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he increasing reliance on synthetic herbicides in agriculture has raised serious concerns

regarding environmental pollution, herbicide resistance and human health hazards,
prompting the search for eco-friendly alternatives. Coconut water (Cocos nucifera L.),
traditionally valued as a nutritious beverage, has emerged as a promising bioresource for
sustainable weed management. Rich in phytohormones, sugars, amino acids, organic acids
and phenolic compounds, coconut water exhibits dual functionality: at moderate
concentrations, it promotes crop growth, while at higher or fermented concentrations, it
inhibits weed seed germination and suppresses seedling development. Fermentation enhances
its herbicidal potential by increasing organic acid and phenolic content and generating
bioactive microbial metabolites, which collectively induce osmotic stress, hormonal
imbalance, allelopathic effects and membrane or enzyme disruption in weeds. India, as the
third-largest coconut producer globally, cultivates coconuts over 2.33 million hectares,
yielding approximately 153.29 lakh metric tonnes, ensuring abundant availability of coconut
water for bioherbicidal applications. Major producing states such as Kerala, Karnataka, Tamil
Nadu and Andhra Pradesh provide a reliable and sustainable source of this liquid, enabling its
integration into circular economy initiatives. Fermented coconut water represents a
biodegradable, environmentally safe and selective alternative to chemical herbicides, with
potential application in Integrated Weed Management (IWM) systems. This review explores
its biochemical basis, mechanisms of action, practical implications, advantages and
limitations, highlighting its untapped potential as a natural, eco-safe tool for sustainable
agriculture.

Introduction

Weeds continue to pose a major challenge in agriculture, competing with crops for nutrients,
water, and sunlight, ultimately reducing yields and increasing production costs. Traditionally,
chemical herbicides have been used for weed management; however, their excessive use has
led to environmental pollution, herbicide-resistant weed populations, and adverse effects on
human health and beneficial organisms. These challenges have intensified the search for
sustainable and eco-friendly alternatives in modern agriculture. One such promising
alternative is the use of coconut water (Cocos nucifera L.) as a bioherbicide.

Coconut cultivation plays a significant role in India’s agricultural landscape, with the
country ranking as the third-largest coconut producer globally, contributing approximately
31.45% of the world’s total production (India Brand Equity Foundation, 2023). Coconut
cultivation spans over 2.33 million hectares, yielding nearly 153.29 lakh metric tonnes in the
2023-24 period (Digital Sansad, 2023). The major coconut-producing states like Kerala,
Karnataka, Tamil Nadu and Andhra Pradesh collectively account for over 89% of the total
cultivation area and 90% of national production, with Kerala contributing 45%, Tamil Nadu
28.5%, Karnataka 23% and Andhra Pradesh 8% (Wikipedia; bookmycrop.com; IndiAtlas;
The Times of India).
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The nutrient-rich liquid inside young coconuts, known as coconut water, is directly
linked to this high production. Each mature coconut typically contains 200—-300 milliliters of
coconut water, though this can vary depending on variety, age and climatic conditions.
Regions with intensive coconut cultivation, such as Kerala and Karnataka, provide a reliable
and abundant source of this liquid, making it a practical raw material for developing
sustainable bioherbicides. The use of coconut water, particularly in its fermented form, offers
dual benefits: promoting crop growth at low concentrations while suppressing weed
germination and seedling growth at higher concentrations. Furthermore, utilizing coconut
water as a bioherbicide supports circular economy practices by repurposing what is often
considered a by-product of coconut consumption or processing.

Given its abundance, eco-safety, and multifunctionality, coconut water represents a
promising natural alternative to synthetic herbicides, capable of transforming a simple
beverage into a potent tool for sustainable weed management. This article explores the
biochemical basis, mechanisms, practical applications and limitations of coconut water,
particularly fermented coconut water, in controlling weeds and promoting sustainable
agriculture.

Concept of coconut water as a bioherbicide

The concept of using coconut water as a bioherbicide originates from the understanding that
plants produce bioactive compounds that can influence the growth of surrounding vegetation.
Coconut water (Cocos nucifera L.), traditionally consumed as a refreshing and nutritious
beverage, is now being investigated for its potential to suppress weeds. Its bioactive
constituents, phytohormones, sugars, amino acids, organic acids and phenolic compounds,
play dual roles depending on their concentration. At moderate concentrations, these
compounds support crop germination, root elongation and overall plant vigor. However,
when concentrated or subjected to fermentation, the same compounds exhibit allelopathic and
inhibitory properties, reducing weed seed germination and stunting seedling growth.

This dual functionality is particularly significant in sustainable agriculture, where
selective weed suppression without harming crops is crucial. Unlike conventional herbicides,
which often lack specificity and can damage non-target plants or the surrounding ecosystem,
coconut water offers a natural, biodegradable alternative. Its use not only reduces dependence
on synthetic chemicals but also promotes circular economy practices, as coconut water is
often a by-product in coconut-growing regions. By leveraging its natural bioactivity, coconut
water transforms from a simple beverage into a potentially powerful and eco-friendly
herbicide.

Biochemical composition of coconut water

The effectiveness of coconut water as a bioherbicide is largely attributed to its complex

biochemical composition. Key components include:

e Phytohormones (Cytokinins and Auxins): These plant growth regulators control cell
division, elongation, and differentiation. In weeds, excessive phytohormones disrupt
normal growth patterns, causing abnormal root and shoot formation, ultimately reducing
seedling survival.

e Sugars: Glucose, fructose, and sucrose provide energy for metabolic processes. In high
concentrations, sugars contribute to osmotic stress in weed seeds, limiting water
absorption and delaying germination.

e« Amino Acids: Amino acids such as glutamine and asparagine serve as precursors for
protein and enzyme synthesis. When concentrated in FCW, they may interfere with the
metabolic balance of weed seedlings.

« Organic Acids: Compounds such as citric and malic acid contribute to acidity, which can
modify enzymatic activity and interfere with nutrient assimilation in weeds.

e Phenolic Compounds: These secondary metabolites exhibit allelopathic activity by
inhibiting enzyme function, respiration, and cell division in weeds, directly suppressing
germination and early growth.
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The synergy of these compounds creates an environment unfavorable for weed establishment
while maintaining the potential to support crops at lower concentrations.

Fermentation of coconut water

Fermentation further enhances the herbicidal potential of coconut water. During this process,

microorganisms, primarily lactic acid bacteria and yeasts, metabolize sugars and other

nutrients, producing organic acids, ethanol and secondary metabolites. These biochemical
changes lead to several advantages:

1. Increased organic acid concentration: Higher levels of lactic and acetic acids reduce pH
and create acidic conditions that inhibit seed germination in weeds. Studies indicate that
seeds of species such as Cyperus rotundus and Echinochloa crus-galli are particularly
sensitive to these acidic environments.

2. Enhanced phenolic content: Fermentation can amplify the concentration of phenolic
compounds, strengthening allelopathic effects against weeds.

3. Osmotic and microbial stress: Fermented coconut water maintains high sugar content and
contains microbial metabolites that collectively increase osmotic pressure on weed seeds,
restricting water and nutrient uptake.

4. Production of bioactive metabolites: Compounds such as ethanol, fatty acids, and volatile
organic acids produced during fermentation can disrupt enzymatic activity, cell
membranes, and hormonal pathways in weeds.

This combination of biochemical and microbial activity makes FCW a more potent and

selective herbicidal agent than fresh coconut water.

Mechanisms of weed suppression

The herbicidal potential of fermented coconut water is believed to stem from several

mechanisms:

1. Allelopathic effects: Phenolic compounds and organic acids in fermented coconut water
can interfere with key metabolic processes in weeds, reducing seed germination and
hindering seedling development.

2. Osmotic stress: The high concentrations of sugars and minerals in fermented coconut
water can create osmotic pressure, restricting water uptake by weed seeds and seedlings,
leading to delayed emergence or stunted growth.

3. Hormonal imbalance: Excess cytokinins or auxins disrupt normal hormonal regulation in
weeds, inhibiting proper root and shoot development.

4. Membrane and enzyme disruption: Certain bioactive compounds in fermented coconut
water can compromise cell membrane integrity or inhibit essential enzymes, further
suppressing weed vigor.

Research and field studies

e A study conducted by Iskandar et al. (2023) examined the influence of different doses of
fermented coconut water on weeds in immature oil palm plantations. The results indicated
that a dose of 25 L/ha was effective in controlling weeds, with a significant reduction in
weed biomass observed. The study also noted that fermented coconut water had minimal
impact on the growth of oil palm seedlings, suggesting its selective action against weeds.

e Another research by Anwar et al. (2021) focused on the application of fermented coconut
water in plantation weeds. The findings revealed that fermented coconut water suppressed
the growth of various weed species, including Axonopus compressus and Ageratum
conyzoides, without adversely affecting the surrounding vegetation.

e A community-based initiative by MASIPAG in the Philippines demonstrated the practical
application of fermented coconut water as a natural weed control method. Farmers
fermented coconut broth with salt for 30 days and applied it to their fields. The results
were promising, with significant reductions in weed populations and improved crop
yields, highlighting the feasibility of using fermented coconut water in sustainable
farming practices.
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Practical applications and implications

The use of fermented coconut water as a bioherbicide offers several practical benefits for

sustainable agriculture:

« Environmentally Safe: Being biodegradable and non-toxic, it does not contaminate soil or
water.

« Dual Benefits: Low concentrations can enhance crop growth, while higher or fermented
doses suppress weeds, providing selective weed control.

o Circular Economy: Utilizing coconut water, often a by-product, adds value to agricultural
waste and supports resource efficiency.

o Integration into Integrated Weed Management (IWM): Coconut water formulations can
be combined with mechanical, cultural, and other biological control methods as part of
IWM strategies, enhancing long-term weed suppression.

Conclusion

Fermented coconut water represents a sustainable and eco-friendly alternative to conventional
herbicides, combining weed suppression with potential crop growth promotion. Its rich
biochemical composition, enhanced through fermentation, enables multiple mechanisms of
action, including allelopathy, osmotic stress, hormonal disruption and membrane
interference, effectively inhibiting weed germination and seedling growth. With India’s
abundant coconut production, particularly in Kerala, Karnataka, Tamil Nadu and Andhra
Pradesh, coconut water is readily available for agricultural applications. While limitations
such as variability in composition and short shelf life exist, its integration into Integrated
Weed Management (IWM) systems offers a promising approach for environmentally safe,
cost-effective and selective weed control in modern agriculture.
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