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Abstract.

Microbiome-based biotechnological approaches have emerged as promising tools for the
restoration of degraded ecosystems by harnessing the functional potential of native and
engineered microbial communities. This study examines the role of soil, plant-associated,
and aquatic microbiomes in enhancing ecosystem resilience, accelerating biogeochemical
cycles, and supporting biodiversity recovery. Particular attention is given to microbial
consortia involved in nutrient cycling, bioremediation of contaminated environments, and
the re-establishment of soil structure and fertility. The paper analyzes recent advances in
microbiome manipulation techniques, including Dbiocaugmentation, biostimulation, and
metagenomics—-guided interventions, and evaluates their effectiveness in restoring ecosystem
functions under various environmental conditions. The findings highlight that microbiome-
based strategies offer sustainable, cost-effective, and ecologically sound alternatives to
conventional restoration methods, while also emphasizing the importance of site-specific
microbial diversity and long-term monitoring for successful implementation.
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Introduction. Ecosystem degradation caused by industrial
activity, intensive agriculture, urbanization, and climate
change has become one of the most pressing environmental
challenges of the twenty-first century. Soil erosion, loss of
biodiversity, contamination of terrestrial and aquatic
environments, and disruption of natural biogeochemical cycles
significantly reduce ecosystem stability and resilience.
Traditional ecosystem restoration approaches, which often
rely on physical remediation or chemical treatments, may
provide short-term improvements but frequently fail to ensure
long-term ecological balance and sustainability [1].

In recent years, increasing attention has been directed
toward the role of microbiomes as key drivers of ecosystem
functioning. Microbial communities play a fundamental role in

nutrient cycling, organic matter decomposition, soil
structure formation, and the regulation of plant health and
productivity. The soil, plant-associated, and aquatic

microbiomes act as dynamic biological systems that respond
rapidly to environmental changes and actively contribute to
ecosystem recovery processes [2-4].

Microbiome-based biotechnological approaches offer
innovative and environmentally friendly solutions by
utilizing native or engineered microbial consortia to restore
ecosystem functions. Techniques such as bioaugmentation,
biostimulation, and microbiome engineering aim to enhance
beneficial microbial activity, promote natural regeneration
processes, and reduce the ecological footprint of restoration
interventions. Advances in molecular biology, metagenomics,
and systems biology have further enabled precise
characterization and targeted manipulation of microbial
communities, allowing for site-specific and function-oriented
restoration strategies. This study focuses on the application
of microbiome-based biotechnological approaches in ecosystem
restoration. By analyzing recent scientific developments and
practical applications, the paper highlights the potential of
microbial technologies to improve restoration efficiency,
support biodiversity recovery, and ensure long-term ecosystem
sustainability. The integration of microbiome science into
restoration ecology represents a shift toward more holistic,
adaptive, and nature-based solutions for addressing global
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environmental challenges [5-8].

Relevance of the Study. The relevance of this study arises
from the increasing degradation of ecosystems caused by human
activity and climate change, which requires more sustainable
and biologically grounded restoration solutions. Microbiome-
based biotechnological approaches address the core biological
processes of ecosystems by enhancing nutrient cycling,
biodiversity recovery, and ecological resilience. These
approaches align with current global priorities on nature-
based solutions and sustainable development, making them
timely and highly significant for modern ecosystem
restoration practices.

Methodology. This study is based on a qualitative review
of recent peer-reviewed literature on microbiome-based
biotechnological approaches in ecosystem restoration.
Scientific articles and case studies were analyzed to identify
key strategies, microbial technologies, and application areas
in terrestrial and aquatic ecosystems.

The methodology involved a comparative analysis of
bioaugmentation, biostimulation, and microbiome engineering,
with emphasis on studies using omics-based techniques to
evaluate changes in microbial diversity and ecosystem
performance. The reviewed studies were categorized by
ecosystem type, environmental problem, and restoration
outcomes such as soil fertility, pollutant degradation, and
ecosystem resilience. This integrated approach enabled an
overall assessment of the effectiveness and sustainability of
microbiome-based restoration practices.

Results and Discussion. The analysis of recent studies
demonstrates that microbiome-based biotechnological
approaches significantly enhance the effectiveness of
ecosystem restoration efforts across diverse environmental
contexts. One of the most consistent findings is the positive
impact of targeted microbial interventions on soil health and
functionality. In degraded soils, the application of
microbial consortia through biocaugmentation and
biostimulation led to increased microbial diversity, improved
nutrient availability, and enhanced soil structure. These
changes contributed directly to improved plant establishment,
root development, and overall ecosystem stability.

In contaminated ecosystems, particularly those affected

This work is distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License 1 6 1
(https-//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 11th International
Scientific and Practical Conference

«International Scientific Discussion: NO

Problems, Tasks and Prospects» 283

(February 19-20, 2026). | C
Brighton, United Kingdom NTER ONF

SoenTIF PubLiHNG CenTe

BIOLOGY AND BIOTECHNOLOGY

by heavy metals, hydrocarbons, or agrochemical residues,
microbiome-based bioremediation strategies proved highly
effective. Microbial communities capable of degrading or
immobilizing pollutants accelerated detoxification processes
while reducing the need for invasive physical or chemical
remediation methods. Studies revealed that indigenous
microbial ©populations, when ©properly stimulated, often
outperformed introduced strains, highlighting the importance
of site-specific microbiome assessment prior to intervention.

Aquatic ecosystem restoration also benefited from
microbiome-focused approaches. Manipulation of microbial
communities in wetlands, rivers, and lakes enhanced nutrient
cycling, reduced eutrophication, and supported the recovery
of aquatic biodiversity. The results indicate that microbial
processes play a central role in regulating water quality and
ecosystem resilience, particularly under conditions of
anthropogenic stress and climate wvariability. Advances 1in
metagenomic and systems Dbiology tools provided deeper
insights into the functional dynamics of microbial
communities during restoration. These techniques enabled the
identification of key functional genes involved in nitrogen
fixation, carbon sequestration, and pollutant degradation,
allowing restoration strategies to be more precisely
tailored. However, the discussion also reveals several
challenges, including the complexity of microbial
interactions, wvariability in environmental conditions, and
the need for long-term monitoring to ensure sustained
restoration outcomes. Overall, the findings confirm that
microbiome-based biotechnological approaches offer a
sustainable and adaptive framework for ecosystem restoration.
When integrated with ecological principles and site-specific
management practices, these approaches can significantly
improve restoration success while promoting long-term
environmental resilience and biodiversity conservation.

This figure presents a conceptual framework illustrating
how microbiome-based biotechnological interventions support
ecosystem restoration. The model integrates soil, plant-
associated, and aquatic microbiomes and demonstrates their
functional roles in nutrient cycling, pollutant degradation,
and biodiversity recovery.
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Figure 1

Conceptual model of microbiome-based biotechnological approaches in
ecosystem restoration

Key biotechnological strategies, including
bioaugmentation, biostimulation, and microbiome engineering,
are shown to enhance microbial activity and ecosystem
resilience. The figure emphasizes the interaction between
microbial communities and environmental factors, highlighting
the contribution of microbiome-driven processes to the long-
term stability and sustainability of restored ecosystems [9].

Conclusion. Microbiome-based biotechnological approaches
represent a powerful and sustainable strategy for ecosystem
restoration, offering clear advantages over conventional
remediation methods. The findings of this study demonstrate
that targeted management of microbial communities can
effectively enhance soil fertility, accelerate pollutant
degradation, and support the recovery of biodiversity in both

terrestrial and aquatic ecosystems. By leveraging the
functional potential of native and engineered microbiomes,
restoration efforts can become more efficient,

environmentally compatible, and resilient to external
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stressors.

The integration of advanced molecular tools, such as
metagenomics and microbial community profiling, enables a
deeper understanding of ecosystem processes and supports the
design of site-specific restoration strategies. However, the
success of microbiome-based interventions strongly depends on
ecological <context, microbial diversity, and long-term

monitoring. Therefore, adaptive management and
interdisciplinary collaboration are essential to ensure the
sustainability and scalability of these approaches. 1In

conclusion, microbiome-driven biotechnological solutions
provide a promising pathway toward restoring degraded
ecosystems while aligning with global goals of environmental
protection and sustainable development. Future research
should focus on optimizing microbial consortia, improving
monitoring frameworks, and translating scientific advances
into practical, policy-relevant restoration applications.
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