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IPM & Soil: Limiting insecticide use builds benefits



IPM is the paradigm for pest control

IPM focuses on pests that are economically concerning

Neonics disrupt many ecological functions, can exacerbate pests

Neonicotinoid use is rarely risk-based; it is preventative and forced

Much of current insecticide use is insurance-based (e.g., corn) 

Progressive farmers will embrace IPM if they see the benefits 

No-till/CC provides a base for conservation farming and IPM



Introduced in 1959 by entomologists to:

Integrated Pest Management 

Protect natural-enemy populations = allies
Ensure profitability:

Only use insecticides when you know it will pay

Key principles:
1. Avoid preventative insecticides; insecticides are last resort
2. Scout to know what pests are  your fields
3. Treat pest population if it exceeds economic threshold (ET)

Uses a combo of biological, cultural, chemical tactics 
to control pest populations 

ET ≈ pest density or damage that will lead to yield loss



Field-crop production tends to avoid IPM, uses preventative strategy

Erin Gallagher



Insecticides (foliar, soil, seed coating) are useful 
But they are overused, always have been 

Rather, they are insurance treatments:

Decrease good insects, make pest problems worse,

environmental concerns

Insecticide use has increased since introduced following WWII

Most use is not used via IPM
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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. 
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Soil function is highest with no insecticides (Turf)

Wickings, Cornell



Benefits of neonicotinoid seed treatments
Water soluble, can be absorbed by plants

Can protect yield

Targeted application

Low dose

Low mammalian toxicity

Low toxicity to spiders, mites

Systemic activity for 2-3 weeks

Protects plants when they are young and vulnerable



Benefits of neonicotinoid seed treatments



Limitations of neonicotinoid seed treatments (page 1)

Only protect plants for 2-3 weeks

Only 1-5% of active ingredients enter plants

Water-soluble; sufficient rain can wash them away

• Pollute ground water

• Persist in soil (7–7000 days)

Yield benefits are inconsistent

Only 5-8% of fields have yield benefits

Limit populations of beneficial insects

Allowing some pest populations to outbreak



Limitations of neonicotinoid seed treatments (page 2)
Highly toxic to insects

Among most toxic insecticides ever developed

They are toxic to other groups of animals
Toxic to some mammals via unexpected pathways
High toxicity to some bird and fish species

Reasons for variability are unclear

Their use as seed coatings is not being tracked by:
Federal government (EPA, USDA)
Most state governments



Douglas & Tooker – Neonicotinoid use patterns in the U.S. 
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Figure 1. Neonicotinoid sales by product type (a), and use by crop (b) and active ingredient (c), 

from 1992 to 2011. Data on use (a) is based on sales data from Minnesota.30 Data on crops and 

active ingredients are for the entire U.S., from USGS (EPest-High estimate).4 Y-axes represent 

mass of neonicotinoid active ingredient in thousands or millions of kg.  
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ACS Paragon Plus Environment

Environmental Science & Technology

Douglas and Tooker 2015, ES&T

Minnesota



Douglas and Tooker 2015



Douglas and Tooker 2015, Tooker et al. 2017

Mostly used as seed coatings



USGS Pesticide National Synthesis Project



USGS Pesticide National Synthesis Project

An aside:
Use of other insecticides 
is increasing



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

Pearson, Rowen, Tooker, unpublished





Neonic seed treatments exacerbate slug problems

Douglas PhD thesis, Douglas et al. 2015 

By killing predators, slugs decreases stand success and yield



More slugs à fewer soybean plants

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology



More slug predators à more predation

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology



More predator activity à fewer slugs

Douglas, Rohr, & Tooker 2015 Journal of Applied Ecology



Do insecticides limit decomposition?  (three-year experiment)

10% slower with neonics or pyrethroid
Fewer decomposers
Slower decomposition
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Seed treatments decrease soil aggregate stability, ~3 yr

omafra.gov.on.ca

*
* IPM

Cover crop

Pearsons et al., unpublished
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PPM
Cover crop

Pearsons et al., unpublished

Seed treatments decrease soil aggregate stability, ~3 yr

Unpublished data remove



Bottom line:

Manage for the pests you have and your farming goals

Preventative insecticides, particularly neonics, can:

Make pest populations worse 

Disrupt natural functioning:

Pest control

Decomposition

Soil aggregation

Others?



www.no-tillfarmer.com

No-till makes conservation possible; & fewer pests



www.no-tillfarmer.com

Cover crops enhance good populations further

No-till makes conservation possible; & fewer pests
Stability provides habitat for beneficial organisms



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
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No-till, diversity (crop rotation + cover crops) builds predator pops
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Busch et al. 2020, Agriculture, Ecosystem, and Environment



No-Till
Diverse rotations w/cover crops
IPM

IPM to decrease inputs & help protect NEs, soil health

Soil health





IPM is the paradigm for pest control

IPM focuses on pests that are economically concerning

Neonics disrupt many ecological functions, can exacerbate pests

Neonicotinoid use is rarely risk-based; it is preventative and forced

Much of current insecticide use is insurance-based (e.g., corn) 

Progressive farmers will embrace IPM if they see the benefits 

No-till/CC provides a base for conservation farming and IPM



Thanks for listening
Questions?


