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Abstract

The grey field slug (Deroceras reticulatum) is a globally important gastropod pest of arable crops. The withdrawal of synthetic
chemical molluscicides due to human health and environmental concerns has prompted research into other control methods.
Particular attention has focussed on behaviour-modifying chemicals (semiochemicals), most of which are derived from plants
and other natural sources and include attractants, repellents and deterrents. This review provides a comprehensive overview of
the use of semiochemicals in managing D. reticulatum and discusses their potential for use in integrated pest management
(IPM) programmes. We reviewed trends in research publications on semiochemicals in relation to synthetic molluscicides
and biological control methods. Besides the identification of promising plant-based candidate semiochemicals, plants with
attractant properties were identified for use as trap crops. These could be used with the main crop treated with repellents in
‘push–pull’ IPM programmes. Extracts from plants as well as predators and entomopathogenic fungi have shown promise
against grey field slugs by inducing avoidance, antifeeding behaviour or even mortality, thereby reducing crop damage. Eluci-
dation of the structure and mode of action of specific chemical compounds responsible for slug attraction or repulsion could
lead to the development of new products for management of the grey field slug.
© 2025 The Author(s). Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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1 INTRODUCTION
Terrestrial molluscs (Pulmonata: Stylommatophora) are significant
crop pests worldwide.1 The grey field slug, Deroceras reticulatum
(Müller, 1774) (Agriolimacidae), is widespread globally, particu-
larly across temperate regions.2–10 It is highly polyphagous and
major agricultural crops such as wheat (Triticum aestivum L.), oil-
seed rape (Brassica napus L.),9,11 soybean (Glycine max L.), alfalfa
(Medicago sativa L.) and turnip (Brassica rapa subsp. rapa),2 are
susceptible to D. reticulatum herbivory, especially during the
establishment stages. Deroceras reticulatum can be challenging
to manage considering the limited range of commercially avail-
able molluscicides.12 The prolonged use of molluscicides based
on the active ingredients metaldehyde or methiocarb has
resulted in significant environmental issues; in particular the pol-
lution of surface water courses which is very difficult to miti-
gate.9,13 This has led to legislative action for their withdrawal in
the United Kingdom (UK).9,14–16 Ferric phosphate is currently the
only widely available conventional molluscicide approved in
the UK, however its effectiveness is considered lower than that
of metaldehyde, particularly for D. reticulatum when compared
against other slug species.17 Achieving efficient levels of slug con-
trol therefore generally requires higher application rates, thereby
increasing costs17 and the risk of resistance. The reliance on, and
widespread use of products based on this active ingredient alone

across large hectarages of a range of major agricultural crops in
the UK is a growing concern. Available alternatives remain very
limited,12 and inadequate slug control measures have been esti-
mated to result in annual losses of over £100 million for farmers
in the UK.9 This has prompted an urgent search for environmen-
tally benign products and strategies.9,13,18

Attractive and repellent semiochemicals (naturally occurring
behaviour- and development-modifying compounds) that derive
from plant or arthropod material and work at a distance,19–21 or
deterrents/antifeedants and irritants that act upon contact,18

can be strategically used in push–pull integrated pest manage-
ment (IPM) programmes to sustainably reduce pest damage.20

In push–pull systems, less attractive crop cultivars and/or repel-
lent or deterrent semiochemicals are used to ‘push’ pests out of
the cash crop while simultaneously ‘pulling’ them to attractive
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trap crops or crop areas supplemented with semiochemical attrac-
tants. Extracts and essential oils from legumes,22,23 weeds,11,24–28

ornamental plants and vegetables,1,5,29–32 herbs33 and grassland
plants6,34 have been explored as potential sources of semiochem-
icals forD. reticulatum control.35 However, there has been insufficient
follow-up research to corroborate their effectiveness in field condi-
tions, including species-specificity.36 Furthermore, D. reticulatum
has been shown to exhibit a heterogenous distribution across arable
crop fields, with localised patches of high slug density that remain
relatively stable throughout the growing season.37,38 This spatial sta-
bility presents an opportunity for more targeted, low-cost pest man-
agement approaches. The strategic application of semiochemicals
could exploit these persistent distribution patterns, allowing for
more efficient interventions.
This review synthesises existing knowledge on D. reticulatum

olfaction and the use of semiochemicals for its management. It
examines the advantages and limitations of experimental
approaches, highlights gaps in previous research, and suggests
future directions for developing more effective and sustainable
slug control strategies.

1.1 Trends in research on control of D. reticulatum
In order to examine the trends in research and use of synthetic mol-
luscicides, biocontrol, attractants and repellents, a systematic litera-
ture search was conducted using the Web of Science database.
The following search word phrasing ‘Deroceras reticulatum and con-
trol’, ‘metaldehyde andDeroceras reticulatum’, ‘methiocarb andDero-
ceras reticulatum’, ‘iron phosphate and Deroceras reticulatum’, ‘ferric
phosphate and Deroceras reticulatum’, ‘semiochemicals and Dero-
ceras reticulatum’, ‘attractant and Deroceras reticulatum’, ‘deterrent/
repellent and Deroceras reticulatum’, ‘grey garden slug’, and ‘grey
field slugs’, yielded 2837 publications. From these, articles specifically
addressing repellents, irritants, attractants, semiochemicals, botani-
cals and antifeedants were selected for detailed review and analysis.
Out of the 2837 publications screened, only 239 studies were rele-
vant to our analysis. A significant proportion of these publications
focused on biological control of D. reticulatum (Fig. 1), indicating a
trend towards intensifying research on biological control agents over
synthetic molluscicides. This shift reflects efforts to promote sustain-
able pest management. Particularly interesting is the decline in stud-
ies on methiocarb and metaldehyde from 2011 to 2024, coinciding
with the period of their withdrawal from use in the EU (2014) and
the UK (2022), respectively, and the majority of the few studies on
ferric phosphate emerging between 2021 and 2024. This limited
study on ferric phosphate reveals a significant knowledge gap
regarding its long-term effectiveness, ecological impact and poten-
tial integration into sustainable pest management strategies, espe-
cially as pressures continue to restrict the use of synthetic
alternatives. However, a research gap is also evident regarding the
use of semiochemicals, i.e., repellents and attractants (Fig. 1), to con-
trol D. reticulatum. Relatively few studies have explored these poten-
tial tools, with the highest number of studies on both attractants and
repellents recorded between 1991 and 2000, followed by a subse-
quent decline (Fig. 1). Further exploration in this area holds signifi-
cant promise for developing innovative IPM tactics for
D. reticulatum with lower environmental impact.

1.2 Life cycle of D. reticulatum
Deroceras reticulatum are semelparous, typically univoltine spe-
cies, producing one generation a year,39,40 although bivoltine life
cycles have also been observed under certain conditions.41 Their
life cycle is affected by geographical, weather and climatic

patterns, with extreme cold conditions slowing down their devel-
opment.39,42 Despite being a hermaphrodite species with the abil-
ity to self-fertilise,8 they typically engage in copulation with other
individuals for cross-fertilisation.8,39,43 They can breed at any time
of the year, producing approximately 200–500 small, round, trans-
lucent eggs which are usually laid in clusters44–46 (Fig. 2). Their life
cycle from eggs to adults spans between 9 to 12 months.39,40,47 In
temperate regions, D. reticulatum activity, unlike other slug spe-
cies, typically peaks twice: in spring and again in autumn, driven
by overlapping generations with usually a 9-month interval. Eggs
hatching in autumn result in slugs maturing over winter, which
produce new eggs the following spring (Fig. 2A). Eggs hatching
in the spring mature over summer, then lay eggs in late autumn
(Fig 2B).8,39 Adults can remain active during winter,39 but severe
cold temperatures trigger the physiological state of ‘chill coma’
without being completely immobilised.8,48

The life stages of D. reticulatum vary based on the season when
the eggs hatch (Fig. 2), with two distinct types of development
known as the slow and fast growth stages.8 During autumn and
winter, eggs and juveniles develop slower than in warmer condi-
tions. In cold conditions, eggs can take up to 5 months to develop,
while the juveniles require up to 7 months or more to mature.
However, in relatively warmer spring conditions, this might only
take 2 to 3 months.8,39.

2 SLUG OLFACTION
Semiochemicals play a significant role in aiding many terrestrial
(pulmonated) gastropod species to locate and find food sources
while foraging.49 Terrestrial gastropods possess one or two pairs
of tentacles on their head, where both the eyes and olfactory epi-
thelia are located.49 The tentacular structures play essential roles
in olfaction.50,51 Land slugs can learn and remember new informa-
tion about scents, including those associated with negative olfac-
tory stimuli.52 They can also differentiate novel olfactory cues
from those they have encountered before and tend to show pref-
erence for certain scents.49,53–55

The ability to detect and distinguish between odours is believed
to be facilitated by a unique epithelial pad located at the ventral
tip of the tentacle when outstretched.51 Olfactory detection in
slugs is associated with the tips of two sets of tentacles, referred
to as the inferior for the shorter ones (anterior) and superior ten-
tacles for the longer ones (posterior), the latter also containing
the eyes.49,52 The primary olfactory organ of D. reticulatum, the
superior tentacle, has two key nerves, the olfactory and the optic.
They stem from the metacerebrum, a part of the cerebral gan-
glion, with the olfactory nerve ending in the digitate (tentacular)
ganglion.56 Nerves in both sets of tentacles convey scent-related
information to the central nervous system, specifically to the pro-
cerebrum, for processing, memory formation and learning.52,57

The procerebral lobe receives first-stage input from olfactory
receptor cells, as well as second-stage input from the digitate
ganglion.53,58,59

The highly developed olfactory system of slugs is very impor-
tant for chemoreception involved in food finding, assessing the
risk of predators and as a homing strategy to navigate back to
specific locations.60–65 The inferior and superior pairs of tentacles
exhibit distinct functional roles in olfaction, with the superior ten-
tacles more linked to orientation towards airborne volatile cues
and the inferior tentacles for trail following or contact (gustatory)
cues.49,51,54,56 Furthermore, slugs use both pairs of tentacles to
acquire olfactory cues, which are then recalled from their
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memories; this is observed even after surgical amputation on
slugs previously conditioned with specific repellent odours.50,52

The use of both pairs of tentacles to detect aversive odours might
confer a survival benefit.52

3 METHODS TO EVALUATE SLUG
BEHAVIOUR
A wide variety of methods have been used to study slug behav-
iour and orientation to chemical stimuli. Olfactory studies offer a
means to assess the effectiveness of novel compounds in attract-
ing slugs to bait in order to enhance their intake of molluscicides
or to study their behaviour to repellents.66 However, it is impor-
tant to validate laboratory assays with field trials to upscale results
to realistic conditions.67 Here, we review some of the different
techniques that have been used to study the olfactory behaviour
of slugs.

3.1 Glass tube olfactometry assays
Commonly utilised to study the behavioural response of slugs to
attractant or repellent odours are olfactory choice assays, where
a sterile glass apparatus with at least two arms, typically T or
Y-shaped, is utilised, with the control and test samples placed at
the ends of the different arms. A slug is then placed into the cen-
tral stem and its movement observed, with a predetermined point
in each arm indicating a choice.10,66,68 While most olfactometers
are designed to deliver a constant flow of purified air to transport
the test substances from the source point through the arms to
reach the slug69 some slug species have been reported to be neg-
atively anemotactic. They may not therefore necessarily move
towards air flow, as they avoid windy interference.68,70–72 In such
cases still air olfactometer experiments may require larger sample

sizes and extended time periods to detect a clear response.68

Olfactometer choice test experiments are relatively cheap and
straightforward but slug behaviours regarding anemotaxis may
lead to difficulty in drawing conclusions regarding the orientation
preference of slugs towards chemical cues. Another design, tech-
nically more complicated but which overcomes these problems is
a tentacular two glass chambered olfactometer, which delivers
odours directly to the sensory tentacles, with independent adjust-
ment capability over the levels of concentration to be adminis-
tered on the right and left tentacle. Distinct head movements
while the mollusc is moving, subject to latency and extent, sug-
gest an orientation decision.73

3.2 Feeding bioassays
Feeding assays are very useful for providing insights into slug
responses to close-range stimuli such as stimulants and deter-
rents. They can be applied to both no-choice and choice scenar-
ios.19,72,74 In a choice assay, slugs are given an option between
treated and untreated food samples, and their consumption is
recorded at intervals to determine preference patterns. In a no-
choice assay, they are offered only the treated food sample and
responses compared to a no-choice standard treatment (control)
to assess if the administered treatment changes their normal
feeding behaviour.19,74 Assays like this are often utilised to deter-
mine the effectiveness of different bait pellets in delivering toxins
to slugs and could be extended to test the effect of different
repellents and antifeedants per se. However in many studies, the
plant materials used in feeding assays are usually presented as
leaf discs, macerated or pelletised; processes that significantly
alter the natural volatile profile of the plant.75 As a result, feeding
bioassays may not accurately reflect real-time interactions
between slugs and living plants in the field.

Figure 1. Trends in pest control studies on Deroceras reticulatum. Here, ‘repellent’ refers to studies that focused on antifeedants, repellents, essential oils
and any compounds (apart from synthetic molluscicides) that act as molluscicides. ‘Attractants’ denote studies investigating plant-based or -derived
attractants and other products found to attract slugs (excluding synthetic molluscicide baits). ‘Biocontrol’ refers to studies examining the use of bio-
antagonistic agents, such as nematodes, carabid beetles, and pathogens.
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3.3 Trail-following bioassays
Trail-following happens when one animal consistently traces
the path of another, more often and for longer distances than
would be expected by random chance.76 One method to
understand trail-following that has been proven effective to
identify active volatile compounds attractive to D. reticulatum
is the use of moistened filter paper with a drawn pencil line
serving as trail reference, which is then placed in a black-walled
evaporating dish. The volatile test solutions are then applied
along the pencil lines and the slugs introduced at the start of
the line. After a specified period, the slugs are removed and
their mucus trails visualised with the application of carbon
powder. The mucus trail length is measured and compared to
a control trail reference treated with deionised water.68 Other
techniques have utilised transparent sheets (e.g. polythene
substrate, acetate sheets, etc.) to study how molluscs track
trails.76–78 These transparent materials are often dusted with a
powder, for example charcoal,78 to make mucus trails visible,

enabling researchers to observe and accurately quantify trail-
tracking behaviour.
The limitation of this technique is that the slug is made to have

physical contact with the test compound and there is no analysis
of their initial movement towards (or away from) the volatile
source.68 Notwithstanding, understanding slug trails and move-
ment patterns could improve their management.

3.4 Electrophysiological assays
In electrophysiological assays themain olfactory organ, the poste-
rior tentacle, is dissected from an anesthetised slug and placed in
a dish containing a specialised ringer solution. The tentacles are
carefully dissected to expose both the sensory pad and olfactory
nerve by removing the surrounding sheath tissue and mus-
cles.19,56 This setup exposes the nerve to the ringer solution while
applying airborne volatile cues to the sensory pad. Electrical
responses to the different volatile cues are recorded using a setup
that involves suction electrodes, with an airstream to convey the

Figure 2. Illustrated life cycle of the grey field slug Deroceras reticulatum. Generation A and Generation B represent cohorts arising from autumn and
spring egg hatchings, respectively, reflecting the species' overlapping life cycle.

www.soci.org S Mustapha et al.

wileyonlinelibrary.com/journal/ps © 2025 The Author(s).
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Pest Manag Sci 2025

4

http://wileyonlinelibrary.com/journal/ps


test extract, and amplification equipment (for example DAM50
differential amplifier) to measure nerve activity. This technique
has been successfully used to provide detailed examination of
the response of the olfactory nerve of D. reticulatum to various
chemical compounds and in the evaluation of olfactory functions
in molluscs.19,56,61 However, the successful execution of electro-
physiological recording requires highly specialised skills, which
are often scarce.

3.5 Radio-tracking bioassays
Recent studies have used radio-tracking technology to monitor
the movement patterns and behaviour of D. reticulatum in com-
mercial crop fields, with individual slugs tagged using radio fre-
quency identification (RFID) devices.79,80 This method enables
the unique identification and profiling of individual slugs, provid-
ing valuable insights into their spatial dynamics and activity.79,80

To achieve this, slugs are anaesthetised using carbon dioxide
(CO2) to induce full body extension. Next, RFID tags (a small glass
capsule encasing both the chip and antenna coil), each bearing a
unique identification code, are implanted beneath the body wall
using an MK165 implanter.79,80 The tagged slugs are released into
the designated study field, where their movement patterns are
monitored at predetermined intervals using a handheld portable
reader. Each detected slug is identified by its unique RFID code,
and its precise location and its activity (feeding, mating, etc.) is
visually verified along with time stamp and spatial position.80

While most studies primarily rely on laboratory setups to test
hypotheses, radio-tracking offers a significant advantage by pro-
viding real-time, field-based insights into slug movement pat-
terns, whether they are attracted to or repelled by sources of
semiochemical cues. A potential drawback in the use of RFID tag-
ging is that, although it has been shown not to affect feeding,
locomotion or egg-laying behaviour, improper insertion of the
tagmay alter their natural behaviour. This could lead to inaccurate
observation and misinterpretation of movement patterns.

4 SLUG ATTRACTANTS
Slugs, due to their polyphagous nature,2,4,6,7 are attracted to a
range of plant metabolites.68,81 Several attractants have been
developed from plant extracts. These have been included in
chemical lures, food bait, trap crops and in more traditional
approaches like use of beer and fermented products as bait for
slugs. Various attractants have been used successfully to entice
different slug species (summarised in Table 1) however, this
section will focus on D. reticulatum.
4.1 Plant attractants
The use of attractive ‘trap’ plants as an alternative food source
may effectively divert slugs away from the primary crop.11 In fact,
providing a diversity of plants (e.g., wildflowers) alongside crop
fields could offer protection of the main crop by reducing the
pressure of mollusc herbivores.101

Several weed species commonly found within agricultural fields
have been identified to have potential to serve as readily-
available alternative food source for slugs.11,24,25,68,102 Slugs are
attracted by the volatiles released by these plants,49,68,72 which
can be leveraged as a ‘pull’ strategy within a push–pull IPM
approach by luring slugs away from the main crop during periods
of establishment. Growing weed species like shepherd's purse
(Capsella bursa-pastoris) and chickweed (Stellaria media) along-
side oilseed rape has shown promise in reducing slug feeding
on the crop, with effectiveness comparable to molluscicide pellet

bait.11,26 However, this effect has only been observed under low
slug population density.11 A hierarchy of preference of
D. reticulatum to dandelion (Taraxacum officinale), shepherd's
purse, white clover (Trifolium repens) and fat hen (Chenopodium
album) as most preferred when compared alongside 12 winter
wheat cultivars was observed.24 Nevertheless, growing weeds
alongside crops, while potentially favourable for slug manage-
ment, has the obvious disadvantage of more competitive weed
populations.12 Therefore, sustainable weed management prac-
tices are crucial to balance the benefits of using weeds as slug
attractants while preventing the consequence of exacerbating
weed problems in agricultural fields. However, the specific attrac-
tive properties of these weed species have not been fully identi-
fied. A potential strategy for effectively utilising weed species is
to isolate and deploy the slug attractants found in these without
introducing or promoting additional weed development.103

Legumes could be utilised as trap crops to mitigate slug infesta-
tions during crop establishment, with red clover (Trifolium pra-
tense), lupin (Lupinus perennis), lucerne (Medicago sativa) and
white clover demonstrating high attractiveness to D. reticulatum,
compared to winter wheat.22,34,97,98 Notably among these
legumes, red clover returned the greatest reduction in feeding
damage (50–78% decrease in the mean amount of wheat con-
sumed), indicating its strong potential to be used as a trap crop
to divert D. reticulatum away from the main crop.22,94,96,97 How-
ever, the drawback of growing red clover in the same plot as win-
ter wheat is that it can negatively impact wheat yield (by up to
43%, compared to wheat plots without red clover).97 This sug-
gests that while red clover may be an important trap crop to pro-
tect wheat during its vulnerable seedling stage, it must be
removed from the field once the wheat has fully established to
avoid yield loss.97 Best practice could be to grow red clover in des-
ignated strips of land within or adjacent to the main crop to serve
as a pull to slugs. Similarly, the sweet lupin (Lupinus angustifolius)
cultivars Regent and Bojar are highly attractive to D. reticulatum,
while cultivars such as Mirela, Oskar and Karo containing high
levels of lupanine alkaloids are less attractive. However, slugs
may still consume these plants in the absence of alternatives,
because they can detoxify secondary metabolites when present
in non-lethal concentrations, most probably via the cytochrome
P450 enzyme, with younger slugs showing higher tolerance com-
pared to older individuals.98,104 Arion vulgaris slugs injected with
non-lethal doses of harmaline, sparteine, cytisine, lupanine, sene-
cionine, quinidine and eserine could detoxify the alkaloids within
72 h, but higher concentrations killed them.98,104

A study examining feeding damage by D. reticulatum on seed-
ling monocultures of 23 meadow species and oilseed rape as ref-
erence identified a hierarchy of acceptability. Red fescue (Festuca
rubra), Yarrow (Achillea millefolium), rough bluegrass (Poa trivialis)
and Yorkshire fog (Holcus lanatus) were found to be more attrac-
tive to slugs than oilseed rape.6 This suggests that creating
meadow buffer zones could be a viable strategy for crop protec-
tion against slugs, especially for oilseed rape as major crop. Dero-
ceras reticulatum was found to be highly attracted to blue wood
aster (Aster cordifolius) and Canadian honewort (Crypotaenia cana-
densis) forest herbs, consuming more of the plant leaves com-
pared to others.33 Similarly, the perennial herb wolf's bane
(Arnica montana) was highly attractive and palatable to three dif-
ferent slug species (Deroceras agreste, Arion lusitanicus and
D. reticulatum).99

Many of the studies investigating slug attractants have, how-
ever been conducted under controlled microcosm conditions,
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which may not fully capture the complexities and variability of
real-world field environments. Factors such as weather fluctua-
tions, soil heterogeneity, plant developmental stages and the spa-
tial and temporal dynamics of slug density and distribution in the
fields can significantly influence the attraction responses and
long-term effects of slug herbivory on plant populations. Further-
more, while various plant species have been identified to attract
slugs, unfortunately most studies have not isolated or identified
the specific chemical compounds responsible for the attraction,
leading to a great dearth of information in this area. Future
research should encompass a more detailed analysis using gas
chromatography coupled to mass spectrometry alongside olfac-
tory bioassays and electrophysiology to identify attractants.

4.2 Beer and other fermented products as attractants
Beer is an alcoholic drink produced by the brewing and fermenta-
tion of starches from cereal grains; the yeast converts sugar into
alcohol or organic acid.105 Beer, poured into traps on the ground
has long been used as a traditional method of slug control in
domestic situations; slugs are lured and killed in the traps by
drowning. Beer has proven to be a consistently effective attrac-
tant for slugs in both laboratory and field experiments. Various
volatile compounds associated with beer have been identified
as being attractive to slugs, including dihydroxyacetone, acetoin
and diacetyl.83,86,106 However, the degree of attraction may differ
depending on the brand and its chemical composition as well as
species.83–85 Beer (both fresh and stale) was shown to be a potent
attractant for D. reticulatum (Table 1) when compared to ethyl
alcohol, methyl alcohol, 10% vinegar in water, 5% dimalt in water,
dry grape wine, blackberry wine, andwater control.82 Slugs appar-
ently did not intentionally move into the liquid; instead, they
slipped or slid in from the edges of the containers. Expanding
on their work, Smith & Boswell dipped common commercial met-
aldehyde pellet baits in beer, which increased the effectiveness of
the bait. However, the baits with beer did not outperform beer
alone as attractant. Additionally, mixing beer with bran bait con-
taining 2% of Bay 37344 (4-(methylthio)-3,5-xylyl methylcarba-
mate) greatly improved its effectiveness in controlling slugs.82 It
is worth noting that the attraction of slugs to beer is not due to
its alcoholic content but rather the volatile compounds it con-
tains.82,83,86,107 In fact, non-alcoholic beverages, such as malt
drink, elicited a stronger attraction response of D. reticulatum
when compared to a particular brand of beer.83 However, the
mechanism driving slug attraction to beer is unclear. It is not yet
fully understood whether attraction is primarily mediated by vol-
atiles associated with the fermentation processes, sugar content,
or the specific yeast strains used; different yeast strains signifi-
cantly influence D. reticulatum attractiveness to beer likely due
to the variations in volatile compounds they produce.83

While the use of liquid beer bait has considerable potential for
managing D. reticulatum, its practical implementation may lead
to increased crop protection costs, particularly in large-scale ara-
ble systems. In addition, beer bait could attract non-target organ-
isms, including beneficials such as wasps that also have an
ecological role in pest management.108 Therefore, further
research is recommended to identify the specific chemical com-
pounds responsible for eliciting slug responses to beer, a knowl-
edge gap that clearly remains unaddressed to date. This could
inform the development of species-specific synthetic baits for
use in IPM strategies while minimising unintended effects on
non-target organisms.

Other products of fermentation, like the use of fermenting
bread dough formulations composed of water, sugar, flour and
yeast, have been demonstrated to effectively attract different
mollusc species with a maintained efficiency for at least 8 days,
significantly outperforming common metaldehyde-based baits.10

Additionally, fermenting sugar yeast (Drosophila bait) and fresh
unfermented grape juice also act as moderate attractants for
D. reticulatum.82 Fermentation products could therefore be used
as part of attract-and-kill strategies or in baited traps to control
slug populations, as they are usually non-toxic, widely accessible
and cost-effective.10 Studies have shown that odours produced
during fermentation, when sugar water is combined with yeast,
can significantly attract slugs. Additionally, brewery by-products
like malted grain fibre exhibited considerable attractiveness to
slugs, with the attraction being notably enhanced when supple-
mented with sucrose and active yeast.10,83 With its simple compo-
sition and ease in acquiring the ingredients, the use of fermented
products holds considerable potential for broader adoption in
pest management practices, although they are mostly suitable
for small-scale applications. Nonetheless, further research is
needed to identify the most consistent and stable chemical com-
pounds emitted from fermented products that are highly attrac-
tive to slugs.

5 SLUG REPELLENTS, ANTIFEEDANTS AND
MOLLUSCICIDES
Plants produce chemical compounds which act in defence
against pests.109 For example, brassicas produce glucosinolates
that can reduce generalist herbivore damage.110

Glucosinolates tend to occur in lower concentrations in agricul-
tural brassica crops compared to wild relatives because they have
been selectively bred for human consumption.111 Similar to other
invertebrate herbivores, D. reticulatum feeding triggers anti-
herbivore defences in plants by activating specific defence signal-
ling pathways (e.g., salicylic acid, jasmonic acid and abscisic acid).
This activation enhances the plant's resistance to subsequent her-
bivory.109 In Solanum dulcamara, these defences involve the pro-
duction of various secondary plant metabolites and volatile
organic compounds (VOCs). The key compounds identified after
D. reticulatum herbivory on solanum include glycoalkaloids,
anthocyanins, phenolamides (N-caffeoylputrescine), as well as
polyphenol oxidase and trypsin protease inhibitors.109 These
compounds collectively contribute to anti-herbivore defence. In
this section, we review known repellents that direct slug move-
ment away from their source, and antifeedants, which reduce or
prevent slug feeding damage upon contact. These compounds
have been studied for their effects against D. reticulatum and
are listed in Table 2. However, due to the heterogenous distribu-
tion of D. reticulatum within fields,37,38 deploying repellents/
deterrents in a push–pull context may only provide effective pro-
tection within actual slug-infested patches. Therefore, research
which enables targeting areas with high slug densities would
enable spatially efficient placement of treatments thereby mini-
mising active ingredient use and costs to effectively suppress
D. reticulatum populations.

5.1 Scents and cuticular extracts from predators as
repellents
Avoidance of certain plants and animals suggest that the semio-
chemicals from them function as slug deterrents, antifeedants or
as toxins when ingested.56 While most repellents are derived from
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TABLE 1. Attractants for Deroceras reticulatum and other terrestrial mollusc species

Mollusc species Chemical/product Comment References

Deroceras reticulatum, Cornu
aspersum

Volatiles from chopped cucumber (Cucumis
sativus).

Molluscs have inherent preference for
cucumber.

66

Deroceras reticulatum, Parmarion
martensi, Ambigolimax
valentianus, Cornu aspersum,
Lissachatina fulica, Xerolenta
obvia

Fermenting bread dough The fermentation process, especially with
yeast, produces an aroma that attracts
slugs, and the dough itself can be used as
bait in traps or in attract-and-kill
approach.

10

Arion vulgaris,
Deroceras reticulatum,
Deroceras laeve

Beer (fresh and stale) volatile fraction.
Metaldehyde in bait with beer, Bay 37344
(4-(methylthio)-3,5-xylyl
methylcarbamate) with beer.

The volatile compounds, usually influenced
by the type of yeast strain used to
ferment beer, rather than the alcohol, are
the main attractants.

82–86

Deroceras reticulatum Malt beverage and malted grain fibre Non-alcoholic malt beverages and malted
grain fibre as by-product of brewery
waste effectively attracted slugs, with
increased attractiveness when
supplemented with active yeasts and
sucrose.

83

Deroceras reticulatum (Z)-3-Hexen-l-ol Vacuum distillation of lettuce leaves. 50
Deroceras reticulatum Unfermented fresh grape juice, Drosophila-

fermented bait, bran bait containing 2%
Bay 37344 (4-(methylthio)-3,5-xylyl
methylcarbamate) with beer,
metaldehyde (4%) in corn cobs
moistened with beer, metaldehyde 4% in
corn cobs with water

Fresh unfermented grape juice moderately
attracted slug. Commercial baits
increased in effectiveness after being
moistened with beer.

82

Deroceras reticulatum, Arion
lusitanicus, Arion rufus

Ocimum basilicum, Brassica napus and
Coriandrum sativum

Highly acceptable plant species to the
molluscs.

87,88

Deroceras reticulatum Dandelion (Taraxacum officinale), carrot
(Daucus carota) and lettuce (Lactuca
sativa)

Volatile cues from plants attracted slugs. 68

Deroceras reticulatum, Arion
lusitanicus, Lehmannia nyctelia

White clover (Trifolium repens and Trifolium
semipilosum)

Very palatable to slugs. Trifolium repens is
known to have high levels of hydrogen
cyanide (HCN). Potentially could be a
repellent but slugs are attracted to the
forb species.

22,34,42,88,89

Deroceras reticulatum, Arion
lusitanicus

Capsella bursa-pastoris, Stellaria media,
Taraxacum officinale, Trifolium repens and
Chenopodium album

Common agricultural weed species
palatable to slugs.

11,24–26,90

Deroceras reticulatum Red clover (Trifolium pratense), lupin
(Luponus spp.), alfalfa (Medicago sativa),
white clover (Trifolium repens), vetch
(Vicia spp.) and, birdsfoot trefoil (Lotus
corniculatus).

When compared to winter wheat, with red
clover being the most attractive.

22,34,91–97

Deroceras reticulatum, Arion
lusitanicus

Cornflower (Centaurea cyanus) Attractive to slug. 30

Deroceras reticulatum Thin-leaved rosette forest forb species Aster
cordifolius and Cryptotaenia canadensis.

Palatable to slug. 33

Deroceras reticulatum, Arion rufus,
Arion vulgaris

The sweet lupin cultivar regent and bojar Lupins with low alkaloid contents are highly
attractive to slugs.

98

Deroceras reticulatum, Arion
lusitanicus and, Deroceras
agreste

Arnica montana All three species of slug preferred
undamaged A. montana leaves when
compared to 20 other meadow plant
species.

99

Deroceras reticulatum Sonchus arvensis (perennial sow thistle),
Cichorium intybus, Leontodon hispidus

Palatable to slug. 100

Deroceras reticulatum, Arion
hortensis, Arion distinctus

Brussel sprouts and lettuce Slugs are attracted to Brussel sprouts. 5
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TABLE 2. Repellents, antifeedants andmolluscicides identified from research that show potential for control of Deroceras reticulatum and other ter-
restrial mollusc species

Mollusc species Chemical/product Comment References

Deroceras reticulatum Cuticular extracts derived from the insects:
Carabus coriaceus, Musca domestica, Carabus
auratus, Carabus nemoralis, Carabus hispanus
and chemical cues from Pterostichus
melanarius

Chemical cues from carabid beetles impede
slug foraging and force avoidance behaviour

61,112–115

Deroceras reticulatum (+)-Fenchone It reduced feeding.
Fennel (Feoniculum vulgare (Apiaceae))
contains significant levels of (+)-fenchone

116–118

Deroceras reticulatum γ-Coniceine Hemlock (Conium maculatum) contains large
amounts of the alkaloid coniceine, which has
antifeedant properties

19,118

Deroceras reticulatum Cinnamamide Wheat seed dressing, acting as a repellent 119
Deroceras reticulatum Vulpinic acid Antifeedant metabolites extracted from the

lichen Letharia vulpine.
120

Deroceras panormitanum,
Oxyloma pfeifferi,
Deroceras reticulatum

Cinnamamide, copper ammonium carbonate,
urea formaldehyde, copper impregnated
mattings, garlic concentrates, copper foil

Cinnamamide seed coating on winter wheat
protected seeds from slugs.

Did not affect viability of seeds.
Garlic, urea formaldehyde and cinnamamide
solution repelled slugs and caused over 95%
mortality and protected crop from damage.

31,32,119,121–
123

Deroceras reticulatum Extracts from the plants Crithmum maritimum,
Conium maculatum (alkaloid coniceine),
Coriandrum sativum, Petroselinum crispum
and Anthriscus cerefolium

Significantly reduced D. reticulatum feeding 56

Deroceras reticulatum Thyme, spearmint, and pine The essential oil emulsions sprayed on plants
with slugs in them caused significant level of
mortality comparable to commercial
molluscicides.

7

Deroceras reticulatum Methanol extract from tarragon (Artemisia
dracunculus), peppermint, rosemary Mexican
tea plant and anise

Tarragon gave the highest antifeedant effect 118

Deroceras reticulatum Geraniol A potent feeding deterrent, pellets containing
geraniol elicited a strongly negative feeding
response.

116

Deroceras reticulatum Glucosinolates Oilseed rape variety with high levels of
glucosinolates deterred slugs from feeding

110,124

Deroceras reticulatum Lolitrem B Indole diterpenoids extracted from the
endophytic Clavicipitaceous fungi genus
Neotyphodium reduced slug feeding

125

Deroceras reticulatum, Arion
distinctus, Arion vulgaris

Digested organic matter Organicmaterial that has undergone anaerobic
digestion as part of biogas production
process is strong repellent and molluscicidal
to slugs

126

Deroceras reticulatum Garlic mustard (Alliaria petiolata) Slug avoided consuming this species in
laboratory assays. Alliaria petiolata is known
to contain cyanide as part of its chemical
defence.

33

Deroceras reticulatum, Arion
rufus and, Arion vulgaris

Alkaloids: lupanine, saparteine, atropine,
quinidine, cytisine, senecionine, harmaline,
eserine.

Slugs exhibited reduced feeding preference for
the Lupinus angustifolius cultivars Karo, Oskar
and Mirela with high alkaloid content and
also avoided the feeds containing the
alkaloids.

98,104

Deroceras reticulatum Saponin Saponin extract from Quillaja saponaria,
Camellia oleifera and Gleditsia amorphoides
gave antifeedant and molluscicidal effects
against slugs.

127
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plants, cues from predators have also been indicated to initiate
avoidance. For instance, the scent of predatory carabid beetles has
been demonstrated to modify the behaviour of slugs causing them
to cease or reduce feeding113–115 (Table 2). Furthermore, adult cara-
bids produce a distinctive odour attributed to the secretions from
their defensive pygidial glands,61 which triggered notable olfactory
responses in D. reticulatum61 and caused it to flee upon detecting
these cues.113 The compounds responsible for eliciting evasive
response in slugs could be identified and used in crop protection
but there is a lack of sufficient follow-up studies to evaluate feasibility
in field settings. Furthermore, the long-term effectiveness of their
use in the absence of predators is doubtful, as slugsmight eventually
become habituated to the cues over time.

5.2 Volatile organic compounds from
entomopathogenic fungi as repellents
VOCs isolated from the conidia of the entomopathogenic fungus
Metarhizium brunneum, specifically 1-octen-3-ol, 3-octanone and
1-octene, repel the molluscs Cornu aspersum and D. reticulatum
(Table 2). These compounds induce repellent behaviour at lower
concentrations and act as fumigants or contact molluscicides at
higher concentrations, ultimately killing the slugs.74 They might
therefore hold promise for the development of new sprayable for-
mulations to protect plants from mollusc attacks. However, these
studies were conducted in controlled environments and results
may differ from those in real-world scenarios, particularly when
evaluating long-term effects.

TABLE 2. Continued

Mollusc species Chemical/product Comment References

Deroceras reticulatum 4-Pentenyl isothiocyanate Elicited a repellent response at 0.1 and 1.0 μg/
μL.

128

Deroceras reticulatum Cedarwood oil and cedarwood in combination
with Phasmarhabditis hermaphrodita a
parasitic nematode.

Cedarwood oil causedmortality of the slug and
was highly potent with the combination of
parasitic nematodes.

36

Deroceras reticulatum,
Deroceras laeve, Arion
subfuscus

Phenolic glycoside: 6-hydroxy-
l,2,3,4-tetrahydro-⊎-carboline-3-carboxylic
acid (6-HT⊎C-3-COOH)

Quackgrass (Agropyron repens) extract fraction
containing phenolic glycosides indicated
both gastrointestinal and dermal toxicity

129

Deroceras reticulatum Salosonine glycoalkaloid, anthocyanins,
phenolamides (e.g., N-caffeoylputrescine),
polyphenol oxidase, trypsin protease
inhibitors

Metabolites emitted from Solanum dulcamara
after slug feeding increased plant resistance
against further slug herbivory.

109,130

Deroceras reticulatum, Helix
apersa, Arion hortensis

Extracts from the myrrh plants opoponax
(Commiphora guidotti) and (Commiphora
molmol). The former containing both
monoterpenes (trans-⊎-ocimene) and
sesquiterpenes and the latter sesquiterpenes
and furano-sesquiterpenes.

The myrrh extract induced strong antifeeding
behaviour at 0.5 and 1% to slugs but higher
for snail (3–5%), also caused both repellence
and mortality and performed better as
natural physical barrier when compared to a
top commercial product. Lettuce leaves
treated with trans-⊎-ocimene caused 100%
mortality.

131,132

Deroceras reticulatum, Arion
fasciatus, Bradybaena
fruticum, Arianta
arbustorum.

Aqueous suspension of crushed conspecifics Deterred slug feeding and induced avoidance
where the suspension was sprayed on crop

133

Deroceras reticulatum Silicon (Si) Increasing the foliar Si concentration in wheat
seedling reduced grazing by slug.

134

Deroceras reticulatum Ximenia americana (leaves and bark), Detarium
microcarpum (bark) and, Polygonum
limbatum (shoot).

The plants acted as effective repellents to slugs
when used as barriers. Additionally, both
alcoholic and aqueous extracts of the plants
exhibitedmolluscicidal effects on slugs upon
direct contact.

135

Deroceras reticulatum, Arion
ater, Deroceras laeve,
Veronicella cubensis,
Zonitoides arboreus

Caffeine from spent coffee ground. Spent coffee ground applied as top dressing on
tomato and radish crop promoted plant
growth and reduced slug herbivory by
repelling them. Caffeine also acted as
molluscicide.

136,137

Deroceras reticulatum,
Cornu aspersum

Volatile organic compounds (VOCs) from the
fungus Metarhizium brunneum 1-octen-3-ol,
3-octanone and, 1-octene.

The VOCs were repellent to both slug and snail
at low dosage (1–5 μL) and caused death
upon contact or as fumigant at higher
dosage (10 μL).

74

Deroceras reticulatum Neem and olive oil Had ovicidal effects on slug eggs. 138,139
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5.3 Plant extracts as antifeedants
Certain plants or their extracts have the potential to function as
antifeedants againstD. reticulatum.19 Some compounds with anti-
feedant properties, for example (+)-limonene, do not repel, dem-
onstrating the need to distinguish between antifeedant and
repellent modes of action.19 Antifeedant effects of certain com-
pounds are primarily caused by their secondary metabolite con-
tent120 (refer to Table 2 for a full list of compounds). For
instance, extracts derived from the lichen Letharia vulpine con-
taining vulpinic acid as a main chemical component successfully
deterred D. reticulatum from feeding when used as seed dressing
on wheat or foliar spray on turnip plants.120

Themonoterpenoid ketone (+)-fenchone, extracted from fennel
(Feoniculum vulgare), triggered a strong, enantiomer-specific anti-
feedant behaviour from D. reticulatum.116–118 Geraniol has also
been described as an effective antifeedant to slugs, causing up
to 83% reduction in feeding.116,118 However, its poor persistence
and high volatility significantly hinder its practical application in
field settings.116

Tarragon (Artemisia dracunculus) extract reduced feeding by
82% by D. reticulatum, followed by peppermint (Mentha piperata)
(68%) and rosemary (Rosemarinus officinalis) extract (60%),
whereasMexican tea plant (Chenopodium ambrosioides) and anise
(Pimpinella anisum) had lower antifeedant activity with 42% and
40% reduction, respectively.118

Of the 33 Apiaceae species screened for their antifeedant effect
on D. reticulatum, extracts from rock samphire (Crithmum mariti-
mum) and hemlock (Conium maculatum) reduced D. reticulatum
feeding by 60–80%, while coriander (Coriandrum sativum), parsley
(Petroselinum crispum) and chevril Anthriscus cerefolium caused a
decrease in feeding behaviour by over 40%.56 Interestingly,
exposing the tentacular nerve preparation of the slug to extracts
elicited intense electrical activity, suggesting that D. reticulatum
possess the ability to detect and discriminate these extracts.56

Furthermore, the alkaloid coniceine, derived from the hemlock
plant, reduced D. reticulatum feeding by approximately 72%, sug-
gesting it to be a potent antifeedant.19,118

Although extracts from edible plants or from those widely used
in therapeutics, nutraceuticals, cosmetics, and so forth are consid-
ered safe for use in crop protection programmes,129 it is important
to recognise that some plant extracts can be toxic or cause
adverse effects in humans and other non-target organisms,
depending on doses and species.140–142 In addition, certain
extracts may be phytotoxic if applied above a specific concentra-
tion and may affect certain crop species or cultivars differently.143

Therefore, caution is necessary when testing these extracts for use
in crop protection.

5.4 Plant defence toxins as antifeedants and
molluscicides
Deroceras reticulatum tends to prefer brassicas with lower levels of
glucosinolates over those with higher concentrations.124 How-
ever, it is important to note that higher concentrations of glucosi-
nolates do not completely deter the pest from feeding on treated
plants in the absence of alternative food sources. Saponin
extracted from Quillaja saponaria (Soap-Bark Tree), Camellia olei-
fera (tea-oil camellia) and Gleditsia amorphoides were antifeedant
and molluscicidal against D. reticulatumwhen administered orally
within a concentration range of 1–4% w/w.127 The extracts exhib-
ited potent membranolytic properties, leading to severe damage
to the gastric epithelium of the crop region and as such could
serve as a potential molluscicide. Although administration of the

extracts was orally forced in the study, the use of pellet baits with
phagostimulants could offer a practical means to entice slugs to
consume the extract in field settings.

5.5 Multifunctional effects of certain chemicals and
plants
Garlic, urea formaldehyde and cinnamamide have all been
reported to exert multiple effects against snails and slugs, includ-
ing acting as irritants, antifeedants, molluscicides and repel-
lents.31,123 In laboratory bioassays, garlic and cinnamamide
demonstrated high repellence and induced mortality rates of up
to 95% in D. panormitanum, a species closely related to
D. reticulatum, and in the snail Oxyloma pfeifferii. This led to a sig-
nificant reduction in crop plant damage ranging between 41% to
100%.31 However, further research to validate these findings in
field situations and to understand the impact when applied on
different crops is needed.
One significant challenge with utilising some of these com-

pounds is their potentially high production costs, which canmake
themunsuitable for practical application, especially in commercial
farms. Additionally, these products may not always meet cus-
tomer needs or gain acceptance, posing further obstacles to their
widespread adoption. Consequently, their application might be
limited to very small-scale horticulture.31

5.6 Molluscicidal potential of plant essential oils
Essential oils and their constituents have emerged as promising
alternatives to synthetic molluscicides for the control of
slugs,7,127 the fumigant and contact toxicity of the oils offer versa-
tile approaches for managing slugs. Although a comprehensive
review of essential oils and their potential asmolluscicides for gas-
tropods is available,35 limited attention is directed towards com-
pounds specifically targeting D. reticulatum. Potent molluscicidal
effects of thyme (Thymus vulgaris), spearmint (Mentha spicata)
and white pine (Pinus strobus) essential oils (Table 2) were shown
when compared to cinnamon cassia, lemongrass, rosemary, garlic
and peppermint.7 Their efficacy was comparable to chemical mol-
luscicides, but crucially, they did not have any phytotoxic effects
on the target crop at either seedling or matured plant stage. Addi-
tionally, there were no observed changes in plant biomass or
chlorophyl content. Therefore, under persistent mollusc pressures
in the field, these oils could be effectively delivered on to seed-
lings in spray formulations.
Essential oils show promising potential as ovicides for targeting

the eggs of terrestrial molluscs. Of the 12 different essential oils/
components (rosemary, white pine, D-limonene, peppermint,
spearmint, garlic, lemongrass, cedarwood, cinnamon, bitter
orange, eucalyptus, and clove bud) screened, all but bitter orange,
eucalyptus and D-limonene caused mortality of the mollusc Cornu
aspersum eggs and emerging juveniles at 1% concentration.144

Furthermore, eggs within infested media did not hatch as a result
of treatment with clove bud oil, compared to control pots that
had 100% emergence. Similarly, application of neem and olive
oil caused mortality of D. reticulatum eggs, acting as an ovi-
cide.138,139 Therefore, oils could be used as a drench to target mol-
lusc eggs; however, this approach is likely more viable for small-
scale horticulture due to the high cost of oils.144

The effectiveness of essential oils as repellents or molluscicides
may vary depending on the species involved. Azadirachtin
extracted from neem seeds (Azadirachta indica) negatively affects
the probing and feeding behaviour of the cereal aphids Sitobion
avenae (F.) and Rhopalosiphum padion (L.) on winter barley
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seedlings.145 However, the same extract had no effects on the
slug species D. reticulatum, Deroceras invadens and Arion distinc-
tus, indicating the species-specific activity of azadirachtin. Also,
neem oil is less effective against D. reticulatum compared to met-
aldehyde molluscicides.146 Cedarwood oil alone or in combina-
tion with the parasitic nematode Phasmarhabditis hermaphrodita
exhibited significant repellent and molluscicidal effects against
D. reticulatum and prevented crop damage, but it had no impact
on Arion vulgaris.36 Another benefit of using cedarwood oil lies
in its compatibility with biological control agents such as parasitic
nematodes, unlike some other essential oils which can negatively
impact nematode survival.36,147 Essential oil extract from the oleo-
resin of the myrrh plant (Commiphora guidotii) opoponax and the
active ingredient trans-⊎-ocimene caused significant repellence to
D. reticulatum for up to 14 days after application, negatively
affected their feeding behaviour and caused mortality without
affecting non-target organisms such as earthworms.132

One notable advantage of using essential oils is that they are
usually exempted from legislative limits and pesticide residue
requirements when compared to the use of synthetic pesticides.
This exemption can significantly accelerate the regulatory
approval process for essential oil-based molluscicides, paving
the way for quicker introduction into the pesticide market.7,18,144
7,18,144 Nevertheless, essential oils may negatively affect non-
target organisms if their concentration exceeds a certain toler-
ance limit.142 For instance, essential oils derived from cinnamon,
pine, clove bud, peppermint, garlic, eucalyptus and lemongrass
have been shown to exert moderate to high levels of toxicity
against Phasmarhabditis hermaphrodita, a slug parasitic nema-
tode vital for their biological control, as well as against Steiner-
nema feltiae, an entomopathogenic nematode important for the
control of pest insects.35,147 Additionally, the use of essential oils
may adversely affect generalist insect predators that contribute
to natural pest suppression in agroecosystems.148 Therefore, fur-
ther research is necessary to elucidate the broader ecological
impacts of essential oils, and their use should be approached with
caution to minimise unintended harm to beneficial organisms.

6 CONCLUSION
The polyphagous terrestrial molluscD. reticulatum presents signif-
icant challenges in agriculture by causing substantial damage to
economic crops, especially during plant establishment. Under-
standing and leveraging their attraction to and/or avoidance of
specific chemical cues could lead to sustainable management
alternatives for synthetic molluscicides. Attractive plants, such as
red clover, have a strong potential to serve as trap crops by plant-
ing them in strips within fields or on edges to act as a pull factor,
pulling slugs away from the main crops. Fermentation products
such as beer, brewery by-products, bread dough, and so forth
have shown effectiveness as strong slug attractants. Elucidating
the specific attractive volatiles could pave the way for the devel-
opment of novel synthetic semiochemical lures for use in lure-
and-kill strategies or as toxic baits. Repellents derived from natural
sources offer a complementary technique for slug management
especially as a push strategy to deter infestation of newly-sown
crops. Volatile compounds from slug predators, entomopatho-
genic fungi, and essential oils have potential for development as
antifeedants and molluscicides, thereby directly reducing crop
damage.
This review has highlighted that there is still a significant knowl-

edge gap especially in the identification of species-specific

compounds; future efforts should therefore focus on this. Addi-
tionally, translating promising laboratory findings to the field
scale is essential to validate their effectiveness in commercially-
relevant scenarios, as is testing their dose-dependent impact on
non-target organisms. The integration of diverse semiochemical-
based approaches in push–pull or lure-and-kill strategies holds
great potential for environmentally benign management of gas-
tropod pests.

FUNDING INFORMATION
This work was supported by the Biotechnology and Biological Sci-
ences Research Council (BBSRC) – funded South West Biosciences
Doctoral Training Partnership (SWBio DTP) [BB/T008741/1] (SM).
SMC, JV and PAO-R acknowledge support from the Growing
Health Institute Strategic Programme [BB/X010953/1; BBS/E/
RH/230003A].

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were
created or analyzed in this study.

CONFLICT OF INTEREST
The authors declare no conflict of interest exists in the publication
of this work.

REFERENCES
1 Howlett S, Terrestrial slug problems: classical biological control and

beyond. CAB Reviews 7:1–10 (2012).
2 Barratt BIP, Byers RA and Bierlein DL, Conservation tillage crop yields

in relation to grey garden slug [Deroceras reticulatum (Müller)]
(Mollusca: Agriolimacidae) density during establishment. Crop Prot
13:49–52 (1994).

3 FischerW and Reischütz PL, General aspects about the slugpests. Bod-
enkultur 49:281–292 (1998).

4 Fenner M, Hanley ME and Lawrence R, Comparison of seedling and
adult palatability in annual and perennial plants. Funct Ecol 13:
546–551 (1999).

5 Port GR, Collier RH, Symondson WOC, Bohan DA and Glen DM, Pro-
gress in improving the prediction and integrated control of slug
damage in horticultural crops, in Slugs & Snails: Agricultural, Veteri-
nary & Environmental Perspectives, ed. by Dussart GBJ. British Crop
Protection Council, Farnham, pp. 301–306 (2003).

6 Barlow SE, Close AJ and Port GR, The acceptability of meadow plants
to the slug Deroceras reticulatum and implications for grassland res-
toration. Ann Bot 112:721–730 (2013).

7 Klein ML, Chastain TG, Garbacik CJ, Qian YPL and Mc Donnell RJ,
Acute toxicity of essential oils to the pest slug Deroceras reticulatum
in laboratory and greenhouse bioassays. J Pest Sci 93:415–425
(2020).

8 Shirley M, Howlett S and Port G, Not all slugs are the same: variation in
growth and development of the slug Deroceras reticulatum. Insects
11:742 (2020).

9 Campbell A, Audsley N and Port G, The fate of Deroceras reticulatum
following metaldehyde poisoning. Insects 12:344 (2021).

10 Veasey R, CordobaM, Colton A, Fujimoto L, Dodge C, Foley I et al., Fer-
menting bread dough as a cheap, effective, nontoxic, and generic
attractant for pest snails and slugs. Insects 12:328 (2021).

11 Frank T and Barone M, Short-term field study on weeds reducing slug
feeding on oilseed rape/Kurzzeitstudie an Ablenkunkräutern gegen-
über Schneckenfrass an raps. Zeitschrift für Pflanzenkrankheiten und
Pflanzenschutz/Journal of Plant Diseases and Protection 106:534–
538 (1999).

12 Le Gall M and Tooker JF, Developing ecologically based pest manage-
ment programs for terrestrial molluscs in field and forage crops.
J Pest Sci 90:825–838 (2017).

Semiochemical applications for managing the grey field slug www.soci.org

Pest Manag Sci 2025 © 2025 The Author(s).
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

wileyonlinelibrary.com/journal/ps

11

http://wileyonlinelibrary.com/journal/ps


13 Mohamad Ibrahim IH, Gilfoyle L, Reynolds R and Voulvoulis N, Inte-
grated catchment management for reducing pesticide levels in
water: engaging with stakeholders in East Anglia to tackle metalde-
hyde. Sci Total Environ 656:1436–1447 (2019).

14 Castle GD, Mills GA, Gravell A, Jones L, Townsend I, Cameron DG et al.,
Review of the molluscicide metaldehyde in the environment. Envi-
ron Sci: Water Res Technol 3:415–428 (2017).

15 Forbes E, Back M, Brooks A, Petrovskaya N, Petrovskii S, Pope T et al.,
Sustainable management of slugs in commercial fields: assessing
the potential for targeting control measures. Asp Appl Biol 134:89–
96 (2017).

16 GOV.UK, Outdoor use of metaldehyde to be banned to protect wild-
life, GOVUK (2020). https://www.gov.uk/government/news/outdoor-
use-of-metaldehyde-to-be-banned-to-protect-wildlife Accessed
12 June 2024.

17 Speiser B and Kistler C, Field tests with a molluscicide containing iron
phosphate. Crop Prot 21:389–394 (2002).

18 Barua A, Williams CD and Ross JL, A literature review of biological and
bio-rational control strategies for slugs: current research and future
prospects. Insects 12:541 (2021).

19 Birkett MA, Dodds CJ, Henderson IF, Leake LD, Pickett JA, Selby MJ
et al., Antifeedant compounds from three species of Apiaceae active
against the field slug, Deroceras reticulatum (Muller). J Chem Ecol 30:
563–576 (2004).

20 Cook SM, Khan ZR and Pickett JA, The use of push-pull strategies in
integrated pest management. Annu Rev Entomol 52:375–400 (2007).

21 Mauchline AL, HervéMR and Cook SM, Semiochemical-based alterna-
tives to synthetic toxicant insecticides for pollen beetle manage-
ment. Arthropod Plant Interact 12:835–847 (2018).

22 Brooks AS, CrookMJ, Wilcox A and Cook RT, A laboratory evaluation of
the palatability of legumes to the field slug, Deroceras reticulatum
Müller. Pest Manag Sci 59:245–251 (2003).

23 Kozlowski J, Strazynski P, Jaskulska M and KozlowskaM, Relationships
between aphids (Insecta: Homoptera: Aphididae) and slugs
(Gastropoda: Stylommatophora: Agriolimacidae) pests of legumes
(Fabaceae: Lupinus). J Insect Sci 16:52 (2016).

24 Cook RT, Bailey SER and McCrohan CR, Slug preferences for winter
wheat cultivars and common agricultural weeds. J Appl Ecol 33:
866–872 (1996).

25 Cook RT, R.Bailey SE and McCrohan CR, The potential for common
weeds to reduce slug damange to winter wheat: laboratory and
fields studies. J Appl Ecol 34:79–87 (1997).

26 Frank T and Friedli J, Laboratory food choice trials to explore the
potential of common weeds to reduce slug feeding on oilseed rape.
Biol Agric Hortic 17:19–29 (1999).

27 KellerM, Kollmann J and Edwards PJ, Palatability of weeds fromdiffer-
ent European origins to the slugs Deroceras reticulatum Muller and
Arion lusitanicus Mabille. Acta Oecol-Int J Ecol 20:109–118 (1999).

28 Kozłowski J and Kozłowska M, Food preferences of Deroceras reticula-
tum, Arion lusitanicus and Arion rufus for variousmedicinal herbs and
oilseed rape. Journal of Plant Protection Research 44:239–249 (2004).

29 Port G and Ester A, Gastropods as pests in vegetable and ornamental
crops in Western Europe, inMolluscs as Crop Pests, ed. by Barker GM.
CABI Publishing, UK, pp. 337–351 (2002).

30 Frank T, Influence of slug herbivory on the vegetation development
in an experimental wildflower strip. Basic Appl Ecol 4:139–147 (2003).

31 Schüder I, Port G and Bennison J, Barriers, repellents and antifeedants
for slug and snail control. Crop Prot 22:1033–1038 (2003).

32 Schuder I, Port GR, Bennison J and Maher H, Integrated management
of slug and snail pests of hardy ornamental plants, in BCPC Sympo-
sium Proceedings. British Crop Protection Council, England, UK,
pp. 307–312 (2003).

33 Hahn PG, DraneyML andDornbushME, Exotic slugs pose a previously
unrecognized threat to the herbaceous layer in a midwestern wood-
land. Restor Ecol 19:786–794 (2011).

34 Murray PJ, Hopkins A, Johnson RH and Bunn S, Feeding preferences
of the grey field slug (Deroceras Reticulatum) for Dicotyledenous
species of permanent grassland. Ann Appl Biol 128:74–75 (1996).

35 Radwan MA and Gad AF, Essential oils and their components as
promising approach for gastropod mollusc control: a review.
J Plant Dis Prot 128:923–949 (2021).

36 McDonald-Howard K, Swaney WT, Barua A, Donnell RM, Williams CD,
Jones H et al., An investigation into the combination of the parasitic
nematode Phasmarhabditis hermaphrodita and cedarwood oil to
control pestiferous slugs. Crop Prot 179:106601 (2024).

37 Forbes E, Back M, Brooks A, Petrovskaya NB, Petrovskii SV, Pope T
et al., Stability of patches of higher population density within the
heterogenous distribution of the gray field slug Deroceras reticula-
tum in arable fields in the UK. Insects 12:9 (2021).

38 Petrovskii S, Ellis J, Forbes E, Petrovskaya N andWalters KFA, A predic-
tive model and a field study on heterogeneous slug distribution in
arable fields arising from density dependent movement. Sci Rep
12:2274 (2022).

39 South A, A comparison of the life cycles of the slugs Deroceras Reticu-
latum (Müller) and Arion Intermedius normand on permanent pas-
ture. J Moll Stud 55:9–22 (1989).

40 Clemente NL, López AN, Monterubbianesi MG, Cazzaniga NJ and
Manetti PL, Biological studies and phenology of the slug Deroceras
reticulatum (Müller, 1774) (Pulmonata: Stylommatophora). Invertebr
Reprod Dev 52:23–30 (2008).

41 Barker GM, Biology of slugs (Agriolimacidae and Arionidae: Mollusca)
in New Zealand hill country pastures. Oecologia 85:581–595 (1991).

42 Yamashita Y, Jones RM and Nicholson CHL, Feeding of slugs (Dero-
ceras Sp. and Lehmannia nyctelia) on subtropical pasture species,
particularly Kenya white clover (Trifolium semipilosum) cv. Safari.
J Appl Ecol 16:307–318 (1979).

43 Reise H, A review of mating behavior in slugs of the genus Deroceras
(Pulmonata: Agriolimacidae)*. malb 23:137–156 (2007).

44 Carrick R, XXI.—the life-history and development of Agriolimax agres-
tis L., the gray field slug. Earth Environ Sci Trans R Soc Edinb 59:563–
597 (1939).

45 South A, A comparison of the life cycles of Deroceras reticulatum
(Müller) and Arion intermedius Normand (Pulmonata: Stylommato-
phora) at different temperatures under laboratory conditions.
J Moll Stud 48:233–244 (1982).

46 Rowson B, Turner J, Anderson R and Symondson B, Slugs of Britain and
Ireland: Identification, Understanding and Control. Field Studies
Council (FSC), United Kingdom (2014).

47 Wiktor A, Annales Zoologici/Museum and Institute of Zoology Polish
Academy of Sciences, vol. 49, no 4, MiIZ PAN, call no P255, vol 50, no
1, Muzeum i Instytut Zoologii PAN (2000).

48 Mellanby K, Slugs at low temperatures. Nature 189:944 (1961).
49 Kiss T, Do terrestrial gastropods use olfactory cues to locate and select

food actively? Invert Neurosci 17:1–13 (2017).
50 Stephenson JW, The functioning of the sense organs associated with

feeding behaviour in Deroceras reticulatum (Müll.). J Moll Stud 45:
167–171 (1979).

51 Chase R, Electrical responses of snail tentacle ganglion to stimulation
of the epitheliumwith wind and odors. Comp Biochem Physiol A Phy-
siol 70:149–155 (1981).

52 Yamagishi M, Ito E and Matsuo R, Redundancy of olfactory sensory
pathways for odor-aversion memory in the terrestrial slug Limax
valentianus. J Exp Biol 211:1841–1849 (2008).

53 Gelperin A, Rapid food-aversion learning by a terrestrial mollusk. Sci-
ence 189:567–570 (1975).

54 Chase R and Croll RP, Tentacular function in snail olfactory orienta-
tion. J Comp Physiol 143:357–362 (1981).

55 Sahley C, Rudy JW and Gelperin A, An analysis of associative learning
in a terrestrial mollusc. J Comp Physiol 144:1–8 (1981).

56 Dodds CJ, Henderson IF, Watson P and Leake LD, Action of extracts of
Apiaceae on feeding behavior and neurophysiology of the field slug
Deroceras reticulatum. J Chem Ecol 25:2127–2145 (1999).

57 Watanabe S and Kirino Y, Selective calcium imaging of olfactory inter-
neurons in a land mollusk. Neurosci Lett 417:246–249 (2007).

58 Zs-Nagy I and Sakharov DA, The fine structure of the procerebrum of
pulmonate molluscs. Helix Limax, Tissue Cell 2:399–411 (1970).

59 Zaitseva OV, Ivanova IP and Luk'yanova EL, Ultrastructure of the area
of procerebrum cell bodies in snails and slugs. J Evol Biochem Physiol
36:421–431 (2000).

60 Chase R and Tolloczko B, Tracing neural pathways in snail olfaction:
from the tip of the tentacles to the brain and beyond. Microsc Res
Tech 24:214–230 (1993).

61 Dodds CJ, Henderson IF and Watson P, Induction of activity in the
olfactory nerve of the slugDeroceras reticulatum (Muller) in response
to volatiles emitted by carabid beetles. J Moll Stud 63:297–298
(1997).

62 Gelperin A, Olfactory computations and network oscillation.
J Neurosci 26:1663–1668 (2006).

63 Nikitin ES, Korshunova TA, Zakharov IS and Balaban PM, Olfactory
experience modifies the effect of odour on feeding behaviour in a

www.soci.org S Mustapha et al.

wileyonlinelibrary.com/journal/ps © 2025 The Author(s).
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Pest Manag Sci 2025

12

https://www.gov.uk/government/news/outdoor-use-of-metaldehyde-to-be-banned-to-protect-wildlife
https://www.gov.uk/government/news/outdoor-use-of-metaldehyde-to-be-banned-to-protect-wildlife
http://wileyonlinelibrary.com/journal/ps


goal-related manner. J Comp Physiol A Neuroethol Sens Neural Behav
Physiol 194:19–26 (2008).

64 Matsuo R, Kawaguchi E, Yamagishi M, Amano T and Ito E, Unilateral
memory storage in the procerebrum of the terrestrial slug Limax.
Neurobiol Learn Mem 93:337–342 (2010).

65 Matsuo R, Kobayashi S, Yamagishi M and Ito E, Two pairs of tentacles
and a pair of procerebra: optimized functions and redundant struc-
tures in the sensory and central organs involved in olfactory learning
of terrestrial pulmonates. J Exp Biol 214:879–886 (2011).

66 Cordoba M, Millar JG and Mc Donnell R, Development of a high-
throughput laboratory bioassay for testing potential attractants for
terrestrial snails and slugs. J Econ Entomol 111:637–644 (2018).

67 Silva D and Mirhaya S, Aspects of Feeding in the Grey Field Slug (Dero-
ceras reticulatum). Newcastle University Thesis, Newcastle, UK
(2022).

68 Pickett JA and Stephenson JW, Plant volatiles and components
influencing behavior of the field slug, Deroceras reticulatum (Müll.).
J Chem Ecol 6:435–444 (1980).

69 Hanley ME, Girling RD, Felix AE, Olliff ED, Newland PL and Poppy GM,
Olfactory selection of Plantago lanceolata by snails declines with
seedling age. Ann Bot 112:671–676 (2013).

70 Kalmus H, Anemotaxis in soft-skinned animals.Nature 150:524 (1942).
71 Barnes HF andWeil JW, Slugs in gardens: their numbers, activities and

distribution. Part I. J Anim Ecol 13:140–175 (1944).
72 Zhang Z, Liu M, Wang X, Gou J, Li T, Zhao T et al., Plant volatiles medi-

ated the orientation preference of slugs to different plant species.
Pest Manag Sci 80:267–274 (2023).

73 Chase R, The olfactory sensitivity of snails, Achatina fulica. J Comp Phy-
siol 148:225–235 (1982).

74 Khoja S, Eltayef KM, Baxter I, Bull JC, Loveridge EJ and Butt T, Fungal
volatile organic compounds show promise as potent molluscicides.
Pest Manag Sci 75:3392–3404 (2019).

75 Smith L and Beck JJ, Effect of mechanical damage on emission of vol-
atile organic compounds from plant leaves and implications for
evaluation of host plant specificity of prospective biological control
agents of weeds. Biocontrol Sci Tech 23:880–907 (2013).

76 Cook A, Trail following in slugs: the stimulus, its reception and the
behavioural response. Ethol Ecol Evol 6:55–64 (1994).

77 Ng TPT, Davies MS, Stafford R and Williams GA, Mucus trail following
as a mate-searching strategy in mangrove littorinid snails. Anim
Behav 82:459–465 (2011).

78 Patel K, Shaheen N, Witherspoon J, Robinson N and Harrington MA,
Mucus trail tracking in a predatory snail: olfactory processing
retooled to serve a novel sensory modality. Brain Behav 4:83–94
(2014).

79 Ellis J, Petrovskaya N, Forbes E, Walters KFA and Petrovskii S, Move-
ment patterns of the grey field slug (Deroceras reticulatum) in an ara-
ble field. Sci Rep 10:17970 (2020).

80 Forbes E, Back MA, Brooks A, Petrovskaya NB, Petrovskii SV, Pope TW
et al., Locomotor behaviour promotes stability of the patchy distri-
bution of slugs in arable fields: tracking the movement of individual.
Pest Manag Sci 76:2944–2952 (2020).

81 Shannon RWR, Félix A-E, Poppy GM, Newland PL, van Dam NM and
Hanley ME, Something in the air? The impact of volatiles on mollusc
attack of oilseed rape seedlings. Annal Botany 117:1073–1082
(2016).

82 Smith FF and Boswell AL, New baits and attractants for slugs. J Econ
Entomol 63:1919–1922 (1970).

83 Cranshaw W, Attractiveness of Beer and Fermentation Products to the
Gray Garden Slug, Agriolimax Reticulatum (Muller) (Mollusca:
Limacidae). Colorado State University, Agricultural Experiment Sta-
tion, Colorado State, USA (1997).

84 Dankowska E, Effectiveness of beer traps and molluscicides as means
of gastropod control. Folia Malacologica 19:232–275 (2011).

85 Piechowicz B, Grodzicki P, Piechowicz I and Stawarczyk K, Beer as
olfactory attractant in the fight against harmful slugs Arion Lusitani-
cus Mabille 1868/Piwo Jako Atraktant W Zwalczaniu Szkodliwego
Ślimaka Z Gatunku Arion Lusitanicus Mabille 1868. Chem-Didact-
Ecol-Metrol 19:119–125 (2014).

86 Piechowicz B, Grodzicki P, Ząbkiewicz P, Sobczyk A, Dąbrowska A,
Piechowicz I et al., Components of the smell of beer as enticing fac-
tor for invasive slugs Arion lusitanicus non-mabille. Ecol Chem Eng A
25:133–151 (2018).

87 Kozłowski J and Kozłowska M, Differences in acceptability of herb
plants and oilseed rape for slugs (A. lusitanicus, A. rufus and

D. reticulatum) in food choice tests. J Plant Prot Res 48:461–474
(2008).

88 Kozlowski J and KozlowskaM, Palatability and consumption of 95 spe-
cies of herbaceous plants and oilseed rape for Arion Lusitanicus
Mabille 1868. J Conchol 40:79–90 (2009).

89 Burgess R and Ennos R, Selective grazing of acyanogenic white clo-
ver - variation in behavior among populations of the slug Deroceras
reticulatum. Oecologia 73:432–435 (1987).

90 Cottam DA, Frequency-dependent grazing by slugs and grasshop-
pers. J Ecol 73:925–933 (1985).

91 Byers R, Templeton W, Mangan R, Bierlein D, Campbell W and
Donley H, Establishment of legumes in grass swards - effects of pes-
ticides on slugs, insects, legume seedling numbers and forage yield
and quality. Grass Forage Sci 40:41–48 (1985).

92 Cottam D, The effects of slug-grazing on Trifolium repens and Dactylis
glomerata in monoculture and mixed sward. Oikos 47:275–279
(1986).

93 Mowat D and Shakeel M, The effect of some invertebrate species on
the growth of white clover (Trifolium-repens L) in the laboratory.
Grass Forage Sci 43:405–409 (1988).

94 Brooks AS, Crook MJ, Wilcox A and Cook RT, The potential use of an
alternative food source (legumes) as a pest management strategy
for the field slug, Deroceras reticulatum (Muller), in Winter Wheat,
Slugs & Snails: Agricultural, Veterinary & Environmental Perspectives,
ed. by Dussart GBJ. British Crop Protection Council, Farnham,
pp. 209–214 (2003).

95 Vernavá MN, Phillips-Aalten PM, Hughes LA, Rowcliffe H, Wiltshire CW
and Glen DM, Influences of preceding cover crops on slug damage
and biological control using Phasmarhabditis hermaphrodita. Ann
Appl Biol 145:279–284 (2004).

96 Brooks AS, Wilcox A, Cook RT and Crook MJ, A laboratory-based com-
parison of a molluscicide and an alternative food source (red clover)
as means of reducing slug damage to winter wheat. Pest Manag Sci
61:715–720 (2005).

97 Brooks AS, Wilcox A, Cook RT, James KL and Crook MJ, The use of an
alternative food source (red clover) as a means of reducing slug pest
damage to winter wheat: towards field implementation. Pest Manag
Sci 62:252–262 (2006).

98 Kozłowski J, Jaskulska M and Kozłowska M, The role of alkaloids in the
feeding behaviour of slugs (Gastropoda: Stylommatophora) as pests
of narrow-leafed lupin plants. Acta Agri Scand, Sec B— Soil & Plant Sci
67:263–269 (2017).

99 Scheidel U and Bruelheide H, Selective slug grazing on montane
meadow plants. J Ecol 87:828–838 (1999).

100 Hendriks RJJ, de Boer NJ and van Groenendael JM, Comparing the
preferences of three herbivore species with resistance traits of
15 perennial dicots: the effects of phylogenetic constraints. Plant
Ecol 143:141–152 (1999).

101 Fabian Y, Sandau N, Bruggisser OT, Kehrli P, Aebi A, Rohr RP et al.,
Diversity protects plant communities against generalist molluscan
herbivores. Ecol Evol 2:2460–2473 (2012).

102 Evans K and Henderson S, Weeds or wheat? Do weeds have the
potential to reduce slug damage to winter wheat? in Proceedings
Slugs and Snails Agricultural, Veterinary and Environmental Perspec-
tives. British Crop Protection Council, England, UK, pp. 183–188
(2003).

103 Pradhan G, Meena RS, Kumar S, Jhariya MK, Khan N, Shukla UN et al.,
Chapter 8 - legumes for eco-friendly weedmanagement in agroeco-
system, in Advances in Legumes for Sustainable Intensification, ed. by
Meena RS and Kumar S. Academic Press, San Diego, CA, pp. 133–154
(2022).

104 Agular R and Wink M, How do slugs cope with toxic alkaloids? Chem
15:167–177 (2005).

105 Paulová L and Brányik T, Advanced Fermentation Processes. CRC Press,
Boca Raton, FL, pp. 89–105 (2013).

106 Selim SI, The control of snail and slug pests in agriculture: part
I. Analysis for and dissipation of metaldehyde in vegetable crops,
in Part II. Beer as a Slug Attractant. University of California, Davis
(1973).

107 Laznik Ž, Trdan S, Ocvirk M and Košir IJ, Effectiveness of different beer
types in slug trapping: a two-year field study on Arion vulgaris
Moquin-Tandon and Limax maximus L. Agri 15:1097 (2025).

108 Landolt PJ, Reed HC, Aldrich JR, Antonelli AL and Dickey C, Social
wasps (Hymenoptera: Vespidae) trapped with acetic acid and isobu-
tanol. Florida Entomol 82:609 (1999).

Semiochemical applications for managing the grey field slug www.soci.org

Pest Manag Sci 2025 © 2025 The Author(s).
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

wileyonlinelibrary.com/journal/ps

13

http://wileyonlinelibrary.com/journal/ps


109 Calf OW, Lortzing T, Weinhold A, Poeschl Y, Peters JL, Huber H et al.,
Slug feeding triggers dynamic metabolomic and transcriptomic
responses leading to induced resistance in Solanum dulcamara.
Front Plant Sci 11:803 (2020).

110 Glen DM, Jones H and Fieldsend JK, Damage to oilseed rape seedlings
by the field slug Deroceras reticulatum in relation to glucosinolate
concentration. Ann Appl Biol 117:197–207 (1990).

111 Love HK, Rakow G, Raney JP and Downey RK, Development of low
glucosinolate mustard. Can J Plant Sci 70:419–424 (1990).

112 Armsworth CG, Bohan DA, Symondson WOC and Glen DM, The influ-
ence of a carabid beetle predator on the survival and dispersion of
slug pests, in Slugs & Snails: Agricultural, Veterinary & Environmental
Perspectives, ed. by Dussart GBJ. British Crop Protection Council,
Farnham, pp. 263–268 (2003).

113 Armsworth CG, Bohan DA, Powers SJ, Glen DM and SymondsonWOC,
Behavioural responses by slugs to chemicalsfrom a generalist pred-
ator. Anim Behav 69:805–811 (2005).

114 Bursztyka P, Saffray D, Lafont-Lecuelle C, Brin A and Pageat P, Chem-
ical compounds related to the predation risk posed by Malacopha-
gous ground beetles alter self-maintenance behavior of naive
slugs (Deroceras reticulatum). PLoS One 8:e79361 (2013).

115 Bursztyka P, Lecuelle C, Teruel E, Leclercq J, Brin A and Pageat P, The
foraging behaviour of the slugDeroceras reticulatum (Müller, 1774) is
modified in the presence of cuticular scents from a carabid beetle.
J Moll Stud 82:eyv068 (2016).

116 Airey WJ, Henderson IF, Pickett JA, Scott GC, Stephenson JW and
Woodcock CM, inNovel Chemical Approaches to Mollusc Control., Pre-
sented at the Slugs and Snails in World Agriculture. British Crop Protec-
tion Council Monograph, Vol. 41, ed. by Henderson IF. British Crop
Protection Council (BCPC), Thornton Heath, pp. 301–307 (1989).

117 Garraway R, The action of semiochemicals on olfactory nerve activity
and behaviour ofDeroceras reticulatum (Mull), Portsmouth Polytech-
nic, PhD Thesis (1992).

118 Clark SJ, Dodds CJ, Henderson IF andMartin AP, A bioassay for screening
materials influencing feeding in the field slug Deroceras reticulatum
(Müller) (Mollusca: Pulmonata). Ann Appl Biol 130:379–385 (1997).

119 Watkins RW, Mosson HJ, Gurney JE, Cowan DP and Edwards JP, Cin-
namic acid derivatives: novel repellent seed dressings for the pro-
tection of wheat seed against damage by the field slug. Deroceras
reticulatum, Crop Prot 15:77–83 (1996).

120 Clark SJ, Henderson IF, Hill DJ and Martin AP, Use of lichen secondary
metabolites as antifeedants to protect higher plants from damage
caused by slug feeding. Ann Appl Biol 134:101–108 (1999).

121 Schüder I, Port G and Bennison J, Novel Pesticides for Slug and Snail
Control in Horticulture. British Crop Protection Council, UK (2002).

122 Schüder I, Port G and Bennison J, Automated analysis of slug and snail
behaviour, in Slugs & Snails: Agricultural, Veterinary & Environmental
Perspectives, ed. by Dussart GBJ. British Crop Protection Council,
Farnham, pp. 141–146 (2003).

123 Schüder I, Port G and Bennison J, The behavioural response of slugs
and snails to novel molluscicides, irritants and repellents. Pest
Manag Sci 60:1171–1177 (2004).

124 Byrne J and Jones P, Responses to glucosinolate content in oilseed
rape varieties by crop pest (Deroceras reticulatum) and non-pest slug
species (Limax pseudoflavus). Ann Appl Biol 128:78–79 (1996).

125 Barker GM, Mollusc herbivory influenced by endophytic clavicipitac-
eous fungal infections in grasses. Ann Appl Biol 153:381–393 (2008).

126 Speiser B, Molluscicidal and slug-repellent properties of anaerobically
digested organic matter. Ann Appl Biol 135:449–455 (1999).

127 Gonzalez-Cruz D and San Martin R, Molluscicidal effects of saponin-
rich plant extracts on the grey field slug. Cienc Investig Agrar 40:
341–349 (2013).

128 Garraway R, Leake L, FordM, Henderson I, Hick A andWadhams L, The
action of oilseed rape metabolites on olfactory nerve activity and
behavior of Deroceras reticulatum, in Brighton Crop Protection

Conference: Pests and Diseases - 1992, Vols 1–3: Proceedings. British
Crop Protection Council, Farnham, pp. 593–596 (1992).

129 Hagin RD and Bobnick SJ, Isolation and identification of a slug-
specific molluscicide from quack grass (Agropyron repens,
L. Beauv.). J Agric Food Chem 39:192–196 (1991).

130 Calf OW, Huber H, Peters JL, Weinhold A and van DamNM, Glycoalka-
loid composition explains variation in slug resistance in Solanum
dulcamara. Oecologia 187:495–506 (2018).

131 Ali AY, Muller CT, Randerson P and Bowen ID, Screening African plants
for mollusc repellency, in Slugs & Snails: Agricultural, Veterinary &
Environmental Perspectives, ed. by Dussart GBJ. British Crop Protec-
tion Council, Farnham, pp. 319–324 (2003).

132 Ali A, Repellent, antifeedant & molluscicidal effects of Commiphora
spp. oleoresins, and their extracts, onDeroceras reticulatum andHelix
aspersa (2005).

133 Pakarinen E, Feeding avoidance of terrestrial gastropods to conspe-
cific and nonspecific material. J Moll Stud 58:109–120 (1992).

134 Griffin M, Hogan B and Schmidt O, Silicon reduces slug feeding on
wheat seedlings. J Pest Sci 88:17–24 (2015).

135 Ali AY, Müller CT, Randerson P and Bowen ID, Molluscicidal and repel-
lent properties of African plants, in Slugs & Snails: Agricultural, Veter-
inary & Environmental Perspectives, ed. by Dussart GBJ. British Crop
Protection Council, Farnham, pp. 135–140 (2003).

136 Hollingsworth RG, Armstrong JW and Campbell E, Caffeine as a novel
toxicant for slugs and snails. Ann Appl Biol 142:91–97 (2003).

137 Horgan F, Floyd D, Mundaca EA and Crisol-Martinez E, Spent coffee
grounds applied as a top-dressing or incorporated into the soil can
improve plant growth while reducing slug herbivory. Agriculture-
Basel 13:257 (2023).

138 Iglesias J, Castillejo J and Ester A, Laboratory evaluation of potential
molluscicides for the control of eggs of the pest slug Deroceras reti-
culatum (Müller) (Pulmonata: Limacidae). Int J Pest Manag 48:19–23
(2002).

139 Mustapha S, Loveridge J, Cook S, Ortega-Ramos P and Butt T, IsMetar-
hizium brunneum ovicidal against grey field slug (Deroceras reticula-
tum) eggs? Integrated Control in Oilseed Crops IOBC-WPRS Bulletin
172:30–38 (2024).

140 Prashar A, Locke IC and Evans CS, Cytotoxicity of lavender oil and its
major components to human skin cells. Cell Prolif 37:221–229 (2004).

141 Vetter J, Poison hemlock (Conium maculatum L.). Food Chem Toxicol
42:1373–1382 (2004).

142 Giunti G, Benelli G, Palmeri V, Laudani F, Ricupero M, Ricciardi R et al.,
Non-target effects of essential oil-based biopesticides for crop pro-
tection: impact on natural enemies, pollinators, and soil inverte-
brates. Biol Control 176:105071 (2022).

143 Ibrahim M, Oksanen E and Holopainen J, Effects of limonene on the
growth and physiology of cabbage (Brassica oleracea L) and carrot
(Daucus carota L) plants. J Sci Food Agric 84:1319–1326 (2004).

144 Mc Donnell R, Yoo J, Patel K, Rios L, Hollingsworth R, Millar J et al., Can
essential oils be used as novel drench treatments for the eggs and
juveniles of the pest snail Cornu aspersum in potted plants? J Pest
Sci 89:549–555 (2016).

145 West AJ and Luntz AJM, The influence of azadirachtin on the feeding
behaviour of cereal aphids and slugs. Entomol Exp Appl 62:75–79
(1992).

146 Nijënstein JH and Ester A, Phytotoxicity and control of the field slug
Deroceras reticulatum by seed applied pesticides in wheat, barley
and perennial ryegrass. Seed Sci Technol 26:501–513 (1998).

147 Barua A, McDonald-Howard K-L, Mc Donnell RJ, Rae R and
Williams CD, Toxicity of essential oils to slug parasitic and entomo-
pathogenic nematodes. J Pest Sci 93:1411–1419 (2020).

148 Campolo O, Puglisi I, Barbagallo RN, Cherif A, Ricupero M, Biondi A
et al., Side effects of two citrus essential oil formulations on a gener-
alist insect predator, plant and soil enzymatic activities. Chemo-
sphere 257:127252 (2020).

www.soci.org S Mustapha et al.

wileyonlinelibrary.com/journal/ps © 2025 The Author(s).
Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Pest Manag Sci 2025

14

http://wileyonlinelibrary.com/journal/ps

	Semiochemical applications for managing the grey field slug (Deroceras reticulatum Müller), a major pest of arable crops
	Abstract
	1  INTRODUCTION
	1.1  Trends in research on control of D. reticulatum
	1.2  Life cycle of D. reticulatum

	2  SLUG OLFACTION
	3  METHODS TO EVALUATE SLUG BEHAVIOUR
	3.1  Glass tube olfactometry assays
	3.2  Feeding bioassays
	3.3  Trail‐following bioassays
	3.4  Electrophysiological assays
	3.5  Radio‐tracking bioassays

	4  SLUG ATTRACTANTS
	4.1  Plant attractants
	4.2  Beer and other fermented products as attractants

	5  SLUG REPELLENTS, ANTIFEEDANTS AND MOLLUSCICIDES
	5.1  Scents and cuticular extracts from predators as repellents
	5.2  Volatile organic compounds from entomopathogenic fungi as repellents
	5.3  Plant extracts as antifeedants
	5.4  Plant defence toxins as antifeedants and molluscicides
	5.5  Multifunctional effects of certain chemicals and plants
	5.6  Molluscicidal potential of plant essential oils

	6  CONCLUSION
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST
	REFERENCES


