International Journal of Multidisciplinary Research and Development
www.allsubjectjournal.com

ISSN Online: 2349-4182

Received: 30-04-2026, Accepted: 31-05-2026, Published: 15-06-2026
Volume 13, Issue 2, 2026, Page No. 544-550

Biotechnology-driven eco-tourism in India: Integrating biodiversity conservation and sustainable
development

Dr. Parakh Sehgal
Assistant Professor, Department of Life Sciences, Shri Shankaracharya Professional University, Chhattisgarh, India
DOI: https://doi.org/10.66856/ijmrd.2026.13.2.13308

Abstract

Eco-tourism has emerged as a critical strategy for achieving sustainable development by balancing environmental
conservation, economic growth, and community well-being. India, recognized as one of the world's megadiverse countries,
possesses immense potential for eco-tourism owing to its rich biodiversity, varied ecosystems, and extensive cultural heritage.
However, increasing tourist pressure, habitat degradation, pollution, climate change, and unsustainable resource utilization
continue to threaten the ecological integrity of many tourism destinations. In this context, biotechnology offers innovative,
environmentally sustainable, and scientifically robust solutions that can significantly enhance the effectiveness of eco-tourism
initiatives.

This review explores the integration of biotechnology with eco-tourism as a transformative framework for biodiversity
conservation, climate resilience, and community development in India. Various biotechnological applications, including
bioremediation, bio-toilets, eco-enzymes, tissue culture propagation, DNA barcoding, environmental DNA (eDNA)
monitoring, biosensors, microbial biofertilizers, and biodegradable materials, are critically examined for their potential
contributions to sustainable tourism management. The study employs a comprehensive review methodology based on
scientific literature, government reports, policy documents, and case studies from diverse eco-tourism destinations including
Kerala, Sikkim, Meghalaya, Delhi, Mumbai, and Chhattisgarh.

The analysis indicates that biotechnology-driven eco-tourism can substantially improve biodiversity monitoring, ecological
restoration, waste management, environmental quality assessment, and sustainable infrastructure development while
simultaneously generating livelihood opportunities for local communities. The findings further highlight the importance of
integrating biotechnology into national tourism policies, conservation strategies, and community-based development
programs. Special emphasis is placed on Chhattisgarh as an emerging model for bio-enabled eco-tourism due to its extensive
forest resources, tribal knowledge systems, medicinal plant diversity, and growing conservation initiatives.

The paper proposes a National Bio-Eco Tourism Mission as a strategic framework to foster collaboration among government
agencies, research institutions, local communities, and private stakeholders. Such an integrated approach can accelerate
progress toward India's Vision 2047 objectives and contribute directly to multiple Sustainable Development Goals (SDGSs),
including biodiversity conservation, climate action, sustainable communities, responsible consumption, and green economic
growth. The convergence of biotechnology and eco-tourism represents a promising pathway toward regenerative, science-
based tourism capable of strengthening ecological resilience and positioning India as a global leader in sustainable tourism
innovation.

Keywords: Eco-tourism, biotechnology, biodiversity conservation, sustainable development, environmental DNA (eDNA),
bioremediation, climate resilience, community development, sustainable tourism, India

Introduction Eco-tourism emerged as a response to the environmental
Tourism is among the largest and fastest-growing sectors of limitations of mass tourism and is widely recognized as a
the global economy, contributing significantly to economic key strategy for sustainable development. The concept
development, employment generation, cultural exchange, emphasizes responsible travel to natural areas that conserves
and regional infrastructure development. According to the biodiversity, promotes environmental education, and
United Nations World Tourism Organization (UNWTO), improves the well-being of local communities. Unlike
nature-based tourism and eco-tourism have witnessed conventional tourism, eco-tourism seeks to minimize

ecological footprints while maximizing conservation
outcomes and socio-economic benefits (Honey, 2016) 31,
Successful  eco-tourism initiatives are  generally
characterized by biodiversity conservation, community
participation,  environmental interpretation, cultural
preservation, and sustainable resource management.

India possesses exceptional potential for eco-tourism
development due to its remarkable biological and cultural

substantial growth over the past two decades as travelers
increasingly seek environmentally responsible and culturally
enriching experiences. However, the rapid expansion of
conventional tourism has generated serious ecological
concerns, including habitat degradation, biodiversity loss,
excessive resource consumption, pollution, and increased
greenhouse gas emissions (Honey, 2016; Chand & Kumar,

2020) 2231, These environmental challenges have intensified diversity. The country is recognized as one of the world's
the need for sustainable tourism models that balance  seventeen megadiverse nations and hosts four globally
economic  benefits with ecological integrity and social significant biodiversity hotspots: the Himalayas, Western
equity. Ghats, Indo-Burma region, and Sundaland. These regions
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support diverse ecosystems ranging from tropical rainforests
and mangroves to alpine meadows, deserts, wetlands, coral
reefs, and riverine habitats. Collectively, they harbor
thousands of endemic and threatened species of flora and
fauna, making India a globally important center for
biodiversity conservation (MoEFCC, 2021) 1.

In addition to its ecological wealth, India possesses a rich
repository of traditional ecological knowledge maintained
by indigenous and tribal communities. Such knowledge
systems contribute significantly to sustainable resource
utilization, medicinal plant conservation, agroforestry
practices, and ecosystem stewardship. Consequently, eco-
tourism in India offers opportunities not only for
environmental conservation but also for cultural
preservation, rural livelihood generation, and inclusive
economic growth. Government initiatives such as the
Swadesh  Darshan Scheme, National Strategy for
Sustainable Tourism, National Biodiversity Action Plan,
and Forest Eco-Tourism Guidelines further demonstrate
India’s commitment to promoting sustainable tourism
practices (Ministry of Tourism, 2022; MoEFCC, 2021) 1%
11)

Despite these advantages, eco-tourism destinations across
India face numerous environmental and managerial
challenges. Increasing tourist pressure, unplanned
infrastructure  development, plastic pollution, waste
accumulation, habitat fragmentation, water contamination,
invasive  species, and climate-induced ecological
disturbances threaten the sustainability of many protected
areas and biodiversity-rich landscapes (Chand & Kumar,
2020) [P Furthermore, inadequate environmental
monitoring systems, insufficient scientific documentation of
biodiversity, and limited integration of advanced
conservation technologies often constrain  effective
ecosystem management.

Recent advances in biotechnology offer innovative and
sustainable solutions to many of these challenges.
Biotechnology encompasses a broad range of scientific
techniques that utilize biological systems, organisms,
cellular components, and molecular processes to develop
products and services beneficial to society and the
environment. Environmental biotechnology, in particular,
has emerged as a powerful tool for pollution control,
ecosystem restoration, biodiversity assessment, sustainable
waste management, and climate adaptation (Kumar &
Pandey, 2021) 11,

One of the most significant applications of biotechnology in
environmental conservation is bioremediation, which
utilizes microorganisms such as bacteria, fungi, and algae to
degrade or neutralize environmental pollutants. Numerous
studies have demonstrated the effectiveness of microbial
bioremediation in restoring contaminated soils, wetlands,
rivers, and aquatic ecosystems affected by tourism-related
activities (Gupta et al., 2019) Bl Such technologies are
particularly relevant in eco-tourism destinations where
maintaining environmental quality is essential for both
biodiversity conservation and visitor satisfaction.

Similarly, biotechnology-based sanitation systems have
transformed waste management practices in remote and
environmentally sensitive regions. Bio-toilets developed
using anaerobic microbial digestion systems provide
environmentally sustainable alternatives to conventional
sewage treatment methods and have been successfully
implemented in tourism infrastructure across India (Singh &
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Nain, 2018) 8. These systems reduce water consumption,
minimize contamination risks, and improve sanitation
standards in protected landscapes.

Another major advancement is the application of molecular
biology techniques for biodiversity assessment and
conservation. DNA barcoding has emerged as a reliable tool
for species identification and biodiversity documentation by
utilizing short genetic markers to distinguish species
accurately. The technology has become increasingly
valuable for cataloging biodiversity, detecting illegal
wildlife trade, and supporting conservation planning
(Consortium for the Barcode of Life, 2021) &,
Complementing DNA barcoding, Environmental DNA
(eDNA) monitoring enables researchers to detect species
presence from genetic material found in environmental
samples such as water, soil, and air. This non-invasive
approach offers unprecedented opportunities for monitoring
endangered species, assessing ecosystem health, and
supporting biodiversity management without disturbing
wildlife populations.

Environmental monitoring technologies have also evolved
significantly with the development of biosensors.
Biosensors integrate biological recognition systems with
analytical devices to provide rapid and accurate detection of
environmental parameters. Applications include monitoring
water quality, air pollution, pathogen presence, heavy metal
contamination, and ecosystem health indicators (Rai et al.,
2021) 81, In eco-tourism settings, biosensors can facilitate
real-time environmental assessment, enhance visitor safety,
and support evidence-based management decisions.

Plant biotechnology contributes substantially to ecological
restoration and habitat conservation through tissue culture
techniques. Tissue culture enables large-scale propagation
of native, rare, endangered, and medicinal plant species
under controlled conditions. These technologies are
increasingly used in reforestation programs, restoration of
degraded habitats, conservation of genetic resources, and
rehabilitation of ecologically sensitive tourism destinations
(Verma et al., 2022) [1%, Restoration programs based on
tissue-cultured native species can improve ecosystem
resilience while enhancing the aesthetic and ecological
value of tourism landscapes.

Biotechnology also supports sustainable tourism through the
development of eco-friendly products and circular economy
approaches. Eco-enzymes derived from fermentation of
organic waste are increasingly replacing synthetic cleaning
agents in hotels, resorts, and homestays. These products
reduce chemical pollution while promoting waste recycling
and sustainable hospitality practices (Patel & Bhattacharya,
2021) B1, Similarly, biodegradable materials and bioplastics
derived from renewable biological resources offer
sustainable alternatives to conventional plastics, helping
reduce pollution in environmentally sensitive tourism
destinations (Ramesh et al., 2020) [],

Globally, several countries have demonstrated the
successful integration of advanced environmental
technologies into tourism management systems. Costa Rica
has become a benchmark for biodiversity-based tourism
through its emphasis on conservation, environmental
education, and regulated bioprospecting activities (Arias &
Mata-Sanchez, 2018) [, New Zealand employs
sophisticated  biodiversity = monitoring  systems and
ecological certification programs to maintain environmental
quality across tourism destinations. Scandinavian countries



such as Norway and Sweden have incorporated DNA-based

biodiversity monitoring and ecosystem  assessment
technologies into protected area management, while
Bhutan's "High Value, Low Impact” tourism model

emphasizes ecological sustainability and conservation-

driven development (Royal Government of Bhutan, 2021)
[15]

Despite the growing body of literature on eco-tourism and
biotechnology independently, relatively few studies have
examined their integration within a unified framework.
Existing eco-tourism research primarily focuses on
biodiversity conservation, visitor management, community
participation, and economic development, whereas
biotechnology studies largely emphasize environmental
remediation, agricultural sustainability, and conservation
biology. Consequently, interdisciplinary frameworks linking
biotechnology applications with eco-tourism planning and
management remain limited.

The research gap is particularly evident in the Indian
context, where eco-tourism policies rarely incorporate
advanced technologies such as environmental DNA
surveillance, biosensor-based  ecosystem  monitoring,
microbial bioremediation systems, biodiversity genomics,
and tissue culture-assisted  restoration  programs.
Furthermore, region-specific models demonstrating how
biotechnology can enhance eco-tourism sustainability
remain underexplored. States such as Chhattisgarh,
endowed with extensive forests, tribal knowledge systems,
medicinal plant diversity, waterfalls, caves, wildlife
sanctuaries, and protected areas, possess enormous potential
for developing biotechnology-driven eco-tourism models.
However, scientific documentation, policy integration, and
implementation frameworks remain insufficient.

Therefore, there is a critical need for an integrated approach
that combines biotechnology innovation, biodiversity
conservation, sustainable tourism management, and
community participation. Such a framework can support
India’s Vision 2047 objectives while contributing directly to
several Sustainable Development Goals (SDGs), including
clean water and sanitation (SDG 6), decent work and
economic growth (SDG 8), sustainable communities (SDG
11), responsible consumption and production (SDG 12),
climate action (SDG 13), life below water (SDG 14), and
life on land (SDG 15). The convergence of biotechnology
and eco-tourism thus represents a transformative pathway
toward regenerative tourism capable of strengthening
ecological resilience, enhancing conservation outcomes, and
generating sustainable livelihoods for future generations.

Materials and Methods

1. Research Design

This study was conducted as a comprehensive review of the
emerging role of biotechnology in enhancing the
sustainability of eco-tourism in India. The research adopted

a qualitative review approach to examine the
interrelationship  between biotechnology, biodiversity
conservation,  environmental  management,  climate

resilience, and community-based tourism development. The
objective was to synthesize existing scientific knowledge,
policy frameworks, and practical applications of
biotechnology relevant to eco-tourism and sustainable
development.
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2. Literature Search Strategy

A systematic literature search was performed using
internationally recognized academic databases, including
Scopus, Web of Science, ScienceDirect, SpringerLink,
PubMed, and Google Scholar. The search focused on peer-
reviewed research articles, review papers, conference
proceedings, books, government reports, and policy
documents published primarily between 2015 and 2026.

The search strategy utilized combinations of keywords such
as "eco-tourism", "sustainable tourism", "biotechnology",
"environmental conservation”, "bioremediation”, "DNA
barcoding”, "environmental DNA", "biosensors", "tissue
culture”, "bio-toilets", "bioplastics”, "climate resilience",
and "community-based tourism". Boolean operators (AND,
OR) were employed to refine the search and improve
retrieval of relevant publications.

3. Data Sources

Scientific literature was supplemented with information
obtained from official national and international
organizations. Major sources included the Ministry of
Tourism, Government of India; Ministry of Environment,
Forest and Climate Change (MoEFCC); Department of
Biotechnology (DBT); National Biodiversity Authority
(NBA); United Nations Environment Programme (UNEP);
United Nations World Tourism Organization (UNWTO);
Convention on Biological Diversity (CBD); and state-level
eco-tourism development boards.

These sources provided valuable information regarding
policy frameworks, biodiversity conservation initiatives,
sustainable tourism programs, and biotechnology-based
environmental management practices.

4. Inclusion and Exclusion Criteria

Publications were included if they addressed eco-tourism,
biodiversity conservation, sustainable tourism development,
environmental biotechnology, ecological restoration, or
biotechnology applications relevant to environmental
sustainability. Preference was given to peer-reviewed
articles and authoritative reports presenting empirical
findings, technological applications, or policy perspectives.
Studies unrelated to tourism, biodiversity conservation, or
environmental sustainability were excluded. Publications
focusing exclusively on medical, pharmaceutical, or
industrial biotechnology without environmental relevance
were also omitted. Duplicate records and articles lacking
sufficient scientific evidence were removed during the
screening process.

5. Policy and Document Analysis

A detailed review of policy documents was undertaken to
assess existing institutional support for biotechnology-
enabled eco-tourism. National policies and programs
examined in the study included the National Strategy for
Sustainable Tourism (2022) 1%, Swadesh Darshan Scheme,
National Biodiversity Action Plan, Forest Eco-Tourism
Guidelines (2021) ™1, National Mission on Biodiversity and
Human Well-being, and various Department of
Biotechnology initiatives.The analysis focused on
identifying opportunities for integrating biotechnology into
tourism planning, biodiversity conservation, environmental
monitoring, waste management, ecological restoration, and
community-based livelihood development.



6. Case Study Selection

To understand practical applications of biotechnology
within eco-tourism systems, representative case studies from
different regions of India were examined. Selection criteria
included ecological significance, biodiversity richness,
tourism importance, community participation, conservation
value, and availability of documented evidence.The selected
case studies included Thenmala Eco-tourism Project in
Kerala, Dzongu Valley in Sikkim, community-based
tourism initiatives in Meghalaya, Yamuna Biodiversity Park
in Delhi, Sanjay Gandhi National Park in Mumbai, and
emerging eco-tourism destinations in Chhattisgarh such as
Kanger Valley National Park, Barnawapara Wildlife
Sanctuary, Mainpat Plateau, and Achanakmar Biosphere
Reserve.

7. Thematic Analysis

The collected information was organized and analyzed using
a thematic approach. Major themes included biodiversity
conservation, environmental biotechnology applications,
sustainable tourism infrastructure, ecological restoration,
community participation, green entrepreneurship, policy
integration, and climate resilience.Comparative evaluation
of the selected studies enabled identification of common
trends, technological opportunities, implementation
challenges, and future prospects for biotechnology-driven
eco-tourism development.

8. Conceptual Framework

The conceptual framework developed in this study proposes
that biotechnology serves as a critical enabling component
linking environmental conservation and sustainable tourism
development. Biotechnology-based interventions contribute
to biodiversity protection, pollution control, ecological
restoration, environmental monitoring, and sustainable
resource utilization. These outcomes strengthen eco-tourism
systems, promote community participation, generate green
employment opportunities, and support climate-resilient
development pathways. Ultimately, the integration of
biotechnology and eco-tourism contributes to the
achievement of multiple Sustainable Development Goals
(SDGs), particularly those related to biodiversity
conservation,  sustainable  communities,  responsible
consumption, climate action, and ecosystem restoration
shown in figure 1.

Conceptual framework
Biotechnology Innovations

Environmenta% Conservation
Biodiversinl/ Protection
Sustainable lEco-Tourism
CommunitylParticipation
Green En%ployment
Economic Dlevelopment
!

Climate Resilience & SDGs
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Biotechnological Applications

* Biotechnology in Conservation
* Environmental DNA

* Biosensors

* Bioremediation

Tourism and Development | Supports
Sustainability and
Conservation

Technologies

Ecological Management

» Eco-Tourism
* Sustainable Tourism
= Sustainable Development

Enhances

« Biodiversity Monitoring
» Ecological Restoration

Fig 1: Conceptual Framework of Sustainability and Conservation
Technologies

This diagram presents the interrelationship between tourism,
biotechnology, and ecological management within the
broader context of sustainability. It demonstrates how eco-
tourism and sustainable development support conservation
objectives, biotechnological innovations  enhance
environmental monitoring and remediation, and ecological
management ensures restoration and long-term ecosystem
resilience (Source: Adapted from UNEP, 2025; CBD
Secretariat, 2024).

Results

Table 1: Major Biotechnology Applications in Eco-Tourism

Technology Application Environmental Benefit
Bioremediation Pollution control Ecosystem restoration
Bio-toilets Sustainable sanitation | Reduced contamination
DNA Barcoding | Species identification Blodlvers_lty
conservation
ED.NA Wildlife monitoring | Ecosystem assessment
Monitoring
. Environmental -
Biosensors - Real-time assessment
monitoring
Tissue Culture Habitat restoration Species recovery
. Reduced chemical
Eco-Enzymes Green cleaning -
pollution
Bioplastics | Sustainable packaging | Reduced plastic waste

The present review demonstrates that biotechnology has
substantial potential to transform eco-tourism from a
conventional conservation-oriented activity into a science-
driven model of sustainable development. The integration of
biotechnology with eco-tourism can address several
environmental challenges associated with tourism activities,
including biodiversity loss, pollution, habitat degradation,
inefficient waste management, and climate vulnerability.
Simultaneously, biotechnology-supported interventions
create  opportunities  for  ecological  restoration,
environmental monitoring, community participation, and
green entrepreneurship.

The findings reveal that biotechnology applications can be
broadly categorized into biodiversity conservation
technologies, environmental management technologies,
ecological restoration approaches, and sustainable tourism
support systems. These technologies collectively contribute
to environmental sustainability while enhancing visitor
experiences and strengthening local economies.

1. Biotechnology for Biodiversity Conservation
Biodiversity conservation remains one of the primary
objectives of eco-tourism. Effective conservation requires



accurate species identification,
habitat assessment, and restoration strategies.
biotechnology provides advanced tools capable
significantly improving conservation outcomes.

DNA barcoding has emerged as a reliable molecular tool for
species identification and biodiversity documentation. The
technology utilizes short standardized genetic sequences to
distinguish species and generate biodiversity inventories. In
eco-tourism destinations, DNA barcoding can support
biodiversity interpretation centers, wildlife monitoring
programs, medicinal plant documentation, and citizen
science initiatives. The technology is particularly valuable
in biodiversity-rich regions where accurate identification of
flora and fauna is essential for conservation planning.
Environmental DNA (eDNA) monitoring represents another
major advancement in biodiversity assessment. eDNA
technology enables detection of species through genetic
material present in environmental samples such as water,
soil, and air. Unlike traditional wildlife surveys, eDNA
monitoring is non-invasive, cost-effective, and capable of
detecting rare or endangered species with high sensitivity.
Protected areas, wildlife sanctuaries, wetlands, and river
ecosystems can benefit substantially from eDNA-based
monitoring programs.

The growing use of genomic technologies in conservation
biology indicates that future eco-tourism destinations may
increasingly rely on molecular biodiversity monitoring
systems to support adaptive management and conservation
decision-making.

ecosystem monitoring,
Modern
of

Table 2: Biotechnology Tools Supporting Biodiversity
Conservation

Technology Application  |Conservation Benefit
. Species Biodiversity
DNA Barcoding identification documentation
Environmental DNA - . Non-invasive
(eDNA) Wildlife detection monitoring
Biosensors Ecosystem Real-time monitoring
assessment
Tissue Culture Speue_s Habitat restoration
propagation
Bioinformatics Biodiversity Conservation plannin
Databases records P g

2. Environmental Monitoring and Ecosystem Health
Assessment

Maintaining environmental quality is fundamental for
sustainable eco-tourism. Water quality, air quality, soil
health, and ecosystem integrity directly influence visitor
experiences and biodiversity conservation outcomes.
Biosensors have emerged as powerful tools for
environmental monitoring. These devices combine
biological recognition elements with analytical systems to
detect environmental contaminants and ecological
indicators. Biosensors can be deployed to monitor water
quality, air  pollution, heavy metals, microbial
contamination, and climate-related variables in real time.
The application of biosensors in eco-tourism destinations
offers several advantages. Continuous monitoring allows
early detection of environmental degradation, facilitates
evidence-based management decisions, and enhances visitor
safety. Smart biosensor networks integrated with Internet of
Things (loT) technologies may represent the future of
sustainable destination management.The review indicates
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that biosensor-based monitoring systems are increasingly
being incorporated into protected areas worldwide,
particularly in countries emphasizing science-based
conservation and sustainable tourism practices.

3. Pollution Control Through Bioremediation
Tourism-related activities often generate pollutants that
adversely affect ecosystems. Wastewater discharge, solid
waste accumulation, fuel leakage, and chemical
contamination can degrade environmental quality and
reduce the attractiveness of tourism
destinations.Bioremediation offers a sustainable solution to
these challenges by utilizing microorganisms such as
bacteria, fungi, and algae to degrade pollutants naturally.
Microbial bioremediation has demonstrated effectiveness in
restoring contaminated soils, wetlands, rivers, lakes, and
coastal ecosystems.Several studies have reported successful
application of microbial consortia in reducing organic
pollutants, petroleum hydrocarbons, pesticides, and heavy
metals. Compared with conventional remediation
approaches,  bioremediation is  generally  more
environmentally friendly, cost-effective, and sustainable.
For eco-tourism destinations located near sensitive
ecosystems, bioremediation provides an opportunity to
restore ecological integrity while minimizing environmental
disturbances.
4. Sustainable Sanitation and Waste
Management
One of the most significant environmental challenges facing
eco-tourism destinations is waste management. Remote
tourism sites often lack adequate sewage treatment and
sanitation infrastructure.Bio-toilets developed through
microbial digestion technologies provide an
environmentally sustainable alternative to conventional
sanitation systems. These systems utilize anaerobic
microorganisms to decompose human waste, reducing water
consumption and minimizing contamination risks.The
deployment of bio-toilets in protected areas, mountain
tourism destinations, forest lodges, and pilgrimage routes
has demonstrated considerable environmental benefits.
Improved sanitation contributes to visitor health,
environmental quality, and destination sustainability.In
addition, eco-enzymes produced through fermentation of
organic waste represent an innovative waste recycling
strategy. Eco-enzymes can replace chemical cleaning agents
in hotels, resorts, homestays, and eco-lodges, reducing
chemical pollution while promoting circular economy
principles.

Systems

5. Ecological Restoration and Habitat Recovery
Habitat degradation remains a major threat to biodiversity
and tourism sustainability. Restoration of degraded
ecosystems is therefore a critical component of long-term
eco-tourism development.

Plant tissue culture technologies enable large-scale
propagation of native, medicinal, rare, and endangered plant
species under controlled conditions. Tissue culture-based
restoration programs have been successfully employed for
reforestation, wetland rehabilitation, conservation of
threatened  species, and restoration of degraded
landscapes.The review indicates that tissue culture can
significantly enhance ecological restoration programs by
ensuring availability of genetically uniform, disease-free



planting material. Such restoration initiatives improve

ecosystem resilience, carbon sequestration potential,
biodiversity conservation, and landscape
aesthetics.Furthermore,  restoration  programs  provide

opportunities for community participation through nursery
development, plantation activities, and conservation-based
livelihood generation.

6. Sustainable Materials and Green Infrastructure
Plastic pollution has become a major environmental concern
in tourism destinations worldwide. Single-use plastics are
particularly  problematic in  ecologically  sensitive
environments such as forests, wetlands, beaches, and
protected areas.Biotechnology contributes to sustainable
tourism through the development of biodegradable materials
and bioplastics derived from renewable biological resources
including starch, cellulose, algae, and agricultural
residues.Bioplastics  offer  several advantages over
conventional petroleum-based plastics, including reduced
environmental persistence, lower carbon footprint, and
improved waste management potential. Increasing adoption
of biodegradable packaging, disposable utensils, and eco-
friendly products can significantly reduce pollution in eco-
tourism destinations.
The integration of green materials into tourism
infrastructure aligns with circular economy principles and
supports sustainable destination development.
7. Community and Green
Entrepreneurship
A key finding of this review is that biotechnology-driven
eco-tourism creates new opportunities for community-based
enterprises and sustainable livelihoods.Local communities
can participate in the production of eco-enzymes, organic
fertilizers, medicinal plant cultivation, tissue culture
nurseries, biodiversity documentation, nature interpretation

Participation

services, and conservation-based tourism
enterprises.Particularly in rural and tribal regions,
biotechnology-supported  eco-tourism  can  generate

employment opportunities while strengthening traditional
ecological knowledge systems. Such approaches promote
inclusive development and enhance community ownership
of conservation initiatives.The integration of scientific
innovation with indigenous knowledge may represent one of
the most promising pathways toward sustainable eco-
tourism development in India.
8. Comparative  Assessment  of
Interventions
A comparative analysis of biotechnology applications
indicates that environmental DNA monitoring, DNA
barcoding, biosensors, and tissue culture exhibit particularly
high potential for long-term conservation impact. These
technologies support scientific decision-making, ecosystem
monitoring, and biodiversity restoration.
Meanwhile, bio-toilets, eco-enzymes, bioremediation
technologies, and bioplastics demonstrate  strong
applicability for immediate implementation due to their
relatively low costs, scalability, and direct environmental
benefits. The most effective strategy appears to be the
integration of monitoring technologies with restoration and
waste-management technologies, creating a comprehensive
biotechnology-supported eco-tourism framework.

Biotechnology
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9. Implications for Sustainable Development

The findings indicate that biotechnology-driven eco-tourism
contributes directly to multiple Sustainable Development
Goals. These include clean water and sanitation (SDG 6),
decent work and economic growth (SDG 8), sustainable
communities (SDG 11), responsible consumption and
production (SDG 12), climate action (SDG 13), life below
water (SDG 14), life on land (SDG 15), and partnerships for
sustainable development (SDG 17).The convergence of
biotechnology and eco-tourism therefore represents more
than a technological innovation; it constitutes a
multidisciplinary pathway toward ecological sustainability,
climate resilience, biodiversity  conservation, and
community-centered development.

Conclusion

The present review highlights the transformative potential of
biotechnology in advancing eco-tourism as a scientifically
driven model of sustainable development. As global tourism
continues to expand, the need for innovative approaches that
simultaneously  promote environmental conservation,
community well-being, and economic growth has become
increasingly important. The findings of this study
demonstrate that biotechnology offers a diverse range of
practical solutions capable of addressing many of the
ecological challenges associated with tourism development,
including biodiversity loss, habitat degradation, pollution,
inefficient waste management, and climate-related
environmental stress.

Biotechnological interventions such as bioremediation,
DNA barcoding, environmental DNA (eDNA) monitoring,
biosensors, bio-toilets, eco-enzymes, tissue culture
propagation, and biodegradable materials provide effective
tools for biodiversity conservation, ecosystem restoration,
environmental monitoring, and sustainable resource
management. These technologies not only improve
ecological sustainability but also enhance the quality and
resilience of eco-tourism destinations. Their integration into
tourism planning can strengthen conservation outcomes
while promoting environmentally responsible visitor
experiences.

The review further demonstrates that biotechnology-enabled
eco-tourism contributes significantly to local and regional
development by creating opportunities for green
entrepreneurship, community participation, skill
development, and livelihood diversification. Community-led
production of eco-friendly  products, biodiversity
interpretation  services, restoration activities, organic
farming initiatives, and conservation-based enterprises can
generate sustainable income while strengthening local
stewardship of natural resources. Such approaches are
particularly relevant for biodiversity-rich regions where
conservation and economic development must coexist.

India possesses exceptional potential to emerge as a global
leader in biotechnology-driven eco-tourism due to its rich
biodiversity, extensive protected area network, traditional
ecological knowledge systems, and rapidly expanding
biotechnology sector. The experiences of states such as
Kerala, Sikkim, Meghalaya, and particularly Chhattisgarh
demonstrate that the integration of conservation, community
participation, and scientific innovation can create resilient
and sustainable tourism models. Chhattisgarh, with its vast
forest resources, medicinal plant diversity, tribal heritage,
and growing eco-tourism infrastructure, represents a



promising model for future bio-eco tourism initiatives in
India.

Despite the considerable opportunities identified, several
challenges remain. Limited policy integration, inadequate
environmental monitoring  infrastructure,  insufficient
interdisciplinary collaboration, and lack of large-scale
implementation frameworks continue to constrain the
widespread adoption of biotechnology within the eco-
tourism sector. Addressing these challenges will require
coordinated efforts among government agencies, research
institutions, universities, local communities, conservation
organizations, and private stakeholders.

To maximize the potential benefits of this emerging field,
the study proposes the establishment of a National Bio-Eco
Tourism Mission that integrates biotechnology innovation,
biodiversity conservation, sustainable tourism planning,
environmental monitoring, and community development
within a unified framework. Such a mission could support
research and development, facilitate technology transfer,
strengthen capacity-building initiatives, promote green
entrepreneurship, and establish national standards for
sustainable tourism management.

Furthermore, biotechnology-driven eco-tourism directly
contributes to multiple Sustainable Development Goals
(SDGs), including clean water and sanitation (SDG 6),
decent work and economic growth (SDG 8), sustainable
cities and communities (SDG 11), responsible consumption
and production (SDG 12), climate action (SDG 13), life
below water (SDG 14), life on land (SDG 15), and
partnerships for sustainable development (SDG 17). The
integration of biotechnology and eco-tourism therefore
represents a multidimensional strategy capable of generating
environmental, social, economic, and technological benefits
simultaneously.

In conclusion, the convergence of biotechnology and eco-
tourism offers a powerful pathway toward regenerative and
climate-resilient development. By combining scientific
innovation with conservation-oriented tourism practices,
India can develop a globally competitive model of
sustainable tourism that protects biodiversity, strengthens
rural livelihoods, promotes environmental education, and
supports long-term ecological resilience. As the nation
progresses toward Vision 2047, biotechnology-enabled eco-
tourism has the potential to become a cornerstone of
sustainable development, positioning India as a global
leader in science-based conservation and responsible
tourism.
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