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Neonicotinoids = a class of insecticides

Nerve toxins inspired by nicotine
First U.S. registration: 1992
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Toxicity of neonics to honey bees
(amount to kill 50% of bees, in nanograms)

Thiamethoxam
Clothianidin
Imidacloprid

Acetamiprid

Thiacloprid

Krupke & Long (2015) Current Opinion in Insect Science



Mode of action of neonicotinoids

Mimic neurotransmitters
Bind to insect nicotinic receptor (weaker affinity
for mammals receptors)
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Neonicotinoids Wide variety of uses, for example:

Trade name Use
fo ask Admire fruits, veggies
o ton Advantage pets
app stdo Assail fruits, veggies, cotton
3605908 Confidor home & garden
QR Cruiser seed treatment
Gaucho seed treatment
Merit turf
Poncho seed treatment
Premise termites
Provado fruits, veggies, field crops

Trimax
Venom

veggies
veggies and grapes



Use data from Minnesota
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B Crop chemicals
Turt and ornamental
Garden and lawn
B Animal care
Home
Structural .
Wood preservatives
| Vertebrate control
B Miscellaneous

=]
o

Neonicotinoids (1000 kqg)
eh 2

-
|

1995 2000 2005 2010

Douglas and Tooker 2015, ES&T



Neonicotinoid insescticides

Inspired by natural compounds
Mostly used as seed coatings

Somewhat selective:
High toxicity to insects
Milder on spiders, mites
Putatively low toxicity to mammals

Unclear toxicity to birds, fish




Benefits of neonicotinoid seed treatments

Can protect yield from 2° pests

Targeted application: water soluble

Systemic activity for 2-3 weeks

Protect plants when they are young

Low mammalian toxicity (?)

Less toxic to mammal than older classes of insecticides



Benefits of neonicotinoid seed treatments

Originally, few perceived costs
« Little impact on natural enemies

Enthusiasm for them:
« “[seed coats]...allow an environmentally safe and perfect protection

of young plants against insect attack.” (Jeschke al. 2011)



Neonicotinoid seed treatments

First introduced on corn:
 Imidacloprid (Gaucho) — 1995

« Thiamethoxam (Cruiser) — 2001
 Clothianidan (Poncho) — 2003

Corn: 0.25, 0.5, 1.25 mg per seed
Soybean: 0.07, 0.15 mg per seed

-
Fry
=

. _:-.":l-ll-
_:-F
E o
T

T

4 &
‘W=
"-.=.|I
L |
[N
F a2

g
¥

-

-i
=
| E

ok

ra,
Tor,

F
A I
= I

. [ ]
(1




Benefits of neonicotinoid seed treatments




Limitations of neonicotinoid seed treatments

Yield benefits are inconsistent
Target 2° pests
Only 1-5% of active ingredients enter plants

Only protect plants for 2-3 weeks



Limitations of neonicotinoid seed treatments

Yield benefits are inconsistent
Target 2° pests
Only 1-5% of active ingredients enter plants

Only protect plants for 2-3 weeks

Water-soluble; sufficient rain can wash them away
Can pollute ground water

Can persist in soil (7/—7000 days)

Non-target effects, but full range is unclear

May exacerbate some non-insect pest populations



Douglas and Tooker 2015



Douglas and Tooker 2015, Tooker et al. 2017



_oomal ol L B

Fll




\What do neonicotinoid seed treatments control?

Corn

(Aphids)

(Black cutworm)
Corn flea beetle

Seed corn maggot

Soybeans
(Aphids)

Bean leaf beetle

White grub

Wireworm

Leafhoppers
Seedcorn maggot
White grubs

Wireworm




No yield benefit from neonic use

Soy yield, 2016 Corn Grain Yield, 2017
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N=12 N=12



Neonics do not stay in plants very long

Little time to provide a difference

A Data from corn plants
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PA data from lysimeter plots
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Neonic use correlates with bird declines in Netherlands
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Grassland bird population change due to Insectivorous bird population change due to
neonicotinoid use from 2008 to 2014 neonicotinoid use from 2008 to 2014

¥ Percentage change

Bl <b50%

BN D10¥Pb50%
[ B5%Db B10%
[] 0%DDb5%

[ 1 No data

[ ] 0%D5%

Non-grassland bird population change due to 1 5%Db10% Non-insectivorous bird population change due to

neonicotinoid use from 2008 to 2014 = igg’,}?w% neonicotinoid use from 2008 to 2014




No-till in Mid-Atlantic Fields
Decreases labor, conserves soil, water...




No-till in Mid-Atlantic Fields
Decreases labor, conserves solil, water; increases slugs
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Slugs can damage virtually all crops

Canola Corn

Alfalfa &
Sm. grains

Soybean

j i "w BAi
~20% of no-till acreage loses yield (~600,000 acres)






More slugs in corn plots with neonic seed treatments

= Neonic seed treatment
Untreated seed




Field data: Neonic seed treatments disrupted
biological control
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Neonicotinoids in field samples
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B Untreated
B Treated
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Douglas et al. 2015, J. Applied Ecology
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N.D. = Not detected



Neonics cause some problems...let's use something else

This is an option

But all insecticides have downsides

But why not determine what needs to be controlled

and control it if necessary?



"HSU& HS()*S+H), "% S-$"H). I+ /
Use a combination of tactics to control pest populations

Scout for pests
Use insecticides only if populations exceed Economic threshold

Maintain natural enemy populations to assist with pest control

IPM considers economics!
Treat when the value of the damage equals the cost of treatment

J0+(1#,203405860$76&80$,-0'6&$'#,207(1'1039:05&60$76&80™&
J0+(1#,2039:0(60%(6&05860$76&80"&,0<1&0$,0#, 1& 7 #T#-&



Neonic seed treatments are used outside of IPM

They are used regardless of need
They provide benefit for yield in ~5-8% of fields
Negative influence on beneficial and innocuous spp.
Natural enemies, pollinators, decomposers

Resistance potential
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Conclusions about neonics and seed treatments

They can provide some value when pests are around

Mostly being used as insurance - less value, pests uncommon



Conclusions about neonics and seed treatments

They can provide some value when pests are around
Mostly being used as insurance - less value, pests uncommon

Water soluble insecticides pose a challenge
Very mobile, contaminate adjacent habitats
Can be common in aquatic habitats
Unclear consequences
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