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SUMMARY
S. molesta poses a major threat to aquatic ecosystems, agriculture, and public health in India. Its fast
reproduction and adaptability make it a formidable invasive species. Among the various control strategies,
biological control using C salviniae has proven to be the most cost-effective, ecologically safe, and sustainable
solution. Combined with local awareness, cultural prevention, and occasional mechanical support, India can
effectively manage and mitigate the damage caused by Salvinia molesta. The successful case studies across the
country demonstrate the power of integrated biological control in restoring freshwater ecosystems.

INTRODUCTION

Salvinia molesta (watermoss), locally known as Chinese jhalar, a free-floating aquatic fern from the
family Salviniaceae, is native to South America and was first described in 1754 (Mitchell & Thomas, 1972). It is a
globally invasive aquatic weed that disrupts freshwater ecosystems (Julien et al., 2009). In India, it infests water
bodies and paddy fields, especially in humid tropical and subtropical regions, spreading via horizontally growing,
dichotomously branched rhizomes (Room & Thomas, 1985). Salvinia molesta is a sterile pentaploid (2n = 45) that
reproduces aggressively through vegetative means, with each node forming 3-6 axillary buds (Forno & Harley,
1979). The growth and spread of S. molesta are strongly influenced by nutrient levels and temperature (optimal
~30°C; no growth below 10°C or above 40°C) (Mitchell & Tur, 1975; Room, 1983). Among the 12 recognised
Salvinia species, S. molesta is one of the most problematic, with a nitrogen content of 0.6-4% (dry weight),
enhancing its productivity in nutrient-rich waters (Julien et al., 2009).

Status:

Salvinia molesta was first observed in Vole Lake, Kerala, India, in 1955 and was declared a pest in 1964 (Room,
1986). It has since become invasive in states such as Kerala, Tamil Nadu, West Bengal, and Assam (Thomas &
Room, 1986). Rapidly spreading through vegetative reproduction, S. molesta has infested water bodies and paddy
fields across India, becoming a major aquatic pest (Rao et al., 2018). Control efforts—including mechanical,
chemical, and especially biological methods using Cyrtobagous salviniae—have shown varied success (Julien et
al., 2009; McFarland et al., 2004).

How Salvinia Spreads and Reproduces: Salvinia molesta spreads solely through vegetative means, with even
small fragments forming new colonies. In nutrient-rich waters and 20-30°C temperatures, it can double its biomass
in under 10 days. Salvinia molesta forms dense mats up to 40—60 cm thick, choking water bodies. Its spread is
aided by water flow, floods, human activity, and water birds, severely disrupting aquatic ecosystems:

e Dense mats reduce biodiversity by blocking sunlight and depleting oxygen, harming aquatic life.

They clog irrigation canals, disrupting water supply to paddy fields and raising labor costs.

Fisheries suffer as mats block fish movement and disrupt food chains.

Stagnant water under mats promotes mosquito breeding, increasing disease risk.

Economic losses arise from costly removal efforts and impacts on navigation, recreation, and transport.

The Biology and Ecology of Cyrtobagous salviniae: The most effective biological control agent for S. molesta is
the salvinia weevil, Cyrtobagous salviniae (Coleoptera: Curculionidae), a host-specific beetle. The life cycle of
Cyrtobagous salviniae includes four stages: egg, larva, pupa, and adult. Adults are about 2 mm long, brown at first,
then turn black, and lay over 300 eggs individually in leaf buds and rhizomes. Larvae are white, ~4 mm long, and
burrow inside rhizomes and buds, causing significant damage. Pupae develop underwater in cocoons made from
root hairs. Larval feeding destroys internal tissues, causing mats to lose buoyancy and sink, while adults feed
externally on buds and leaves, aiding suppression.
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Step-by-Step Protocol for Mass Multiplication and Release: To maximize the impact of biological control, a
structured rearing and release protocol is necessary.

Setup of Rearing Tanks: Use cement, iron, or plastic tanks (e.g., 3x6 ft tubs or larger) or artificial ponds filled
with clean, non-chlorinated freshwater to a depth of about 2.5 ft. Establish a dense growth of healthy Salvinia
molesta plants before introducing weevils. Maintain environmental conditions at 22-30°C and 70-80% humidity
with partial shade to avoid heat stress.

Introduction of Weevils: Collect adult C. salviniae from infested water bodies or biocontrol labs. Transport them
in aerated containers with fresh S. molesta leaves. Release adults at a density of 10-20 per m? in a balanced male-
to-female ratio (approximately 1:1), adjusting the number according to tank size. Avoid overcrowding to prevent
food depletion.

Maintenance: Regularly maintain water quality and hydration. Replace decaying or damaged S. molesta plants
with fresh ones to sustain the weevil population and ensure continuous food supply.

Population Management: Monitor the weevil population’s growth and development. When adult populations peak
and internal damage to plants is extensive (browning and necrosis), harvest adults and infested plants to prevent
overcrowding and maintain healthy rearing conditions.

Field Release: For initial field introduction, release C. salviniae at a standard density of about 60 weevils per m2.
Select release sites with well-established S. molesta infestations. Monitor sites regularly for weevil establishment,
feeding damage, and recolonization potential.

Monitoring and Follow-Up: Conduct periodic field assessments to evaluate control effectiveness. Avoid herbicide
application after release, as chemicals harm the weevil population and reduce biological control success.

Success Stories in India:
The biological control of Salvinia molesta using the host-specific weevil Cyrtobagous salviniae, native to
southeastern Brazil and northern Argentina, has achieved notable success in India. The weevil was imported from
Australia in 1982 and first released in Bengaluru, Karnataka, during 1983-1984. This initial release resulted in
effective suppression of the weed population, representing the first documented success of C. salviniae-based
classical biological control in the country.

A major success occurred in 1990 when Cyrtobagous salviniae was released into Vellayani Lake, Kerala, where
over 50 hectares were infested with Salvinia molesta. Within 8-10 months, over 90% of the infestation was
controlled, with no resurgence for years. This prompted successful releases in Tamil Nadu, Assam, and West
Bengal, demonstrating the efficacy and sustainability of biological control.

Time Required for Control:

The time required to control Salvinia molesta using Cyrtobagous salviniae varies based on environmental and
operational factors. At a release rate of 22,800 beetles per hectare, visible damage to the weed typically begins
within 2-3 months. A reduction of over 70% in infestation is generally observed within 6-8 months, with complete
or near-complete control achieved in 15-18 months under favourable conditions—such as warm temperatures, high
humidity, and minimal disturbance. While mechanical and chemical methods offer quicker results, biological
control provides long-term, self-sustaining suppression without the need for repeated interventions.

Larva and Adult of Cyrtobagous salvinae
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