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What is Pesticide Resistance?
o Genes naturally occur in pest population 

• Not mutations caused by chemical

o Pesticide use “selects” for resistance
o Kills susceptible individuals - those without

the gene to protect them die
o Those with the gene don’t die, and are 

“Selected” for by killing off other types



What is Pesticide Resistance?
o Pests with gene live, reproduce, and pass 

on the genes for resistance to their 
offspring

o The pest population has increasing 
numbers of resistant individuals

o Over time, population as a whole is more 
resistant to the pesticide



What is Pesticide Resistance?
Inheritable (genetic) characteristic of a pest 
that makes it less sensitive to a pesticide

• Can occur in all types of pests
• weeds, insects, fungi, etc.

• Pest is able to survive pesticide exposure 
that would kill those without the genes



All types of pesticides are at risk      
for resistance!

Herbicides
Herbicide Resistance Action Committee (HRAC) 
http://www.hracglobal.com

Fungicides
Fungicide Resistance Action Committee (FRAC) 
http://www.frac.info

Insecticides
Insecticide Resistance Action Committee (IRAC) 
http://www.irac-online.org

International groups founded by the agrochemical industry for a cooperative 
approach to resistance management. Sources for info and education materials. 

http://www.hracglobal.com/
http://www.frac.info/
http://www.irac-online.org/


Why is Managing Resistance Important?
• Pesticide resistance is increasing
• Currently: 

o 520 insect and mite species
• At least 17 insect species are 

resistant to all major classes 
of insecticides

o 273 weed species
o 150 plant diseases
o 10 rodent species



Mode of action (MoA)
The chemical structure of a pesticide 
defines:

o Target site - the “where” - physical 
location within an organism where the 
pesticide acts

o Mode of action - the “how” - action of a 
pesticide at its target site. 



Pesticide Groups
• Each pesticide has been assigned a Group 

Number to help growers make resistance 
management decisions 

• Group number based on target site and MoA
• Pesticides in a group share similar 

characteristics and risk cross-resitance
• Group number is clearly marked on most 

labels



HRAC (letters) and WSSA (Weed Science Society of America, #’s) 
codes, differ slightly but very similar

Herbicides - HRAC and WSSA groups



HRAC (letters) and WSSA (Weed Science Society of America, #’s) 
codes, differ slightly but very similar

Herbicides - HRAC and WSSA groups



Consult the label for RM info



Consult the Cranberry Chart book!



Key Points About Managing Resistance
• Goal is delaying development of 

resistance, not managing resistant pest 
biotypes once detected 

• Use Integrated Pest Management (IPM) 
program

• Minimize use of at-risk products



• Target the most vulnerable life stage of the pest

• Use spray rates and application intervals 
recommended by the manufacturer and in 
compliance with local agricultural extension 
regulations.
o A high rate can take out pests that might be somewhat 

resistant, but using a rate too low may allow them to survive

Applications must be timed correctly



Challenges to Managing Resistance

• Not always something to rotate to, even 
if you try!

• Not many cranberry herbicides
o e.g. clethodim and sethoydim for grasses



ü Do not rely on pesticides alone

• synthetic pesticides
• biological pesticides
• beneficial insects 

(predators/parasites)
• cultural practices
• chemical 

attractants/deterrents

Integrate different controls!  



Natural pest population
• Some bugs have genes that make them less 

sensitive to a pesticide



Pesticide application
• The bugs that are susceptible die



Pesticide application
• The bugs that have naturally occurring genes 

that make them less sensitive to a pesticide 
survive…



After pesticide application
• We have applied selection pressure.
• The bugs with genes that make them less 

sensitive to a pesticide reproduce.  
• The offspring have the genes that make them 

less sensitive to the pesticide. 
• The new population is more resistant than a 

natural population.  



• Eventually, the population is mostly made up of 
resistant individuals.

• Under permanent selection pressure, resistant 
insects outnumber susceptible ones and the 
insecticide is no longer effective.



Cranberry Weevil

• Resistant to organophosphates in 2000

• Lorsban

• Guthion

• Parathion

• Imidan

• Orthene

• Sevin



Resistance takes time to develop!

On farm



• Outside population brings in susceptible gene.
• But it takes a long time to change.



Resistance takes time to develop!

X

X X
X

X

Same chemistry

New chemistry



DIAZ, LORSBAN, SEVIN…
ACTARA, ADMIRE, ASSAIL…
DELEGATE, SPINTOR, ENTRUST…

PYGANIC
AVAUNT

CONFIRM
INTREPID

RIMON

BT- Dipel



ALTACOR

DIAZ, LORSBAN, SEVIN…

ACTARA, ADMIRE, ASSAIL…

DELEGATE, SPINTOR, ENTRUST…

PYGANIC

AVAUNT

MOVENTO

RIMON

KNACK or ESTEEM

CONFIRM, INTREPID
BT- Dipel



INSECTICIDE RESISTANCE

Safari, Venom

SpinTor

Nufos
Hatchet
Warhawk

Widow, Malice
Wrangler, Alias 
Nuprid

Anarchy



INSECTICIDE RESISTANCE

Tro
uba

dou
r Helena

Tur
nst

yle
UPI

Exirel cyantraniliprole



We have seen this in cranberry 
already….

Weevil
• Resistant to organophosphates
• Worried developing resistance  to Avaunt

Spag
• Resistant to organophosphates
• May be developing to Delegate



Good news….
BHF – Blackheaded fireworm
• Not likely to develop resistance

CFW – Cranberry Fruitworm
• Not likely to develop resistance

photos by C. Armstrong



Cranberry  Weevil Compounds
• Avaunt 2007 SPRING

Indoxacarb

• Actara 2005 SPRING OR SUMMER

Thiamethoxam (also known as Helix, Cruiser, Vigor)

neonicotinoid, high bee toxicity

Zone II Restricted

• Belay 2010 SUMMER

Clothianidin (also known as Clutch, Arena)

neonicotinoid, high bee toxicity

X



Avaunt (indoxacarb)

Spring population

Superb! 
weevil control!
May have to retreat 
as more weevil come 
in from woods

Summer population

NOT EFFECTIVE
Do not use Avaunt



Sparganothis fruitworm

Comes in different styles— the wriggler



MAY

JUNE

WINTER

JULY

AUGUST

Sparganothis resistance to 
organophosphates 

• Began ca. 20 years 
ago in Carver area

• Spread throughout 
industry

• Lorsban, Orthene
no longer effective 
on most 
populations

SEPT



80 bog sites monitored  
(10 years ago)
• ALL SITES had some Sparganothis flight!

• 32 (40%) had a peak flight of 50-100 moths

• 40 (50%) had a peak flight of 100-200 moths

• 8 (10%) had a peak flight over 200 moths (per 
week monitored).

• Peak flight was 1st or 2nd week of JULY



SPAG Spring Spray Options

• Altacor

• Assail

• Avaunt

• Intrepid, Confirm

• Troubadour Helena

• Turnstyle UPI

• Delegate
• Diazinon

• Imidan

• Lorsban

• Orthene

• Sevin

• Best management approach 

is to focus on the spring

• Summer populations much 

harder to monitor and 

manage

• Delegate and Intrepid best 

(only) choices for spring 

management

• Med-large larvae – Delegate?

• Some growers have better 

luck with Intrepid even on 

larger larvae!



Use FRAC, IRAC, and HRAC when choosing chemicals!
• Do not rely on product names
• Do not rely on active ingredients 
• Many different products and active ingredients 

can be in the same group!

FUNGICIDES - Alternate, rotate, 
or sequence different pesticide MoA classes

difenconazole



Satori

FUNGICIDE RESISTANCE

Quadris Top
azoxy+difenconazole



FUNGICIDE RESISTANCE

Badge
Copper Count
Cuprofix
Kentan
Kocide
MasterCop
Nordox
Nu-Cop
Top Cop



FUNGICIDE RESISTANCE

Roper



difenconazole



difenconazole
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