Controlling Slugs: Cultural, Mechanical, Biological, and Chemical Methods
Slugs have long been a problem for commercial operations, public gardens and home gardens. The damage slugs invoke can severely affect plant health and ultimately result in loss of profit. Slugs can be overcome by understanding their lifecycle and environment, and the control options available. Using this knowledge, the grower can create a solid integrated pest management plan that combines cultural, mechanical, biological and chemical controls. The objective of the following paper is to review the biology of the slug and the extent to which they damage plants, and to explore the various options of slug control for the Midwestern landscaper and nursery grower.

The Taxonomy and Biology of Slugs

Slugs belong to the phylum Mollusca – the same phylum shared by oysters and clams – and the class, Gastropoda. There are three families into which slugs are divided: Arionidae, Limacidae, Milacidae (Glen et al. pg. 273). The most common slugs in the Midwest is Deroceras reticulatum, the grey garden slug (Shetlar, 2000).
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Slugs are often described as a “snail without a shell”. Like snails, they have a soft, unsegmented body 2.5 – 20 cm long, depending on species. It is covered with a layer of protective mucus that helps them to move about. Because of this mucus layer, slugs require conditions and thus seek out dark, cool areas, emerging from their hiding places evening or at night. A slug’s body consists of a usually in the head, neck, mantle, tail, and foot. It has two pair of tentacles - one large pair with eyes on extensible eye stalks and a small, lower pair for smelling. Its mouth is located in the center of head below the lower tentacles and is equipped with chewing mouthparts and a horn-like “radula” used to rasp away at food. Most of its internal organs are located within the mantle. The slug moves by way of muscular “foot” and leaves shiny slime trail behind. Colors range from almost black to orange (Nielsen, 1997).
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Slugs are hermaphrodites (cross-fertilizing as well as self-fertilizing. Mating takes place from August – October with egg-lay taking place 30-40 days later. Slugs overwinter as adults or nearly mature young, and will generally survive one year outdoors and longer in a greenhouse and will lay 20-100 eggs (average 20-30), several times per year. Eggs are laid on or near soil surface and are usually concealed and in moist area. They are held together with a sticky substance and the young crawl / feed immediately upon hatching as early as 5(C (40( F). Eggs can remain viable over extended time if dry and will hatch when damp (Nielsen, 1997; Sheltar, 2000). If all off-spring survived, one grey slug would have 90,000 grandchildren and 27 million great grandchildren (Symondson, 1996).

Living and dead plant material, particularly bulbs, leafy vegetation, and seedlings, are the choice food of slugs.  They feed on field and garden crops, ornamentals, greenhouse plants, grains, and mushrooms. Characteristic damage includes ragged, irregular holes in foliage, stripped stems, and slime trails. While damage is mostly cosmetic, extensive feeding can result in plant stress or death (Nielsen, 1997; Hahn, 2000; Center for Public Domain and UNC, 1998). [image: image4.png]


Other insects that do similar damage are cutworms, beetles, caterpillars, and sawflies. However, none of these leave a slime trail (Fetzer).

Cultural Control of Slugs

One of the most effective means of controlling slugs is to alter their environment (University of Illinois Extension, 1999). Slugs are not generalists when it comes to the type of environment; on the contrary, they require cool, moist, dark conditions making it easy to identify the areas of the greenhouse or garden in which they will persist. The alert grower or gardener can make some simple adaptations to the plant community that will reduce the slug populations quickly.

Practice good watering techniques. Moisture is key to slug survival, so the first step in changing their environment is to reduce the level of moisture available. Avoid watering late in the day as the moisture persists after the sun sets, creating the perfect slug environment. Water early in morning to allow the water to evaporate, and use drip irrigation with water directed toward individual plants (University of Illinois Extension, 1999)
Reduce number of hiding places. While it is a great tool for keeping plant roots cool, there are conflicting views about whether mulch helps or hinders the slug as it can provide good slug environment. According to David Sheltar of Ohio State University Extension, the key is the mulch thickness and material. Do not lay mulch thicker than 7-8 cm (3”). A uniform layer of 2-3 cm (1”) is better yet. Avoid large wood chips as they give slugs a place to hide (Hahn, 2000). Cedar bark chips and pea gravel seems to work against slugs, but still act as mulch (4). Seaweed was recommended on the Eartheasy website for those growers close to a source because it is salty and becomes rough in dry weather. When deciding whether or not to mulch, growers should remember that organic mulch material builds up population of natural slug predators such as ground beetles and rove beetles (Center for Public Domain and UNC, 1998).
Practice good sanitation and plant care. Sanitation a basic rule every grower should follow as it eliminates high probability of pests such as slugs as well as fungi, bacteria, and viruses that persist on dead vegetation. The University of Illinois Extension Service recommends removal of weeds and dead vegetation as well as rocks and debris will eliminate many hiding places for slugs. Avoid dense ground covers (Center for Public Domain and UNC, 2000). University of Minnesota entomologist, Jeff Hahn, suggests pruning leafy branches that are close to or lie on the ground. This will improve air circulation, reducing trapping moisture, and it will allow sunlight to reach the soil, warming it and scaring off the slugs. He recommends stake up large foliage plants as well to reduce hiding places.
Improve soil can help to create an unfavorable environment for slugs. Sterilizing plant soil for greenhouse plants will kill slug eggs (Firpo, 1997) as will rototilling the soil in plots. Tilling the soil also exposes adults to predators. Maintain a good tilth to eliminate soil cracks (“slug refuges”) by adding grit and well-rotted compost to improve drainage. Raised beds will also improve drainage (Symondson, 1996).

Choose plants resistant to slugs: Selection of slug resistant varieties can reduce slug problems immediately. Plants recommended by the University of Minnesota to be less affected by slugs and that grow well in shade or partial shade:
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	Plants less affected by slugs
	Plants resistant to slugs

	Astilbe
	Phlox

	Lobelia
	Campanula

	Vinca
	Hemerocalis

	Dicentra
	Mentha

	Ranunculus
	

	Viola


	


Source: “Slugs in the Garden” by Jeff Hahn, University of Minnesota Extension 
Service bulletin 446.

Other sources recommend planting undesirable companion plants near slugs’ favorite plants to deter their feeding (Center for Public Domain and UNC, 1998) or planting “trap crops” such as lettuce, calendula, and beans to keep slugs away from favored crops (Cranshaw, 1998). According to Dr. Bill Symondson of the University of Wales, Cardiff, plant pigments may play a part in plant resistance to slugs such as hostas with blue leaves. His experiments have found them to be less desirable to slugs.

Create habitat that encourages predators such as amphibians, mammals, birds:
Encouraging natural predators is a good part of any slug or pest control plan. Dr. Symondson recommends plant protective hedges for shelter, shrubs with berries for food, and including a water structure such as a pond or birdbath. He also suggests creating “controlled refuges”, areas that encourage the presences of ground-living slug predators such as carabid beetles. Refuges are typically made of wooden boards that provide a hiding place for the beetles. These boards will also attract provide a trap allowing the grower to hand-pick the slugs (see “Mechanical controls”). In order to have a successful predator program in a growing area, chemical pesticides should be avoided.


Mechanical Control of Slugs

Like with other pests, sometimes control requires a physical barrier, traps, manual labor or introducing other animals as predators. Fortunately, slugs do not move quickly and are easily persuaded by bait. Desiccators and rough surfaces can also be deterrents for slugs as they cause dehydration and scratch the slug’s soft bodies. Many physical barriers are recommended ranging from copper stripping to plastic milk jugs. 

Traps and bait:
Traps and baits are available commercially or the grower can make their own.  Regardless, it is important to use enough traps for the space and to check them regularly. They will require cleaning and replenishment of bait (Hahn, 2000).
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Growers can trap slugs simply by laying shingles, rolled up newspaper or boards on the soil. Slugs will seek out these protective areas after feeding at night and can be easily removed and destroyed by dropping in soapy water or spraying with an ammonia / water solution.

Growers can sink shallow pans, jar lids or other similar containers filled with a fermenting substance such as beer or a yeast and water mixture into the ground. Slugs are attracted to the fermenting mixture and fall into the container and drown. [image: image8.png]


Most experts recommend the lip of the pan or container be even to with the ground level (Hahn, 2000). Others suggest that the edge be 1-2 cm above the ground level to prevent predatory ground beetles from falling into the mixture. Commercial traps are available on the Internet or at garden centers. They are usually plastic and sold in sets and can be used with various kinds of bait.

Desiccating, caustic or rough surface barriers:
Working on the slug’s physiology is one way to prevent infestation. The soft moist body of the slug keeps the slug from crossing rough surfaces and substances that may dry it out or burn its flesh. Egg shells and diatomaceous earth are coarse substances recommended by Eduardo Firpo in Orchids Australia (December 1997) as slug deterrents. His contributors also recommend using caustic substances such as gypsum, wood ash, soot, lime and coal tar. These will burn the delicate epidermis of the slug. Wood chips will not only scratch the slug’s skin, but also contain high levels of tannins and thus are a good choice. Note that wood chips should be small enough to eliminate the possibility of providing shelter for the slug (Symondson, 1996).

Diatomaceous earth is another substance that creates a rough and unfavorable environment for slugs. DE is comprised of the fossilized exoskeletons of aquatic algae called diatoms. Growers should exercise caution when using DE as it is available in a talc-like form and is a toxic substance if inhaled. Protective clothing is recommended (Firpo, 1997; Hahn, 2000)

The drawbacks to these types of barriers is the fact they require replenishment as the lose effectiveness in wet weather, and they may change the pH of the soil. Wood ash, for example, raises the pH of the soil as does lime and gypsum. Wood chips may require additional nitrogen fertilization as the lignin in the wood requires greater amounts of nitrogen in order to decompose.

Physical barriers:
Many products can be used as physical barriers between slugs and plant material. Plastic bottles or 20 cm (8”) plastic edging can be effective and simple physical barriers against slugs (Symondson, 1996). Fly screening 10 cm (4”) wide set on edge around plants with rough edge up creates a difficult, sharp edge for slugs to cross and the screening still allows for air circulation around the base of the plant (Nielsen, 1997). In 1999, entomologists researching chemical-free methods of slug control had organic farmers try an electrical “slug fence”. They found it useful for controlling small populations, but not large infestations (Speiser et al., 2000).

Perhaps one of the most elegant and expensive forms of physical barriers is copper. Many sources recommend using copper to control slugs. Some growers have found success in deterring slugs from plant material by putting copper flashing, wire or tape around legs of greenhouse benches and pots. There are two theories about copper and slugs. Copper supposedly reacts chemically with the slug, giving them an electric shock as they cross it, and copper itself is toxic to slugs (Firpo, 1997). This writer experimented with two-inch copper tape around orchid pots in the Minnesota Landscape Arboretum conservatory. The tape was cut and adhered in various widths to the underside of a plastic pot. Slugs were captured and forced to cross it, which they did. Then the tape was twisted to create a sharp edge and the slugs were forced to cross it, which they did. 

Other mechanical means:
Examining plants and hand-picking slugs when found was recommended by nearly every expert found. The best results are at night, two hrs after sunset, when the slugs  are feeding. Growers can simply drop them in a bucket 5% alcohol/water solution or soapy water, or spray the slugs with an ammonia / water solution. Cadavers can be flushed down the toilet (Center for Public Domain and UNC, 1998).

A more original, entrepreneurial idea makes use of appeal of slugs to ducks. Orchid growers wrote in to the Orchid List Digest (Firpo, 1997) about the benefits of keeping Indian runner ducks to eliminate slugs. The ducks eat the slugs, pick weeds, and the growers gets fresh eggs as well. The drawback is the care and clean-up of the ducks. One OLD writer mentioned a business in North Austria that advertised rent-a-duck. Growers could rent ducks for one-two weeks at $10/wk including cage and corn.

Biological Control of Slugs

The biggest hurdle to overcome in biological control for slugs to them is to acquire the biologicals in the United States. The parasitic nematode discovered in the 1990s in Europe is by far the most exciting development in slug control in many years, and could very well eliminate the need for chemical controls altogether. Unfortunately, the nematode is not known to exist naturally in North America and the regulatory community is concerned about introducing a non-native species without thorough examination of the consequences (Mahr)

Phasmarhabditis hermaphrodita: parasitic nematode:
Phasmarhabditis hermaphrodita is a soil-dwelling nematode parasite of slugs, isolated from European grassland, and crops of wheat and oilseed rape. It was commercialized in 1994 in the UK as a biological molluscicide. Currently, it is manufactured by MicroBio Ltd. and sold in Europe under product names Nemaslug and Nature’s Friends. Nematodes are sold as juveniles (dauer larvae) about 1 mm long and visible by the naked eye and come in packs of 6 million bound in calcium montmorillonite clay or finely powdered vermiculite. The pack is mixed with water and sprayed or watered into the ground, cover about 20 square meters (Glen et al., 1996). 


The parasitic nematode is safe to humans, animals, and wildlife including slug predators and does not infect other invertebrates (Glen et al. 1996). Larvae move through soil looking for Deroceras reticulatum; infect by entering a natural opening at the rear of the slug’s mantle. Once inside, they shed their outer cuticle, and release the bacteria, Moraxella osloensis on which they feed (Wilson and Gaugler). 

M. osloensis is not pathogenic when injected directly into the slug’s body; it must be introduced by the nematode and this relationship is not yet fully understood. However, there is definitely a relationship between the nematode, the bacterium and the host slug that creates this condition (Glen et al., 1996). The nematodes develop into self-fertilizing hermaphrodites and reproduce, going into another generation. Slug develops a swelling of the mantle area. Feeding is reduced significantly upon being infected. The slug dies within 7-10 days. Nematodes swarm the cadaver and feed on it. When devoured, nematodes leave to find other slugs to infect. Similar infection has also been seen, but not studied as in depth, of P. neopapillosa (Glen et al., 1996).

In laboratory experiments, P. hermaphrodita infects and kills approximately 8 species of slugs and 6 species of snails. In trials at the Long Ashton Research Station in Bristol, England, nematode dosage trials found that provided the soil was moist at and after the time of application, the nematodes provided as good or better slug control than methiocarb or metaldehyde. In trials using commercial sites, higher dosages were not as effective as lower dosages. Also, application to moist soil appeared to be more important than timing of application and did not require incorporation of the nematodes into the soil. In addition, sustained control was demonstrated in commercial site trials of lettuce growers and the nematode provided control for 5-8 weeks after introduction (Glen et al., 1996)

The nematodes were used in field experiments in UK, France, Switzerland, and the Netherlands. Crops included high value crops such as strawberries and lettuce as well as low value crops such as grains and potatoes. A dose of nematodes gave the equivalent control as methiocarb pellets and the fact slug feeding inhibited quickly means the nematode can be applied with the same timing as chemical molluscicides (Wilson and Gaugler). Laboratory trials determined nematodes should be applied when soil is cool, moist and has good drainage, and prior to a rainfall (Speiser et al., 2000). Optimum temperature for growth is 17(C. P. hermaphrodita will infect slugs at temperatures as low as 5(C. This means the nematode survives and lives in temperatures similar to the slug (Glen et al., 1996).


Research in the United States:
A research project is currently being spearheaded by Dr. Parwinder Grewal at Ohio State University to find nematode-infected slugs in North America. Slugs are being collected in Oregon, Michigan, Ohio, Wisconsin, Maryland and BC and Ontario. Live slugs are being shipped to Dr. Grewal for evaluation. In Wisconsin, the University’s Master Gardeners are participating in slug collection. Slugs are collected, packaged, labeled with specific collection locale and date, and provided food while in shipment via Fed Ex to Ohio. In exchange, MicroBio is providing each Master Gardener group with a small cash honorarium toward their programs and the MGs are having the opportunity to participate in important research that may significantly benefit growers (Mahr)

Rumina decollata: predatory decollate snail:

The predatory decollate snail, Rumina decollata, prey on various creatures such as other snails, small slugs, seedlings and small plants, decomposing plant material, moss and algae. They are commercially available and have been successful in controlling slugs and the brown snail in California citrus groves. R. decollata are not attracted to slug baits or metaldehyde products. However, they pose a potential risk as they may become a pest and are difficult to eradicate. They are currentl banned in parts of California as they threaten the native species of snails (Firpo, 1997).

Other predators:
There are several insects that prey on slugs and can assist in their biological control. The most important is Sciomyzids or marsh flies. Sciomyzid larvae kill slugs and like same environment as slugs. Carabid beetles, the Abax parallelepipedus, beetle that is a predator of grey slugs and will also prey on caterpillars and aphids (Symondson, 1996). Usually not high enough in numbers to be a major control. Firefly larvae also prey on slugs but are not present in enough numbers to be a major control (University of Illinois Extension Service, 1999). 

Wildlife can help to control slugs as well as natural predators. Amphibians such as frogs, toads and  worms seek out and consume slugs. In addition, mammals – moles, shrews, badgers and foxes are natural predators of slugs. Birds are also important to slug control. Slugs comprise 6% of a starling’s diet. Ducks, robins, crows, and jays are also natural predators of slugs (Symondson, 1996). Trombidiid mites, sporozoa, ciliates, and cestodes all parasitize slugs (Wade and Thomas, 2001). 

Chemical means of controlling slugs

It is important to note that when using chemicals to control slugs, it is critical to choose a molluscicide as slugs are not affected by insecticides or miticide. It is also critical that the grower read the label and observe all precautions when using a chemical. 

Metaldehyde:
Metaldehyde is classified as a metacetaldehyde and has an oral LD50 of 360. It is available under product names such as Deadline, Bug-Geta, Slug-Geta, Slug-it, etc. It is manufactured by Valent, and is available in granulated form (looks like sand or dust), tapes and pads, and liquid (Shetlar and Herms, 1997). It is also sold as 15% dust for slug control in greenhouses with a suggested application of three treatments at 10-day intervals applied evenly over all surfaces on which slugs have been found (Gibb). Originally sold as solid fuel (meta-tablets), metaldehyde was discovered accidentally by French farmers who noticed dead slugs where meta-tablets had been left on the ground (Symondson, 1996).

Metaldehyde affects slugs by paralyzing them, causing them to excrete excessive amounts of mucus causing death from dehydration and/or exposure to sunlight. Slugs absorb metaldehyde by contact or through the gut when eaten. Death may take 1-3 days in which time the slug may recover if the weather becomes cool and wet (Symondson, 1996; University of Illinois Extension Service, 1999). This chemical is sensitive to environmental conditions as it breaks down rapidly in sunlight and under moist conditions. Newer formulas have been improved with a higher residual. Pellets contain approximately 4% metaldehyde. The carrier is a cereal-based component that appeals to the slugs Center for Public Domain and UNC, 1998).

Temperature is important to the success of metaldehyde. At 44( F (7( C), treatment will fail, especially if the weather is damp, but at 68( F (20( C), treatment will be successful. Note the irony of temperature to slug activity (high temp = low activity) (Symondson, 1996). Metaldehyde is preferable over methiocarb, but still toxic and should be used with caution.

Methiocarb:
Sold under the product names of Mesurol and Grandslam, methiocarb is classified as a carbamate. It has an oral LD50 of 20 and a dermal LD50 = >5000. It is manufactured by Olympic and Bayer (Shetlar and Herms, 1997), Methiocarb is a stomach and nerve poison that interferes with nerve impulse transmission (University of Illinois Extension Service, 1999). Slugs can still move somewhat after poisoning, but eventually swell up with fluid and become immobile.

Methiocarb is available in pellet form. According to the University of Illinois Extension Service, when using methiocarb, it is important to irrigate prior to application and make spot applications (vs. broad spectrum). Methiocarb is less effective during hot, dry conditions because slugs are less active, and more effective at lower temperatures when activity is higher. However, recovery of slugs treated with methiocarb in wetter weather is lower. Methiocarb is highly toxic to other organisms such as earthworms, and pets, as well as predators such as carabid beetles, birds, and mammals. It may also affect growth of some plants (Symondson, 1996).

Sulfur-based products:
Sulfur-based products have proven effective against slugs. Copper is a toxic chemical and should be handled with caution. Copper sulfate is an effective means for controlling grey slugs, but it has not been as effective against other species. Used in a spray form, copper sulfate should be used when slugs are most active and may require repeated use (Symondson, 1996). Iron sulfate: Sold under the product name of Escar-Go, iron sulfate is a more earth-friendly chemical means of controlling slugs and was found effective in trials in Switzerland in 1999 (Speiser et al., 2000). Available in granular form, it is mixed with bait and spread around the plants. It is considered an environmentally-friendly chemical and could probably be used for slug control by certified organic growers (Center for Public Domain and UNC, 1998). Aluminum sulfate: Aluminum sulfate is not a wise choice for slug control. Typically used as an acidifying agent, aluminum sulfate is a common soil constituent at 2-3% level. However, it resolubilizes as pH decreases and forms precipitates, forming sulfuric acid. Use of aluminum sulfate can lead to local acidification of the soil and high salts which will burn roots (Fetzer, 1998).

Other chemical controls:
Salt is a long-time home remedy for slug control. Gardeners recommend sprinkling it around plants as it dehydrates the slug’s moist body. Growers should be careful about the quantity of salt used as it may burn plants and will increase sodium in soil (University of Illinois Extension Service, 1999). Another control method suggested by a contributor on the Orchid List Digest is cupric hydroxide. Sold under the product name Kocide 101, it is manufactured by Hummert Int’l and E. C. Geiger (Firpo 1997). Some growers spray slugs with a 5-10% concentration solution of ammonia and water. Used in combination with hand-picking, it must be directly applied to slugs (Cranshaw, 1998).Also, some herbal-based repellants have been recommended for slug control made from teas of wormwood and the wildflower, Hellebore (Fetzer, 1994).
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The Black Slug (Photo: B. Symondson)
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Slug damage on hosta leaf. 


(Photo: J. Hahn)





Left: Dicentra spectabile








Right:  Phlox maculata











(Photos: Hugh Wilson, Texas A&M)











Slug-X Slug trap


(Photo: Gardener’s Supply online catalog)





A parasitic nematode (Photo: B. Wright, Univ. of Nebraska)





Lebia grandis (carabid beetle) feeding on Colorado potato beetle eggs. Photo: D.N.Ferro� 





Left slug: Deroceras reticulatum infected with Phasmarhabditis hermaphrodita.�Right slug: Healthy Deroceras reticulatum. Note the swollen mantle of the infected slug. (Photo: R.Harvey)
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Rumina decollata, the predatory decollate snail. (Photo: http://w ww.biconet.com)
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