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Abstract

Seaweed farming is revolutionizing marine
aquaculture by addressing pressing global issues like
food security, environmental sustainability, and
economic growth. With origins in Asia, this practice
has spread worldwide, driven by rising demand for
seaweed in food, medicine, biofuels, and industrial
products. Beyond its economic value, seaweed
farming helps fight climate change by absorbing
carbon dioxide and supports marine biodiversity. For
coastal communities, it offers sustainable livelihoods
and an eco-friendly option for small-scale farmers.
India, with its vast coastline, has the potential to
become a global leader in this field. Yet, challenges
such as climate risks, regulatory hurdles, and market
fluctuations require strategic investments, research,
and supportive policies. As cultivation techniques
improve and awareness of its benefits grows, seaweed
farming is poised to play a central role in the blue
economy, fostering collaboration among
governments, scientists, and industry for a greener,
healthier future.
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Introduction

Seaweed farming, or algaculture, is an
emerging sector in marine aquaculture where marine
algae are cultivated for use in food, pharmaceuticals,
biofuels, cosmetics, and industrial applications. This
practice is gaining traction globally due to its ability to
address food security, sequester carbon, produce
renewable energy, and boost economies. As the world
seeks sustainable solutions in agriculture and
aquaculture, seaweed farming stands out as a
promising response to both environmental and
socioeconomic challenges. With increasing demand
for seaweed products, it is becoming a key pillar of the
blue economy —a framework focused on sustainable
ocean-based industries (World Bank, 2017).

History and Global Expansion of Seaweed Farming

Seaweed farming traces its roots to ancient
practices in China, Japan, and Korea, where it was
used for food and medicine. Today, it has expanded to
Europe, North America, and Southeast Asia, with the
global market expected to exceed $95 billion by 2027
(Allied Market Research, 2020). In India, though the
industry contributes less than 1% to global
production, its potential is vast. Experts estimate India
could produce 9.7 million tonnes annually, growing
its current 3200 crore market to 3,277 crore within a
decade (Nayar & Bhatt, 2022). With a 7,500 km
coastline and key regions like Tamil Nadu, Gujarat,
and the Andaman-Nicobar Islands, India is well-
positioned to lead. Institutions like ICAR-CMFRI and
CSIR-CSMCRI are advancing cultivation efforts, but
scaling up requires government backing, private
investment, and better infrastructure.

What is Seaweed Farming?

Seaweed farming involves cultivating and
harvesting macroalgae in marine environments like
coastal waters, estuaries, or deep seas. Known for its
sustainability, it offers economic opportunities and
environmental benefits, supporting industries from
food to pharmaceuticals (FAO, 2021). Seaweed grows
naturally in saltwater, anchoring to rocks or reefs, and
includes species like kelp (brown algae), nori (red
algae), and sea lettuce (green algae). Freshwater
macroalgae, such as Chara or Cladophora, exist in
lakes and rivers but are not considered seaweed.

Types of Seaweed
Seaweed falls into three main categories:

1. Red Seaweed (Rhodophyta): Species like
Eucheuma and Gracilaria are used in food
production, yielding agar and carrageenan
(McHugh, 2003).

2. Brown Seaweed (Phaeophyta): Laminaria and

Sargassum provide alginates for biofertilizers,
biofuels, and animal feed.
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3. Green Seaweed (Chlorophyta): Ulva and
Caulerpa serve as food and bioactive
compounds for wastewater treatment.

Methods of Seaweed Farming

Seaweed farming techniques vary based on
species, environment, and resources:

1. Raft Method: Floating rafts with seeded ropes
maximize sunlight and nutrient access, ideal
for deep-water species like kelp (FAO, 2021).

2. Longline Method: Horizontal ropes in open
water offer a scalable, cost-effective option for
species like Eucheuma.

3. Net Method: Anchored nets suit shallow
waters, supporting red seaweed like nori.

4. Bottom-Cultivation Method: Seaweed grows
on the seafloor, mimicking natural conditions
but limited by environmental factors.

5. Pond Cultivation Method: Controlled ponds
ensure quality for high-value species, though
they demand significant investment.

Benefits of Seaweed Farming

Seaweed
advantages:

farming delivers wide-ranging

e Economic: It generates jobs and income for
coastal communities, fueled by demand in
food, pharma, and biofuels, with low startup
costs (Chopin & Tacon, 2021).

e Environmental: It absorbs CO,, boosts
biodiversity, and cleans water by reducing
nutrient overload (Duarte et al., 2017).

e Agricultural: Seaweed acts as organic fertilizer
and nutrient-rich feed, enhancing crop and
livestock health.

e Health: Packed with vitamins, minerals, and
antioxidants, it offers anti-inflammatory and
anti-cancer properties (Brown et al., 2014).

Challenges in Seaweed Farming
Despite its promise, seaweed farming faces
hurdles:

¢ Climate Change: Rising temperatures, ocean
acidification, and storms disrupt growth and
infrastructure (Harley et al., 2012).

e Biological Risks: Diseases and herbivores
threaten yields, requiring ongoing research.

e Market Issues: Price swings and high
transport costs limit profitability, especially for
small farmers.

e Regulations: Strict rules and limited coastal
access hinder expansion (Nayar & Bhatt, 2022).

Future Prospects of Seaweed Farming

The future looks bright, with innovations like
automated farms in India and Indonesia scaling
production. Seaweed is also being tapped for biofuels,
bioplastics, and health products, tackling energy,
pollution, and wellness challenges (Radulovich et al.,
2015).

Conclusion

Seaweed farming offers a sustainable solution
to global environmental and social issues, but its
success hinges on overcoming climate, biological, and
market challenges. Investments in research,
technology, and policy —coupled with collaboration
across sectors—can unlock its potential. As a
cornerstone of the blue economy, seaweed farming
could pave the way for a healthier, more sustainable
world.
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