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Dear Readers,

It gives me great pleasure to welcome you to this edition of AQUAFOCUS, where we bring together some of 

the most transformative ideas shaping the future of aquaculture. This issue reflects the spirit of innovation 

and responsibility that the sector needs as it grows to nourish a changing world.

We begin with aquaponics, a climate-smart system that blends aquaculture and hydroponics to build resilient 

food production models. Alongside it, we explore the advances in biomanufacturing enzymes that are help-

ing farmers to improve feed efficiency and reduce costs.

Microalgae research highlights its dual role in carbon capture and sustainable feed production. Lessons 

from Middle Eastern aquaculture, particularly in water-scarce regions, offer valuable insights for strengthen-

ing India’s food security strategies. At the same time we revisit the necessity of species diversification, a 

topic central to resilience and market stability.

 This edition also covers the importance of Murrel in India as Next Aquaculture Superstar and Why Farmers 

Are Switching Fast in its breeding and seed production. And finally, we take you inside AquaEx India 2025, 

where technology, policy, and market opportunities converged to chart the next phase of industry growth.

We also proudly spotlight the IFT Expo 2025, a landmark event that unified India’s fisheries and aquaculture 

stakeholders under one roof. From drone-assisted farming demonstrations to policy dialogues on blue fi-

nancing, the expo showcased the synergy of tradition, technology, and trade.

Each feature is more than an article, it is a conversation starter, an invitation to think differently about aqua-

culture’s role in our shared future. I hope these pages spark fresh ideas, strengthen your resolve, and reaf-

firm our collective responsibility to ensure that aquaculture grows in harmony with people and the planet. 

With Regards,

Dr. Jesu Arockia Raj. A

Editor-in-Chief

AQUAFOCUS 

EDITOR’S LETTER
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Aquaponics as a Sustainable Solution for Climate-Resilient  
Food Systems

Keerthana.J and Jayashree.S 
Department of  Bioscience, Sri Krishna Arts and Science College, Coimbatore, Tamil Nadu

Corresponding author email - jayashrees@skasc.ac.in

Introduction

Aquaponics, the fusion of aquaculture and hydroponics, 
is heralded as an innovative, sustainable farming model 
capable of withstanding the environmental pressures 
exacerbated by climate change. Figure 1 shows the 
overview of aquaponics system function. The aquapon-
ics system creates a closed-loop ecosystem where fish 
waste provides organic nutrients for plant growth, and 
plants help purify the water that recirculates back to the 
aquaculture tanks. As climate change threatens global 
food security, water resources, and ecosystem health, 
aquaponics emerges as a scalable solution for develop-
ing resilient, efficient, and eco-friendly food systems.

Principles of Aquaponics

At the heart of aquaponics lies a symbiotic relationship 
among fish, plants, and microorganisms. Fish excrete 
waste in the form of ammonia, which is converted by 
nitrifying bacteria Nitrosomonas and Nitrobacter into 
nitrites and then nitrates, a form of nitrogen that plants 
can absorb. The plants uptake these nutrients, thus 
filtering and purifying the water, which is then recircu-
lated to the fish tanks. This process eliminates the need 
for chemical fertilizers and significantly reduces water 
consumption by up to 90% compared to traditional agri-
culture making it particularly valuable in arid and semi-
arid regions.

Climate Change and Agriculture

Climate-resilient food systems are those that main-
tain productivity and food availability under changing 
climatic conditions. Conventional agriculture is vulner-
able to erratic weather patterns, prolonged droughts, 
and soil degradation, which can lead to yield reductions 
and food shortages. Aquaponics offers protection from 
these variables through Controlled Environment Agri-
culture. These systems can be housed in greenhouses 
or indoors, providing consistent conditions that ensure 

year-round production regardless of external climate. 
Such insulation from weather-related disruptions en-
sures a reliable food supply and supports climate ad-
aptation strategies.

Aquaponics and Climate Resilience

Aquaponics is especially beneficial for urban and peri-
urban areas, where land is limited, and demand for fresh 
food is high. Rooftop aquaponic farms, container-based 
systems, and vertical farming units exemplify how urban 
spaces can be transformed into productive agricultural 
hubs. These systems not only reduce the carbon foot-
print associated with transporting food from rural farms 
to cities but also increase food access and affordability 
in underserved communities. In places like Singapore, 
Los Angeles, and Tokyo, urban aquaponic farms con-
tribute to local food sovereignty while supporting cir-
cular economies. The dual production of fish and veg-
etables enhances the economic viability and nutritional 
value of aquaponic systems. Protein-rich species such 
as tilapia, catfish, and carp are commonly reared, while 
leafy greens, tomatoes, peppers, and herbs flourish on 
the hydroponic beds. This diverse output ensures di-
etary diversity and food security, especially in regions 
susceptible to malnutrition. Moreover, aquaponics can 
be adapted to various socio-economic settings from 
household-level units to commercial-scale operations 
making it inclusive and accessible.

Technology and Innovation in Aquaponics

From a technological perspective, modern aquaponics 
leverages automation, sensor-based monitoring, and 
data analytics to optimize system performance. Param-
eters such as pH, temperature, dissolved oxygen, and 
nutrient concentrations are continuously monitored to 
ensure system balance. AI and IoT technologies further 
improve predictive maintenance, water use efficiency, 
and early detection of diseases or system failures. In-
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tegration with renewable energy sources like solar and 
wind power makes aquaponics a truly green solution, 
reducing reliance on non-renewable energy and lower-
ing greenhouse gas emissions.

Socioeconomic and Policy Dimensions

Socially, aquaponics plays a critical role in commu-
nity development, education, and entrepreneurship. 
In developing nations, community-led aquaponics ini-
tiatives create employment, enhance food security, and 
empower vulnerable groups, particularly women and 
youth. Educational institutions incor-
porate aquaponics into STEM curricula, 
encouraging experiential learning and 
environmental awareness. These sys-
tems serve as live demonstration mod-
els, enabling hands-on understanding of 
ecology, biology, chemistry, and sustain-
able resource management. NGOs and 
development agencies have increasingly 
supported aquaponics in humanitarian 
interventions and disaster recovery pro-
grams, owing to its low-input and rapid-
setup characteristics. The global rec-
ognition of aquaponics aligns with the 
United Nations Sustainable Development Goals (SDGs), 
particularly those targeting zero hunger (SDG 2), clean 
water and sanitation (SDG 6), responsible consump-
tion and production (SDG 12), climate action (SDG 13), 
and sustainable cities and communities (SDG 11). In 
the context of climate policy, aquaponics can be inte-
grated into Nationally Determined Contributions under 
the Paris Agreement, supporting emissions reductions 
in the agriculture sector while promoting food security 
and resilience.

Challenges and Limitations

However, aquaponics is not without challenges. High 
initial investment costs, especially for commercial-
scale systems equipped with automation and climate 
control, can deter small-scale farmers. Operational 
complexity requires a multidisciplinary understanding 
of aquaculture, horticulture, and water chemistry, ne-
cessitating ongoing training and support. Furthermore, 
legal and regulatory frameworks are often lacking or 
underdeveloped, complicating licensing, marketing, 

and quality assurance. Consumer skepticism toward 
aquaponically grown food also poses a barrier, requir-
ing targeted awareness campaigns and third-party cer-
tification schemes to ensure consumer trust. Economic 
viability remains a key concern, particularly in contexts 
where energy costs are high or market access is lim-
ited. Profitability depends on proper system design, ef-
ficient resource use, market demand, and value-added 
products. Studies have shown that small-scale systems 
can achieve financial break-even within a few years, es-

pecially when diversified with agritourism, educational 
workshops, or local supply chain integration. Encourag-
ing public-private partnerships and providing subsidies, 
credit access, and risk insurance can help de-risk in-
vestment and promote adoption.

Case Studies

Several successful models of aquaponics illustrate its 
potential across diverse contexts. In the United States, 
companies like AeroFarms and The Plant are pioneer-
ing large-scale urban aquaponics. In India, rooftop aq-
uaponics in cities such as Chennai and Bangalore have 
enabled residents to produce fresh food at home, reduc-
ing dependence on volatile markets. In Kenya, aquapon-
ics initiatives supported by development agencies have 
improved rural livelihoods and reduced hunger. In Eu-
rope, the EU-funded INAPRO project demonstrated that 
aquaponics can operate profitably under cold-climate 
conditions when integrated with greenhouse technolo-
gies. Innovative designs and modular systems have 
made aquaponics more adaptable and cost-effective. 
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Mobile units and prefabricated kits simplify installation 
and scalability. New developments in decoupled aq-
uaponics, where the aquaculture and hydroponic units 
function semi-independently, allow for more precise 
control of nutrient and pH levels, enhancing productiv-
ity and reducing risk. Research is also exploring integra-
tion with algae cultivation, biogas production, and black 
soldier fly farming to create multifunctional agro-eco-
systems with zero waste.

Conclusion and Policy Recommendations

The research landscape is evolving rapidly, with univer-
sities and institutions conducting interdisciplinary stud-
ies on nutrient cycling, fish and plant health, system op-
timization, and socio-economic impacts. Publications 
and global networks such as the Aquaponics Associa-
tion and FAO’s aquaponics initiatives have facilitated 
knowledge exchange and standard-setting. However, 
more long-term studies are needed to establish best 
practices, regional adaptations, and life-cycle assess-
ments of aquaponic systems across agroecological 
zones. Policy support is crucial for scaling aquaponics. 
Governments should integrate aquaponics into agri-
cultural and climate adaptation strategies, offering fi-
nancial incentives, technical guidance, and inclusion in 
food security programs. Urban planning should accom-
modate aquaponics as part of green infrastructure, zon-
ing, and public housing projects. Accreditation and la-
belling standards for aquaponic produce can strengthen 
consumer confidence and market integration. Collabo-
rations among academia, industry, and civil society can 
drive innovation, dissemination, and capacity-building.

In summary, aquaponics holds tremendous promise as a 
resilient, efficient, and sustainable food production sys-
tem for the 21st century. Its closed-loop design, mini-
mal resource requirements, and adaptability to diverse 
environments make it well-suited to address the mul-
tifaceted challenges posed by climate change, urbani-
zation, and food insecurity. To realize its full potential, 
coordinated efforts are needed across research, policy, 
industry, and grassroots levels. By embedding aquapon-
ics in broader sustainability agendas, we can cultivate a 
future where food systems are not only productive but 
regenerative, inclusive, and climate-resilient.
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From Pond to Plate: Blockchain’s Role in Traceable Aquaculture
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1. Introduction

Aquaculture has emerged as one of the fastest-growing 
food production sectors globally, now providing over 50% 
of the fish consumed worldwide. This shift is driven by 
the increasing pressure on wild fisheries, the rising global 
population, and the growing demand for sustainable pro-
tein sources. Despite its growth, aquaculture faces sig-
nificant scrutiny over practices such as antibiotic use, la-
bour exploitation, and environmental degradation. In this 
context, ensuring traceability and transparency across 
the supply chain from hatcheries and farms to proces-
sors, exporters, retailers, and ultimately, consumers are 
more important than ever. Traceability in aquaculture in-
volves documenting and verifying each step in the jour-

ney of aquatic products. However, traditional traceability 
systems are often paper-based, fragmented, and vulner-
able to fraud. Blockchain technology, with its decentral-
ized and tamper-proof attributes, offers a transformative 
solution to these challenges. It promises a future where 
every transaction and movement within the aquaculture 
supply chain is recorded, immutable, and accessible to 
all relevant stakeholders. This review article explores 
the application of blockchain technology in aquaculture 

traceability. 

2. Traceability Challenges in Aquaculture and Seafood 
Supply Chains

The aquaculture supply chain is complex and multi-
staged. From hatchery to grow-out farm, then to process-
ing, cold storage, distribution, and retail, several factors 
are involved, often across different regions and regulato-
ry jurisdictions. This complexity makes it difficult to trace 
the product’s journey accurately and efficiently.

Key challenges include:

•	 There is no universal standard for seafood trace-
ability, leading to interoperability issues.

• In many developing regions, data is still recorded manu-
ally, making it prone to human error and tampering.

• Mislabelling of species, false origin claims, and IUU (Il-
legal, Unreported, and Unregulated) fishing practices are 
common.

• Small-scale producers often lack the technical know-
how or infrastructure to implement digital systems.
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• Multiple intermediaries lead to data silos and lack of 
accountability.

• Without effective traceability, it’s difficult to verify com-
pliance with food safety and environmental regulations.

These challenges necessitate a robust, secure, and scal-
able solution. Blockchain, with its immutable ledgers and 
transparent records, presents a compelling case for im-
proving aquaculture traceability.

3. Overview of Blockchain Technology

Blockchain is a distributed ledger technology that allows 
data to be recorded across multiple nodes in a network. 
The data is grouped into blocks, each cryptographically 
linked to the previous one, forming a chain. Figure 1 
shows the overview of blockchain in aquaculture. core 
principles of blockchain include:

• No central authority controls the ledger. All participants 
maintain a copy, ensuring redundancy and resilience.

• Once data is added, it cannot be altered or deleted, pre-
venting tampering or fraud.

• All network participants can view the transaction his-
tory, promoting trust.

• These are self-executing contracts with conditions writ-
ten in code, facilitating automatic   or payment triggers.

For aquaculture, consortium or private blockchains are 
more suitable due to the need for permissioned access 
and regulated collaboration. By integrating blockchain 
into aquaculture, data such as hatchery records, feed in-

puts, antibiotics used, harvesting date, processing time, 
and shipment conditions can be recorded in real-time and 
verified by all stakeholders.

4. IoT and Blockchain Integration for Real-Time Traceabil-
ity

Blockchain by itself is powerful, but when combined with 
Internet of Things (IoT) technologies, its potential is mul-
tiplied. IoT devices such as GPS trackers, temperature 
sensors, RFID chips, and barcodes can collect and trans-
mit data at every critical point in the aquaculture supply 
chain. For example, tagging fish crates or feed bags with 
RFID allows for automated data logging when items move 
across the supply chain. For cold chain logistics, continu-
ous temperature monitoring can be logged on the block-
chain to ensure freshness. Fishing vessels equipped with 
GPS can verify fishing locations, preventing IUU fishing. 
All this data can be stored on the blockchain, ensuring 
that it is tamper-proof and immediately available to buy-
ers, regulators, and consumers. This real-time data ex-
change enhances traceability and ensures compliance 
with food safety standards.

5. Benefits of Blockchain in Aquaculture

Blockchain technology offers several transformative ben-
efits for the aquaculture industry, enhancing traceability, 

sustainability, transparency, and op-
erational efficiency across the value 
chain from hatcheries to harvest, 
and ultimately to consumers. Table 
1 shows the Blockchain benefits 
compared with Traditional system of 
aquaculture. Below are the key ben-
efits of blockchain in aquaculture:

• Adopting blockchain technology in 
aquaculture provides several ben-
efits:

• Accurate and real-time data helps 
in tracing contaminated batches 

quickly.

• Immutable records reduce the risk of species substitu-
tion or mislabelling.

• Transparent labelling with blockchain-backed data can 
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boost consumer confidence.

• Governments and certification agencies can verify prac-
tices through trusted data.

• Reduces paperwork and automates data entry and veri-
fication.

• Products with verified traceability can command higher 
prices in the market.

Ultimately, blockchain transforms traceability from a bur-
den into a value-adding feature, making the seafood in-
dustry more resilient and responsible.

6. Barriers to Blockchain Adoption

Despite its benefits, the key barriers to blockchain adop-
tion in aquaculture, categorized across technical, eco-
nomic, social, and regulatory dimensions:

• Setting up blockchain infrastructure can be expensive 
for small-scale producers.

• Many fishers and farmers are not yet trained to use dig-
ital devices or applications.

• Blockchain ensures data integrity, but not data accuracy. 
Incorrect inputs will still yield incorrect outputs.

• Different blockchain systems may not communicate 
seamlessly.

• Public blockchains may face issues handling high trans-
action volumes.

• There are no unified global standards or legal frame-
works for blockchain traceability.

To overcome these barriers, there is a need for capacity 
building, public-private partnerships, government incen-
tives, and inclusive digital transformation strategies. 
Pilot projects, especially those involving cooperatives, 
SHGs, or certification schemes, can play a key role in 
demonstrating value and scaling adoption.

7. Conclusion

Blockchain represents a paradigm shift in how traceabil-
ity and transparency can be achieved in the aquaculture 
industry. It transforms traditional paper-based systems 
into dynamic, secure, and trustworthy digital ledgers that 
empower all stakeholders from farmers and processors 

to retailers and consumers. By addressing fraud, ineffi-
ciency, and regulatory complexity, blockchain can build 
a more sustainable, ethical, and consumer-centric aqua-
culture system. The future lies in collaborative innova-
tion, inclusive technology design, and supportive policy 
frameworks to ensure blockchain benefits reach even the 
smallest producers. Traceable aquaculture, powered by 
blockchain, is not just a technological upgrade it is a nec-
essary evolution toward safer, fairer, and more resilient 
seafood systems.

References

1. Iftekhar, N., Cui, X., Lu, Y., & Zheng, C. (2020). Food 
safety traceability system based on blockchain and IoT. 
Journal of Food Engineering, 283, 110092. 

2. Kamilaris, A., Fonts, A., & Prenafeta-Boldú, F. X. (2019). 
The rise of blockchain technology in agriculture and food 
supply chains. Trends in Food Science & Technology, 91, 
640–652. 

3. Wang, S., Ouyang, L., Yuan, Y., Ni, X., Han, X., & Wang, F. 
Y. (2019). Blockchain-enabled smart contracts: Architec-
ture, applications, and future trends. IEEE Transactions 
on Systems, Man, and Cybernetics, 49(11), 2266–2277. 

4. Provenance. (2018). How blockchain can transform 
the seafood industry. 

5. Wang, Y., Han, J., & Beynon-Davies, P. (2019). Under-
standing blockchain technology for future supply chains: 
A systematic literature review and research agenda. Sup-
ply Chain Management: An International Journal, 24(1), 
62–84. 

6. Rejeb, A., Rejeb, K., & Keogh, J. G. (2021). Blockchain 
technology in the smart city: A bibliometric review. Sus-
tainable Cities and Society, 70, 102881. 

7. Fishcoin. (2019). Incentivizing seafood traceability 
with blockchain and mobile technology. 

8. Nicola, S., & Grassi, M. (2022). Blockchain in seafood 
traceability: Challenges and future directions. Aquacul-
ture Reports, 24, 101131. 

9. Mousavizadeh, M., & Yang, M. (2020). Blockchain adop-
tion in food supply chains: A review and implementation 
framework. Journal of Cleaner Production, 258, 120978. 



AQUAFOCUS 2025 JUNE 14Pg



Pg 15AQUAFOCUS 2025 JUNE

Microalgae – A Solution for Biological Carbon  
Capture in Aquaculture 

S. Janani, Anupam Vijay and Madhavi Mookkan
Aquatic Sciences and Biotechnology Laboratory (ASBL), PG & Research Department of  Zoology, 

Ethiraj College for Women (Autonomous), Affiliated to University of  Madras,  
Chennai - 600 008, Tamil Nadu

Corresponding author email: madhavi_m@ethirajcollege.edu.in

et al., 2020).              Figure 1 shows Microalgae based 
wastewater treatment and its uses. Because of their li-
pid and carbohydrate contents high energy density and 
proven thermochemical processing techniques, biofuels 
are often the most promising biofuels made from micro-
algae (Walsh et al., 2018). 

3. Environmental Challenges in Aquaculture

3.1 Greenhouse Gas Emissions

Aquaculture faces environmental challenges such as 
competition for land and water, feed production impacts, 
and water pollution. Global aquaculture production re-
sulted in approximately 261.3 million tonnes of green-
house gas emissions in 2018. Greenhouse gas emis-
sions primarily arise from feed production and aquatic 
nitrous oxide, with aquaculture accounting for approxi-
mately 0.49% of global anthropogenic emissions. Inten-
sive aquaculture produces significant amounts of GHGs 
directly and indirectly. Fish respiration, microbial activ-
ity in sediments, and feed production contribute to CO₂, 
methane (CH₄), and nitrous oxide (N₂O) emissions (Li 
et al., 2021). Unlike terrestrial agriculture, aquaculture’s 
aquatic environment provides opportunities for direct 
biological sequestration of CO₂ via aquatic plants and 
algae, offering a unique mitigation pathway. 

3.2 Nutrient Pollution and Eutrophication

Traditional feeds enhanced with protein and carbohy-
drates are commonly provided to fish to increase their 
growth rate; nevertheless, a significant amount of the 
nutrients in the feed may not be used by aquatic ani-
mals, which causes feed residues to build up in the 
aquaculture system. Nutrient pollution in aquaculture 
occurs when excess nitrogen and phosphorus from un-
eaten feed, fish waste, and organic decomposition enter 
water bodies. These nutrients stimulate excessive algae 
growth, leading to eutrophication. This process causes 
harmful algal blooms, oxygen depletion, loss of biodi-

1. Introduction

Aquaculture is the world’s most rapidly developing food 
production industry, supplying more than 50% of global 
fish consumption. It serves to bring essential nutrition 
and economic returns, but aquaculture also affects the 
environment by emitting greenhouse gases mainly in 
the form of CO₂ and methane, and effluents that are rich 
in nutrients and lead to eutrophication and water body 
degradation (Jones et al., 2022). Conventional treat-
ment technologies are commonly ineffective in mitigat-
ing these effects or reclaiming valuable nutrients. These 
emissions need to be addressed, and biological carbon 
capture presents a green alternative to traditional car-
bon capture and storage processes with greater sustain-
ability and cost-effectiveness (Biermann et al., 2020). 
Biological carbon capture employing microalgae has 
been a prospecting solution.

2. Overview of Microalgae

Microalgae are tiny, single-celled creatures that grow 
quickly and have a high photosynthetic efficiency in a 
variety of aquatic habitats. It will fix inorganic carbon 
into organic biomass while detoxifying aquatic ecosys-
tems through uptake of nitrogenous and phosphorous 
wastes. When introduced into aquaculture systems, they 
can offer several ecosystem services such as carbon 
sequestration, improvement of water quality, and bio-
mass yield for feed or energy production. Microalgae fix 
CO2 with 10-50 times greater efficiency than land plants 
because they grow fast and have high photosynthetic 
rates. They also can be cultivated on non-cultivable 
lands, utilize wastewater nutrients, and generate var-
ied biomass components like lipids, proteins, and car-
bohydrates. The primary components of algal biomass 
lipids, carbohydrates, and proteins are what enable its 
transformation into food, cosmetics, medications, and 
biofuels (Yadav et al., 2021, Zafar et al., 2021, Shahid 
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versity, and degradation of water quality. Ultimately, nu-
trient pollution disrupts aquatic ecosystems, harms fish 
health, and results in economic losses in fisheries and 
water treatment. Controlling nutrient discharge is pivot-
al for minimizing eutrophication and preserving aquatic 
ecosystem health (Chatvijitku et al., 2017).

4. Biological Carbon Capture Mechanisms

4.1 Photosynthesis and Carbon Assimilation

Photosynthesis is the fundamental natural mechanism 
for biological carbon capture, playing a pivotal role in the 
global carbon cycle by converting atmospheric carbon 
dioxide into organic matter. In this process the micro-
algae use sunlight to power the fixation of CO₂ through 
a complex series of biochemical reactions. The light-de-
pendent reactions generate energy in the form of ATP 

and NADPH, which drive the subsequent carbon fixation 
phase. The most prevalent pathway for carbon assimila-
tion is the Calvin-Benson-Bassham (C3) cycle, where the 
enzyme Rubisco catalyzes the incorporation of CO₂ into 
ribulose-1,5-bisphosphate (RuBP), eventually producing 
organic compounds like sugars and starches that fuel 
growth and metabolic functions. The products of carbon 
assimilation not only form the base of food webs but 
also serve as renewable sources for biofuels and bio-
products, enhancing prospects for sustainable carbon 
management and climate mitigation strategies. (Raines 
2011).

4.2 Carbon Sequestration Pathways

Carbon sequestration refers to the process by which car-
bon dioxide is captured from the atmosphere and stored 
in various natural reservoirs, effectively reducing its 
concentration and helping to mitigate climate change. 

Key biological sequestration pathways include the use 
of plant biomass to capture CO₂ through photosynthe-
sis, incorporation of organic carbon into soils and sedi-
ments, and the export of organic matter to the deep sea 
via the biological pump. Biomass can be utilized directly 
as a renewable resource or processed for long-term stor-
age, while sediment burial isolates carbon for centuries 
to millennia by trapping it in low-oxygen environments 
where decomposition is slow. Export to the deep sea, 
largely driven by the sinking of organic particles and 
marine snow, sequesters carbon in ocean depths for ex-
tended periods, playing a crucial role in regulating the 
Earth’s carbon cycle and climate. These pathways make 
biological carbon capture in aquaculture a viable climate 
mitigation strategy (Rani et al., 2021).

5. Algal-Based Treatment Technologies in Aquaculture

5.1 Microalgae Cultivation Systems

Microalgae like Chlorella, Nannochloropsis and 
Scenedesmus grow rapidly and exhibit high CO₂ fixation 
efficiencies. Algal-based treatment technologies have 
gained prominence in aquaculture for their ability to 
address nutrient pollution and promote sustainable wa-
ter management. Microalgae can assimilate inorganic 
nutrients such as nitrogen and phosphorus from aqua-
culture effluent, thereby reducing the potential for eu-
trophication and supporting water quality improvement. 
This approach not only maintains a healthier setting for 
cultured organisms but also converts waste nutrients 
into valuable algal biomass, fostering circular resource 
use. Integrating microalgae cultivation with aquaculture 
wastewater treatment offers synergistic benefits (Singh 
et al., 2019). Beyond water remediation the captured car-
bon will be stored it as organic matter within their cells. 
This biomass can be harvested for use as feed additives, 
biofuels, or other value-added bioproducts, converting a 
waste stream into an economic resource and closing nu-
trient and carbon loops (Anikuttan et al., 2016).

5.1.1 High-Rate Algal Ponds (HRAPs)

High-Rate Algal Ponds (HRAPs) are engineered, shallow 
raceway-type ponds designed for efficient aquaculture 
wastewater treatment through the cultivation of algal-
bacterial consortia. HRAPs harness sunlight and CO₂ to 
promote rapid algae growth, which assimilates nutrients 
like nitrogen and phosphorus from wastewater, effective-
ly reducing nutrient pollution and eutrophication risks. 
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They typically have short hydraulic retention times, mak-
ing them much faster than conventional stabilization 
ponds, while using minimal mechanical energy, thus of-
fering a sustainable and low-cost wastewater treatment 
option (Ramli et al., 2020). Benefits of HRAPs include 
high nutrient removal efficiency, low energy requirements 
compared to mechanical treatments, and simultaneous 
CO₂ capture via photosynthesis, functioning as a natural 
carbon sink. Additionally, the system yields valuable bio-
mass and reduces the overall carbon footprint of waste-
water treatment. Overall, HRAPs represent a promising 
integrated approach to wastewater remediation, nutrient 
recycling, and carbon sequestration.

5.1.2 Photobioreactors

Photobioreactors are specialized closed systems de-
signed for the controlled cultivation of microalgae by 
optimizing light exposure, gas exchange, nutrient sup-
ply, and environmental conditions to maximize biomass 
productivity and quality. Unlike open pond systems, 
photobioreactors allow precise control over light inten-
sity and duration, temperature, pH, and carbon dioxide 
concentration, reducing contamination risks and improv-
ing photosynthetic efficiency. They are used both at lab 
scale and industrial scale for producing biomass for bio-
fuels, aquaculture feed, pharmaceuticals, and wastewa-
ter treatment (Shaikh Abdur Razzak et al., 2024).

6. Performance and Efficiency of Algal Carbon Capture

6.1 Carbon Fixation Rates

Microalgae’s ability to biofix CO2 is largely dependent on 
the carbon sources and growth substrates used in the 
growing system. Apart from inorganic carbon sources 
like bicarbonate (HCO3−) and CO2 (33), microalgae like 
Chlorella can also use organic carbon sources like glu-
cose and acetate. Microalgae need sufficient amounts of 
both macronutrients and micronutrients to grow and fix 
CO2. While micronutrients like vitamins and trace met-
als are needed in lesser amounts but are just as crucial 
for the best growth and CO2 fixation of microalgae, ma-
cronutrients like nitrogen and phosphorus are necessary 
for the general growth and development of microalgae. 
Microalgae systems can fix carbon at highly variable 
rates depending on species, cultivation conditions, and 
CO₂ availability. Generally, microalgae have CO₂ fixation 
rates that can range roughly from 250 to 500 mg CO₂ 
per litre per day (mg L⁻¹ day⁻¹) in controlled cultivation 

settings. For example, Botryococcus braunii has demon-
strated the highest CO₂ fixation among studied species, 
with rates around 497 mg L⁻¹ day⁻¹, followed by Spiruli-
na platensis (~319 mg L⁻¹ day⁻¹), Dunaliella tertiolecta 
(~272 mg L⁻¹ day⁻¹), and Chlorella vulgaris (~252 mg L⁻¹ 
day⁻¹) under laboratory conditions.

6.2 Nutrient Removal Efficiencies

Studies show that microalgae grown in membrane pho-
tobioreactors or integrated cultivation systems can 
achieve nitrogen removal efficiencies of about 76.7% to 
94% and phosphorus removal efficiencies between 66.2% 
and 80%. Co-cultivation with bacteria can enhance these 
performances further by promoting symbiotic nutrient 
cycling and reducing operational energy costs. Light cy-
cles and hydraulic retention times (HRT) also significant-
ly influence nutrient uptake rates, with continuous light 
and longer HRTs generally supporting better removal ef-
ficiencies. For instance, ammoniacal nitrogen removal 
of 94% and soluble phosphorus removal about 67.6% 
were observed in a system combining microalgae with 
constructed wetlands over a 24-hour light cycle (Goh et 
al., 2022).

6.3 Water Quality Improvements

Studies show that increasing microalgal species diver-
sity correlates with enhanced nitrogen removal efficien-
cies; richer microalgal communities can remove nitrogen 
more effectively due to complementary nutrient uptake 
strategies among species, which improves water purifi-
cation outcomes in eutrophic systems. Specific species 
like Tetradesmus obliquus have demonstrated phospho-
rus and nitrogen removal rates up to 98% and 100% re-
spectively, within a few days during batch cultivation in 
urban wastewater. Furthermore, microalgae contribute 
to reducing biochemical oxygen demand (BOD), chemi-
cal oxygen demand (COD), and total suspended solids 
(TSS), with removal efficiencies varying depending on 
the algal biomass density and system design (Songlin 
et al., 2023).

8. Conclusion

Biological carbon capture in aquaculture using micro-
algae offers a promising, sustainable approach to miti-
gate CO₂ emissions and improve water quality. Micro-
algae exhibit highly efficient photosynthesis processes, 
enabling rapid assimilation of carbon while simultane-
ously removing excess nutrients from aquaculture efflu-
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ents. This dual function not only reduces eutrophication 
risks but also contributes to biomass production that 
can be utilized for biofuels, animal feed, or fertilizers, 
closing nutrient and carbon cycles within aquaculture 
systems. This approach not only addresses environmen-
tal challenges but also offers economic benefits through 
biomass valorization, positioning microalgae as integral 
players in the future of sustainable aquaculture and car-
bon management.
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Introduction 

Water scarcity is emerging as one of the defining envi-
ronmental challenges of the 21st century, particularly in 
arid and semi-arid regions. With the twin pressures of 
climate change and growing food demand, traditional 
freshwater-intensive farming practices are becoming 
increasingly unsustainable. Globally, agriculture con-
sumes over 70% of available freshwater, and aquacul-
ture while more water-efficient than land-based protein 
systems is still constrained by water availability and 
quality. In India, the crisis is acute: nearly 54% of the 
country faces high to extremely high water stress, while 
over 6.7 million hectares of land are affected by salinity 
and alkalinity, rendering them marginal or unproductive 
under conventional farming systems. These environ-
mental constraints necessitate a shift toward resource-
smart, climate-resilient production systems that can 
thrive in degraded and saline environments. Aquaculture 
offers a promising avenue, es-
pecially when integrated with 
agricultural components in 
synergistic models. However, 
for aquaculture to be truly 
transformative in such ecolo-
gies, it must adopt innovative 
system designs that minimize 
freshwater use, optimize nu-
trient recycling, and convert 
saline or waste resources into 
productive outputs. For India, 
which shares similar climatic 
and soil salinity challenges 
across vast tracts of Gujarat, Rajasthan, Haryana, and 
coastal Tamil Nadu, adapting such models represents 
a promising solution. By leveraging both global innova-

tion and local knowledge, India can explore sustainable 
aquaculture pathways that enhance rural livelihoods, 
strengthen food security, and restore ecological balance 
in its most water-stressed regions.

Integrated Agri-Aquaculture Systems (IAAS) and Brine 
Reuse: A Middle Eastern Innovation

The Middle East has pioneered aquaculture methods 
tailored to extreme environmental constraints, such as 
scarce freshwater and high salinity. One of the most 
remarkable innovations emerging from this region is 
the development of Integrated Agri-Aquaculture Sys-
tems (IAAS) that harness reverse osmosis (RO) brine 
a by-product typically considered environmental waste. 
In such systems, RO reject brine is routed through fish 
ponds, enriching the water with nutrients from fish ex-
cretion. This nutrient-rich effluent is then employed to 
irrigate halophytic crops like Salicornia bigelovii and Dis-

tichlis spicata. Figure 1 shows Overview of Integrated 
Agri-Aquaculture Systems (IAAS). One study revealed 
that Salicornia yield tripled up to 23.7 t/ha when irri-
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gated using aquaculture-enhanced brine, resulting in net 
returns of around US $76,000 per hectare, compared to 
significantly lower yields and returns when plain brine 
was used directly (Lyra et al., 2019). The International 
Center for Biosaline Agriculture (ICBA), headquartered 
in the UAE, has been instrumental in scaling up such in-
tegrated systems. Through collaboration with local and 
global partners including ADAFSA, EAD, Global Food 
Industries LLC, and the Max Planck Institute, ICBA has 
successfully introduced Salicornia and fish into desert 
farms across multiple sites in the UAE, cultivating value 
chains from “desert farm to fork” (ICBA, 2020).

India’s Inland Saline Aquaculture Landscape: Potential 
and Progress 

India’s arid regions such as parts of Gujarat, Rajasthan, 
and coastal Tamil Nadu mirror the ecological challenges 
found in the Middle East, making the adaptation of such 
systems both logical and potentially transformative. 
The successful implementation of IAAS in India requires 
careful contextualization: selecting appropriate saline-
tolerant fish species, pairing them with suitable halo-
phytes, ensuring nutrient management through biofiltra-
tion, and designing infrastructure that makes efficient 
use of brine and groundwater.

Looking specifically toward India’s inland saline and 
brackishwater system, the developments in Punjab, Har-
yana, and Rajasthan offer compelling real-world models. 
In Punjab’s Fazilka district, Guru Angad Dev Veterinary 
and Animal Sciences University (GADVASU) introduced 
carp culture in low-salinity (≤5 ppt) waters. What began 
as a one-hectare pilot in 2014 expanded to over 30 hec-
tares by 2018, yielding approximately INR 150,000 per 
hectare annually (Ansal & Singh, 2019). More notably, 
northern India’s inland saline zones have supported 
commercial-scale cultivation of Pacific whiteleg shrimp 
(Litopenaeus vannamei), with yield potentials reaching 
8–10 t/ha per crop, translating to annual net profits of 
around US $14,345–17,216 (INR 1–1.2 million) from two 
cropping cycles (90 to 120-day cycles), despite cold win-
ters limiting culture seasons (Rao et al., 2023).

Haryana, for instance, has leveraged inland saline 
groundwater to produce L. vannamei, a species highly 
valued for its fast growth, disease resistance, and adapt-

ability. However, farmers have reported challenges such 
as water quality fluctuations, disease outbreaks, and the 
absence of tailored feed. Experts emphasize the impor-
tance of proactive water testing, rigorous biosecurity 
practices, and probiotic feed formulations to sustain 
productivity (Ragunathan et al., 2024).

Bridging the Gap: Constraints and Solutions in Indian Sa-
line Aquaculture 

Despite the technological promise, uptake of saline 
aquaculture in India remains constrained. A media re-
port underscores that, while northern states have identi-
fied over 58,000 hectares suitable for saline aquaculture, 
only around 2,600 hectares are currently under cultiva-
tion. Barriers include high setup costs, limited subsidy 
structures, restrictive land use norms (e.g., 2-hectare 
caps), volatile salinity levels, lack of quality seed sup-
ply, and inadequate post-harvest infrastructure (such as 
cold storage and markets). Policy proposals from farm-
ers and stakeholders include increasing subsidy limits, 
raising permitted land size to 5 hectares, and establish-
ing integrated aqua parks and marketing systems for ag-
gregation and value addition. This environment makes 
the Middle East’s integrated systems compelling mod-
els for India. Adopting IAAS using desalinization brine 
whether from RO units or saline groundwater paired 
with halophytes and fish culture, can transform marginal 
lands into productive landscapes. India could pilot such 
systems in coastal saline belts, peri-urban areas facing 
water scarcity, and saline desert fringes, adapting the 
technologies to suit local species and socioeconomic 
contexts.

Toward a Resilient Future: Innovative Alternatives and 
the Way Forward 

Another promising alternative is saltwater or marine 
aquaponics, where saline-based fish farming is coupled 
with halophyte cultivation or seaweed-based biofilters, 
mimicking ecosystems like sea forests. These systems 
foster nutrient recycling, improved water quality, and di-
versified yields in forms of vegetation and marine crops 
(Takeuchi, 2017) but require further adaptation for In-
dian climates and crop preferences. While technological 
adaptation is vital, social and institutional frameworks 
are equally important. Models in the Sundarbans high-
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light risks associated with monoculture shrimp farming 
namely inequitable benefit distribution, environmental 
degradation, and external investor dominance (Stock-
holm Resilience Centre, 2022). To counter these, India 
should promote inclusive models that prioritize small-
holder integration, community ownership, equitable 
revenues, environmental safeguards, and local capacity 
building. Emerging innovations such as floating cage 
aquageoponics from Bangladesh where floating rafts 
combine fish rearing with vegetable cultivation offer 
contextually relevant analogues for flood-prone or wa-
terlogged landscapes (Haque, 2013). Trial deployments 
of similar technology in Indian reservoirs, coastal wet-
lands, or inundated farmlands could expand aquaculture 
footprint while optimizing vertical space and reducing 
freshwater reliance.

Furthermore, technological innovations motivated by 
Middle Eastern approaches to resource scarcity such as 
flow-electrode capacitive deionization (FCDI) to concen-
trate brines efficiently with reduced energy input can sup-
port brine reuse in integrated systems (Rommerskirchen 
et al., 2022).

Conclusion

In summary, India’s water-stressed and saline-prone re-
gions are ripe for receiving the lessons and technologies 
developed in the Middle East. If implemented judicious-
ly, these systems can rejuvenate degraded landscapes, 
promote food security, diversify incomes, and enhance 
climate resilience. Key policy enablers include:

1. Revising subsidy frameworks extending land ceilings, 
incentivizing brine reuse systems, and covering infra-
structure costs for integrated operations.

2. Establishing pilot demonstration clusters for IAAS in 
coastal and arid zones via collaboration between ICAR, 
GADVASU, ICBA, and state fisheries departments.

3. Strengthening farmer access to technical training, 
quality seed/seedlings, and marketing infrastructure 
through KVKs, aqua parks, and cooperative platforms.

4. Encouraging research on system combinations salin-
ity-appropriate species, halophyte-crop pairings, and so-
lar/brine purification technologies.

By synthesizing Middle Eastern IAAS and India’s inland 

saline aquaculture potential into a cohesive, locally 
adapted strategy, India could transform the challenge of 
salinity into a resilient and profitable future for its farm-
ers.
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Introduction 

Aquaculture has grown from a traditional subsistence 
activity into a technologically advanced global industry. 
The aquaculture sector contributes significantly to global 
food security, providing nearly half of all fish consumed 
by humans. Aquaculture also plays a pivotal role in em-
ployment and livelihoods, especially in rural and coastal 
communities across Asia, Africa, and Latin America. De-
spite these achievements, the current aquaculture mod-
el faces pressing challenges. A striking feature of mod-
ern aquaculture is the heavy dependence on a narrow 
set of species. Globally, fewer than 20 species account 
for the vast majority of production. This concentration 
on species such as Nile tilapia (Oreochromis niloticus), 
Whiteleg shrimp (Litopenaeus vannamei), and various 
carp species has been driven by market demand, ease 
of breeding, and production efficiency. However, such 
specialization has created systemic vulnerabilities.

Monoculture systems lack ecological complexity. They 
rely heavily on formulated feeds, antibiotics, and chemi-
cal inputs. The absence of ecological checks and bal-
ances makes these systems prone to disease outbreaks, 
which can devastate entire harvests. The global shrimp 
industry, for example, has suffered massive losses due 
to Early Mortality Syndrome (EMS) and White Spot Syn-
drome Virus (WSSV), highlighting the fragility of single-
species farming. Additionally, monocultures contribute 
significantly to environmental degradation through nutri-
ent pollution, habitat destruction, and genetic homogeni-
zation. In contrast, diversified systems draw on ecologi-
cal principles to build resilience and reduce dependency 
on intensive inputs. The idea is not new. Traditional poly-
culture practices in Asia such as rice fish farming have 
sustained communities for centuries. What’s different 
today is the scientific understanding and technological 
capability to optimize these systems for modern produc-
tion scales.

Still, evidence suggests that diversified systems are 

more productive per unit area when appropriately man-
aged. More importantly, species diversification aligns 
with the United Nations Sustainable Development Goals 
(SDGs), especially SDG 2 (Zero Hunger), SDG 12 (Respon-
sible Consumption and Production), and SDG 14 (Life 
Below Water). It supports circular economy principles 
by closing nutrient loops, minimizes waste, and reduces 
the need for synthetic inputs. By framing diversification 
as a necessity rather than a choice, this paper aims to 
reshape how the industry and research community envi-
sion the future of sustainable aquaculture.

2. Types of Species Diversification

Species diversification in aquaculture can be catego-
rized by function, space, time, trophic level, and produc-
tion system design. Here we explore key types:

2.1. Polyculture Systems

Polyculture involves culturing two or more aquatic spe-
cies in the same water body or production unit. Indian 
farmers raise a mix of catla, rohu, mrigal, and common 
carp in the same pond. These fish occupy different nich-
es surface, column, and bottom layers and utilize feeds 
differently, improving feed conversion efficiency. The ad-
vantages include better resource utilization, Higher yield 
per hectare, Reduced environmental load and Improved 
disease management.

2.2. Integrated Multi-Trophic Aquaculture (IMTA)

IMTA refers to a system in which species from different 
trophic levels are cultivated together so that the waste 
produced by one becomes input (nutrients) for another. 
In Canada, salmon farms integrate kelp and blue mussels 
downstream from net pens. This model has significantly 
reduced nutrient discharge into coastal ecosystems and 
improved the public image of salmon aquaculture. The 
benefits include circular nutrient economy, reduced feed 
costs, environmental compliance and multiple product 
streams.
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2.3. Integrated Agriculture–Aquaculture Systems (IAA)

In IAA systems, aquaculture is linked with agriculture 
(crops or livestock) to create a holistic production envi-
ronment. In Rice–fish culture, Fish are stocked in flooded 
rice fields. Their movement aerates water and reduces 
pests. The Benefits include Enhanced farm productivity, 
Efficient land use, Higher total income and Sustainable 
nutrient management

2.4. Temporal Diversification

Temporal diversification involves rotating different spe-
cies in the same system across time, usually aligning 
with seasonal changes or market demands. The farmers 
in southern India stock milkfish in summer and switch 
to shrimp in monsoon due to salinity changes. The ad-
vantages include Flexibility in water use and market tar-
geting, breaks disease cycles and Optimizes labour and 
input costs.

2.5. Diversification Across Environments

Some farmers diversify by using different environments 
on their farms like freshwater ponds for carp, brackish 
water tanks for shrimp and sea cages for cobia. Such 
landscape-based diversification spreads environmental 
risk and allows targeting of different markets.

3. Ecological Benefits of Species Diversification

3.1. Enhanced Ecosystem Functioning

Diversification in aquaculture mimics the complexity of 
natural ecosystems, which results in more stable and ef-
ficient functioning. By integrating species with different 
ecological roles such as grazers, filter feeders, scaven-
gers, and producers diversified systems utilize energy 
and nutrients more effectively, reducing waste and pol-
lution.

3.2. Improved Nutrient Cycling and Waste Management

Aquaculture systems typically accumulate waste prod-
ucts such as uneaten feed and excreta. In monocultures, 
these accumulate and degrade water quality. However, 
diversified systems utilize waste as input for other spe-
cies.

3.3. Reduction of Disease Risk

Monocultures are highly susceptible to disease out-
breaks due to high stocking density and genetic uniform-
ity. Species diversification disrupts disease transmission 
pathways and reduces the buildup of pathogens.

3.4. Water Quality Improvement

Water quality is a critical limiting factor in intensive 
aquaculture. Species diversification improves water pa-
rameters by controlling nutrient loading and biological 
oxygen demand (BOD).

3.5. Habitat Structuring and Biodiversity Enhancement

Diversified aquaculture contributes to on-farm biodiver-
sity and enhances habitat complexity. Different species 
create or modify niches, leading to secondary coloniza-
tion by other organisms.

3.6. Mitigation of Invasive Species Impact

Invasive species are a growing concern in global aquac-
ulture. Diversification can act as a natural buffer by sta-
bilizing ecosystems and reducing resource availability 
for invaders.

3.7. Carbon Sequestration and Climate Benefits

Some diversified systems contribute to blue carbon stor-
age. For example: Seaweeds and seagrasses absorb at-
mospheric CO₂ and can be harvested without releasing 
stored carbon.

4. Economic and Social Benefits

4.1. Income Diversification and Risk Reduction

Just as in investment portfolios, diversification in aqua-
culture reduces economic volatility. Relying on a single 
species exposes farmers to price crashes, disease loss-
es, and seasonal fluctuations. Multiple species Ensure 
stable cash flow throughout the year, allow price hedg-
ing by targeting different consumer segments and Offer 
resilience to market disruptions or regulatory changes.

4.2. Employment Generation and Livelihood Support

Diversified aquaculture systems are labour-intensive 
and generate jobs across the value chain by hatchery 
management, pond preparation, species-specific feed-
ing and harvesting and post-harvest processing. Espe-
cially in coastal and rural areas, such operations engage 
women in seaweed farming, mussel collection, and feed 
preparation, provide youth employment in logistics, re-
tailing, and cold chain services.

4.3. Food and Nutritional Security

Different aquatic species provide different nutritional 
profiles like fish are rich in omega-3 fatty acids and pro-
tein, shellfish offer iron, zinc, and selenium and seaweed 
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is high in iodine, fiber, and vitamins. When families or 
communities practice diversified aquaculture, they im-
prove both dietary diversity and nutrient availability, es-
pecially in malnutrition-prone areas.

4.4. Market Expansion and Product Differentiation

Species diversification allows farms to cater to niche 
gourmet markets (e.g., oysters, trout), herbal/nutraceu-
tical sectors (e.g., seaweed extracts), export markets 
with premium pricing and domestic retail chains requir-
ing year-round supplies. Farmers who diversify are more 
likely to participate in value-added production, such as 
smoked fish, dried shrimp, pickled seaweed and fish 
sausages. These products fetch higher margins and 
support brand development.

4.5. Institutional Support and Access to Finance

Governments and international organizations increasing-
ly support diversified aquaculture through subsidies for 
integrated systems, skill training for handling multi-spe-
cies, low-interest loans for innovative farms and certifi-
cation schemes (e.g., organic aquaculture). Diversified 
farms are viewed as climate-smart investments, helping 
secure funding from green finance, CSR funds, and mul-
tilateral donors. For example, India’s PMMSY (Pradhan 
Mantri Matsya Sampada Yojana) includes incentives for 
polyculture and seaweed farming under climate adapta-
tion funds.

5. Conclusion

The aquaculture industry’s historical reliance on mono-
cultures has delivered significant short-term gains but 
has also exposed the system to a range of long-term 
vulnerabilities including ecological degradation, eco-
nomic fragility, and heightened disease susceptibility. 
In this context, species diversification is not merely an 
option; it is an imperative for sustainable, resilient, and 
equitable aquaculture development. Species diversifica-
tion strengthens ecological stability by mimicking natu-
ral ecosystems, improving nutrient cycling, reducing 
waste, and lowering the incidence of disease. Integrated 
systems such as polyculture, integrated multi-trophic 
aquaculture (IMTA), and rotational farming demonstrate 
that it is possible to increase productivity while minimiz-
ing environmental impact. In summary, the necessity of 
aquaculture species diversification is underscored by its 
multifaceted benefits across ecological, economic, and 

societal domains. It represents the evolution of aquac-
ulture from high-risk, input-heavy systems to adaptive, 
inclusive, and regenerative models. As nations seek to 
build sustainable aquaculture futures, diversification 
must become a foundational pillar driving both innova-
tion and equity in the aquatic food landscape.
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Introduction

Murrel (Channa striatus), a native freshwater carnivo-
rous fish widely distributed across India and Southeast 
Asia, has rapidly emerged as a high-value candidate 
species for freshwater aquaculture. Traditionally har-
vested from wild sources, murrel has long been re-
garded as a premium table fish due 
to its firm flesh, rich taste, and widely 
acknowledged medicinal proper-
ties. Over the past decade, however, 
murrel has transitioned from a niche 
species to a mainstream aquaculture 
commodity. Farmers across Tamil 
Nadu, Andhra Pradesh, Telangana, 
and Kerala are adopting murrel as an 
alternative or complementary spe-
cies to carp, driven by price stabil-
ity, strong market demand, biological 
resilience, and recent technological 
breakthroughs in seed production 
and feed formulation.

The rise of murrel is aligned with India’s broader push 
for species diversification, a key component of sustain-
able aquaculture development. As climate variability, 
disease challenges, and market saturation increasingly 
affect monoculture systems, species like murrel offer 
resilience, profitability, and biological adaptability. Its 
ability to thrive in low-oxygen waters, withstand han-
dling stress, and grow in diverse culture systems posi-
tions it at the center of India’s next phase of aquacul-
ture expansion.

The Economic Advantage: Why Markets Favor Murrel

One of the strongest drivers behind murrel’s surge in 
popularity is its exceptional and consistent market val-
ue. Unlike carp species, whose prices fluctuate depend-
ing on seasonal supply and festival demand, murrel 

enjoys year-round premium pricing. Retail prices com-
monly range from ₹450 to ₹700 per kilogram, with live 
murrel or large-sized fish fetching even higher rates in 
urban markets and specialty restaurants. Murrel’s high 
consumer preference is rooted in cultural, culinary, and 
medicinal beliefs. In South India, murrel is perceived as 

a “strengthening” fish, often recommended in post-op-
erative diets due to the presence of bioactive peptides 
linked to wound healing and tissue regeneration. This 
contributes to sustained demand across both rural and 
urban populations.

From an economic standpoint, farmers report 2–3 
times higher net profit margins from murrel com-
pared to carp, even in small production systems. The 
species’ shorter culture cycle (6–8 months to market 
size), lower disease incidence, and high survival rates 
collectively enhance profitability. Live trade networks, 
especially in Tamil Nadu and Andhra Pradesh, further 
ensure strong farm-gate connectivity and rapid cash 
flow for farmers.

Biological Strengths and Climate Resilience

Murrel’s physiological traits make it uniquely suited to 
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India’s climatic and water-resource conditions. As an 
air-breathing fish, murrel possesses suprabranchial or-
gans that allow it to survive and grow in oxygen-deplet-
ed environments where other 
freshwater species struggle. 
This adaptation enables mur-
rel culture in:

• Seasonal ponds

• Irrigation tanks

• Low-water or neglected 
ponds

• Rural farm reservoirs

• Biofloc and zero-exchange 
systems

This climate resilience is 
particularly valuable as India 
experiences irregular rainfall 
patterns and increasing incidences of water stress. 
Murrel’s tolerance to suboptimal water quality, handling, 
and crowding makes it suitable for small and marginal 
farmers who rely on limited water resources. Figure 1 
and 2 shows the Murrel and its grading used in farming. 
Murrel also demonstrates strong disease resistance. 
While susceptible to certain ectoparasites and bacte-
rial infections, properly managed murrel ponds report 
survival rates above 85%, significantly higher than carp 
systems. Its carnivorous nature and aggressive feed-
ing behaviour support fast growth when provided with 
nutritionally adequate feed.

Technological Breakthroughs: Seed Production and 
Feed Innovation

Seed Production Advances

One of the historical bottlenecks in murrel aquaculture 
was the limited availability of quality seed. Earlier re-
liance on wild-caught fry led to inconsistent growth, 
poor survival, and irregular supply. However, research 
institutions and private hatcheries have significantly 
improved induced breeding and larval rearing technolo-
gies.

Key developments include:

• Hormone-induced spawning using Ovatide, HCG, and 

improved broodstock management

• Larval rearing in FRP tanks with enriched live feed

• Transition protocols from live feed to formulated di-

ets

• Standardized nursery stocking density and cannibal-
ism control techniques

Today, hatcheries in Andhra Pradesh, Tamil Nadu, and 
West Bengal are capable of producing millions of fry 
per season, ensuring reliable supply for commercial 
farms.

Feed Innovations Driving Scalability

Feeding used to be another constraint due to murrel’s 
carnivorous nature. Farmers traditionally depended on 
trash fish or live feed, which was costly, inconsistent, 
and unhygienic. Recent advancements have revolution-
ized murrel nutrition:

• Formulated floating and sinking pellets for all life 
stages

• Black Soldier Fly (BSF) larvae–based protein feeds, 
reducing dependence on fishmeal

• Seaweed-based immunostimulant feeds to improve 
disease resistance

• Carrageenan-coated slow-release pellets enhancing 
stability and reducing wastage

• Probiotic and phytogenic feed additives improving 
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gut health and growth

As a result, murrel farming is becoming more standard-
ized, scalable, and economically viable.

Social and Rural Impact: A Livelihood Transformer

Murrel’s robust economics and low resource require-
ments are transforming rural livelihoods. Small farm-
ers with 0.5–1 acre ponds find murrel ideal because of 
its low input cost and strong market linkages. Self-Help 
Groups (SHGs), particularly women-led coastal and in-
land groups, are adopting murrel as a reliable income-
generating activity.

Youth entrepreneurs are entering the sector by estab-
lishing:

• Small-scale murrel hatcheries

• Live-fish transport units

• Value-added murrel processing businesses

• Integrated murrel-biofloc farms

The species’ premium pricing ensures steady revenue, 
enabling financial stability for rural households. Fur-
thermore, murrel aligns with the national objective of 
species diversification, reducing overdependence on 
carp and contributing to ecological balance by mini-
mizing pressure on wild fish stocks.

Challenges and the Road Ahead

Despite strong prospects, murrel aquaculture faces a 
few constraints:

• Variation in seed quality across unregulated hatcher-
ies

• Cannibalism during early nursery stages

• Limited farmer training on feeding and water quality

• Lack of standardized disease surveillance programs

However, current innovations are rapidly addressing 
these issues. With proper extension services, scien-
tific support, and feed standardization, murrel has the 
potential to scale nationwide. As government policies 
promote diversification, murrel is prepared to lead In-

dia’s next Blue Transformation phase.

Conclusion

Murrel has evolved from a traditional wild delicacy to a 
modern aquaculture success story. Its premium market 
value, strong biological resilience, rapid growth cycle, 
and suitability for small-scale farming make it one of In-
dia’s most commercially promising freshwater species. 
With technological breakthroughs in hatchery, feed, 
and production systems, murrel is set to take center 
stage in India’s freshwater aquaculture landscape. As 
climate uncertainty and market pressures reshape fish-
eries, murrel stands out as a reliable, profitable, and 
sustainable choice truly India’s next aquaculture super-
star.
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The Tamil Nadu Fish Food 
Festival 2025 was inaugu-
rated by Thiru Udhayani-
dhi Stalin, Hon’ble Deputy 

Chief Minister of Tamil Nadu, at Is-
land Grounds, Chennai, and was held 
from May 30 to June 1, 2025. Organ-
ized by the Department of Fisheries 
and Fishermen Welfare, the festival 
aimed to raise public awareness 
about the nutritional value of sea-
food and to spotlight the state’s rich 
marine heritage.
Held inside a sprawling 1,00,000 
sq. ft. air-conditioned pavil-
ion, the event featured over 50 
stalls from Chennai-based sea-
food brands, 15 stalls display-
ing aquaculture and ornamental 
fish, and 20 stalls focused on 
value-added fish products. The 
venue became a vibrant hub for 
seafood lovers, culinary enthu-
siasts, and aquaculture stake-
holders from across the region.
One of the major highlights was 
the live cooking counters, where 

professional chefs and women from 
fishing communities prepared a vari-
ety of traditional and contemporary 
seafood dishes, creating an engaging 

and interactive culinary experience. 
Beyond the gastronomic showcase, 
the festival hosted a comprehensive 
seafood exhibition, spotlighting the 
latest advancements in aquaculture 
technologies and seafood process-
ing innovations.
Visitors also explored informative 

exhibits and live cooking demonstra-
tions that emphasized the nutritional 
benefits of seafood, particularly its 
high content of Omega-3 fatty acids, 
iodine, essential minerals, and vita-
mins A, D, and K nutrients known to 
be especially beneficial for children 
and senior citizens.
A standout attraction was the 
“Prawnathon”, a lively mini-mara-
thon aimed at promoting public 
awareness around the health ben-
efits and sustainability of prawns. 
The event also featured expert talks 
and panel discussions on topics 
such as sustainable fishing prac-
tices, emerging aquaculture trends, 
and seafood export opportunities, 
adding an educational dimension to 
the festival.
The Tamil Nadu Fish Food Festival 
2025 concluded on a successful 
note, leaving behind fond memories, 
increased nutritional literacy, and a 
deeper appreciation for the state’s 
seafood traditions and the coastal 
communities that sustain them.

Tamil Nadu Fish Food Festival 2025: A Celebration of   
Seafood, Sustainability and Community
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The International Fishery Tech Expo 
(IFT Expo) 2025 marked a defining 
moment for India’s fisheries and 
aquaculture sectors by hosting the 
nation’s first-ever dedicated fishery 
technology showcase inaugurated 
by Maharashtra Ports Development 
Minister Nitesh Narayan Rane. Held 
from June 12 to 13, 2025, at the 
Bombay Exhibition Center in Mum-
bai, the two-day event symbolized 
India’s strong commitment to build-
ing a future-ready, technology-driven 
Blue Economy. 

IFT Expo 2025 served as a conver-
gence point for a diverse array of 
stakeholders across the fisheries 
value chain, including fish produc-
ers, aquaculture entrepreneurs, sea-
food processors, exporters, import-
ers, research institutions, investors, 
and technology providers. This land-
mark expo aimed to drive innovation, 
encourage investment, and promote 
sustainable practices in marine and 
inland fisheries.

The exhibition showcased a broad 
spectrum of products, services, and 
technological innovations under key 
categories such as fishing vessels 
and modern equipment, advanced 
aquaculture technologies, seafood 
processing and value addition, pack-
aging solutions, cold chain and stor-
age systems, logistics, and digital 
tools for fisheries management. 

Live demonstrations were a key at-
traction, offering attendees an in-
teractive experience with the latest 
advancements in automation, drone-
based aquaculture monitoring, IoT-
driven water quality management, 
and smart feed delivery systems. 
The expo provided exhibitors a plat-
form to highlight not only product 
innovation but also integrated solu-

tions aimed at improving efficiency, 
traceability, environmental compli-
ance, and profitability within the sec-
tor.

One of the standout themes of IFT 
Expo 2025 was its focus on sus-
tainability and responsible fisheries 
development. The event spotlighted 
various government initiatives and 
policy interventions aimed at con-
serving marine biodiversity while en-
hancing livelihoods. 

This aligned with India’s broader ma-
rine conservation goals and reflected 
a balanced approach to increasing 
productivity without compromising 
ecological integrity. 

Exhibitors also showcased climate-
resilient aquaculture models, organ-
ic feed alternatives, and eco-friendly 
processing systems that support 
low-carbon growth in fisheries.

Complementing the exhibition was 
the Knowledge Symposium, a high-
level forum that featured expert 
talks, panel discussions, and round-
tables involving national and inter-
national thought leaders. 

Topics included sustainable aquac-
ulture practices, fishery digitization, 
post-harvest innovation, global sea-
food market trends, blue financing 
mechanisms, and the role of artifi-
cial intelligence in fisheries resource 

management. 

These sessions fostered collabora-
tive dialogue between policymakers, 
industry leaders, researchers, and 
coastal community representatives. 
Importantly, the expo’s timing coin-
cided with the announcement of the 
Union Budget 2025–26, which ear-
marked a significant financial alloca-
tion to the fisheries sector, underlin-
ing the government’s prioritization of 
the industry.

IFT Expo 2025 was supported by key 
government departments and lead-
ing industry associations, making it 
a flagship event for accelerating In-
dia’s position in the global seafood 
industry. 

With seafood exports already exceed-
ing Rs.64,000 crore in FY2023–24, 
the expo aimed to further strengthen 
India’s export competitiveness, pro-
mote domestic entrepreneurship, 
and encourage the adoption of sus-
tainable technologies across coastal 
and inland fisheries. 

By bridging innovation, investment, 
and policy, IFT Expo 2025 set the 
stage for the next era of smart, in-
clusive, and sustainable growth in 
India’s fisheries sector, firmly posi-
tioning the country as a rising global 
hub in marine and aquaculture inno-
vation.

IFT Expo 2025: Catalyzing India’s Blue Economy Through 
Innovation and Sustainability
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