Relies on naturally
occurring microbial populations to degrade
contaminants over time, influenced by
temperature, moisture, and  nutrient
availability.

Bioremediation process:

+ Identification of Pollutants: Analysing and
assessing environmental pollutants.

» Microbe Selection: Selecting microbes
based on their ability to degrade specific
pollutants.

 Introduction of Microbes: Introduced to
contaminated  sites  through  natural
dispersion or deliberate inoculation.

* Nutrient Addition: Providing additional
nutrients to enhance microbial growth and
metabolism.

» Biodegradation: Breaking down complex
pollutants into simpler substances through
enzymatic reactions.

* Monitoring and Optimization: Monitoring
and adjusting environmental conditions.

» Completion and Verification: Continuing
monitoring to ensure environmental quality
meets regulatory standards.

Advantages of Biodegradation Technologies:

 Low cost, eco-friendly, minimal site

disruption.

* Minimal exposure to public and personal
sites.
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contaminants.
» Promotes natural ecosystem restoration.
Disadvantages:
» Time-consuming.
» Seasonal variation.

* Not all compounds are susceptible to rapid
degradation.

* Problematic additive addition.
» Biological process often highly specific.

Mechanisms of Microbial Detoxification of
Heavy Metals:

« Adsorption and Binding: Microbes can
reduce heavy metal toxicity by binding
them to cell surfaces or extracellular
substances.

 Intracellular Sequestration: Some microbes
transport heavy metals into cells,
sequestering them in vacuoles or bound to
metal-binding proteins.

* Reduction and Precipitation: Microbes can
alter metal chemical form.

» Extracellular Enzymatic Transformation:
Some produce enzymes for metal
transformation.

Steps Involved in Microbial Detoxification
of Heavy Metals: Microbial growth and
colonization are  crucial for  metal
detoxification in contaminated environments.
Heavy metals are absorbed through passive or
active mechanisms, and they undergo
transformations within the microbial cell.
These transformations, including sequestration
and binding to cellular proteins, convert toxic
metal ions into less harmful forms. If
applicable, extracellular modification of heavy
metals outside cells using enzymes can also be
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done. The detoxified metals may be stored
within the microbial cell or released into the
environment in a less harmful form,
contributing to overall remediation efforts.

CONCLUSION:

Several microbial metal bioremediation
approaches are established to combat heavy
metal pollution from anthropogenic and
natural source. Their role is pivotal in cleaning
up contaminated environments sustainably and
effectively. Their application in biofertilizers,
biocontrol, ISR also bioremediation highlights
their potential to contribute significantly to
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agriculture and environmental conservation.
By harnessing the power of microbes, we can
promote ecosystem balance, ensure food
security and protect the generation to come.
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