
Insect pest management in vegetable 
crops: a glimpse into a future without neonicotinoids

Brian A. Nault
Professor

Department of Entomology
ban6@cornell.edu

http://nault.entomology.cornell.edu/

April 6, 2023

2023 Cornell Pesticide Applicator Update

mailto:ban6@cornell.edu
http://nault.entomology.cornell.edu/


Outline
• Neonicotinoids and their value to agriculture

• Risks to consider when using neonicotinoids

• Neonicotinoid alternatives for vegetable pest 
control 



Q: What is a neonicotinoid insecticide?  

A: An insecticide chemically similar to nicotine. 
“Neo”= new and “nicotinoid” = nicotine-like

Neonicotinoid Insecticides

Neonicotinoid insecticides Nicotine



Neonicotinoid Insecticides

N-Cyanoamidines

• Acetamiprid

• Thiacloprid

Nitroguanidines

• Clothianidin

• Imidacloprid

• Thiamethoxam



Neonicotinoid Insecticides

Q: How do neonicotinoids kill insects?  

A: Affect the central nervous system of insects

Mode of Action (MoA): binds to nicotinic acetylcholine 
receptors (nAChRs), which block neural pathways and 
inhibits neuromuscular functions leading to paralysis and 
death.



Neonicotinoid Insecticides
Neonicotinoid insecticides = Class 4A



Neonicotinoid Insecticides
Neonicotinoid Year first registered in US1

Imidacloprid 1994
Thiamethoxam 1999
Acetamiprid 2002
Clothianidin 2003
Thiacloprid 2003
Dinotefuran 2004
Nitenpyram -

1 Registered by EPA



Q: Why are neonicotinoid insecticides so popular?  

Neonicotinoid Insecticides



Neonicotinoid Insecticides
1) Systemic in plants when applied to soil
2) Broad-spectrum of pest activity



Douglas and Tooker 2015

Neonicotinoid Insecticides
Q: Why an increase in 
neonicotinoid use in 
corn and soybean?



Douglas and Tooker 2015

Neonicotinoid Insecticides
Neonicotinoid seed treatment revolution



Example in Vegetable Crops:
Snap bean pest control using a neonicotinoid seed treatment

Potato leafhopper

Seedcorn maggot



Untreated

Potato leafhopper

Seedcorn maggot

Example in Vegetable Crops:
Snap bean pest control using a neonicotinoid seed treatment
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Untreated

Potato leafhopper

Seedcorn maggot

* Since 2004, snap bean fields have been 
planted with Cruiser-treated seed.

* In NY, adoption of Cruiser has reduced 
insecticide use by 14,000 to 30,000 lbs/year!

Example in Vegetable Crops:
Snap bean pest control using a neonicotinoid seed treatment
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Outline
• Neonicotinoids and their value to agriculture

• Risks to consider when using neonicotinoids

• Neonicotinoid alternatives for vegetable pest 
control 



Neonicotinoid Insecticides



Neonicotinoid Insecticides
New labelling on some insecticides



Neonicotinoid Insecticides
Comprehensive assessments of neonicotinoid risk to bees 

in New York crops, ornamentals, turf and forestry



•Policy changes including neonicotinoids becoming 
“restricted use” products in New York as of January 1, 2023

Neonicotinoid Insecticides



Bill passed in Senate & Assembly to 
further restrict neonicotinoid use in NY

Neonicotinoid Insecticides

[…by 2026, corn, soybean or wheat seeds 
coated or treated with pesticides with the 
active ingredients clothianidin, 
imidacloprid, thiamethoxam, dinotefuran, 
or acetamiprid.]

Birds & Bees Protection Act - 2023 Senator Brad Hoylman-Sigal



Large retail grocery stores like Wal-Mart, 
Kroger, Costco, Albertsons, Giant 
Eagle, Aldi and Rite Aid have adopted 
policies to phase out pesticides harmful 
to bees on produce they will market

Pollinator Protection



https://ipm.ucanr.edu/bee-precaution-pesticide-ratings/

Pollinator Protection

“Safe”

“Danger”I

“Caution”II

III

Bee Precautionary Pesticide Rating*

*NOT the language on the pesticide label; These are GENERAL terms to 
refer to levels of precaution taken with products relative to bee safety



N-Cyanoamidines
• Acetamiprid

• Thiacloprid

Nitroguanidines
• Clothianidin

• Imidacloprid

• Thiamethoxam

Pollinator Protection

“Caution”II “Danger”I



https://ipm.ucanr.edu/bee-precaution-pesticide-ratings/



https://ipm.ucanr.edu/bee-precaution-pesticide-ratings/



US EPA - Endangered Species Act (1973)

Endangered Species Protection



Nitroguanidines
• Clothianidin

• Imidacloprid

• Thiamethoxam

Endangered Species Protection



Nitroguanidines
• Clothianidin

• Imidacloprid

• Thiamethoxam

Endangered Species Protection



Neonicotinoid Insecticides

Q: Will neonicotinoids be banned in New York?  

A: Not in the near future, but the clock is ticking… 

Goal: Must identify alternatives to neonicotinoids 
AND identify those that are safe to bees and other 
non-target organisms



Outline
• Introduction to neonicotinoids

• Factors to consider when selecting a product

• Alternatives to neonicotinoids for vegetable 
pest management 



Disclaimer
• Information should be considered as a guideline
• List of insect pests and registered products covered is 

not comprehensive
• No generic products listed
• Somewhat biased against using pre-mixes
• Goal to identify a product to control multiple pests
• Control and suppression not differentiated
• Guidelines did not consider restrictions for Long Island

!



Possibilities and criteria considered

Neonics NOT banned

Neonics banned

No new restrictions for pollinators

New restrictions for pollinators 

“Danger”I

“Caution”II

“Safe”III
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Categories of possibilities

I.   Neonics NOT banned; No new restrictions for pollinators

II.  Neonics NOT banned; New restrictions for pollinators 

III. Neonics banned; No new restrictions for pollinators

IV. Neonics banned; New restrictions for pollinators 



Major Vegetable Crops in New York



Major Vegetable Pests in New York



Potato



Potato

Defoliation

Colorado potato beetle Potato leafhopper Aphids Wireworms



Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles
Potato 

leafhopper Aphids Wireworm

Bee 
toxicity2

CruiserMaxx thiamethoxam 4A Seed treatment X X X X I

Platinum thiamethoxam 4A Soil application X X X X I

Admire Pro imidacloprid 4A Soil application X X X X I

Verimark cyantraniliprole 28 Soil application X I

Mocap EC ethoprop 1B Soil application X II

Actara thiamethoxam 4A Foliar X X X I

Agri-Mek SC abamectin 6 Foliar X I

Assail 30SG acetamiprid 4A Foliar X X X II

Avaunt indoxacarb 22A Foliar X I

Beleaf flonicamid 29 Foliar X III

Besiege chlorantraniliprole + 
lambda-cyhalothrin

3A+28 Foliar X X X I

Insecticides for Pest Control in Potato

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  
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Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles
Potato 

leafhopper Aphids Wireworm

Bee 
toxicity2

Fulfill pymetrozine 9B Foliar X II

Movento spirotetramat 23 Foliar X II

Radiant SC/
Delegate

spinetoram 5 Foliar X II

Rimon novaluron 15 Foliar X I

Sefina/Versys afidopyropen 9D Foliar X N/A

Sevin XLR carbaryl 1A Foliar X I

Sivanto flupyradifurone 4D Foliar X X X II

Trigard cyromazine 17 Foliar X II

Vantacor/
Coragen

chlorantraniliprole 28 Foliar X III

Warrior II lambda-cyhalothrin 3A Foliar X X I

Insecticides for Pest Control in Potato

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  



Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles
Potato 

leafhopper Aphids Wireworm

Bee 
toxicity2

Entrust SC spinosad 5 Foliar X II

JMS Stylet Oil mineral oil UN Foliar X N/A

Neemix 4.5 azadirachtin UN Foliar X X X II

PyGanic EC pyrethrins 3A Foliar X X I

Insecticides for Pest Control in Potato

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  



Possibilities
I. Neonics NOT banned; No new restrictions for pollinators

II. Neonics NOT banned; New restrictions for pollinators

Platinum (thiamethoxam) (4A)

Assail (acetamiprid) (4A)

Mocap (ethoprop) (1B)

*Must rotate to a new MoA for second generation

*

*



Possibilities
III. Neonics banned, No new restrictions for pollinators

IV. Neonics banned, New restrictions for pollinators

Besiege (chlorantraniliprole + 
lambda-cyhalothrin) (28 + 3A)

Mocap (ethoprop) (1B)

Sivanto (flupyradifurone) (4D)

Mocap (ethoprop) (1B)

*

*

*Must rotate to a new MoA for second generation



Fruiting Vegetable Crops



Fruiting Vegetable Crops

Defoliation & Fruit damage

Colorado potato beetle Caterpillars Aphids Stink bugs



Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles Caterpillars Aphids Stink bugs

Bee 
toxicity2

Admire imidacloprid 4A Soil application X X X I

Platinum thiamethoxam 4A Soil application X X X I

Actara thiamethoxam 4A Foliar X X I

Agri-Mek SC abamectin 6 Foliar X I

Assail 30SG acetamiprid 4A Foliar X X X II

Avaunt indoxacarb 22A Foliar X I

Beleaf flonicamid 29 Foliar X III

Besiege chlorantraniliprole + 
lambda-cyhalothrin

3A+28 Foliar X X X X I

Coragen chlorantraniliprole 28 Foliar X X III

Danitol fenpropathrin 3A Foliar X I

Exirel cyantraniliprole 28 Foliar X X I

Insecticides for Pest Control in Fruiting Veg Crops

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  
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Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles Caterpillars Aphids Stink bugs

Bee 
toxicity2

Fulfill pymetrozine 9B Foliar X II

Lannate methomyl 1B Foliar X X I

Movento spirotetramat 23 Foliar X II

Proclaim emamectin benzoate 6 Foliar X I

Radiant SC spinetoram 5 Foliar X X II

Sivanto flupyradifurone 4D Foliar X X X II

Warrior II lambda-cyhalothrin 3A Foliar X X X I

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  

Insecticides for Pest Control in Fruiting Veg Crops



Product Example Active ingredient
IRAC 
class1 Application Potato 

beetles Caterpillars Aphids Stink bugs

Bee 
toxicity2

Entrust SC spinosad 5 Foliar X X X II

JMS Stylet Oil mineral oil UN Foliar X N/A

Neemix 4.5 azadirachtin UN Foliar X X X II

PyGanic EC pyrethrins 3A Foliar X X X I

Insecticides for Pest Control in Fruiting Veg Crops

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  



Coragen (chlorantraniliprole) (28)

Assail (acetamiprid) (4A)

Possibilities
I. Neonics NOT banned; No new restrictions for pollinators

II. Neonics NOT banned; New restrictions for pollinators

Platinum (thiamethoxam) (4A)

Lannate LV (methomyl) (1B)

*Must rotate to a new MoA for second generation

*

*



Possibilities
III. Neonics banned; No new restrictions for pollinators

IV. Neonics banned; New restrictions for pollinators

Besiege (chlorantraniliprole + 
lambda-cyhalothrin) (28 + 3A)

Coragen (chlorantraniliprole) (28)

Beleaf (flonicamid) (29)

Nothing 

*Must rotate to a new MoA for second generation

*

*
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Vine Crops



Seedcorn
maggot

AphidsCucumber 
beetles

CMV, WMV, ZYMVDead plants

Bacterial wilt

Defoliation

Major Pests of Vine Crops
Squash bug

Cucurbit yellow vine disease
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Product Example Active ingredient
IRAC 
class1 Application Maggots

Cucumber
beetles Aphids

Squash
bug

Bee 
toxicity2

Cruiser 5FS thiamethoxam 4A Seed treatment X X X I

Platinum thiamethoxam 4A Soil application X X X I

Admire Pro imidacloprid 4A Soil application X X X I

Verimark cyantraniliprole 28 Soil  application X X X I

Actara thiamethoxam 4A Foliar X X I

Assail 30SG acetamiprid 4A Foliar X X X II

Beleaf flonicamid 29 Foliar X III

Fulfill pymetrozine 9B Foliar X II

Sevin XLR carbaryl 1A Foliar X X I

Sivanto flupyradifurone 4D Foliar X X II

Warrior II lambda-cyhalothrin 3A Foliar X X X I

Insecticides for Pest Control in Vine Crops

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  
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Product Example Active ingredient
IRAC 
class1 Application Maggots

Cucumber
beetles Aphids

Squash
bug

Bee 
toxicity2

Neemix 4.5 azadirachtin UN Foliar X II

M-pede Insecticidal soaps UN Foliar X N/A

PyGanic EC pyrethrins 3A Foliar X I

Surround WP Kaolin clay UN Foliar X III

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  

Insecticides for Pest Control in Vine Crops
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Nothing 

Assail (acetamiprid) (4A)

Possibilities
I. Neonics NOT banned; No new restrictions for pollinators

II. Neonics NOT banned; New restrictions for pollinators

Platinum (thiamethoxam) (4A)

Warrior II w/zeon tech (lambda-cy) (1B)



Possibilities
III. Neonics banned; No new restrictions for pollinators

IV. Neonics banned; New restrictions for pollinators

Verimark (cyantraniliprole) (28)

Sivanto (flupyradifurone) (4D) 

Nothing 

Kaolin clay (UN)

Beleaf (flonicamid) (29)
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Cole Crops



Flea beetles Caterpillars Aphids Thrips

Major Pests of Cole Crops



Product Example Active ingredient
IRAC 
class1 Application Flea 

beetles Caterpillars Aphids Thrips

Bee 
toxicity2

Admire Pro imidacloprid 4A Soil application X X X I

Platinum thiamethoxam 4A Soil application X X X I

Verimark cyantraniliprole 28 Soil application X X X X I

Actara thiamethoxam 4A Foliar X X X I

Assail 30SG acetamiprid 4A Foliar X X II

Avaunt indoxacarb 22A Foliar X I

Beleaf flonicamid 29 Foliar X III

Besiege chlorantraniliprole + 
lambda-cyhalothrin

3A+28 Foliar X X X X I

Coragen chlorantraniliprole 28 Foliar X III

Exirel cyantraniliprole 28 Foliar X X I

Fulfill pymetrozine 9B Foliar X II

Insecticides for Pest Control in Cole Crops

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  
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Product Example Active ingredient
IRAC 
class1 Application Flea

beetles Caterpillars Aphids Thrips

Bee 
toxicity2

Movento spirotetramat 23 Foliar X X II

Mustang Maxx Z-cypermethrin 3A Foliar X X X I

Proclaim emamectin benzoate 6 Foliar X I

Radiant SC spinetoram 5 Foliar X X II

Sevin XLR carbaryl 1A Foliar X I

Sivanto flupyradifurone 4D Foliar X II

Versys afidopyropen 9D Foliar X N/A

Warrior II lambda-cyhalothrin 3A Foliar X X X I

Insecticides for Pest Control in Cole Crops

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  



Product Example Active ingredient
IRAC 
class1 Application Flea

beetles Caterpillars Aphids Thrips

Bee 
toxicity2

Agree WG B.t. aizawai 11A Foliar X III

Dipel/Javelin B.t. kurstaki 11A Foliar X III

Entrust SC spinosad 5 Foliar X X X II

Neemix 4.5 azadirachtin UN Foliar X X II

PyGanic EC pyrethrins 3A Foliar X X X I

1IRAC class 4A includes neonicotinoids; Bee toxicity precaution ratings:     I     danger;     II    caution;     III   safe  

Insecticides for Pest Control in Cole Crops



Entrust SC (spinosad) (5) 

Assail (acetamiprid) (4A)

Possibilities
I. Neonics NOT banned; No new restrictions for pollinators

II. Neonics NOT banned; New restrictions for pollinators

Platinum (thiamethoxam) (4A)

Radiant SC (spinetoram) (5)



Possibilities
III. Neonics banned; No new restrictions for pollinators

IV. Neonics banned; New restrictions for pollinators

Verimark (cyantraniliprole) (28)

Besiege (chlorantraniliprole + 
lambda-cyhalothrin) (28 + 3A)

Entrust SC (spinosad) (5) 

Movento (spirotetramat) (23)



• A neonicotinoid ban would often result in more 
insecticide use in most vegetable crops 

• There are few insecticides that are considered 
highly to moderately safe for pollinators 

• More research is needed to identify alternatives 
to insecticides that are safe for beneficial 
insects, especially pollinators

Final Thoughts



Resources



Questions?

Brian A. Nault
Professor

Department of Entomology
Geneva, NY

ban6@cornell.edu

https://nault.entomology.cornell.edu
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