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Insecticide resistance threatens economic & effective pest
control, especially when chemistries are used to target a common
pest across multiple crops such as whiteflies. Six modes of action
(MoA) are available for managing whiteflies across all crops in
Arizona (Table 1). Difficulty in discovery of new chemistries and
increasing costs of regulation of new chemistries (Fig. 1) make it
essential that we preserve & extend the life of each MoA through
integrated resistance management (IRM) programs. Understanding
and using first principles of resistance management help growers &
PCAs proactively manage resistance.
1) Limit use of chemistry to the lowest practical level:
Resistance management depends on IPM. The first step therefore is
to apply insecticides only when necessary. This includes regular
scouting and the use of action thresholds and other IPM tactics.
Avoiding unnecessary use of insecticides reduces selection
pressure on pests and delays resistance development.
2) Diversify modes of action used: Rotating MoAs lessens
selection pressure. In order to successfully diversify chemistry,
rotate among MoAs, not just active ingredients (AI) within a
single MoA (Table 1). MoA classifications can be found on the
IRAC website, where a mobile app is also available.
3) Partition chemistry through space or time: Partitioning
chemistry is a way to arrange use to avoid spraying the same MoA
against an entire population (space) or against every generation of a
target pest (time). Partitioning the use of chemistry throughout the
agricultural landscape and through time creates refuges. Refuge
management preserves places or time periods where target insects
are not being exposed to a specific MoA. Without refuges
whiteflies are more likely to develop resistance to insecticides due
to repeated exposures.
Knowing when, where, and what is being treated and the MoAs
used is critical to effectively partition chemistries through space or
time. As a result, pest managers need information about
surrounding fields. If fields in your area are treated often with a
limited number of MoAs, whiteflies in your fields are at a higher
risk for developing resistance to the AIs within those MoAs (Fig.
2). Areas with high densities of whitefly-sprayed hosts (melons,
cotton, etc.) have higher risks of resistance. Avoid applying
insecticides with the same MoA to the same areas or consecutively
through time. As an advanced landscape management measure,
farmer-to-farmer communication and cross-commodity cooperation
are critical to all those involved in the industry.
Also See:
IRAC Website MoA Table: http://www.irac-online.org/modes-of-action/
IRAC MoA Mobile App: http://www.irac-online.org/moa-app-available-for-androidapple-devices/
A PDF of this publication is available on-line at:
http://ag.arizona.edu/crops/cotton/files/1stPrinciples.pdf
Any products, services, or organizations that are mentioned, shown, or indirectly implied in
this publication do not imply endorsement by the University of Arizona or USDA.

Figure 1. Research & development costs associated with bringing new products
to market are increasing at an alarming rate. The number of compounds screened
just to find and commercialize one product is also increasing along with the ever
present threat of resistance; adapted from Sparks, Pesticide Biochem. Phys. 2013.
Table 1. The major chemistries used in whitefly control in Arizona, organized by
mode of action (MoA)(IRAC name & number).
Mode of Action or
Active Ingredient
Example Products
Name & Group No.
beta-cyfluthrin, cyfluthrin,
Baythroid, Leverage 2.7
bifenthrin,
Brigade, Fanfare, Hero
esfenvalerate
Asana
fenpropathrin
Danitol
Pyrethroids
3A
lambda-cyhalothrin
Endigo, Warrior
permethrin
Pounce / Perm-Up
zeta-cypermethrin, cypermethrin
Mustang, Hero
acetamiprid
Assail / Intruder
clothianidin
Belay
dinotefuran
Scorpion / Venom
Neonicotinoids 4A
imidacloprid
Admire Pro, Leverage
thiamethoxam
Actara, Endigo

Juvenoid (IGR)
Chitin Inhibitor
(IGR)
Lipid Synthesis
Inhibitors
Diamides

7C

pyriproxyfen

Knack

16

buprofezin

Courier
Vetica

23

spiromesifen
spirotetramat
chlorantraniliprole
cyantraniliprole

Oberon
Movento
Coragen, Voliam Xpress
Exirel / Verimark

28
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Figure 2. Using previous insecticide use spray data, it may be possible to make
informed decisions in regards to what action needs to be taken for the current
year’s treatment plans. What was sprayed close to your field previously might
suggest reducing usage of MoA X, and switching to alternatives like MoA Z.
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From Peter’s Email:
1) We want them to be very familiar with and
comfortable with the terminology
“partitioning chemistry” and “refugia
management”, recognizing what this means
and how it is implemented conceptually, but
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