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What is biological control?

• Use natural enemies (predators, parasites and pathogens) to control 
pest populations.

“Good bugs eating bad bugs!”
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What is biological control?

• For more info, 
check out this webinar:
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Conserve natural enemies by providing them with 
alternative food and shelters

Photos: UC;  Univ. Wisconsin
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Conserve natural enemies by providing them with 
alternative food and shelters

Photos: Pat Cassidy;  Clackamas SWCD
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Conserving natural enemies by not using pesticides, or 
use only compatible pesticides

• What are compatible pesticides?
• 2 definitions:

1. Pesticides that do not mix well or have reduced physical and chemical stability 
when mixed.

2. Pesticides that do not reduce the survival, foraging efficiency, and reproduction 
of biological control agents.
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Conserving natural enemies by not using pesticides, or 
use only compatible pesticides

• What are compatible pesticides?
• 2 definitions:

1. Pesticides that do not mix well or have reduced physical and chemical stability 
when mixed.

2. Pesticides that do not reduce the survival, foraging efficiency, and reproduction 
of biological control agents.

Lethal effect Sublethal effect
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Conserving natural enemies by not using pesticides, or 
use only compatible pesticides

• Insects and mites may be exposed to pesticides via
• Direct exposure

• At application or immediately after solution has dried
• Sprayed directly with pesticide
• Contact with fresh residue of pesticide.
• Ingest pesticide solution, dust or fresh residue

• Residual exposure
• Contact days after pesticide application
• Walk on or in contact with pesticide residue
• Ingest plant tissues with aged residue
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Why is understanding compatibility of pesticides with 
biological control important?

• Integration of chemical and biological control

• Which pesticide to use when biological control is in practice?

• Which pesticide to use if biological control agents are to be released?

• How long does a grower need to wait before releasing biological control 
agents?
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Why is understanding compatibility of pesticides with 
biological control important?

• Knowing the effects of pesticides on the survival, foraging behavior, 
and reproduction of biological control agents will tell you …

• Some pesticides should never be used.

• Some pesticides can be used.

• Some harmful pesticides can be if certain conditions are met …
• Pass the harmful residual age; or
• Refuge and other shelter for the natural enemies; treat hot spot only.
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Database to help with finding compatibility information
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Database to help with finding compatibility information
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Study objective

• Determine the mortality of common biological control agents after 
contact with fresh residue of selected fungicides and insecticides:

Azadirachtin (EcoGarden)
Bacillus subtillus (Serenade ASO)
Bacillus thuringiensis (DiPel DF)
Chromabacterium subtsugae (Grandevo WDG)
Copper hydroxide (Kocide 3000)
Cuprous oxide (Nordox 75 WG)
Hydrogen peroxide + peracetic acid (Oxidate 2.0)
Pyrethrins (PyGanic Specialty)
Spinosad (Entrust)

X

Amblyseius andersoni (mite)
Amblyseius swirskii (mite)
Neoseiulus californicus (mite)
Phytoseiulus persimilis (mite)
Chrysoperla rufilabris (lacewing)
Orius insidiosus (minute pirate bug)
Delphastus catalinae (beetle)
Stethorus punctillum (beetle)

13

The insecticides

• Active ingredient: 1.2% azadirachtin
• IRAC code: UN (unknown MOA) 
• Target pests: Broad spectrum
• Known compatibility of azadirachtin 

(in general; spray):
• Predatory insects: harmless 
• Predatory mites: harmless to moderately 

harmful
• Parasitoids: harmless
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The insecticides

• Active ingredient: 54% Bacillus 
thuringiensis subsp. kurstaki
• IRAC code: 11 
• Target pests: Caterpillars
• Known compatibility of Bt (in general; 

spray):
• Predatory insects: harmless
• Predatory mites: harmless
• Parasitoids: harmless

15

The insecticides

• Active ingredient: 30% Chromabacterium subtsugae
• IRAC code: UNB
• Target pests: Aphids, beetles, caterpillars, mites, thrips, whiteflies, etc. 
• Known compatibility of Chromabacterium:

• Predatory insects: ?
• Predatory mites: ?
• Parasitoids: ?
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The insecticides

• Active ingredient: 5% pyrethrins
• IRAC code: 3A
• Target pests: Broad spectrum
• Known compatibility of pyrethrins (in 

general; spray):
• Predatory insects: ?
• Predatory mites: harmful
• Parasitoids: harmful
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The insecticides

• Active ingredient: 80% spinosad
• IRAC code: 5
• Target pests: Caterpillars, leafminers, 

thrips, fire ants, etc.
• Known compatibility of Spinosad (in 

general; spray):
• Predatory insects: harmful
• Predatory mites: harmful
• Parasitoids: harmful
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The fungicides

• Active ingredient: 1.3% Bacillus subtilis
• FRAC code: 44
• Target diseases: Broad spectrum of fungal and bacterial diseases
• Known compatibility of B. subtilis:

• Predatory insects: ?
• Predatory mites: ?
• Parasitoids: ?
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The fungicides

• Active ingredient: 46.1% copper 
hydroxide
• FRAC code: M01
• Target diseases: Broad spectrum of 

fungal, bacterial, and algal diseases
• Known compatibility of copper 

hydroxide:
• Predatory insects: ?
• Predatory mites: ?
• Parasitoids: ?
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The fungicides

• Active ingredient: 83.9% cuprous oxide
• FRAC code: M01
• Target diseases: Broad spectrum of fungal and bacterial diseases
• Known compatibility of copper oxide (in general; spray):

• Predatory insects: ?
• Predatory mites: harmless to harmful
• Parasitoids: ?
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The fungicides

• Active ingredient: 27.1% hydrogen peroxide + 2% peracetic acid
• FRAC code: NC
• Target diseases: Broad spectrum of fungal and bacterial diseases
• Known compatibility of hydrogen peroxide or peracetic acid:

• Predatory insects: ?
• Predatory mites: ?
• Parasitoids: ?
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The predatory mites

• Amblyseius andersoni
• Target pest: Mites (spider, eriophyid, tarsonemid)

• Amblyseius swirskii
• Target pests: Whiteflies and thrips

• Neosieulus californicus
• Target pests: Mites (spider, tarsonemid)

• Phytoseiulus persimilis
• Target pests: Spider mites
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The predatory insects

• Chrysoperla rufilabris
• Green lacewing
• Target pests: Aphids and 

other soft-bodied insects

• Delphastus catalinae
• Predatory beetle
• Target pest: Whiteflies

Photos: Scott Justis, Bugguide.org; Biobest.com
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The predatory insects

• Orius insidiosus
• Minute pirate bug, insidious flower bug
• Target pests: Thrips, and other insects, 

mites, and eggs

• Stethorus punctillum
• Spider mite destroyer, predatory beetle
• Target pests: Spider mites

Photos: University of Florida; Ingrid Altmann 
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Methodology of this experiment

• Source of biological control agents:
• Koppert
• Biobest
• Biobee

• Check for viability of the received biological control agents by 
checking for mortality rate at receiving.

• Use for experiment within a day of receiving.
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Methodology of this experiment:

• Dip each tomato leaf disc in fungicide or insecticide solution. Then 
allowed to dry.

• Placed a treated tomato leaf disc in each 1-oz shot cup, then
• Placed spider mites and allow them to lay eggs – A. andersoni, N. californicus, 

P. persimilis, Stethorus
• Placed flour moth eggs – lacewing, Delphastus, Orius
• Placed cattail pollen – A. swirskii
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Methodology of this experiment

Assume application volume of 100 gal per acre.

Product Application rate (high rate for vegetables)

Water -

DiPel DF 2 lb per acre

EcoGarden 58 fl oz per acre

PyGanic Specialty 64 fl oz per acre

Grandevo WDG 3 lb per acre

Entrust SC 6 fl oz per acre

Nordox 75 WG 25 lb per acre

Serenade ASO 4 qt per acre

Oxidate 2.0 2.5% v/v

Kocide 3000 1.75 lb per acre
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Methodology of this experiment:

• Released 10 biological control agents in each shot cup, then count for 
live and dead individuals and eggs at 3 days after release.

• Count for hatched eggs at 8 days after release.

• Number of replication = 10

• Subject data to ANOVA. 
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Number of eggs produced by Phytoseiulus persimilis
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Summary - mortality

• Products of concern:
• A. andersoni – azadirachtin, pyrethrins, cuprous oxide
• A. swirskii – spinosad, pyrethrins, copper hydroxide, cuprous oxide
• N. californicus – almost all except hydrogen peroxide + peracetic acid
• P. persimilis – azadirachtin, pyrethrins, spinosad, copper hydroxide, cuprous 

oxide
• O. insidiosus – azadirachtin, pyrethrins, spinosad
• D. catalinae – azadirachtin, pyrethrins, spinosad, B. thuringiensis
• C. rufilabris – azadirachtin, pyrethrins, spinosad
• S. punctillum – azadirachtin, pyrethrins
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Summary – Eggs produced and hatched

• Data are insufficient to detect any pattern for most biological control 
agent species tested.

• Products of concern:
• Most predatory mite species – no impact on reproduction and egg viability
• O. insidiosus – azadirachtin and pyrethrins reduced egg production and hatch
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Overall summary

• Compatibility changes with predator species.

• Azadirachtin, pyrethrins and spinosad generally resulted in high 
mortality, low egg production, and poor egg hatch.

• Copper (or cuprous) fungicides had negative impacts on survival of 
predatory mites.

• Bt, Chromabacterium, B. subtilis and hydrogen peroxide generally low 
impact.
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Thanks!

• Dawn Sikora
• Shawn Chandler
• Courtney Gregg

Organic Agriculture Research and Extension 
Initiative

40



4/13/23

21

Thank you!

JC Chong
juanghc@clemson.edu
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