D]Slugs as pests and prey: growing practices
that impact slugs in soybeans
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Presenter Notes
Presentation Notes
This is a 20 minute talk for soybean breeders as part of an entomology session


* Slug species and biology: who are
we dealing with?

* Slug feeding and damage

* Management challenges and
opportunities

* Questions/discussion
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Two main slug species in soybeans

Gray garden slug Marsh slug
Deroceras reticulatum ' 8 Deroceras laeve
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Presenter Notes
Presentation Notes
There are many slug species in North America, and several that might show up in crop fields, but there are two main species that cause most of the damage:

-The gray garden slug
-The marsh slug

Both globally distributed, gray garden especially associated with crop loss wherever slugs are a problem. 
In addition to slugs, snails are a growing problem in the southern united states, and many of the management challenges that apply to slugs also apply to snails.
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Presenter Notes
Presentation Notes
Slug eggs are typically laid in clusters, hidden under crop residue or around corn stalks. They are gelatinous spheres or ovals. 
Those hatch into juvenile slugs (which look like adults but are smaller and sexually immature)
Those gradually get bigger until they are adults which may or may not mate (slugs are self fertile) before laying more eggs. 

Generations are overlapping (not synchronized)


Slugs prefer cool wet conditions

* Slugs dehydrate easily
* Do wellin high-residue fields

 Wetter, lower-lying fields
* Cool, wet springs = more slugs
and damage



Presenter Notes
Presentation Notes
Slugs loose moisture incredibly quickly, because their skin doesn’t really hold it in. So they prefer conditions where they won’t dry out– basically wet mild conditions. If it’s a cool wet spring they can be extra abundant and active


* Slug species and biology: who are
we dealing with?

* Slug feeding and damage

* Management challenges and
opportunities

* Questions/discussion
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Slugs feed by scraping

Surface of the radula



Presenter Notes
Presentation Notes
Slugs cause distinctive damage because they have a fairly unique feeding mechanism among invertebrate pests. 


Slug damage to soybeans
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Presenter Notes
Presentation Notes
Slugs can really defoliate bean seedlings if conditions are right (mild winter + cool rainy spring), but it seems like defoliation doesn’t really have much effect on soybean yields. What’s more problematic is when slugs eat the apical meristem of seedlings in broad swaths such that stand is reduced – growers may have to replant, which is expensive



Slug damage to soybeans



Presenter Notes
Presentation Notes
Stand loss!
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Main management challenges:

* No-till favors slugs
 Abundant organic matter
* Higher soil moisture
retention
 Staying cooler into the
spring time

Douglas and Tooker, 2012



Chemical treatment challenges

* There are no broadly-usable
treatment thresholds
* Chemical treatments (molluscicides)
all share several issues:
* Short shelf life
* EXpensive
* Precise application requirements

David Owens, UD

Douglas and Tooker, 2012; Baily 2002



Early planting may prolong vulnerability

* Slow germination and
growth = longer vulnerable
period

* Prolonged cool/wet period
also keeps slugs active and
feeding

Douglas et al., 2012
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&% Is planting later a good option? &}

e Comparing planting dates
for full-season soybeans:

Early vs late
Year Research Early Late planting
farm planting
2022 | Location1 |May 2 June 7/
Location 2 | April 29 June 1
2023 | Location1 |May 12 June 12
Location 2 | April 27 May 31

Soy8bean vield in kg/ha *1,000

L7 - B Early
- @ Late

N NS %

2022 2023
2022:F, ,,=0.14;p=0.71 2023:F, ,,=5.09; p=0.03


Presenter Notes
Presentation Notes
-In order to try to understand this better, we compared early vs late planted full season soybeans. Early were typically planted at the end of April/beginning of May, whereas, later were typically planted at the end of May/beginning of June in keeping with grower practices. 
-In the first year, we saw no yield diff between our early and late-planted beans, although in the second year the late planted beans had significantly lower yields. -Of course there is a pretty vast array of agronomic factors that influence soybean yield, but these results suggest that although planting later might not be a practice that growers would want to adopt uniformly, it is not inherently problematic, especially if you consider that early planting in a high pressure slug site-year might result in having to replant, which would a) mean growers have to replant late and b) eat up any potential profits. 


Cover cropping is a mixed bag

* Traditional cover cropping,
planting green, and even
weedy fields all posited to
influence slug populations
and damage

 However, no consistent
pattern has emerged®*

IMugala et al., 2023; 2Cook et al., 1997
3le Gall et al., 2022; *Reed et al., 2019

wDave-Robison-



Conservation practices = slug biocontrol

* There are many invertebrate slug predators
* Conservation practices (e.g. no-till, unmanaged
habitat) can preserve populations?



Presenter Notes
Presentation Notes
Mention nematodes?


Carabid beetles are key predators

* Diverse family of beetles often abundant in crops
* In native and introduced range eat slugs, slug eggs'-

Slug activity

Ground beetle
activity density

Mugala et al., 2023 “Ground beetles o ,
suppress slugs in corn and soybean under Reich et al., 2020; “Bohan et al., 2000

conservation agriculture” 3El-Danasoury and Pifiero, 2018




Insecticides may favor slugs

* Slugs are not susceptible to
insecticides (not insects!)

* Some preventative insecticides
may exacerbate slug problems
by affecting predators!-?

Douglas et al., 2015; 2Hill et al., 2017



Presenter Notes
Presentation Notes
Preventative insecticides= primarily neonicotinoid seed treatments. Applications of pyrethroids (burn down, in furrow) haven’t been studied

Go straight from there into Maggie’s stuff into my stuff


Seed treatments and ground beetles
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Presenter Notes
Presentation Notes
A study done at Penn State did a good job elucidating the mechanism by which this may be happening: Based on seeing worse slug damage in insecticide-treated soybeans in the field they wanted to understand whether NSTs could somehow be helping slugs?


Seed treatments and ground beetles
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NST traveled up the food chain
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Presenter Notes
Presentation Notes
 Depending on situations, NSTs may be incompatible with leveraging natural enemies for biocontrol


* At-planting insecticides
routinely used in a range of
field crops

* |n the mid-Atlantic slugs are
most often the pest of concern

* How do commonly-used
insecticides impact slug
biocontrol?




Measuring predator populations

* Slug predators
(especially ground
beetles)
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No treatment effect

All ground beetles Predatory ground beetles
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Presentation Notes
Fix predator y axis


Measuring predation
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Presenter Notes
Presentation Notes
No trend by treatment yet, but we are seeing a lot of predation. In general there’s some predation happening in almost every treatment on each date and farm. 


Measuring predation

Sentinel prey consumed
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Presenter Notes
Presentation Notes
Typically, predators were active, with predation across most weeks everywhere. 


Sampling slug activity-abundance

» Sampled with soapy-water shelter traps

1Raudenbush, et al., 2021


Presenter Notes
Presentation Notes
2 traps per plot!


Treatment did not change slug counts

Slug activity-abundance
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Research takeaways

B * Treatments may not impact slug
§  pressure
| « Historic use of NSTs may have
changed predator community
* Other non-target risks known?'-3

No yield benefits in
this study

Dubey et al., 2020; 3Disque et al., 2019
’Douglas et al., 2016



Take-home messages

* Slugs flourish in no-till high residue
systems and do best in cool and rainy
spring weather

* Chemical management is hard and
expensive to implement

* Natural enemies can influence
populations, so conservation
practices may be key to management

iNaturalist, COO
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Questions/Discussion

n Ramsey,




Earlier planted = sometimes higher yield

e Comparing planting dates
for full-season soybeans:
Early vs late

Year Research Early Late planting
farm planting

2022 | Location1 |May 2 June 7/
Location 2 | April 29 June 1

2023 | Location1 |May 12 June 12
Location 2 | April 27 May 31

Soy8bean vield in kg/ha *1,000

L7 - B Early
- @ Late

N NS %

2022 2023
2022:F, ,,=0.14;p=0.71 2023:F, ,,=5.09; p=0.03


Presenter Notes
Presentation Notes
In order to try to understand this better, we compared early vs late planted full season soybeans. Early were typically planted at the end of April/beginning of May, whereas, later were typically planted at the end of May/beginning of June in keeping with grower practices. 
In the first year, we saw no yield diff between our early and late-planted beans, although in the second year the late planted beans had significantly lower yields. Of course there is a pretty vast array of agronomic factors that influence soybean yield, but these results suggest that although planting later might not be a practice that growers would want to adopt uniformly, it is not inherently problematic, especially if you consider that early planting in a high pressure slug site-year might result in having to replant, which would a) mean growers have to replant late and b) eat up any potential profits. 

I also want to point out that the low yields in the late planted beans were most driven by Location 1 in 2023 where all the planting took place later than would be preferred, so it’s also possible that more timely late planting of full season beans would not have such a negative impact. 
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Capture® LFR®
(Bifenthrin)
(13.6 fl oz/acre)

)



Presenter Notes
Presentation Notes
They probably don’t care about any of these details! Just remove these. 
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