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What are we covering 
today? 

• Insecticides 
• Fungicides 
• Herbicides 
• Pest Management tactics to help 

you avoid resistance 
1. IPM 
2. Pesticide recordkeeping 



Thanks to: 

• Dr. Pamela Hutchinson 
• Dr. Don Morishita 



What is a pesticide? 
A chemical or other agent used to 
kill or control pests or to protect 

something from a pest 



What is pesticide 
resistance? 

• The inherited change in an organism’s 
(weed, insect, pathogen) susceptibility 
to the pesticides applied. 



“SUPER BUG” 
 





ALS Herbicide Resistant Kochia 



FACTORS FOR 
RESISTANCE 

• Heavy pesticide use or 
misuse 

• Mode of Action (MOA) 
of pesticide 

• Reliance on pesticides 
for pest control 

• Pesticide 
Treadmill 
 

 



Mode of Action: The 
sequence of events in which a 
pesticide kills the pest 





INSECTICIDES 



Insecticide Resistance 

• 1947 – houseflies resistant to DDT 
• 1991 – Colorado potato beetle 

resistance caused a $16 million crop 
loss to Michigan potato producers 

• Cotton and the cotton bollworm 
• When new insecticides were 

introduced after DDT resistance was 
recorded to every new class within 
2-20 years 



Insecticide Resistance 
“Survival of the Fittest” 

• Random mutation 
occurs with 
surviving insects 

• Can break up 
poisons in their guts 

• Avoid ingesting 
poisons  

Photo courtesy of University of Minnesota 
Extension  



MODE OF ACTION 
INSECTICIDES 

• Nervous System - most insecticides 

• Energy Inhibitors  
• Growth Regulators - prevent maturity 

• Chitin Inhibitors - prevent maturity and molting 

• Water Balance - desiccation 



Insecticide Groups 

Group # Mode of Action Chemical Class 
1 Acetylcholine esterase 

inhibitors 
Carbamates and 
Organophosphates 

2 GABA-gated chloride 
channel antagonists 

Organochlorines 

3 Sodium channel 
modulators 

Pyrethroids, Pyrethrins 

4 Nicotinic Acetylcholine 
receptor agonists 

Neonicotinoids 

11 Microbial disruptors Bacillus spp. 
15 Chitin synthesis 

inhibitor 
Rimon  







FUNGICIDES 



Sugar Beets Case Study 
• Powdery mildew:  a pathogen in Idaho 

with great potential for developing 
resistance 

• Bayleton was used extensively 
beginning in 1982 

• 1987 had to increase Bayleton rates 
and control only lasted three weeks 

• 2000 Idaho had a severe infestation of 
powdery mildew; only sulfur managed 
the disease 





Fungicide Groups 
Group Code Target Site of Action Product names 

(examples) 
1 Mitosis Mertect, Topsin 
2 Citochrome reductase 

in lipid peroxidation 
Rovral 

4 RNS polymerase Ridomil, Ridomil Gold 
7 Complex II of fungal 

respiration 
boscalid/Endura, 
Moncut 

11 Complex III of fungal 
respiration:  Q0I site 

Strobilurins/Quadris, 
Headline 

M Multi-site contact Copper 
hydroxide/Kocide, 
Champ 





HERBICIDES 



Herbicide Resistance 
• Most common pesticide-type resistance 

in Idaho 
• Inherited ability to survive a herbicide 

treatment 
• Multiple resistance to 2 or more 

herbicides with different MOA 
• Kochia resistant to Express and Banvel 
• Wild oat resistant to Assert and Fargo 



Herbicide Factors  
Contributing to Resistance 

• Highly effective herbicides - the more 
effective, the greater the selection 
pressure 

• Single site of action herbicides, e.g. 
ALS Inhibitors 

• Duration of effect (persistence or residual 
effect) 



• Group 1: Acetyl CoA carboxylase (ACCase) 
inhibitors  
– Achieve, Assure II, Axial, Discover, Select, Poast, 

Puma 
• Group 2: Acetolactate synthase (ALS) inhibitors 

– Imi’s- Assert, Raptor, Arsenal 
– S.U.’s- Matrix, Express, Harmony Ex., UpBeet, 

Maverick, Oust 

• Group 3: Microtubule assembly inhibitors – 
– Dinitroanilines (DNA’s)- Prowl, Sonalan, Treflan, 

Balan 
 
 

Herbicide Classes 



Herbicide Classes 
• Group 4: Synthetic Auxins 

– Phenoxy- 2,4-D, 2,4-DB, MCPA 
– Benzoic acid- Banvel, Clarity 
– Carboxylic acid- Curtail, Starane, Stinger, Tordon 
– Quinaline carboxylic acid- Paramount 

 
 

• Group 5: Photosystem II inhibitors (binding site A) 
– Triazine- metribuzin, Velpar 
– Uracils- Hyvar, Sinbar 
– Phenyl carbamate- Betamix, 
– Pyradazinone- Pyramin 

 



Group 9: EPSP synthase inhibitors 
Roundup 

 
Group 10: Glutamine synthetase inhibition 
Liberty, Rely 
 

Group 14: Protoporphyrinigen Oxidase 
(PPO) Inhibitors 
Chateau, Aim 

Herbicide Classes 



Group 15: Inhibit formation of VLCFA - 
chloroacetamides 
 Dual Magnum, Micro-Tech, Outlook  

 
Group 16: Unknown site of action 
Benzofuran- Nortron 

 
Group 22: Photosystem I electron 

diverters 
Bipyridiliums- Gramoxone Inteon, 

Diquat, Reglone 

Herbicide Classes 



Herbicide sprayed on a weed 
population in a field 

Some resistant plants of a given species  
already exist in that species population 

resistant 

susceptible 

Development of a resistant weed population through herbicide selection 

1 

Repeat use of same  
herbicide and/or mode of action 

Resistant weed plants of a given species 
survive and produce seed, susceptible plants  

of that species do not survive  

2 

After repeated use of the 
same herbicide and/or 

mode of action, the resistant 
weed plants have survived  

and now dominate  
the population  

3 



Metribuzin applied POST to susceptible redroot pigweed 
 



Metribuzin applied POST to resistant redroot pigweed 
 







Can you manage to prevent 
herbicide resistant weeds? 



 Knowing the mode of action/ 
pesticide class is the key to 

planning a management strategy to 
reduce the potential for developing 

resistant pest populations 



WEED RESISTANCE—A 
HORROR STORY 









• Know your herbicide classes  
• Maintain herbicide/weed control histories  
• Use integrated weed management 

– rotate crops/herbicides, use different 
cultural practices, competitive healthy 
crop 

• Tank-mix herbicides with different MOA’s 
– overlapping spectrum  
– economics 

• Use short residual herbicides if possible 
– reduces selection of resistant weeds 

Herbicide Resistance 
Management Strategies 



• Scout - before and after application 
– Use appropriate pesticides, as necessary 
– Do something about weed escapes/shifts 

• Accurate pesticide application 
• Sanitation - prevent spread 

– Clean equipment before moving 
– Screen irrigation water 

Herbicide Resistance Management 
Strategies 



Plan your herbicide rotations and tank 
mixtures carefully and make herbicide 
resistance management a key part of 
those plans – as important as your 
choices for   

• weed control 
• crop safety 
• follow crop concerns 
• economics   

Herbicide Resistance Management 
Strategies 



Grower “IF’ Questions 
• If the same herbicide or class of herbicides 

has been used in the field for sequential/ 
several years 
 

• If the suspected resistant weed species has 
been controlled effectively in the past 
 

• If weed control is good on all the other 
labeled weed species 
 
 If the answers are “Yes” 
then maybe resistance is involved 



What to do... 
If you suspect herbicide resistance: 
• Do not re-spray the field with the same 

herbicide or herbicide class - control the 
weed with another means 

• do not allow seed to mature 
• Report your suspicion to university 

research/extension personnel/extension 
educator/crop advisor 

• Collect plants or seed that can be used 
to confirm resistance has developed 



BEST MANAGEMENT 
PRACTICES 

• Use a diversified approach to weed 
management focused on reducing weed seed 
production 

• Scout fields routinely 
• Use multiple effective MOAs against the most 

troublesome weeds 
• Use mechanical and biological management 

where appropriate 



BEST MANAGEMENT 
PRACTICES 

• Apply the labeled herbicide rate at 
recommended weed sizes 

• Use cultural management techniques that 
suppress weeds by using crop 
competitiveness 
– Seeding rates, fertilizer placement, planting 

dates 



Glyphosate Resistance 
Management 

• Glyphosate is not a substitute for integrated 
weed management practices 

• Do not use the same MOA more than once in 
three years 

• Rotation away from glyphosate for 1 year is a 
weak resistance management strategy 



Glyphosate Resistance 
Management 

• Avoid planting other RR crops (corn, 
alfalfa) and using glyphosate in 
consecutive years 

• Avoid using glyphosate as a “clean 
sweep” application in other rotational 
crops 
 



Roundup PowerMax  
Roundup Ultra 
Makaze (Loveland) 

Glyfos X-Tra (Cheminova) 

Cornerstone Plus 
(Agrisolutions) 

Cornerstone 5 Plus 
(Agrisolutions) 

 

Touchdown CT2 (Syngenta) 

Touchdown HiTech 
(Syngenta) 

 



• Use integrated weed management 
practices 
– Chemical, cultural, and mechanical 

• Rotate herbicide modes/mechanisms of 
action 

• Apply the labeled herbicide rate at 
recommended weed sizes 

• Rotate crops and herbicides 
• Keep accurate records of herbicide 

use 

Recommendations 



OnePlan Pesticide Application 
Recordkeeping 

 



What is OnePlan PAR? 
• Easy to use way to keep required 

pesticide application records 
• Electronic and permanent record 

keeping 
• Site specific to each application 
• Secure record keeping 
• Records sorting features 
• Soil Fumigant Management Plans 



 
www.OnePlan.org/PAR 

 
• Computerized Web Application 

– Calculations made easy 
– Enter data once 
– Everything in one place 
 

• Complete Records 
– ISDA Records 
1.WPS Requirements 
2.RUP Application Records 

 
 

 



Locate and Describe each Field on 
Your Operation 



Fill in crop 
history for 
each field 



 Initiate a Work Order  
Enter Date and Time of Application 

  



Specify the target crop from your drop 
down list 



Select the fields of that crop for 
this application 



Select the 
target 
pests from 
your list 







Finished Work Order 

Finished Work Order 



Summarize the Application What did I 
actually do? 



Sort 
records: 
Pesticide 

 RUP 
 Field 
 Date 
 Crop 



Keep detailed records 
on field by field basis 

• Maintaining detailed and 
accurate pesticide records 
helps with the farm’s 
management and operational 
plans 
Pest problems 
Crop rotations 
Pesticide classes/MOA 



Other crops? 
 
Herbicide Mode of 

Action (color code or 
numerical code) 

 
   

What Herbicides Are 
You Using??? 

Potato 
Poast 
Matrix 
Prowl, Treflan 
Metribuzin 
Eptam 
Dual, Outlook 
Chateau 
 
    

1 
2 

3 
5 

8 
15 

14 



Factors that increase 
likelihood of resistance 

Little or no cultivation or tillage for weed 
control 
Failing to eliminate “escaped” weeds 
Continuous or repeated use of single 

herbicide OR several with same mode 
of action 
High herbicide dose 
Perennial cropping systems/no crop 

rotation 



Resistance Management 
• Use “integrated pest 

management” 
• Scout fields 

routinely 
• Rotate 

pesticides/use 
multiple MOAs 

• Keep accurate 
pesticide records on 
a regular basis 



QUESTIONS? 
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