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Data from 2014



Where do neonico+noids from seed coats end up?

*Alford & Krupke 2017, †Chré+en 2017, ‡Bonma+n 2015

Plant Uptake < 1.5%*

Run-Off/
Tile Drainage: 0.3%†

Microbe breakdown
t1/2: days to years‡

> 95% in the soil 

= high potential for epigeal invertebrate exposure



How do seed coats affect surface-ac0ve predator ac0vity?

How do seed coats affect surface-ac0ve decomposer ac0vity?

How do these effects compare to alterna0ve insec0cides?

Core Ques)ons:



How do seed coats affect surface-ac0ve predator ac0vity?
Seed coats will reduce predator ac0vity

(Douglas, Rohr, and Tooker, 2015)

How do seed coats affect surface-ac0ve decomposer ac0vity?
Seed coats will reduce decomposer ac0vity

(Zaller et al, 2016)

How do these effects compare to alterna0ve insec0cides?
These effects will be similar for
alterna0ve insec0cides (e.g. pyrethroids)
(Douglas and Tooker, 2016)

Expecta(ons:



3-year field experiment in a corn-soy rotation

Control
no insec(cide

Seed Coat
neonico(noid

+ fungicide mix

Pyrethroid
1x spray,

~ 1 month post-plant

La(n Square Design, 6 plots of each treatment:

Ac(ve Ingredient:
λ-cyhalothrin, 3 oz/acre
Trade name: Warrior®

Ac(ve Ingredient:
Imidacloprid on soy

Clothianidin on corn



Sampling Epigeal Invertebrate Ac3vity and Diversity

9

Pitfall Traps

Li.erbags

Berlese Funnels



Func%onal endpoints: preda%on and decomposi%on

10

Li%erbags

Sen.nel Prey



How do seed coats affect surface-active predator activity?

How do seed coats affect surface-active decomposer activity?

How do these effects compare to alternative insecticides?

Predators/Predation:

Captured arachnids (spiders and harvestmen), 
cen4pedes, carabid beetles, and rove beetles



The pyrethroid decreases mid-season 
arachnid ac2vity-densi2es 

* ** **

◼ : Control
◼ : Seed Coat
◼ : Pyrethroid

**  P < 0.0001
* P < 0.05  
• P < 0.1   

July Sept July Oct July Oct  
2016 2017 2018

poisson models, n = 6

Arachnid
AcEvity-
Density
(± SE)



Rove beetle ac+vity-densi+es decreased by 
pyrethroid, marginally by seed coats

P = 0.090

**•

**  P < 0.0001
* P < 0.05  
• P < 0.1   

nega.ve binomial model, 
n = 6Control          Seed Coat        Pyrethroid

Rove beetle
Ac.vity-
Density
(± SE)



Pyrethroid decreases preda/on,
seed coats no effect

July 2017 July 2018

* *

Control         Seed Coat      Pyrethroid Control         Seed Coat      Pyrethroid

**  P < 0.0001
* P < 0.05  
• P < 0.1   

quasibinomial models,
n = 6

47 days post-plant
13 days post pyrethroid spray

25 days post-plant
2 days post pyrethroid spray
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How do seed coats affect surface-active predator activity?

How do seed coats affect surface-active decomposer activity?

How do these effects compare to alternative insecticides?

Predators / Preda+on:

Not much (a month a,er plan1ng)

The pyrethroid significantly reduces arachnid 
ac1vity-densi1es

Reduces preda1on rate



How do seed coats affect surface-ac0ve predator ac0vity?

How do seed coats affect surface-ac0ve decomposer ac0vity?

How do these effects compare to alterna0ve insec0cides?

Decomposers / Decomposi,on:

Focusing on millipedes, mites, and collembola



Pyrethroid reduces millipede ac2vity-density

*Oxidus gracilis
Ac$vity-Density

(± SE)

**  P < 0.0001
* P < 0.05  
• P < 0.1   

nega$ve binomial model,
n = 24

Control          Seed Coat       Pyrethroid



Pyrethroid reduces mite densities

**  P < 0.0001
* P < 0.05  
• P < 0.1   

nega,ve binomial model,
Treatment * collec,on ,me
N = 320

**

Control        Seed Coat      Pyrethroid

Average
Mite Density

(± SE)



Seed coats reduces collembolan densi1es

**  P < 0.0001
* P < 0.05  
• P < 0.1   

negative binomial model,
Treatment * collection time
N = 320

*

Control        Seed Coat      Pyrethroid
P = 0.148

Average
Collembola

Density
(± SE)



Decomposition: 5 batches of litterbags

N = 807
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Overall, seed coats slow decomposition,

** **  P < 0.0001
* P < 0.05  
• P < 0.1   

ANOVA, N = 807

Average Difference from Control

ß Slower Faster à

-4 % 1 %4 % 2 % 0 % -2 % -4 %

◼ Seed Coat
◼ Pyrethroid

*
—

•    — P = 0.080

Average Difference from Control

the pyrethroid more so



How do seed coats affect surface-active predator activity?

How do seed coats affect surface-active decomposer activity?

How do these effects compare to alternative insecticides?

Decomposers / Decomposi,on:

Seed coats reduce collembolan densi1es 
and slows decomposi1on

Pyrethroids significantly reduce millipede & 
mite densi1es, further slows decomposi1on
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Adapted from: Know Soil Know Life, 2012



Alterna(ves may have more nega(ve 
effects than neonico(noid seed coats

So neonico(noids may be a be7er choice 
when chemical control is warranted

However …



No yield advantage to either insec2cide
in Pennsylvania field crops

P = 0.863
N = 18

Soy Yield, 2016 Corn Grain Yield, 2017

P = 0.651
N = 18

Yield,
Bu/ac

Yield,
Bu/ac

Control     Seed Coat   Pyrethroid Control     Seed Coat   Pyrethroid



Further concern about the over-use of 
neonico2noid seed coats in North America

Li#le to no benefit in soybeans
Benefit in maize depends on region
(EPA Memo, 2014; North, 2018; Alford and Krupke, 2018) 

Seed coats can miss cri8cal 
pest control windows
(Alford and Krupke, 2017; Krupke et al, 2017) 

Up to 30% of farmers may be unaware 
of insecticides in their seed coats
(Hurly and Mitchell, 2014)

Challenging to get 
untreated corn seed

(US)



Recognize neonico*noids as a valuable tool

Determine where/when any insec*cide is warranted

Make it easier to get neonic-free seeds

Determine where/when seed coats are the best op*on

Can we fit neonicotinoid seed coats into
field crop Integrated Pest Management?
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Any Questions?

“nutrient cycling”





Clothianidin
“…discon.nued making es.mates for
seed treatment applica.on of pes.cides
because of complexity and uncertainty.”

– Pes.cide Na.onal Synthesis Project, USGS

We don’t know how much AI is applied as 
seed treatments in North America

https://water.usgs.gov/nawqa/pnsp/usage/maps/

“Pesticide use reporting in Canada
is currently considered confidential...”

– Main et al. 2014



Neonico'noids



Validity of Litterbag Tests

Criteria:
60% mass loss in control  ✓ all below/nearing 60% loss

Differences of ≥ 10% indicate concern ✕ differences < 3%

Recovery indicates acceptable risk  ✓ treatments converge  



Pyrethroid decreases harvestmen ac1vity-
densi1es in July, but increases in October

N = 126
n =6

p = 0.046 p = 0.0004 p = 0.025;
p = 0.076

*
*

*
•◼ : Control

◼ : Seed Coat
◼ : Pyrethroid

Nega@ve Binomial models for each @mepoint

**  P < 0.0001
* P < 0.05  
• P < 0.1   



Similar trend with spider activity-densities

p = 0.0295 p = 0.017 p < 0.0001 p < 0.0001

* ***

**

Nega1ve Binomial models for each 1mepoint

◼ : Control
◼ : Seed Coat
◼ : Pyrethroid

N = 126
n =6

**  P < 0.0001
* P < 0.05  
• P < 0.1   



Continued Work – Toxicity assays
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Predicted Neonic Dose Response
Clothianidin decreases carabid feeding



Millipedes over ,me



Collembola over +me



Mites over *me


