
Neonicotinoid Insecticides
• Who are they?  (Common compounds)

• How are they used?

• What are their characteristics?

• Current issues
• Persistence

• Solubility / transport

• Toxicity (to bees)

• Need for use, impact, return on investment
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Major Uses of Neonicotinoids

• Seed treatments for corn and soybeans (clothianidin/Poncho and 
thiamethoxam/Cruiser) for flea beetle, cutworm, and bean leaf 
beetle control; some rootworm control

• Soil applications for grub control in lawns and systemic control of 
Japanese beetle adults (and other insects)  on ornamental plants 
(imidacloprid/Bayer Advanced Insect Control and several others)

• Seed treatments for cucurbits (pumpkins, squash, cucumbers, 
melons) for cucumber beetle control (thiamethoxam/ Farmore)  

• Soil/systemic applications for Colorado potato beetle control 
(imidacloprid/Admire)

• Foliar applications to orchard crops for plum curculio, aphid, and 
Lepidopteran (codling moth / oriental fruit moth) control 
(acetamiprid/Assail and thiacloprid/Calypso)







Solubility of permethrin (Pounce)is 0.4 ppm; solubility of chlorpyrifos
(Lorsban) is 1 ppm … in comparison with most other insecticides, the 
neonicotinoids are more soluble in water than most.   



These soil sorption indices are low to moderate.  







Neonicotinoids and Bees



Abstract 
… Neonicotinoid insecticides, which are widely used and highly toxic to honey 
bees, have been found in previous analyses of honey bee pollen and comb 
material. However, the routes of exposure have remained largely undefined. We 
used LC/MS-MS to analyze samples of honey bees, pollen stored in the hive and 
several potential exposure routes associated with plantings of neonicotinoid 
treated maize. Our results demonstrate that bees are exposed to these 
compounds and several other agricultural pesticides in several ways throughout 
the foraging period. During spring, extremely high levels of clothianidin and 
thiamethoxam were found in planter exhaust material produced during the 
planting of treated maize seed. We also found neonicotinoids in the soil of each 
field we sampled, including unplanted fields. Plants visited by foraging bees 
(dandelions) growing near these fields were found to contain neonicotinoids as 
well. This indicates deposition of neonicotinoids on the flowers, uptake by the 
root system, or both. Dead bees collected near hive entrances during the spring 
sampling period were found to contain clothianidin as well, although whether 
exposure was oral (consuming pollen) or by contact (soil/planter dust) is unclear. 
We also detected the insecticide clothianidin in pollen collected by bees and 
stored in the hive. When maize plants in our field reached anthesis, maize pollen 
from treated seed was found to contain clothianidin and other pesticides; and 
honey bees in our study readily collected maize pollen. These findings clarify some 
of the mechanisms by which honey bees may be exposed to agricultural pesticides 
throughout the growing season. These results have implications for a wide range 
of large-scale annual cropping systems that utilize neonicotinoid seed treatments.







• The parent neonicotinoids and several metabolites were identified 
and quantified in 92.1, 88.2, and >98% of the pollen, nectar, and 
leaf samples from the treated plots, respectively. 

• The bedding tray drench resulted in the lowest residue levels of 
imidacloprid, ranging from 0.1 to 6.7 ng/g in pollen and from ND to 
0.5 ng/g in nectar.

• Applications of the low label rate of imidacloprid in transplant 
water resulted in significantly higher (p < 0.05) residue amounts in 
pollen, ranging from 13.2 to 40.1 ng/g, than in nectar, ranging from 
3.8 to 7.3 ng/g.

• The highest residues of imidacloprid were found in samples from 
plots receiving the high label rate but as split applications in 
transplant water followed 3 weeks later by drip chemigation. 



• We presented here evidence to support our hypothesis that higher 
residues are present in pollen and nectar if systemic 
neonicotinoids are applied closer to flowering. Foliar treatments 
and chemigation through drip irrigation applied during flowering 
resulted in the highest residues of parent insecticide and 
metabolites. The three neonicotinoids in the study showed similar 
residue profiles in pollen and nectar with regard to the split 
transplant-drip treatment regimen. The lowest levels of residues 
were detected in treatment regimens involving applications of 
insecticides at planting, as either seed dressing, bedding tray 
drench, or transplant water treatment. The uptake and 
translocation of residues from these at-planting applications 
clearly decreased as the growing season progressed and the crop 
approached flowering. If neonicotinoids are needed for insect 
control on cucurbits, they should be applied at planting or shortly 
after to mitigate the exposure to pollinators.













So …

• Expect increasing regulatory action (maybe).

• Until then … we should not use neonicotinoids that are especially 
toxic to bees if applications (even seed treatments) will result in 
bee kill.  Particularly toxic neonics include  …
• Imidacloprid (Admire Pro, many homeowner products)

• Thiamethoxam (Actara, Platinum)

• Clothianidin (Poncho seed treatments)

• Dinotefuran (Scorpion, Venom)

• Use of these products (imidacloprid and thiamethoxam) as seed 
treatments on cucurbits presents little or no systemic risk, but later 
uses do result in more significant contamination of pollen and 
nectar.

• Seed treatments on corn and soybean seeds … these large scale of 
uses presents real risks, and at least in soybeans, with no evidence 
of return on investment.



Effectiveness and Return on Investment …
• The Effectiveness of Neonicotinoid Seed Treatments in Soybean

• https://www.extension.umn.edu/agriculture/soybean/pest/docs/effective
ness-of-neonicotinoid-seed-treatments-in-soybean.pdf

In 2011, more than 80 percent of corn, more than 50 percent of 
cotton, and about 40 percent of soybean acres were planted with 
neonicotinoid-treated seed, a total area described as “roughly the 
size of California.” (Douglas and Tooker 2015).

https://www.extension.umn.edu/agriculture/soybean/pest/docs/effectiveness-of-neonicotinoid-seed-treatments-in-soybean.pdf


To summarize: For typical field situations, independent 
research demonstrates that neonicotinoid seed treatments 
do not provide a consistent return on investment 
(Hodgson and VanNostrand 2012, 2013, 2014; Sea-
graves and Lundgren 2012; McCarville et al. 2014). 
The current use of neonicotinoid seed treatments in 
soybean and other crops far exceeds pest pressures.


