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P R E S E N TAT I O N  O V E R V I E W

• The IPM toolbox
• Pesticides, pollinator safety and 

market trends  
• Compatibility: 

• Biopesticide 
• Natural enemy

• Integrated IPM programs 



Biological Program = Preventative Programs 
• Scouting and monitoring 

• Sanitation

• Clean up crop residues, disinfect benches, flood 
tables, drip lines, etc.

• Exclusion

• Screen vents, know where/why hot spots occur

• Cultural

• Mass trapping

• Irrigation and fertilization 

• Biopesticides

• Entomopathogenic nematodes & fungus, Oils, 
soaps, naturally derived pesticides

• Natural enemies (predators & parasitoids)

• Depends on insect species and severity

• Chemical insecticides 

• As needed 

C O M P O N E N T S  O F  A  B I O L O G I C A L  P R O G R A M  

The New Integrated Pest Management Paradigm for 
the Modern Age, Journal of Integrated Pest 
Management, (2019) 10(1): 12; 1–9



I P M  =  P I T C H F O R K  A P P R O A C H

• IPM ≠ no insecticides  
• Timing/intelligent use 

• Prevent pest resistance 
• Preserve natural enemies/pollinators 

• Programs: 
1. Biopesticide & pesticide program 
2. Natural enemy & biopesticide/pesticide

• Compatibility important 



PESTICIDES,  
POLLINATOR SAFETY,  
& MARKET TRENDS 

PESTICIDES,  
POLLINATOR SAFETY,  
& MARKET TRENDS 



C O N V E N T I O N A L  I N S E C T I C I D E  M A N A G E M E N T

From: Technical Reference Guide For Greenhouses and Nurseries, GGS Pro



C O M M O N  P E S T S  A N D  T H E I R  N AT U R A L  E N E M I E S

• Thrips
• Orius insidiosus
• Amblyseius cucumeris
• Amblyseius swirskii
• Stratiolaelaps scimitus
• Dalotia coriaria
• Steinernema feltiae

• Aphids
• Aphidius colemani
• Aphidius ervi
• Aphidius matricariae
• Aphelinus abdominalis
• Aphidoletes aphidimyza
• Chrysoperla rufilabris

• Whitefly
– Encarsia formosa
– Eretmocerus eremicus
– Amblyseius swirskii
– Dicyphus hesperus
– Delphastus catalinae

• Mites (spider, broad)
– Amblyseius cucumeris
– Amblyseius californicus
– Amblyseius andersoni
– Amblyseius swirskii
– Phytoseiulus persimilis

• Fungus gnats
– Steinernema feltiae
– Dalotia coriaria
– Stratiolaelaps scimitus



M A R K E T  T R E N D S  

Info from Biocontrol USA 2022 presentation by Pam Marrone 



W H Y  I S  T H E  M A R K E T  T R E N D I N G  T O  B I O C O N T R O L ?

• Health & safety
• Plant, worker, environment

• Labor savings
• Pesticide applicators 
• No/low REI/PHI/MRL

• Consumer demand 
• Pest resistance 

The New Integrated Pest Management Paradigm for the Modern Age, Journal of 
Integrated Pest Management, (2019) 10(1): 12; 1–9



P H A S I N G - O U T  S O M E  P E S T I C I D E S

• EU & CAN: Restricted/banned pesticides
• US: Walmart moved to protect pollinators 

• Source 100% fresh produce & floral 
from growers using IPM by 2025

• Must phase out:
• Chlorpyrifos
• Neonicotinoids
• & other level-I bee precaution 

pesticides 

https://progressivegrocer.com/walmart-moves-protect-pollinators-pesticides
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https://www2.ipm.ucanr.edu/beeprecaution/
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I R A C  P E S T  R E S I S TA N C E

Insecticides/miticides:   ~30 chemical MOA, 7 UN MOA
• Western flower thrips

• 7 chemical groups/sub-group
• 1A, 1B, 2A, 2B, 3A, 4A, 5, 6, 7C

• Bemisia whitefly 
• 6 chemical groups/sub-group

• 1A, 1B, 2A, 2B, 3A, 4A, 7C, 9B
• Two spotted spider mites

• 9 chemical groups/sub-group
• 1A, 1B, 3A, 6, 10A, 12B, 19, 20B, 21A, 23

https://irac-online.org/



BIOCONTROL MAY 
EVENTUALLY CHOOSE 

YOU…



CO M PAT I BI L I TY:
B I O P EST I C I DES  
NAT U RA L  EN EMI ES  



C H E C K  
C O M PAT I B I L I T Y  
O F  A L L  I N P U T S !



B I O P E S T I C I D E C O M PAT I B I L I T Y:
O V E R V I E W   

• Importance
• Physical (jar test)
• pH – some pesticides require to 

maintain a specific pH
• Consult the product label

• Microbial compatibility 
• Tank mix 
• Spray Test – rotation 

Beauveria bassiana strain GHA



C O M PAT I B I L I T Y  
I M P O R TA N C E

Journal of Applied Entomology, Aristizabal et. al., 2016

Efficacy of biorational insecticides against chili thrips 
infesting roses under nursery conditions 
• Biopesticides alone reduced thrips by 48-71% 

compared to control (not shown)
• Similar results when applied in rotation
• 87-92% control was achieved when biopesticides 

were rotated with Spinosad 
• Manage pesticide residues 
• Reduced resistance to synthetic pesticides 



Compatibility of the insect pathogenic fungus 
Beauveria bassiana with neem against 
Bemisia tabaci on eggplant
• Tank mixes of compatible biopesticides can 

enhance efficacy 
• 20-28% additional mortality when 

combined 

C O M PAT I B I L I T Y  I M P O R TA N C E  

Entomologia Experimentalis et Applicata 134: 28–34, 2010



Looking for flocculation, clabber, temperature changes, foaming, etc.

P H Y S I C A L  C O M PAT I B I L I T Y  

Compatible, last two mix bottles look homogenous 
and no difference to controls

Incompatible, separation

Photo credit: https://ppp.purdue.edu/ppp-122-avoid-tank-mixing-errors-mobile-files/
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M I C R O B I A L  C O M PAT I B I L I T Y  - TA N K  M I X   

Compatible Incompatible 

Photo credit: BioWorks

Photo credit: BioWorks



M I C R O B I A L  C O M PAT I B I L I T Y  – S P R AY  T E S T

Compatible Incompatible 
Photo credit: BioWorksPhoto credit: BioWorks



C O M PAT I B I L I T Y  R E S O U R C E S  



N AT U R A L  E N E M Y  C O M PAT I B I L I T Y   

Photo by Julie Graesch

Photo by Matt FoertmeyerPhoto by Julie Graesch
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B E F O R E  Y O U  S P R AY …  
C O N S I D E R …

• Tipping point reached?
• Increase releases 

(rate/frequency)
• Switching/adding natural 

enemies 
• Biopesticide spot treatments

Photo by Ron Valentine 



N AT U R A L  E N E M Y  C O M PAT I B I L I T Y  
( L E T H A L  E F F E C T S )



N AT U R A L  E N E M Y  C O M PAT I B I L I T Y              
( S U B - L E T H A L  E F F E C T S )

• Physiological effects 
• Development 
• Adult longevity 
• Immunology 
• Fecundity 
• Sex ratio 

Many studies have documented sublethal effects; 
however, only mortality tests are considered

Reference: The sublethal Effects of Pesticides on Beneficial 
Arthropods, Annu. Rev. Entomol. 2007. 52:81–106 

• Behavioral effects 
– Mobility 
– Navigation/orientation 
– Feeding behavior (repellent, 

antifeedant, reduced 
olfactory)

– Oviposition behavior
– Learning performance 

Photo by Julie Graesch



P E S T I C I D E  U S E  W I T H  N AT U R A L  E N E M I E S

Should never be used (4):

• Toxic

• Persist 2-3 months

Clean up & spot sprays (3):

• Moderately toxic

• Persist 2-3 weeks

http://www.omafra.gov.on.ca/english/crop
s/hort/news/grower/2005/02gn05a1.htm

IPM tools (2):

• Slightly toxic but has a place

• Short to no residual

Somewhat compatible (1):

• Non-toxic, minimal sub-lethal effects

• Short to no residual



S H O U L D  N E V E R  B E  U S E D  ( 4 )

• Toxic 
• Persist 2-3 months 

• Marathon, Orthene, Dursban, Permethrin (IRAC 4A, 1B, 3A)



C L E A N  U P  &  S P O T  S P R AY S  ( 3 )

• Moderately toxic
• Persist 2-3 weeks

• Avid, Pylon (IRAC 6, 13)



I P M  T O O L S  ( 2 )

• Slightly toxic but has a place
• Short to no residual

• Oil, soap, botanicals, Ventigra, MainSpring, Kontos, Endeavor 
(IRAC UN, UNE, 9B, 9D, 28, 23)



S O M E W H AT  C O M PAT I B L E  ( 1 )

• Non-toxic, minimal sub-lethal effects
• Short to no residual

• Microbials, botanicals (IRAC UN, UNB, UNE, UNF, UNM)



INTEGRATED IPM 
PROGRAMS 



Vineland Research & 
Innovation Center

S TA R T  C L E A N ,  S TAY  C L E A N



86°F 3 days               1.5 + 1.5 days 3 days 20 – 40 days

Egg
(In leaf tissue)

Pupa
(in soil)

Adult
(on plant  exposed)

Orius
A. swirskii
A. cucumeris

Orius  
S. feltiae

Dalotia, 
S. scimitus 
S. feltiae

Larva 1 & 2
(on plant  exposed)

Photo by Julie Graesch Photo by Julie GraeschPhoto by Bri-Anna Jaksic

Compatible application: 
oil, soap, 
mycoinsecticides, 
MainSpring, Kontos



E. formosa

E. eremicus

A. swirskii

D. hesperus
Delphastus catalinae

Compatible application: oil, 
soap, mycoinsecticides, 
botanicals, Ventigra, 
MainSpring, Kontos, Endeavor 

Delphastus catalinae

Photo credit: https://bioplanet.eu/en/delphastus-catalinae-2/



I P M  P R O G R A M  T O O L S  R E V I E W  

• Scouting & monitoring 
• When pest pressure is high… 

reach for your biopesticides  
• Dipping  starts clean 
• Understand compatibility
• Spot treat  



TA K E  H O M E  M E S S A G E  

• Biocontrol Mindset:
• Ask not what your natural enemies can do for 

you, but what you can do for your natural 
enemies

• “What can I still spray?” to “How do I avoid 
spraying?”

• Get comfy with compatibility
• Timing is everything 



C O M PAT I B I L I T Y  R E S O U R C E S  

• IOBC https://www.iobc-wprs.org/

• Koppert https://sideeffects.koppert.com/

• BioBest https://www.biobestgroup.com/en/side-
effect-manual

• IPM Impact https://www.ipmimpact.com/

• BioWorks https://www.bioworksinc.com/ask-us/

• BASF 
https://betterplants.basf.us/products/nemasys--
beneficial-nematodes.html

• Canada Onfloricuture/OMAFRA GH Floriculture 
Registered Pesticides 2019: 
https://onfloriculture.com/

• Biopesticide companies 

• Natural enemy companies



A D D I T I O N A L  I P M  R E S O U R C E S  

• Consultants such as https://bugladyconsulting.com
• Universities and extension services (contact your local extension office)
• Vineland Research & Innovation Center https://www.vinelandresearch.com/
• ANBP http://www.anbp.org/
• Markets and Markets https://www.marketsandmarkets.com/agriculture-market-research-173.html
• IPM: http://greenhouseipm.org/ & http://greenhouseipm.org/2017/10/thrips_series/
• Crops that attract insects https://www.canr.msu.edu/news/crops_that_are_insect_magnets_in_the_greenhouse
• IRAC https://irac-online.org/ & FRAC https://www.frac.info/
• MSU/IRAC pesticide resistance database https://www.pesticideresistance.org/
• BPIA: https://www.bpia.org/
• Canada Onfloricuture Blog https://onfloriculture.com/
• Walmart https://progressivegrocer.com/walmart-moves-protect-pollinators-pesticides
• Bee Precaution pesticide rating https://www2.ipm.ucanr.edu/beeprecaution/
• ESA https://www.entsoc.org/
• GrowerTalks Magazine https://www.growertalks.com/ 5 part series on best practices for biocontrol and many more 

great articles! 



THANK YOU! 
Julie Graesch,

Biological Program Manager
jgraesch@bioworksinc.com


