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Abstract- Aquaculture is emerging as a critical pillar
of global food security, but its rapid expansion has
raised sustainability concerns regarding
environmental degradation, resource overuse, and
socio-economic equity. This paper investigates how
digital  technologies—including IoT, artificial
intelligence, blockchain, and geographic information
systems (GIS)—can enable sustainable practices
across aquaculture operations. Through an
interdisciplinary lens, the study integrates business
management, technological applications, and
ecological considerations to assess how digital tools
improve efficiency, transparency, and environmental
stewardship.

By leveraging sensor networks and real-time data
analytics, aquaculture farms can monitor water
quality, optimize feeding schedules, and predict
disease outbreaks, significantly reducing resource
waste and mortality rates. Blockchain enhances supply
chain transparency and traceability, fostering
consumer trust and ensuring compliance with
sustainability standards. Machine learning algorithms
provide decision-support systems for farmers,
promoting precision aquaculture and adaptive
management. Furthermore, digital platforms
empower small-scale producers by expanding market
access and improving financial inclusion.

This research synthesizes findings from global pilot
projects and industry case studies, with a particular
focus on South India’s aquaculture industry. A
conceptual framework is proposed to evaluate the
maturity and scalability of digital interventions,
followed by a SWOT analysis to highlight
opportunities and risks. The study concludes with
policy recommendations and future research
directions aimed at balancing technological
advancement with ecological responsibility. The role of
industry stakeholders, and government bodies is also
discussed in enabling digital transitions for a
sustainable aquaculture future. Ultimately, the paper
argues that digital transformation in aquaculture is
not merely a technological shift but a paradigm change

toward resilient, inclusive, and sustainable aquatic
food systems.
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1. INTRODUCTION

India's aquaculture sector has undergone remarkable
expansion, contributing over 1.2 lakh crores in
annual revenue and supporting millions of
livelihoods across coastal and inland regions.
However, rapid intensification of fish farming has
led to pressing sustainability concerns: declining
water quality, disease outbreaks, habitat loss, and
carbon emissions. At this crossroads, digital
technologies offer transformative solutions that
balance productivity with ecological responsibility.
This paper focuses on the potential and challenges
of leveraging digital technologies in Indian
aquaculture to promote sustainability across
production, processing, and distribution phases.
Drawing on interdisciplinary insights from
information systems, environmental science, and
agricultural economics, the study develops a
conceptual understanding of digital integration. It
emphasizes the transition from traditional
aquaculture to a “Smart Aquaculture” model—
characterized by data-driven practices, transparency,
and adaptive decision-making.
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2. LITERATURE REVIEW

Key themes from global and Indian literature:

e Digital innovation in aquaculture: Studies in
Norway, China, and India showing adoption
trends in  sensor-based water quality
management and automated feeding systems.

e Blockchain for traceability: Enhancing trust in
Indian seafood exports through digital records
of origin and handling.

e Al in disease prediction: Application of
machine learning to reduce mortality rates in
carp and shrimp farming.

e  Mobile apps for smallholder empowerment:
Tools like mKrishi and AquaApp offer weather
updates, feed recommendations, and market
prices.

Global Perspective

Globally, countries like Norway, Chile, and China
have pioneered digital aquaculture innovations. The
integration of Al-based feeding systems, satellite-
driven water monitoring, and blockchain-certified
exports has elevated operational and environmental
standards. In Norway, [oT sensors helped reduce
feed waste by 35%, while China’s use of drones and
GIS enabled predictive disease control.

Indian Context

India’s digital aquaculture movement is nascent but

promising. Several initiatives stand out:

o JoT for Water Quality: AndhraPradesh’s pilot
projects with dissolved oxygen sensors
improved fish survival and optimized electricity
use.

e  Mobile Platforms: AquaApp and mKrishi offer
user-friendly interfaces for weather updates,
feed calculators, and price tracking.

e Blockchain Certification: The Marine Products
Export Development Authority (MPEDA)
initiated QR-code traceability systems for
shrimp exports.

e Al Models: Researchers at Tamil Nadu Dr. J.
Jayalalithaa Fisheries University developed
algorithms to forecast disease in carp.

However, literature highlights challenges such as

digital illiteracy among fishers, inadequate

broadband access, and regulatory ambiguities on
data privacy.

Research gaps in India include fragmented adoption,

lack of digital infrastructure in rural areas, and

limited capacity-building for fish farmers.

3. CONCEPTUAL MODEL: DIGITAL
SUSTAINABILITY LOOP IN INDIAN
AQUACULTURE
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This model illustrates how sensor data flows into Al
engines for predictive analysis, guiding smart farm
decisions. These decisions, when validated and
recorded using blockchain, reinforce trust and
sustainability through transparent monitoring and
traceability.

4. METHODOLOGY

The study uses a qualitative, exploratory approach:

e Review of policy documents: PMMSY
(Pradhan Mantri Matsya Sampada Yojana),
National Fisheries Policy 2020

e  Semi-structured interviews with 14 aquaculture
entrepreneurs in Andhra Pradesh and Tamil
Nadu

e (Case study comparison of digital interventions
in three states: Odisha (GIS mapping), Tamil
Nadu (AI disease models), and Andhra Pradesh
(IoT sensors)

Secondary data from MPEDA, ICAR-CIFA, and

NITI Aayog reports supplement field insights.

5. ANALYSIS AND DISCUSSION

5.1 IoT Implementation and Farm-Level Impact

In Andhra Pradesh's Krishna and West Godavari
districts—where aquaculture is a dominant
livelihood—IoT-enabled dissolved oxygen sensors
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are being deployed to regulate pond aeration and

improve feed timing. These sensor systems transmit

data to mobile dashboards, alerting farmers when
oxygen levels drop or feeding patterns need
adjustment. Benefits observed include:

e Energy Efficiency: Automatic aeration
scheduling cut electricity consumption by
~20%, translating to 34,000-%36,000 monthly
savings per hectare.

e Reduced Mortality: Timely interventions
helped reduce fish and shrimp mortality during
monsoon-induced water stress events.

e Performance Metrics: Yield improvements
ranged from 8-15%, with enhanced Feed
Conversion Ratios (FCR) documented by AP
Fisheries Department.

However, the adoption remains skewed toward

larger farms with capital and technical know-how,

leaving smallholders reliant on manual methods.

5.2 Al in Predictive Aquaculture

Artificial intelligence models developed by
institutions like Tamil Nadu Dr. J. Jayalalithaa
Fisheries University apply historical disease data,
water temperature, and microbial load to anticipate
disease outbreaks. These models are deployed via
mobile interfaces, suggesting  preventive
interventions such as pond treatments or feed
changes.

Case Insight: In carp ponds affected by Epizootic
Ulcerative  Syndrome, Al models predicted
microbial bloom spikes five days in advance,
enabling timely treatment.

Algorithm Accuracy: Preliminary studies reported
85-92% accuracy in predictions; however, Al model

performance varied depending on pond complexity
and species diversity.

Challenges: Lack of labeled training data, regional
language interfaces, and financial constraints slowed
scalability.

5.3 Blockchain Traceability in the Export Supply
Chain

Traceability is essential for global seafood trade.
Blockchain solutions introduced by MPEDA enable
QR-based tracing of shrimp from hatchery to port.
Implementation: Export-oriented farms in Nellore
and Ongole encode batch-level production data,
chemical usage, and harvesting practices in
blockchain ledgers.

Transparency: Enhances compliance with EU and
US import standards, supports eco-certification, and
protects against food fraud.

Barriers: Lack of interoperable systems across
players in the supply chain; absence of common
standards among certification agencies.

5.4 Mobile Technologies for Last-Mile Connectivity
Mobile platforms like AquaApp and mKrishi bridge
the digital divide by providing:

Real-time market prices and buyer matching
Disease outbreak alerts via crowd sourced data
Geo-tagged advisories on pond treatments and feed
types

User Data: In Tamil Nadu, 700+ farmers reported a
15-18% improvement in yield optimization when
guided by app recommendations.

Yet, technical literacy and smart phone penetration
pose limitations. Many fishers prefer voice-based or
regional language support, which some platforms
lack.

State-Level Comparative Insights(Only Southern States have been considered)

State Key Digital Innovation Observed Impact
Andhra Pradesh IoT sensors for dissolved oxygen Improved energy and feed management
Tamil Nadu Al for disease prediction Reduced outbreak severity and losses
Odisha GIS for pond mapping & productivity Optimized land use and environmental control
Kerala Blockchain for export certification Enhanced compliance and market trust

These initiatives demonstrate regional customization of technology in response to ecological, economic, and

social variables.

SWOT Snapshot: Digital Tech in Indian
Aquaculture

Category Observations

Strengths Government support, rising tech start-

ups, proven yield gains

Weaknesses Low tech literacy, patchy digital
infrastructure, high cost of entry

Opportunities | Eco-certifications, youth engagement,
export competitiveness

Threats Data privacy issues, cyber risks, regional
disparities in adoption

IJIRT 183439 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1649



© August 2025]| IJIRT | Volume 12 Issue 3 | ISSN: 2349-6002

6. FINDINGS AND RECOMMENDATIONS

e Encourage PPPs (Public-Private Partnerships)
for tech rollouts in remote areas

e Establish digital literacy campaigns and
fishtech incubators

e C(Create regulatory standards for digital
traceability in seafood exports

e Promote eco-certification schemes backed by
blockchain

e Promote Digital Literacy and Extension
Services

e Launch aquaculture-specific training in
vernacular languages

e Empower tech ambassadors in coastal villages

e Leverage NGOs for sensitization campaign

e  Strengthen Public-Private Partnerships

e Setup Aquatech Innovation Hubs

e  Offer micro-loans and subsidies for IoT, mobile
tools, and certified practices

e Reward eco-compliant producers through
export benefits

e Collaborate with MPEDA, FSSAI, and global
certifiers

o Build national seafood traceability register

e Infrastructure for Mobile-First Tech

e Improve internet access in aquaculture zones
via mesh or satellite networks

7. CONCLUSION

Digital technologies are reshaping India’s
aquaculture landscape with demonstrable benefits
across efficiency, disease management, and export
readiness. However, systemic gaps—especially in
access and digital literacy—limit equitable progress.
Scaling these innovations requires an inclusive
approach anchored in regional customization,
grassroots capacity-building, and participatory
governance. By balancing high-tech innovation with
ground-level realities, India can cultivate a more
sustainable, resilient aquaculture ecosystem that
meets domestic needs and global market
expectations.
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