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Slugs in No-till 
Production: IPM and 
Cover Crops to the 

Rescue

John Tooker
Dept. of Entomology
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Take home messages

Predators can help protect crops from slugs; IPM needed

Slug control requires integrating several practices 

Unnecessary insecticide use can worsen slug populations

Cover crops can improve slug control

Slugs can build with long-term no-till, ample moisture
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No-till in Pennsylvania Fields
75% of soy, 65% of corn (1.5 million acres)
Decreases labor, conserves fuel, soil & water

Adriana Murillo-Williams
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No-till in Pennsylvania Fields
75% of soy, 65% of corn (1.5 million acres)
Decreases labor, conserves fuel, soil & water

Adriana Murillo-Williams

, but promotes slugs!
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Slugs can damage virtually all field crops

Canola

Soybean

Corn

Alfalfa &
Sm. grains
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Corn field suffering from slugs
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Soybean field after 3rd planting, Lancaster, PA
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~20% Mid-Atlantic no-till acreage as yield loss from slugs

Limited cost-effective management 
options

Some producers are returning to tillage to control 
slugs

Corn, soy, small grains, alfalfa, cover crops

More and more fields in Midwest
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Each individual can lay 500 eggs/year

Grey garden slug - Most problematic species

Can feed on weeds and organic matter
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Life cycles can be out of synchrony (even within a species)

Different sized slugs can be found at any time (different species)

Mild winters or thick snowpack increase survival
Juvenile slugs are most damaging 

Purdue

Life cycle of Gray garden slug (Deroceras reticulatum)

April May June July Aug Sept Oct

Eggs
Junveniles

Eggs

Adults

Crop damage Crop damage
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There is a weak relationship between damage and corn yield
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Slug damage score early in season

Slug damage to corn tends to looks worse than it is
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But some feeding by slugs might be ok?
(data from multi-years field exp; damage at V2 and V5)
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Amounts of damage matters:  Little damage: good? ; lots of damage: bad!
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Slug management
Limited control options: 

Tillage

Baits
Nitrogen solutions

Predators

Row cleaners + starter fertilizer
Soil temperature

17

Slug management
Limited control options: 

Tillage: Not an option for many; is a little disturbance helpful? 
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Vertical Tillage (A. Lefever, J. Wallace; Dept. Plant Sci; Penn State)

Soybeans: vertical tillage can mildly decreased slug damage

Lefever et al. 2024 – Agronomy J.

But no benefit to yield

Two years, on-farm tests of vertical tillage tools (Lancaster Co)
Salford Independent 

Great Plains Turbo-Till 
Kuhn-Krause Excelerator

Vertical tillage reduced slug damage by about 24% 
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Not an option for most no-till farmers

Limited control options: 
Tillage:

Row cleaners + starter fertilizer
Soil temperature
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30-0-0, 2x2; 27 lbs/ac
Amm. nitrate, 9 lbs/ac 

Amm. nitrate, 22 lbs/ac 

Galen Dively, UMD

Row cleaners + starter or pop-up fertilizer are helpful
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30-0-0, 2x2; 27 lbs/ac

Amm. nitrate, 9 lbs/ac 

Amm. nitrate, 22 lbs/ac 

Galen Dively, UMD

Row cleaners + starter or pop-up fertilizer are helpful
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Slug management

Spreading pellets and potash Aim for 10 lbs/acre; 4-6 pellets/sq foot

Baits
Metaldehyde, Chelated iron

Best for targeted rescue treatments, 
 not whole fields (expensive!)

Deadline pellets mixed with potash
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www.no-tillfarmer.com

Cover crops improve habitats for natural enemies
No-till makes conservation possible: great habitat for predators

24
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Strong predator populations can protect plants from pests
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Ground beetles = Allies in pest control

Black cutworm
True armyworm
Wireworm
Slugs

Some farms: Thousands/acre
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Integrated Pest Management (IPM) protects predators

If pests exceed economic thresholds, use an insecticide

Maintains natural-enemy populations

Requires scouting to check pest populations
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Insecticides are overused, always have been 

Decrease good insects (predators, decomposers)
Fields with fewer predators are more vulnerable to pests

U.S. insecticide use is increasing

Most use is insurance-based, not need-based

28
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Insecticides are valuable tools 
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Bifenthrin – national usage

USGS Pesticide National Synthesis Project

Insecticide use appears to be increasing:
Unfortunately, much of the use is unnecessary

30
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USGS Pesticide National Synthesis Project
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Douglas and Tooker 2015, Tooker et al. 2017
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Insecticides exacerbate slug problems by killing predators
(insecticides coated on seeds, broadcast applications)

Without predators, slugs are free to feed, do more damage

Insecticide-coated seeds
Uncoated seeds

33

Can protect yield

Systemic activity

Very toxic to insects

Neonicotinoid seed treatments

34
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Neonicotinoid seed treatments target 2° pests:

Corn
(Aphids)

(Black cutworm)
Corn flea beetle 

Seed corn maggot 
White grub 

Wireworm 
(Rootworm)

Soybeans
(Aphids)

Bean leaf beetle
Leafhoppers

Seedcorn maggot 
White grubs

Wireworm

35

No yield benefit from neonic use

P = 0.863
N = 12

Soy yield, 2016 Corn Grain Yield, 2017

P = 0.651
N = 12

Yield,
Bu/ac

Control     Seed Coat   
Pyrethroid

Control     Seed Coat   
Pyrethroid

Yield,
Bu/ac

36
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University of Guelph – 4 yr exp.; corn and soy; Fungicide ST vs. Neonic ST

Smith et al. 2020, J. Econ. Entomol.
37
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trap threshold, plant stands at the VE-V1 stages were greater in FST 
than NST plots; however, no difference was observed at the V3-V4 
stages, nor was any difference in vigor, plant injury, or yield observed 
(Table 4). Inspection of soil assessments were conducted using the 
MECP recommended digging method at 77 sites, of which five (6%) 
sites exceeded the MECP threshold of ≥1 wireworm per hole and 1 
(1%) had ≥2 grubs per hole (Table 4). For the sites exceeding the 
wireworm ‘inspection of soil’ threshold, greater plant stands were 
observed in FST than NST plots at the VE-V1 stages, but no dif-
ference was observed at the V3-V4 stages (Table 4). No difference 
in vigor, below-ground injury, or yield was observed; however, less 
above-ground injury was observed in NST plots at the V3-V4 stages 
(Table 4). At the site with ≥2 grubs per hole, no difference in plant 
stand, vigor, below-ground injury, or yield was observed; however, 
there was more above-ground injury in NST plots (Table 4). Zero 
wireworms or grubs were observed at 57 (74%) and 51 (66%) sites 
using this method of assessment, 15 (19%) sites had 0–1 wireworm 
per hole on average, and 25 (32%) sites had on average between 1 
and 2 grubs per hole.

During destructive sampling, wireworms were observed at 52 
of 145 (36%) sites during the VE-V1 stages, 48 (33%) sites during 
the V3-V4 stages, and at 37 (26%) sites on both sampling dates 
(Table 5). White grubs were observed at 20 and 35 of 145 (14 and 

24%) sites at the VE-V1 and V3-V4 stages, respectively, and at 9 
(6%) sites on both sampling dates (Table  5). At the VE-V1 and 
V3-V4 stages, 12 (8%) and 18 (12%) sites, respectively, had both 
wireworms and grubs present and both pest groups were present on 
both sampling dates at six (4%) sites. Across all 145 sites, or only at 
sites where wireworms and white grubs were present, seed treatment 
had no effect on the abundance of either pest at either the VE-V1 or 
V3-V4 stages (Tables 2 and 5).

Among sites where wireworms were observed during destructive 
sampling at the VE-V1 or V3-V4 stages, plant stands were greater 
in FST than NST plots at 12–13% of sites, 13–100% of sites had 
greater vigor in NST plots, and less above-ground injury was ob-
served in NST than FST plots at 10–13% of sites (Table 6). No sites 
were found to have greater yield with NST; however, significantly 
greater yield was observed in FST than NST plots at 10–20% of 
sites (Table 6). Among the 20 sites where white grubs were observed 
during destructive sampling at the VE-V1 stages, greater plant stand 
and vigor was observed in FST than NST plots at 1–2 sites, no differ-
ence in below- or above-ground injury was observed, and grain yield 
was greater in NST than FST plots at three sites (Table 7). Among the 
35 sites where white grubs were observed during the V3-V4 stages, 
no difference in plant stand was observed between treatments, NST 
plots appeared more vigorous than FST at nine sites, below- and 

Table 3. Mean (±SE) plant stand, vigor, injury, and yield of corn and soybean with fungicide-only (FST), neonicotinoid insecticide + fun-
gicide (NST), or diamide insecticide + fungicide (DST) seed treatments observed in on-farm experiments in Ontario, Canada, 2014–2017

Dependent variable

All sites
Sites with significant advantage to  

NST or DST over FST

n FST NST DST n FST NST DST

Corn FST vs NST
 Stand (plants m−2) (VE-V1) 145 6.7 ± 0.03 7.0 ± 0.03 . 13 5.7 ± 0.17ba 7.3 ± 0.17a .
 Stand (plants m−2) (V3-V4) 145 6.9 ± 0.02 7.0 ± 0.02 . 11 6.6 ± 0.12b 7.7 ± 0.12a .
 Vigorb (%) (VE-V1) 145 85.9 ± 0.50 90.4 ± 0.53 . 24 74.5 ± 0.99b 93.6 ± 1.26a .
 Vigorb (%) (V3-V4) 145 88.9 ± 0.44b 91.6 ± 0.45a . 145 88.9 ± 0.44b 91.6 ± 0.45a .
 Below-ground injuryc (VE-V1) 145 0.24 ± 0.012 0.22 ± 0.012 . 0 . . .
 Below-ground injuryc (V3-V4) 145 0.24 ± 0.010 0.22 ± 0.010 . 0 . . .
 Above-ground injuryd (VE-V1) 145 0.45 ± 0.016 0.42 ± 0.016 . 0 . . .
 Above-ground injuryd (V3-V4) 145 0.50 ± 0.017 0.47 ± 0.017 . 8 1.63 ± 0.098b 1.06 ± 0.095a .
 Yield (Mg ha−1) 129 11.1 ± 0.02 11.2 ± 0.02 . 10 11.9 ± 0.83b 12.8 ± 0.83a .
Corn FST vs NST vs DST
 Stand (plants m−2) (VE-V1) 16 7.1 ± 0.06b 7.3 ± 0.06a 7.3 ± 0.06a 0 . . .
 Stand (plants m−2) (V3-V4) 16 6.7 ± 0.06 6.9 ± 0.06 6.8 ± 0.06 0 . . .
 Vigorb (%) (VE-V1) 16 95.3 ± 0.86 97.3 ± 0.88 94.7 ± 0.85 3 83.4 ± 3.04b 96.6 ± 3.52a 82.5 ± 3.01b
 Vigorb (%) (V3-V4) 16 93.1 ± 1.61 96.1 ± 1.66 96.5 ± 1.67 0 . . .
 Below-ground injuryc (VE-V1) 16 0.12 ± 0.020b 0.06 ± 0.020ab 0.05 ± 0.020a 0 . . .
 Below-ground injuryc (V3-V4) 16 0.00 ± 0.009 0.03 ± 0.009 0.03 ± 0.009 2 0.00 ± 0.059a 0.17 ± 0.059b 0.15 ± 0.059b
 Above-ground injuryd (VE-V1) 16 0.34 ± 0.110 0.22 ± 0.111 0.48 ± 0.111 0 . . .
 Above-ground injuryd (V3-V4) 16 0.33 ± 0.034 0.35 ± 0.034 0.37 ± 0.034 0 . . .
 Yield (Mg ha−1) 16 11.4 ± 0.10 11.4 ± 0.10 11.2 ± 0.10 2 12.8 ± 2.15a 12.9 ± 2.15a 11.7 ± 2.15b
Soybean FST vs NST
 Stand (plants m−2) (VE-V3) 33 38.6 ± 0.44 39.4 ± 0.45 . 0 . . .
 Vigorb (%) (VE-V3) 33 89.4 ± 0.99b 91.9 ± 1.02a . 33 89.4 ± 0.99b 91.9 ± 1.02a .
 Below-ground injuryc (VE-V3) 33 0.34 ± 0.027 0.28 ± 0.027 . 0 . . .
 Above-ground injurye (VE-V3) 33 1.23 ± 0.088 1.03 ± 0.075 . 0 . . .
 Yield (Mg ha−1) 31 3.4 ± 0.03 3.3 ± 0.02 . 2 3.0 ± 0.15b 3.9 ± 0.15a .

aLeast squares means within rows followed by the same letter are not significantly different (P < 0.05) as determined by PROC GLIMMIX and Tukey’s HSD test.
b0 = plants dead in plot and 100 = furthest developed plants in the trial.
c0 = no damage, 1 = plant emerged, light feeding on first leaves/coleoptile, 2 = plant emerged, feeding evident on seed/coleoptile, chlorotic or purple leaves, 

3 = plant emerged, significant feeding evident on coleoptile, 4 = damaged and rotted seed, did not emerge.
d0 = no defoliation, 1 = pinholes (<5 mm diameter), 2 = shot holes (>5 mm diameter), 3 = lesions on several leaves, 4 = whole leaves almost or completely eaten, 

5 = leaves cut/clipped off.
eAverage percent defoliation observed on unifoliate and first trifoliate leaves.
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trap threshold, plant stands at the VE-V1 stages were greater in FST 
than NST plots; however, no difference was observed at the V3-V4 
stages, nor was any difference in vigor, plant injury, or yield observed 
(Table 4). Inspection of soil assessments were conducted using the 
MECP recommended digging method at 77 sites, of which five (6%) 
sites exceeded the MECP threshold of ≥1 wireworm per hole and 1 
(1%) had ≥2 grubs per hole (Table 4). For the sites exceeding the 
wireworm ‘inspection of soil’ threshold, greater plant stands were 
observed in FST than NST plots at the VE-V1 stages, but no dif-
ference was observed at the V3-V4 stages (Table 4). No difference 
in vigor, below-ground injury, or yield was observed; however, less 
above-ground injury was observed in NST plots at the V3-V4 stages 
(Table 4). At the site with ≥2 grubs per hole, no difference in plant 
stand, vigor, below-ground injury, or yield was observed; however, 
there was more above-ground injury in NST plots (Table 4). Zero 
wireworms or grubs were observed at 57 (74%) and 51 (66%) sites 
using this method of assessment, 15 (19%) sites had 0–1 wireworm 
per hole on average, and 25 (32%) sites had on average between 1 
and 2 grubs per hole.

During destructive sampling, wireworms were observed at 52 
of 145 (36%) sites during the VE-V1 stages, 48 (33%) sites during 
the V3-V4 stages, and at 37 (26%) sites on both sampling dates 
(Table 5). White grubs were observed at 20 and 35 of 145 (14 and 

24%) sites at the VE-V1 and V3-V4 stages, respectively, and at 9 
(6%) sites on both sampling dates (Table  5). At the VE-V1 and 
V3-V4 stages, 12 (8%) and 18 (12%) sites, respectively, had both 
wireworms and grubs present and both pest groups were present on 
both sampling dates at six (4%) sites. Across all 145 sites, or only at 
sites where wireworms and white grubs were present, seed treatment 
had no effect on the abundance of either pest at either the VE-V1 or 
V3-V4 stages (Tables 2 and 5).

Among sites where wireworms were observed during destructive 
sampling at the VE-V1 or V3-V4 stages, plant stands were greater 
in FST than NST plots at 12–13% of sites, 13–100% of sites had 
greater vigor in NST plots, and less above-ground injury was ob-
served in NST than FST plots at 10–13% of sites (Table 6). No sites 
were found to have greater yield with NST; however, significantly 
greater yield was observed in FST than NST plots at 10–20% of 
sites (Table 6). Among the 20 sites where white grubs were observed 
during destructive sampling at the VE-V1 stages, greater plant stand 
and vigor was observed in FST than NST plots at 1–2 sites, no differ-
ence in below- or above-ground injury was observed, and grain yield 
was greater in NST than FST plots at three sites (Table 7). Among the 
35 sites where white grubs were observed during the V3-V4 stages, 
no difference in plant stand was observed between treatments, NST 
plots appeared more vigorous than FST at nine sites, below- and 

Table 3. Mean (±SE) plant stand, vigor, injury, and yield of corn and soybean with fungicide-only (FST), neonicotinoid insecticide + fun-
gicide (NST), or diamide insecticide + fungicide (DST) seed treatments observed in on-farm experiments in Ontario, Canada, 2014–2017

Dependent variable

All sites
Sites with significant advantage to  

NST or DST over FST

n FST NST DST n FST NST DST

Corn FST vs NST
 Stand (plants m−2) (VE-V1) 145 6.7 ± 0.03 7.0 ± 0.03 . 13 5.7 ± 0.17ba 7.3 ± 0.17a .
 Stand (plants m−2) (V3-V4) 145 6.9 ± 0.02 7.0 ± 0.02 . 11 6.6 ± 0.12b 7.7 ± 0.12a .
 Vigorb (%) (VE-V1) 145 85.9 ± 0.50 90.4 ± 0.53 . 24 74.5 ± 0.99b 93.6 ± 1.26a .
 Vigorb (%) (V3-V4) 145 88.9 ± 0.44b 91.6 ± 0.45a . 145 88.9 ± 0.44b 91.6 ± 0.45a .
 Below-ground injuryc (VE-V1) 145 0.24 ± 0.012 0.22 ± 0.012 . 0 . . .
 Below-ground injuryc (V3-V4) 145 0.24 ± 0.010 0.22 ± 0.010 . 0 . . .
 Above-ground injuryd (VE-V1) 145 0.45 ± 0.016 0.42 ± 0.016 . 0 . . .
 Above-ground injuryd (V3-V4) 145 0.50 ± 0.017 0.47 ± 0.017 . 8 1.63 ± 0.098b 1.06 ± 0.095a .
 Yield (Mg ha−1) 129 11.1 ± 0.02 11.2 ± 0.02 . 10 11.9 ± 0.83b 12.8 ± 0.83a .
Corn FST vs NST vs DST
 Stand (plants m−2) (VE-V1) 16 7.1 ± 0.06b 7.3 ± 0.06a 7.3 ± 0.06a 0 . . .
 Stand (plants m−2) (V3-V4) 16 6.7 ± 0.06 6.9 ± 0.06 6.8 ± 0.06 0 . . .
 Vigorb (%) (VE-V1) 16 95.3 ± 0.86 97.3 ± 0.88 94.7 ± 0.85 3 83.4 ± 3.04b 96.6 ± 3.52a 82.5 ± 3.01b
 Vigorb (%) (V3-V4) 16 93.1 ± 1.61 96.1 ± 1.66 96.5 ± 1.67 0 . . .
 Below-ground injuryc (VE-V1) 16 0.12 ± 0.020b 0.06 ± 0.020ab 0.05 ± 0.020a 0 . . .
 Below-ground injuryc (V3-V4) 16 0.00 ± 0.009 0.03 ± 0.009 0.03 ± 0.009 2 0.00 ± 0.059a 0.17 ± 0.059b 0.15 ± 0.059b
 Above-ground injuryd (VE-V1) 16 0.34 ± 0.110 0.22 ± 0.111 0.48 ± 0.111 0 . . .
 Above-ground injuryd (V3-V4) 16 0.33 ± 0.034 0.35 ± 0.034 0.37 ± 0.034 0 . . .
 Yield (Mg ha−1) 16 11.4 ± 0.10 11.4 ± 0.10 11.2 ± 0.10 2 12.8 ± 2.15a 12.9 ± 2.15a 11.7 ± 2.15b
Soybean FST vs NST
 Stand (plants m−2) (VE-V3) 33 38.6 ± 0.44 39.4 ± 0.45 . 0 . . .
 Vigorb (%) (VE-V3) 33 89.4 ± 0.99b 91.9 ± 1.02a . 33 89.4 ± 0.99b 91.9 ± 1.02a .
 Below-ground injuryc (VE-V3) 33 0.34 ± 0.027 0.28 ± 0.027 . 0 . . .
 Above-ground injurye (VE-V3) 33 1.23 ± 0.088 1.03 ± 0.075 . 0 . . .
 Yield (Mg ha−1) 31 3.4 ± 0.03 3.3 ± 0.02 . 2 3.0 ± 0.15b 3.9 ± 0.15a .

aLeast squares means within rows followed by the same letter are not significantly different (P < 0.05) as determined by PROC GLIMMIX and Tukey’s HSD test.
b0 = plants dead in plot and 100 = furthest developed plants in the trial.
c0 = no damage, 1 = plant emerged, light feeding on first leaves/coleoptile, 2 = plant emerged, feeding evident on seed/coleoptile, chlorotic or purple leaves, 

3 = plant emerged, significant feeding evident on coleoptile, 4 = damaged and rotted seed, did not emerge.
d0 = no defoliation, 1 = pinholes (<5 mm diameter), 2 = shot holes (>5 mm diameter), 3 = lesions on several leaves, 4 = whole leaves almost or completely eaten, 

5 = leaves cut/clipped off.
eAverage percent defoliation observed on unifoliate and first trifoliate leaves.
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trap threshold, plant stands at the VE-V1 stages were greater in FST 
than NST plots; however, no difference was observed at the V3-V4 
stages, nor was any difference in vigor, plant injury, or yield observed 
(Table 4). Inspection of soil assessments were conducted using the 
MECP recommended digging method at 77 sites, of which five (6%) 
sites exceeded the MECP threshold of ≥1 wireworm per hole and 1 
(1%) had ≥2 grubs per hole (Table 4). For the sites exceeding the 
wireworm ‘inspection of soil’ threshold, greater plant stands were 
observed in FST than NST plots at the VE-V1 stages, but no dif-
ference was observed at the V3-V4 stages (Table 4). No difference 
in vigor, below-ground injury, or yield was observed; however, less 
above-ground injury was observed in NST plots at the V3-V4 stages 
(Table 4). At the site with ≥2 grubs per hole, no difference in plant 
stand, vigor, below-ground injury, or yield was observed; however, 
there was more above-ground injury in NST plots (Table 4). Zero 
wireworms or grubs were observed at 57 (74%) and 51 (66%) sites 
using this method of assessment, 15 (19%) sites had 0–1 wireworm 
per hole on average, and 25 (32%) sites had on average between 1 
and 2 grubs per hole.

During destructive sampling, wireworms were observed at 52 
of 145 (36%) sites during the VE-V1 stages, 48 (33%) sites during 
the V3-V4 stages, and at 37 (26%) sites on both sampling dates 
(Table 5). White grubs were observed at 20 and 35 of 145 (14 and 

24%) sites at the VE-V1 and V3-V4 stages, respectively, and at 9 
(6%) sites on both sampling dates (Table  5). At the VE-V1 and 
V3-V4 stages, 12 (8%) and 18 (12%) sites, respectively, had both 
wireworms and grubs present and both pest groups were present on 
both sampling dates at six (4%) sites. Across all 145 sites, or only at 
sites where wireworms and white grubs were present, seed treatment 
had no effect on the abundance of either pest at either the VE-V1 or 
V3-V4 stages (Tables 2 and 5).

Among sites where wireworms were observed during destructive 
sampling at the VE-V1 or V3-V4 stages, plant stands were greater 
in FST than NST plots at 12–13% of sites, 13–100% of sites had 
greater vigor in NST plots, and less above-ground injury was ob-
served in NST than FST plots at 10–13% of sites (Table 6). No sites 
were found to have greater yield with NST; however, significantly 
greater yield was observed in FST than NST plots at 10–20% of 
sites (Table 6). Among the 20 sites where white grubs were observed 
during destructive sampling at the VE-V1 stages, greater plant stand 
and vigor was observed in FST than NST plots at 1–2 sites, no differ-
ence in below- or above-ground injury was observed, and grain yield 
was greater in NST than FST plots at three sites (Table 7). Among the 
35 sites where white grubs were observed during the V3-V4 stages, 
no difference in plant stand was observed between treatments, NST 
plots appeared more vigorous than FST at nine sites, below- and 

Table 3. Mean (±SE) plant stand, vigor, injury, and yield of corn and soybean with fungicide-only (FST), neonicotinoid insecticide + fun-
gicide (NST), or diamide insecticide + fungicide (DST) seed treatments observed in on-farm experiments in Ontario, Canada, 2014–2017

Dependent variable

All sites
Sites with significant advantage to  

NST or DST over FST

n FST NST DST n FST NST DST

Corn FST vs NST
 Stand (plants m−2) (VE-V1) 145 6.7 ± 0.03 7.0 ± 0.03 . 13 5.7 ± 0.17ba 7.3 ± 0.17a .
 Stand (plants m−2) (V3-V4) 145 6.9 ± 0.02 7.0 ± 0.02 . 11 6.6 ± 0.12b 7.7 ± 0.12a .
 Vigorb (%) (VE-V1) 145 85.9 ± 0.50 90.4 ± 0.53 . 24 74.5 ± 0.99b 93.6 ± 1.26a .
 Vigorb (%) (V3-V4) 145 88.9 ± 0.44b 91.6 ± 0.45a . 145 88.9 ± 0.44b 91.6 ± 0.45a .
 Below-ground injuryc (VE-V1) 145 0.24 ± 0.012 0.22 ± 0.012 . 0 . . .
 Below-ground injuryc (V3-V4) 145 0.24 ± 0.010 0.22 ± 0.010 . 0 . . .
 Above-ground injuryd (VE-V1) 145 0.45 ± 0.016 0.42 ± 0.016 . 0 . . .
 Above-ground injuryd (V3-V4) 145 0.50 ± 0.017 0.47 ± 0.017 . 8 1.63 ± 0.098b 1.06 ± 0.095a .
 Yield (Mg ha−1) 129 11.1 ± 0.02 11.2 ± 0.02 . 10 11.9 ± 0.83b 12.8 ± 0.83a .
Corn FST vs NST vs DST
 Stand (plants m−2) (VE-V1) 16 7.1 ± 0.06b 7.3 ± 0.06a 7.3 ± 0.06a 0 . . .
 Stand (plants m−2) (V3-V4) 16 6.7 ± 0.06 6.9 ± 0.06 6.8 ± 0.06 0 . . .
 Vigorb (%) (VE-V1) 16 95.3 ± 0.86 97.3 ± 0.88 94.7 ± 0.85 3 83.4 ± 3.04b 96.6 ± 3.52a 82.5 ± 3.01b
 Vigorb (%) (V3-V4) 16 93.1 ± 1.61 96.1 ± 1.66 96.5 ± 1.67 0 . . .
 Below-ground injuryc (VE-V1) 16 0.12 ± 0.020b 0.06 ± 0.020ab 0.05 ± 0.020a 0 . . .
 Below-ground injuryc (V3-V4) 16 0.00 ± 0.009 0.03 ± 0.009 0.03 ± 0.009 2 0.00 ± 0.059a 0.17 ± 0.059b 0.15 ± 0.059b
 Above-ground injuryd (VE-V1) 16 0.34 ± 0.110 0.22 ± 0.111 0.48 ± 0.111 0 . . .
 Above-ground injuryd (V3-V4) 16 0.33 ± 0.034 0.35 ± 0.034 0.37 ± 0.034 0 . . .
 Yield (Mg ha−1) 16 11.4 ± 0.10 11.4 ± 0.10 11.2 ± 0.10 2 12.8 ± 2.15a 12.9 ± 2.15a 11.7 ± 2.15b
Soybean FST vs NST
 Stand (plants m−2) (VE-V3) 33 38.6 ± 0.44 39.4 ± 0.45 . 0 . . .
 Vigorb (%) (VE-V3) 33 89.4 ± 0.99b 91.9 ± 1.02a . 33 89.4 ± 0.99b 91.9 ± 1.02a .
 Below-ground injuryc (VE-V3) 33 0.34 ± 0.027 0.28 ± 0.027 . 0 . . .
 Above-ground injurye (VE-V3) 33 1.23 ± 0.088 1.03 ± 0.075 . 0 . . .
 Yield (Mg ha−1) 31 3.4 ± 0.03 3.3 ± 0.02 . 2 3.0 ± 0.15b 3.9 ± 0.15a .

aLeast squares means within rows followed by the same letter are not significantly different (P < 0.05) as determined by PROC GLIMMIX and Tukey’s HSD test.
b0 = plants dead in plot and 100 = furthest developed plants in the trial.
c0 = no damage, 1 = plant emerged, light feeding on first leaves/coleoptile, 2 = plant emerged, feeding evident on seed/coleoptile, chlorotic or purple leaves, 

3 = plant emerged, significant feeding evident on coleoptile, 4 = damaged and rotted seed, did not emerge.
d0 = no defoliation, 1 = pinholes (<5 mm diameter), 2 = shot holes (>5 mm diameter), 3 = lesions on several leaves, 4 = whole leaves almost or completely eaten, 

5 = leaves cut/clipped off.
eAverage percent defoliation observed on unifoliate and first trifoliate leaves.
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trap threshold, plant stands at the VE-V1 stages were greater in FST 
than NST plots; however, no difference was observed at the V3-V4 
stages, nor was any difference in vigor, plant injury, or yield observed 
(Table 4). Inspection of soil assessments were conducted using the 
MECP recommended digging method at 77 sites, of which five (6%) 
sites exceeded the MECP threshold of ≥1 wireworm per hole and 1 
(1%) had ≥2 grubs per hole (Table 4). For the sites exceeding the 
wireworm ‘inspection of soil’ threshold, greater plant stands were 
observed in FST than NST plots at the VE-V1 stages, but no dif-
ference was observed at the V3-V4 stages (Table 4). No difference 
in vigor, below-ground injury, or yield was observed; however, less 
above-ground injury was observed in NST plots at the V3-V4 stages 
(Table 4). At the site with ≥2 grubs per hole, no difference in plant 
stand, vigor, below-ground injury, or yield was observed; however, 
there was more above-ground injury in NST plots (Table 4). Zero 
wireworms or grubs were observed at 57 (74%) and 51 (66%) sites 
using this method of assessment, 15 (19%) sites had 0–1 wireworm 
per hole on average, and 25 (32%) sites had on average between 1 
and 2 grubs per hole.

During destructive sampling, wireworms were observed at 52 
of 145 (36%) sites during the VE-V1 stages, 48 (33%) sites during 
the V3-V4 stages, and at 37 (26%) sites on both sampling dates 
(Table 5). White grubs were observed at 20 and 35 of 145 (14 and 

24%) sites at the VE-V1 and V3-V4 stages, respectively, and at 9 
(6%) sites on both sampling dates (Table  5). At the VE-V1 and 
V3-V4 stages, 12 (8%) and 18 (12%) sites, respectively, had both 
wireworms and grubs present and both pest groups were present on 
both sampling dates at six (4%) sites. Across all 145 sites, or only at 
sites where wireworms and white grubs were present, seed treatment 
had no effect on the abundance of either pest at either the VE-V1 or 
V3-V4 stages (Tables 2 and 5).

Among sites where wireworms were observed during destructive 
sampling at the VE-V1 or V3-V4 stages, plant stands were greater 
in FST than NST plots at 12–13% of sites, 13–100% of sites had 
greater vigor in NST plots, and less above-ground injury was ob-
served in NST than FST plots at 10–13% of sites (Table 6). No sites 
were found to have greater yield with NST; however, significantly 
greater yield was observed in FST than NST plots at 10–20% of 
sites (Table 6). Among the 20 sites where white grubs were observed 
during destructive sampling at the VE-V1 stages, greater plant stand 
and vigor was observed in FST than NST plots at 1–2 sites, no differ-
ence in below- or above-ground injury was observed, and grain yield 
was greater in NST than FST plots at three sites (Table 7). Among the 
35 sites where white grubs were observed during the V3-V4 stages, 
no difference in plant stand was observed between treatments, NST 
plots appeared more vigorous than FST at nine sites, below- and 

Table 3. Mean (±SE) plant stand, vigor, injury, and yield of corn and soybean with fungicide-only (FST), neonicotinoid insecticide + fun-
gicide (NST), or diamide insecticide + fungicide (DST) seed treatments observed in on-farm experiments in Ontario, Canada, 2014–2017

Dependent variable

All sites
Sites with significant advantage to  

NST or DST over FST

n FST NST DST n FST NST DST

Corn FST vs NST
 Stand (plants m−2) (VE-V1) 145 6.7 ± 0.03 7.0 ± 0.03 . 13 5.7 ± 0.17ba 7.3 ± 0.17a .
 Stand (plants m−2) (V3-V4) 145 6.9 ± 0.02 7.0 ± 0.02 . 11 6.6 ± 0.12b 7.7 ± 0.12a .
 Vigorb (%) (VE-V1) 145 85.9 ± 0.50 90.4 ± 0.53 . 24 74.5 ± 0.99b 93.6 ± 1.26a .
 Vigorb (%) (V3-V4) 145 88.9 ± 0.44b 91.6 ± 0.45a . 145 88.9 ± 0.44b 91.6 ± 0.45a .
 Below-ground injuryc (VE-V1) 145 0.24 ± 0.012 0.22 ± 0.012 . 0 . . .
 Below-ground injuryc (V3-V4) 145 0.24 ± 0.010 0.22 ± 0.010 . 0 . . .
 Above-ground injuryd (VE-V1) 145 0.45 ± 0.016 0.42 ± 0.016 . 0 . . .
 Above-ground injuryd (V3-V4) 145 0.50 ± 0.017 0.47 ± 0.017 . 8 1.63 ± 0.098b 1.06 ± 0.095a .
 Yield (Mg ha−1) 129 11.1 ± 0.02 11.2 ± 0.02 . 10 11.9 ± 0.83b 12.8 ± 0.83a .
Corn FST vs NST vs DST
 Stand (plants m−2) (VE-V1) 16 7.1 ± 0.06b 7.3 ± 0.06a 7.3 ± 0.06a 0 . . .
 Stand (plants m−2) (V3-V4) 16 6.7 ± 0.06 6.9 ± 0.06 6.8 ± 0.06 0 . . .
 Vigorb (%) (VE-V1) 16 95.3 ± 0.86 97.3 ± 0.88 94.7 ± 0.85 3 83.4 ± 3.04b 96.6 ± 3.52a 82.5 ± 3.01b
 Vigorb (%) (V3-V4) 16 93.1 ± 1.61 96.1 ± 1.66 96.5 ± 1.67 0 . . .
 Below-ground injuryc (VE-V1) 16 0.12 ± 0.020b 0.06 ± 0.020ab 0.05 ± 0.020a 0 . . .
 Below-ground injuryc (V3-V4) 16 0.00 ± 0.009 0.03 ± 0.009 0.03 ± 0.009 2 0.00 ± 0.059a 0.17 ± 0.059b 0.15 ± 0.059b
 Above-ground injuryd (VE-V1) 16 0.34 ± 0.110 0.22 ± 0.111 0.48 ± 0.111 0 . . .
 Above-ground injuryd (V3-V4) 16 0.33 ± 0.034 0.35 ± 0.034 0.37 ± 0.034 0 . . .
 Yield (Mg ha−1) 16 11.4 ± 0.10 11.4 ± 0.10 11.2 ± 0.10 2 12.8 ± 2.15a 12.9 ± 2.15a 11.7 ± 2.15b
Soybean FST vs NST
 Stand (plants m−2) (VE-V3) 33 38.6 ± 0.44 39.4 ± 0.45 . 0 . . .
 Vigorb (%) (VE-V3) 33 89.4 ± 0.99b 91.9 ± 1.02a . 33 89.4 ± 0.99b 91.9 ± 1.02a .
 Below-ground injuryc (VE-V3) 33 0.34 ± 0.027 0.28 ± 0.027 . 0 . . .
 Above-ground injurye (VE-V3) 33 1.23 ± 0.088 1.03 ± 0.075 . 0 . . .
 Yield (Mg ha−1) 31 3.4 ± 0.03 3.3 ± 0.02 . 2 3.0 ± 0.15b 3.9 ± 0.15a .

aLeast squares means within rows followed by the same letter are not significantly different (P < 0.05) as determined by PROC GLIMMIX and Tukey’s HSD test.
b0 = plants dead in plot and 100 = furthest developed plants in the trial.
c0 = no damage, 1 = plant emerged, light feeding on first leaves/coleoptile, 2 = plant emerged, feeding evident on seed/coleoptile, chlorotic or purple leaves, 

3 = plant emerged, significant feeding evident on coleoptile, 4 = damaged and rotted seed, did not emerge.
d0 = no defoliation, 1 = pinholes (<5 mm diameter), 2 = shot holes (>5 mm diameter), 3 = lesions on several leaves, 4 = whole leaves almost or completely eaten, 

5 = leaves cut/clipped off.
eAverage percent defoliation observed on unifoliate and first trifoliate leaves.
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(Paper includes similar results for V3-V4 stage corn & for soybeans)

Results from Ontario: 
Seeds with fungicides (FST) vs fungicide + neonics (NST)

Smith et al. 2020, J. Econ. Entomol.
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Bottom line:
Manage for the pests that you have

Insecticide can make slug populations worse
 Any insecticide can cause problems: broadcast or seed coatings

39

Bottom line:
Manage your insect pests with Integrated Pest Management

Scout regularly, compare populations to economic thresholds
 Use insecticides only if pest populations exceed thresholds

 Protect predator populations!
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Penn State Diversified Dairy Cropping Systems project

One two-year corn-soy rotation

Two six-year rotations (cover crops, alfalfa, corn, small grains)

IPM (no Bt or seed treatments, insecticides as necessary)

Bt, seed treatments, broadcast pyrethroid
Pests have
been worse

41

● ● ●

●

●
●

●

●

●

●

●

●

2010 2011 2012 2013 2014 2015

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

0

5

10

15

S
lu

g 
pr

ed
at

or
s/

tr
ap
−

da
y

●
●

●

● ●

● ●

●
●

●

2010 2011 2012 2013 2014 2015

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

High
 input

Low
 input

0.00

0.25

0.50

0.75

1.00

P
re

da
tio

n 
(p

ro
p.

 a
tta

ck
ed

)

No-till, diversity (crop rotation + cover crops) builds predator pops

0 5 10 15

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Early season predators/trap−day

Ea
rly

 s
ea

so
n 

sl
ug

s/
tra

p

(a)

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Night predation (prop attacked)

Ea
rly

 s
ea

so
n 

sl
ug

s/
tra

p

(b)

0 5 10 15

0.0

0.2

0.4

0.6

0.8

1.0

Early season predators/trap−day

Sl
ug

 d
am

ag
e 

(p
ro

p.
 p

la
nt

s)

(c)

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Night predation (prop attacked)

Sl
ug

 d
am

ag
e 

(p
ro

p.
 p

la
nt

s)

(d)

Busch et al. 2020
42



22

Cover crop harbored NEs, which suppressed white grubs in corn

Rowen et al. 2022

Three-year experiment
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No-till makes conservation possible, cover crops add to it

Cover crops foster natural-enemy populations; protect them with IPM

44



23

 

45

 

46



24

Planting green + IPM
improve slug control

47
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Take home messages

Predators can help protect crops from slugs; IPM needed

Slug control requires integrating several practices 

Unnecessary insecticide use can worsen slug populations

Cover crops can improve slug control

Slugs can build with long-term no-till, ample moisture
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Damage from slugs was in terrible in 2024

Many farmers in PA had to replant 1-3 times

Lots of slugs! Slugs ate soybeans as they emerged Slugs benefited 
from open
seed slots
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Warm winters: more slugs survive winter, lay more eggs

In spring 2024, more juveniles were active longer

1. High slug populations resulted from a mild winter

Two reasons for heavy slug damage in 2024:
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1. High slug populations resulted from a mild winter

Two reasons for heavy slug damage in 2024:

2. Many farmers are planting soybeans early

Research from Midwest has demonstrated benefits of early planting

April-June: conditions were wet/cool, soybeans did not grow
  Slugs were happy and ate a lot

But this research did not include slugs

If slugs are a problem, planting decisions need to be dynamic, based on conditions

Mild winter, wet conditions:  plant later.
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Tooker and Wickings: USDA NIFA - Foundational Knowledge of Agricultural Production Systems 
 

5"

content than can be gained using annual rotations (Riedell et al. 2013; Winck et al. 2014). 
In addition to enhancing soil physicochemical traits, the use of perennial hays and grasses 
in rotation can also improve soil biological traits. For instance, inclusion of pasture grasses 
in rotation has been shown to increase densities of edaphic predators, parasitoids, and 
decomposers (Cardoza et al. 2015). Rotation with perennials such as alfalfa has also been 
used for decades as a strategy for managing crop pests including soil-dwelling root pests, 
however, such practices may have limited effectiveness against some key pests such as 
wireworm and corn rootworm (Gray et al. 2009; Furlan and Kreutzweiser 2015).  
 
Impacts of agricultural management on biotic drivers of soil health 
Through their impacts on the biota driving each of the components described above, 
many common agricultural management practices can alter belowground ecological 
function. Tillage, for instance, has well recognized negative effects on belowground 
biodiversity, and there are numerous examples from the literature showing that intensive 
tillage can suppress density, diversity, and activity of microbial and invertebrate 
decomposers, entomopathogens and predators. Crop diversity in time and space can also 
strongly influence soil, improving soil structure and nutrient content, and increasing soil 
biological function, including higher microbial activity and production of extracellular 
enzymes and carbon and nutrient cycling by soil microbes (McDaniel et al. 2014, 
Tiemann et al. 2015), and predation (Nichols et al. 2015).  

In addition to the 
effects of cultural and 
agronomic practices, 
intensive pesticide use 
can cause numerous 
downstream 
consequences for 
ecological service-
providing soil biota. 
For instance, some of 
our recent work 
illustrates that 
increases in fungicide- 
and insecticide-use 
intensity are 
associated with 
suppressed 
colonization of 
mycorrhizal and root 
endophytic fungi, and decomposer activity (Gan and Wickings, unpublished; Fig. 1). 
Other studies, again including some of our own, have also observed negative impacts of 
some insecticides on entomopathogens and predators (Grewal 2002, De Nardo and 
Grewal 2003, Douglas et al. 2015, Douglas and Tooker, submitted). Moreover, because 
predators and decomposers are typically concentrated at, and just beneath, the soil 
surface, they are particularly sensitive to soil-applied insecticides and foliar applications 
that may reach the soil (Edwards and Thompson 1973). 
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Fig. 1. Differences in soil biota and biological function (reported as 
standardized z-scores) in soils exposed to different levels of pest 
management intensity. High: 8-12 oz active ingredient (AI) yr-1; 
intermediate: 4-5 oz AI yr-1; low: 1-2 oz AI yr-1; none: 0 oz AI yr-1. 

Soil function is highest with no insecticides
High: 8-12 oz

Low: 1-2 oz

Med: 4-5 oz

None

Wickings, Cornell
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More slugs à fewer soybean plants

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology
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More slug predators à more predation

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology
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More predator activity à fewer slugs

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology
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