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Background

 In 2022, Environmental Protection Agency announced assessing risk 

of pesticides on listed species and their critical habitat.

 99 Federally listed insect species

 Over 40% Lepidopterans

Monarch butterfly Blue butterfly
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Chemical-Insecticide Toxicity Studies 
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Objectives

 Evaluate the compatibility of biological fungicides and 

conventional fungicide in tank mixes 

 Assess the individual and combined pesticide toxicity 

effects on monarch larvae and eastern tailed-blue larvae
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Formulated Products:

Biological Fungicides:

 Double Nickel® (Bacillus 
amyloliquefaciens)

 Howler ®  (Pseudomonas chlororaphis)

Chemical Fungicide:

 Kocide ® (Copper-based fungicide)

Chemical Insecticide:

 Bifenture (Pyrethroid)

Pesticides Used
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Compatibility Testing

 Combinations at tank mix rate;

 Double Nickel® + Kocide ®

 Howler ® + Kocide ®

DN + Ko at 24 hr DN + Ko at 48 hr

Sabrina

HW + Ko at 0 hr
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Plating

A-C = Double Nickel® only
D-F  = Double Nickel® + Kocide ® at 0hr
G-H = Double Nickel® + Kocide ® after 24hr
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Individual Toxicity

Treatment concentration was the maximum application rate

% larval 
mortality

#larvae 
treated

Maximum 
application rate 
concentrations

Exposure Name             

03030 μL/mLCuticularDouble 
Nickel®

0301.5 μL/gDietary

03018 μg/uLCuticularHowler®

1330900 μg/g Dietary

0303.6 μg/uLCuticularKocide®

030180 μg/gDietary

Bifenture caused 100% mortality in both bioassays
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Combined Toxicity

No mortality at the maximum application rate

%larval 
mortality

#larvae 
treatment

ExposureName

030TopicalDouble Nickel®

+ Kocide®

030Dietary

030TopicalHowler® +
Kocide®

030Dietary
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In summary

 Double Nickel® , and Howler ® are physically compatible with the 
copper hydroxide in Kocide® at maximum application rates 

 Double Nickel®  is biologically compatible with Kocide ® at the 
maximum application rates

 Double Nickel® , Howler ® pose de minimus risk to monarchs at 
maximum application rate.

Future Plans
 Eastern-tailed blue (Lycaenid) toxicity studies (surrogate for listed 

lycaenids)
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