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Bio-stimulants are emerging as sustainable inputs in modern agriculture, promoting plant
growth, yield and quality while reducing reliance on chemical fertilizers. Among them,
seaweed extracts hold immense promise due to their rich composition of polysaccharides,
amino acids, vitamins and naturally occurring plant growth regulators. In vegetable crops,
application of seaweed extracts has been shown to enhance root growth, flowering, fruit set
and tolerance to abiotic stresses. Research evidence from India and abroad highlights
significant yield and quality improvements in crops such as tomato, potato, chilli and leafy
vegetables. The Government of India has also recognized bio-stimulants under the Fertilizer
Control Order (FCO), opening avenues for their commercial adoption. This article explores
the potential of seaweed extracts and other bio-stimulants, their mechanisms, research
findings, success stories and future prospects for vegetable farming in India.
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Introduction

The global agriculture sector is under tremendous pressure to increase productivity while
ensuring sustainability. Overuse of chemical fertilizers and pesticides has led to soil
degradation, environmental pollution and health hazards. To address these concerns, plant
bio-stimulants have emerged as an eco-friendly alternative. Unlike fertilizers, which supply
nutrients or pesticides, which control pests, bio-stimulants enhance the plant’s natural
processes to improve growth, nutrient-use efficiency and resilience to stress (Calvo et al.,
2014).

Seaweed extracts, among the most widely studied bio-stimulants, are derived from
red, brown and green marine algae. India with its 7,500 km coastline, harbours rich seaweed
diversity, especially species such as Kappaphycus alvarezii, Gracilaria edulis and Sargassum
wightii. Research institutions like ICAR-CMFRI, ICAR-CIFT and CSIR-CFTRI have
contributed significantly to developing seaweed-based products for agriculture. In vegetable
crops, these extracts are increasingly being tested and adopted for enhancing both yield and
quality.

Seaweed Extracts — Nature’s Growth Booster

Seaweed extracts are rich in biologically active compounds such as alginates, laminarins,
betaines, mannitol and natural plant hormones like auxins, cytokinins and gibberellins
(Craigie, 2011). These constituents contribute to:

o Stimulating root initiation and elongation.

« Enhancing chlorophyll synthesis and photosynthetic efficiency.

e Improving flower initiation and fruit set.

e Inducing tolerance to abiotic stresses like salinity, drought and temperature fluctuations.
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« Enhancing soil microbial activity and nutrient uptake.
In India, liquid seaweed extract formulations (LSEs) have been standardized and tested in
vegetables under field conditions, demonstrating promising results.
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Research Evidences in Vegetable Crops

Tomato (Solanum lycopersicum)

Field experiments conducted by CMFRI and state agricultural universities revealed that foliar
sprays of seaweed extract significantly increased fruit yield, average fruit weight and
lycopene content in tomato. Seaweed application also improved resistance against blossom-
end rot by enhancing calcium uptake (Sarkar et al., 2020).

Chilli and Capsicum (Capsicum annuum)

Studies from Tamil Nadu Agricultural University showed that seaweed extract sprays at 3%
concentration increased flower retention, reduced flower drop and enhanced fruit yield by up
to 20% compared to control. The extract also enhanced capsaicin content and marketable fruit
quality.

Potato (Solanum tuberosum)

Potato is highly responsive to bio-stimulants. Trials at ICAR-CPRI indicated that foliar
sprays of Kappaphycus extract during tuber bulking increased tuber size, dry matter and
storage quality. Enhanced antioxidant enzyme activity also reduced oxidative stress, leading
to longer shelf life (Kumar et al., 2019).

Okra and Leafy Vegetables

In okra, seaweed extracts improved germination rate, vegetative growth and fruit yield. In
leafy greens like spinach and amaranthus, higher chlorophyll content, improved leaf size and
enhanced micronutrient density were reported with seaweed extract sprays (Rengasamy et al.,
2015).
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Bio-stimulants Beyond Seaweed Extracts

Although seaweed extracts are the most popular, other categories of bio-stimulants are also

gaining attention:

1. Humic and Fulvic Acids — Improve soil structure, root development and nutrient uptake.

2. Protein Hydrolysates and Amino Acid Formulations — Enhance nitrogen assimilation
and stress resistance.

3. Microbial Bio-stimulants — Including plant growth-promoting rhizobacteria (PGPR),
Trichoderma and arbuscular mycorrhizal fungi that improve nutrient uptake and stress
tolerance.

4. Chitosan and Oligosaccharides — Induce plant defence mechanisms and enhance disease
resistance.

The synergistic use of these inputs can significantly enhance vegetable productivity under

Indian farming conditions.

Indian Prospects and Success Stories

India has initiated several programmes for promoting seaweed and bio-stimulants:

1. Policy Support: In 2021, the Government of India officially recognized bio-stimulants
under the Fertilizer Control Order (FCO), providing a legal framework for quality
assurance and commercialization.

2. Seaweed Cultivation: Coastal states such as Tamil Nadu, Gujarat and Odisha have
started seaweed farming initiatives. Under the Pradhan Mantri Matsya Sampada Yojana,
seaweed farming is being expanded as a livelihood option for fisherfolk.

3. Commercialization: Indian companies have launched seaweed-based formulations like
LBS — Liquid Bio-Stimulant, Aquasap and Seagro, which are being adopted by
progressive vegetable farmers.

4. Export Opportunity: With growing global demand for organic and residue-free produce,
Indian vegetables cultivated with bio-stimulants have export potential, especially to
Europe and the Middle East.

Challenges

Although seaweed extracts and bio-stimulants show immense potential in vegetable farming,
their widespread adoption is limited by several constraints:

1. Lack of Awareness and Farmer Training

Most small and marginal farmers in India are not fully aware of what bio-stimulants are, how
they differ from fertilizers or pesticides and the right way to use them. As a result, adoption
remains restricted mainly to progressive farmers and horticulture-based enterprises. There is a
need for awareness campaigns, field demonstrations and training programmes at the village
level to promote confidence in their use.

2. Standardization and Quality Issues

The composition of seaweed extracts varies depending on species, harvest season and
processing methods. This inconsistency often leads to variable results in farmers’ fields.
Moreover, the Indian market has many unregulated products with no proper labeling or
scientific validation. Strict enforcement of the Fertilizer Control Order (FCO) guidelines,
along with certification mechanisms, is essential for ensuring product quality and farmer
trust.

3. High Cost Compared to Conventional Inputs

Currently, seaweed-based bio-stimulant products are priced higher than conventional
fertilizers or growth promoters. Smallholders often hesitate to invest unless they are assured
of clear yield benefits. To overcome this, government subsidies, support schemes or low-cost
indigenous formulations developed by research institutions should be promoted.

4. Limited Research and Multi-Location Trials

Most existing studies on seaweed extracts are either laboratory-based or conducted in limited
locations. There is still a lack of large-scale, multi-location and long-term trials in different
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agro-climatic zones of India. Such research would help in developing region-specific
recommendations for vegetables like tomato, potato, brinjal and leafy greens.

5. Supply Chain and Raw Material Availability

Seaweed cultivation in India is still in its infancy, confined mainly to Tamil Nadu and Gujarat
coasts. Scaling up production requires coordinated efforts involving coastal communities,
ICAR institutes and private entrepreneurs. Developing seaweed value chains will ensure a
stable supply of raw materials for bio-stimulant industries.

Way Forward

To harness the full potential of seaweed extracts and bio-stimulants in vegetable farming, the

following steps are crucial:

1. Policy and Regulation Strengthening: Strict enforcement of quality standards under
FCO will prevent spurious products and safeguard farmers’ interests.

2. Promotion of Seaweed Farming: Expanding seaweed cultivation in Odisha andhra
Pradesh and West Bengal coasts can create raw material hubs, employment and reduce
dependence on imports.

3. Integration with Sustainable Farming Systems: Bio-stimulants should be promoted in
organic, natural farming and precision horticulture, where they can complement reduced
chemical usage.

4. Public—Private Partnerships: Joint efforts between ICAR institutes, universities and
agri-startups can accelerate product development and farmer outreach.

5. Export-Oriented Vegetable Production: Encouraging the use of bio-stimulants in
export crops (like okra, capsicum and baby corn) can enhance India’s competitiveness in
residue-free vegetable markets.

6. Capacity Building of Farmers: Regular field demonstrations, farmer fairs and Krishi
Vigyan Kendra (KVK) programmes should highlight real success stories to build
confidence in adoption.

Conclusion

The journey towards sustainable vegetable farming in India demands innovative inputs that
not only increase productivity but also safeguard the environment. Seaweed extracts and
other bio-stimulants represent one such innovation that can transform the future of vegetable
cultivation. Unlike chemical fertilizers, they work by stimulating natural plant processes—
enhancing root growth, improving nutrient uptake, increasing photosynthetic efficiency and
boosting resistance to both biotic and abiotic stresses. With growing research evidence,
seaweed extracts have demonstrated their ability to improve yield, quality and nutritional
value in key vegetables like tomato, potato, chilli, okra and leafy greens. At the same time,
they reduce the dependency on synthetic inputs, aligning perfectly with India’s goals of
sustainable agriculture and residue-free food production.

The Government of India’s recognition of bio-stimulants under the FCO, along with
initiatives to promote seaweed cultivation, has created a favourable policy environment.
However, to fully realize their potential, challenges related to awareness, affordability,
quality assurance and large-scale adoption must be addressed. With coordinated efforts
between policymakers, researchers, industry players and farmers, India can establish a robust
bio-stimulant-based farming system.

Looking ahead, seaweed extracts can serve as a bridge between organic and
conventional farming, providing a middle path that combines productivity with sustainability.
For vegetable farmers, they open a gateway to higher income, better market acceptance and
entry into the lucrative export sector. For consumers, they ensure access to safe, nutritious
and chemical-residue-free vegetables. Ultimately, the widespread adoption of seaweed
extracts and bio-stimulants can pave the way for a climate-resilient, eco-friendly and
profitable vegetable production system in India, positioning the country as a global leader in
sustainable horticulture.
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