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The Milky Slug (Deroceras reticulatum), or the Grey Fieldslug, is a major pest in Willamette Valley agriculture and horticulture.

PHOTO COURTESY OREGON STATE UNIVERSITY

A slimy scourge

Researchers seek effective biological controls against invasive North American slugs
BY CASEY H. RICHART, DANA K. HOWE, DEE R. DENVER AND RORY J. MCDONNELL

HE MILKY SLUG (Deroceras reticulatum) is probably plants, including ornamentals such as hostas, marigolds, and gar-
I the most economically damaging species of terrestrial slug denias. They also live in a wide range of places, including nurser-
or snail species in the world. This holds true for Oregon, ies, garden centers, personal gardens, small farms, parks, adjacent
where it is a major pest in Willamette Valley agriculture and horti-  forests, pastures, and other agricultural fields.
culture (where it is often called the gray field or gray garden slug). The milky slug gets its name from the white defensive mucus
A 2012 study by the Oregon Seed Council concluded that it secretes when harried. Their coloration ranges from light to

slugs alone cost the Oregon grass seed industry about $60 million  dark gray, with a darker gray mottling throughout the body.
a year, factoring in direct crop loss, molluscicide cost, and addi-

tional labor. Chemical remedies
Milky slugs are about 1.5-2 inches long, but they are often The most used management strategy in Oregon agriculture
numerous and have healthy appetites for a very wide variety of for pest slugs and snails is chemical molluscicides. However,
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A slimy scourge

Crop protection

Researchers compared three species of Phasmarhabditis nematodes: 1) P. papillosa DL306, 2) P. hermaphrodita DL309,

3) P. californica DL314, to 4) liquid metaldehyde, 5) no management strategy (slugs only, a negative control), and 6) no slug
pressure (a positive control). They placed 10 milky slugs into each microcosm (excepting the positive control), and all six treat-
ments had three replicates. We assessed mortality daily and assessed crop protection by taking images of the containers every

three days.
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these compounds come with many chal-
lenges. Farmers, for example, report con-
siderable variation in efficacy of the active
ingredients, which include metaldehyde,
iron phosphate, sodium ferric EDTA, and
methiocarb.

There is scientific evidence to suggest
that gastropods can develop a tolerance
to metaldehyde, which is the most widely
used active ingredient. In baited form,
metaldehyde is also attractive to dogs and
can be fatal if ingested. Additionally, it
persists in waterways, which may result
in further non-target poisoning. Due to
these non-target concerns, this chemical
has been banned in the United Kingdom,
as have some forms of applications in
California.

Another chemical molluscicide,
methiocarb, is a restricted use material
with the DANGER-POISON signal word.
It is neurotoxic to humans, and highly
toxic to birds, bees, and aquatic species,
particularly fish. Methiocarb has been
banned in Europe because of its damaging
non-target effects.

Iron phosphate and chelated iron are
stomach poisons and there is evidence to
suggest that they can be harmful to earth-
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Dana Howe from the Dee Denver lab adding nematodes to the microcosm containers in the OSU

greenhouses.
PHOTO COURTESY OREGON STATE UNIVERSITY

worms. Ideally, an optimized integrated
pest management (IPM) strategy would
allow for better pest control while reducing
negative impacts on non-target systems.

In search of IPM solutions
Much of our research focuses on
developing IPM strategies for pest slugs and

snails, including using essential oil plant
extracts as biorational molluscicides, assess-
ing the effectiveness of natural enemies of
the pests as biological control agents, and
developing attractants for use in both trap-
ping and attract-and-kill strategies.

Also, we aim to better understand the
natural history and life history character-



Average mortality by treatment
The containers treated with nematodes resulted in significantly higher slug mortality than metaldehyde. The metaldehyde
treatment did not have significantly more mortality than the negative control.
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Hundreds of thousands of nematodes now occupy the spot where the infected Deroceras
reticulatum slugs died.
PHOTO COURTESY OREGON STATE UNIVERSITY

istics of invasive slug and snail species to
make control efforts more effective, while
reducing non-target impacts.

In parts of Europe, there are a few
species of nematode roundworms in the
genus Phasmarhabditis (there is no com-
mon name) that have partnerships with a

facultatively symbiotic species of bacteria.

Together, they specialize in eating slugs

and snails.

The nematodes penetrate the slug and
vomit inside a cocktail that includes the
bacteria. The bacteria are slug-eaters, and
they reproduce rapidly, and the nematodes
in turn feed on the bacteria and repro-
duce. This cycle continues until all that
remains is a slug-shaped soup of parasitic
worms, bacteria, and vomit.
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The species that we are currently
using in our research are P. papillosa
DL306, P. hermaphrodita DL309, and
P. californica DL314. The DL numbers
signify different strains of the species,
and they correlate to the graphs in this
article. Our very preliminary data sug-
gests that the primary hosts for P. papil-
losa, and P. californica is the milky slug
or other slugs in the genus, whereas
P. hermaphrodita has been found in a
wide variety of terrestrial gastropod spe-
cies, including snails.

In Europe two of these nematodes
species are commercially available as
biological control agents. The first,
Phasmarhabditis hermaphrodita, was
commercialized in 1994 as Nemaslug®
and is now available in 15 countries.

Nemaslug® has a long history of
protecting agricultural (e.g. winter wheat)
and horticultural (e.g. orchids) crops from
damage by a wide range of pest slug and
also some pest snail species.

The second, P. californica, was com-
mercialized in 2022 as Nemaslug 2.0%
and is currently only available in England,
Scotland and Wales. Users purchase
these nematodes in packets and mix
the contents with water and apply

DIGGERMAGAZINE.COM OCTOBER 2023

43



A slimy scourge

An image through the microscope of Phasmarhabditis nematodes infecting a slug (Deroceras
reticulatum).
PHOTO COURTESY OREGON STATE UNIVERSITY

immediately using a watering can or hose
applicator, to already damp soil in their
gardens.

Currently, there is no species of nema-
tode roundworm native to North America
that is known to specialize in terrestrial
slugs and snails, and nematodes that target
these pests are not currently commercially
available to North American farmers and
horticulturalists. This is due to a lack of
information on potential impacts on non-
target slugs and snails.

We recently conducted an experiment
to assess if these nematode roundworms
can protect annual ryegrass, an important
crop in the Willamette Valley. To ensure
the containment of the nematodes, we
conducted this research in a microcosm
— a small-scale representation of a field
situation, in containers at the Oregon State
University greenhouses.

We compared three species of
Phasmarhabditis nematodes: 1) P. papillo-
sa, 2) P. hermaphbrodita, 3) P. californica,
to 4) liquid metaldehyde, 5) no manage-
ment strategy (slugs only, a negative con-
trol), and 6) no slug pressure (a positive
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control). We placed 10 milky slugs into
each microcosm (excepting the positive
control), and all six treatments had three
replicates. We assessed mortality daily and
assessed crop protection by taking images
of the containers every three days. See the
“Crop protection” figure (Page 42) for
more information.

The containers treated with nema-
todes resulted in significantly higher slug
mortality than metaldehyde. In fact, the
metaldehyde treatment did not have sig-
nificantly more mortality than the nega-
tive control. See the “Average mortality
by treatment” figure (Page 43) for more
information.

However, the slugs treated with met-
aldehyde were clearly poisoned, and for
about two weeks they hardly moved, and
they did not start eating the ryegrass until
recovering from this poison. Conversely,
the slugs in the nematode containers grazed
freely for 10 days, before the nematodes
started to cause rapid mortality and the
slugs grazed grass no more. See the “crop
protection by grass growth” figure to see
more general trends on grass herbivory.

These differences in mortality rate
resulted in different patterns of crop pro-
tection. The metaldehyde conferred great
crop protection initially, with measurable
grazing pressure not detected until after 2
weeks. In the nematode treatments how-
ever, for the first 10 days, crop protection
tracked the negative control, with crops
rebounding strongly after significant slug
mortality had occurred.

These results suggest that integrating
nematodes with a chemical molluscicide
are likely to confer greater crop protection
than either of these treatments alone. We
are excited to test this hypothesis. We have
already exposed a wide diversity of com-
mercially available molluscicides to these
three Phasmarhabditis species in laborato-
ry studies, and we found that they do not
cause mortality in these nematodes. Watch
for future updates to be shared in Digger.

This research strongly suggests that
nematode roundworms are a powerful
tool in the IPM arsemnal against terrestrial
slugs and snails. However, since at least
two of these nematodes (P. hermaphrodita
and P. papillosa) are native to Europe, it
is possible that they could become a pest
here as well.

The next step in our research is to test
the lethality of these nematodes against the
rich and unique terrestrial slug and snail
fauna native to the temperate rainforests
of the Pacific Northwest. For as in chemi-
cal pesticides, biological control of slugs
and snails too has a long history of detri-
mental non-target effects.

Dr. Casey H. Richart is a faculty research
assistant in crop and soil science at
Oregon State University and can be
reached at Pileated@GMail.com Dana K.
Howe is a senior faculty research assistant
at OSU and can be reached at HoweDA@
OregonState.edu. Dr. Dee R. Denver
chairs the Department of Integrative
Biology at OSU and can be reached at
DenveDee@CGRB.OregonState.edu. Dr.
Rory J. McDonnell is an associate profes-
sor of crop and soil science at OSU and
can be reached at Rory.McDonnell@
OregonState.edu.
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HOSTETLER
FARM DRAINAGE
503-266-3584

e Plastic Tubing 3'-24" e Laser Grade
Control ® Open Ditch for Buried
Irrigation e Plows and Trenches ®
Pot-n-Pot Drainage ® Oldest Drainage
Firm in Oregon ® Newest Subsurface
Irrigation Techniques

SEED STARTING

Pots Trays Inserts
Plug Trays

Labels - large variety size, color &
shape of blank plant pot & row markers

Weed control, fertilizer, tapes & ties,

watering, and more Materials and

Technical
Assistance
Available

www.amazon.com/shops/AAAmercantile

Canby, OR

FD5-EXT 24" Box Dolly
extended;handles

ROBUST

EZR2 with
EZR2-2D second deck

| www.NurseryHaulers.com In PlaCE‘

5&2 366-3557 help@inplacetechnology.com  TECHNOLOGY

Motz & Son Nursery

SHADE & FLOWERING TREES

FRUIT TREES

Dwarf, Semi-Dwarf & Standard
COMBINATION FRUIT TREES (4 in 1)
Semi-Dwarf & Standard

ESPALIER APPLES

Semi-Dwarf, Combination & One Variety
WALNUTS & FILBERTS

DECIDUOUS SHRUBS

www.motzandson.com

11445 N.W. Skyline Blvd.
Portland, Oregon 97231
Phone 503-645-1342
FAX 503-645-6856

WHOLESALE GROWERS

B&B Spruce 4 to 24 feet
Chamaecyparis ° Fir ¢ Pine
Japanese Maple ¢ Poodle Pine
Cut Christmas Trees

kels’

(503) 630-4349
FAX (503) 630-7542
PO Box 598 — Estacada, OR 97023

Hiring?
Work with us!

Digger magazine
employment (] .
classifieds are
THE go-to
resource for
skilled nursery
professionals in search of their next
opportunity — and companies in
search of the perfect team member.

To place an ad, contact Bill Goloski at
503-682-5089 or ads@oan.org.

View ads online at www.oan.org/jobs.

Schurter

Arborvitae—Emerald green
Virescens

‘r"‘

Various sizes & Varieties
503-932-8006

Are you looking to save on

OAN members
can receive
discounts,

free shipping
and next-day
delivery on
office supplies.”

Contact SWeihrauch@oan.org for details.

* The OAN participates in Staples Business Advantage®.
Free shipping and next-day delivery available for some
purchases more than $50. Visit www.oan.org for more.
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