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* Classic thought
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One Grower’s bane - Leafminers

Dow - Western Flower Thrips
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IRAC MOA - Modes of Action
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How does pesticide resistance occur?

Classic resistance cause
e It’s all in the genetics.

® ‘a heritable change in the sensitivity of a pest population
that 1s reflected in the repeated failure of a product to
achieve the expected level of control when used according

to the label recommendation for that pest species’.

Think another way
It’s in how much you apply and
how often you use the same products (cost?).




Liriomyza trifolii the serpentine leafminer




Liriomyza trifolii third instar on mums




Liriomyza trifolii infestation on gerbera




Percent Mortality

100 +

90 +

80 +

70 -

60 -

UCR 1 No Conserve use

SB 1 Occassional use of Conserve/year
SB 2 2640z of Conserve/year

SB 3 200z of Conserve/year

SB 4 3520z of Conserve/year

Orange and San Diego >11000z/year

LC50

50

40 -

30 ~

20 ~

10 ~

Orange &
San Diego
RR=>667

3
1000ppm

.

4000 ppm




Heavy infestations of
resistant leatminers

Mum grower - leatminers were >1000
fold resistant to spinosad

Gerbera grower - leatminers were >667
fold resistant to spinosad




Heavy infestations of
resistant leatminers

One year later both populations
were assayed again.

Unfortunately, there was no
change in the level of resistance for
either population.

However, one grower changed and the
other did not.
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Recent Assays

Thrips assays 24 hour mortality
Source Conserve Rate|Live Dead % Mortality
UTC 74
GROWER#1 50 45
Limonium 200 13

UTC 52

GROWER#2 50 0

Butterfly 200 0

UTC 96
GROWER#3 50 33
200 5

UTC
GROWER#4 50
Butterfl 200







Silverleat Whitefly




Q Biotype Resistance
First cases of

resistance to the
Neonicotinoid
Insecticides




View this slide at the IRAC web site: IRAC-online.org




Mean Number of Live Adults/Cage

Efficacy of Neonicotinoids Against Adult Whiteflies
after a 48 Hour Exposure

7 Ten Adults/Clipcage

One Clipcage/Plant
Three Plants/Treatment

Control Clothianidin Imidacloprid Dinotefuran = Thiamethoxam

Days Post Treatment 12




Efficacy Against ‘Q’

e Trials run on Q-Biotype from a commercial source
challenged by insecticides

« Effective active ingredients against the Q-Biotype to
date are the following:

* Dinotefuran (+Adults, Thiamethoxam?)
* Avid

 Avid+Talsar (+Adults)

» Pyridaben

» Spiromesifen
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Early Rotation

Schemes




CHEMICAL CLASS

Organochlorines (endosulfan)

Carbamates (carbaryl)
Organophosphates (chlorpyrifos)
Pyrethriods (permethrin)
Nicotinoids (imidacloprid)

IGRs (cyromazine)

Macrocyclic lactones (abamectin)

Oils/Soaps




NERVOUS SYSTEM

Dendrites

Receptors

NA+ and CL- channels

ACh and AChE




Modes of Action




MODE OF ACTION

* Nervous system

e Chloride (CL-) channel blocker
 Mimic or block neurotransmitter (ACh)
e Act on the sodium (NA™) channel

* Block AChE

o Suffocation

e Desiccation




MODE OF ACTION

« METI - Mitochondrial respiration
 Lipid synthesis inhibitor

* Insect growth regulators

 Chitin synthesis inhibitors

e Juvenile hormone mimics

Unknowns




NERVOUS SYSTEM




NERVOUS SYSTEM

MFQOs and Esterases




Basics of Rotation







MOA Group
21

6

25

10A

23

10A
21
21
10B
6

12

Akari

Contact miticide. Good coverage is important. Effective
on all stages of twospotted spider mites. Mites stop feed-

(fenpyroximate) ing and laying eggs once applied. Works fast with rapid Greenhouse.
knockdown
Controls spider mites and other insects. Translaminar. )
) Field crops,
Avid [ab Lk Works on adult and immatures but not eggs. Best results hade h
vid (abamectin) when applied before foliage is hardened off. Compatible shade house,
: . greenhouse.
with predatory mites.
Floramite Selective against spider mites. Good coverage is important. Nursery,
(bifenazate] Very compatible with predatory mites. Targets immature greenhouse,
and adult stages. The pH needs to be 7.0 or lower. landscape.
Controls various spider mites. Works on contact and
ingestion. No systemic activity. Does not kill adults.
mzzy?;:ii] Ovacide (kills eggs). Best used early season or early Nr:::ﬂ;use
Y infestation. Needs good spray coverage. Very compatible 9 '
with predatory mites.
Mite growth regulator (has insecticidal properties too). Nursery (field
Jude . Translaminar. Affects all life stages, including eggs. or container),
(spiromesifen) Check label for phytotoxicity issues. Can be slightly toxic greenhouse,

to some predatory mites.

shade house.

Ovation
(clofentezine)

Recommended one application per crop cycle. Activity
against eggs and immatures, not adults. Contact miticide.
Good coverage is important. Can be tank-mixed (see
label). Soft on beneficials

Nursery (field
or container),
greenhouse,
shade house

Controls various spider mites. Suggested one application

Sanmite per season. Best used on low infestafions. Immature mites Ou1du10r,

(pyridaben) are most susceptible. Not systemic but has some absorption ghrezn ﬁuse,
into leaf tissues. Moderately harmful to predatory mites. shade house.

Shuttle Contact miticide. Good coverage is important. Effective Nursery,
against mobile stages by contact and ingestion. Some greenhouse,

(acequinocyl)

activity on eggs. Impacts predatory mite species differently.

shade house.

Mite growth regulator. Activity against eggs and imma-

tures, not adults. Eggs laid by adulis will be sterile. Best Nursery,
TetraSan . N ] .

used early, before infestations are high. Translaminar. greenhouse,
(etoxazole) - ; .

Soft on beneficials. Toxic to predatory mite eggs. Slow shade house.

to see resulis but long lasting.

Broad-spectrum miticide. Same chemical class as Avid.
Ultiflora EC Contact miticide. Good coverage is important. Active on Ouidoor

(milbemectin)

all spider mite life stages. Reduced risk. Can be toxic to
predatory mites.

ornamentals.

Vendex
(fenbutatin-oxide)

Particularly effective against twospot. Soft on predatory
mites. Can be sensitive to some crops (check label).
Contact miticide. Good coverage is important. Should
be applied when average temperatures are above 70°F.

MNursery,
greenhouse,
landscape.

% Mot systemic but translaminar. As long as you get coverage on the top of the leaf, it will move to the bottom where mites live







A rotation for mites.

Contact miticide. Good coverage is important. Effective

Akari on all stages of twospotted spider mites. Mites stop feed- Greenhouse
(fenpyroximate) ing and laying eggs once applied. Works fast with rapid ’
e Save best for tough
Controls spider mites and other insects. Translaminar. ) g
Field craps,

Works on adult and immatures but not eggs. Best results

. . % b b
Avid {abamectin) when applied before foliage is hardened off. Compatible ;h:z:h}:ﬂ;:’ tl I I eS (AVld 0 JudO)

with predatory mites.

Selective against spider mites. Good coverage is important. Nursery,

Floramite

. Vi fible with predatory mites. Targets immat house, 2
(S R B ek st R o During cool fall and
winter, use softer

Conirols various spider mites. Works on contact and
ingestion. No systemic activity. Does not kill adults.

Hexygon DF ] ) Nursery,
(hexythiazox] IOvccn#e (kills eggs). Best used early season or early . greenhouse.
infestation. Needs good spray coverage. Very compatible ©
wih predetory i products (Soaps, oils,
Mite growth regulator (has insecticidal properties too). Nursery (field
Judo Translaminar. Affects all life stages, including eggs. or container), H yg I t )
(spiromesifen)* Check label for phytotoxicity issues. Can be slightly toxic greenhouse, eX On 9 e ras an *
to some predatory mites. shade house.
Recommended one application per crop cycle. Activity Nursery (field b
Ovation against eggs and immatures, not adults. Contact miticide. | or container), Durlng the War I er
(clofentezine) Good coverage is important. Can be tank-mixed (see greenhouse,
label). Soft on beneficials shade house h th
Controls various spider mites. Suggested one application ’
. . . . Qutdoar,
Sanmite per season. Best used on low infestations. Immature mites greenhouse .
(pyridaben) are most susceptible. Not systemic but has some absorption <hade house. more mlte

into leaf fissues. Moderately harmful to predatory mites.

Contact miticide. Good coverage is important. Effective Nursery, t. th
[S:;ﬂlzino 0 against mobile stages by contact and ingestion. Some greenhouse, genera lons 9 ra‘ er
quinocy aclivity on eggs. Impacts predatory mite species differently. | shade house. .
Mite growth regulator. Activity against eggs and imma- than lncrease the
TetraSan tures, not adults. Eggs laid by adults will be sterile. Best Nursery,

used early, before infestations are high. Translaminar. greenhouse,

(etoxazele]” ?oﬂ on beT1efEi?:S. ToTic;o predatory mite eggs. Slow shade house. frequency ° rotate
among IRAC MOA.

Broad-spectrum miticide. Same chemical class as Avid.
Ultiflora EC Contact milicide. Good coverage is important. Active on Qutdoor
(milbemectin) all spider mite life stages. Reduced risk. Can be toxic to ornamentals.
predatory mites.

Particularly effective against twospot. Soft on predatory

Vendex mites. Can be sensitive fo some crops (check label). Nr:res:&use
(fenbutatin-oxide) Contact miticide. Good coverage is important. Should g '
landscape.

be applied when average lemperatures are above 70°F.

% Mot systemic but translaminar. As leng as you get coverage on the top of the leaf, it will move to the bottom where mites live.




MOA Group
21

6

25

23

21
21

Akari

Contact miticide. Good coverage is important. Effective
on all stages of twospotted spider mites. Mites stop feed-

(fenpyroximate) ing and laying eggs once applied. Works fast with rapid Sl
knockdown
Controls spider mites and other insects. Translominar. )
i Field crops,
Avid (ab L ox Works on adult and immatures but not eggs. Best results hade h
vid (abamectin) when applied before foliage is hardened off. Compatible s :e:hoii;e’
with predatory mites. g )
Floramite Selective against spider mites. Good coverage is important. Nursery,
(bifenazate) Very compatible with predatory mites. Targets immature greenhouse,
and adult stages. The pH needs to be 7.0 or lower. landscape.
Controls various spider mites. Works on contact and
Hexygon DF ingestion. N.O systemic activity. Does not kill aduls. Nursery,
(hexythiazox) Ovacide (kills eggs). Best used early season or early reenhouse
Y infestation. Needs good spray coverage. Very compatible 9 '
with predatory mites.
Mite growth regulator (has insecticidal properties too). Nursery (field
Jude N Translaminar. Affects all life stages, including eggs. or container),
(spiromesifen) Check label for phytotoxicity issues. Can be slightly toxic greenhouse,

to some predatory mites.

shade house.

Ovation
(clofentezine)

Recommended one application per crop cycle. Activity
against eggs and immatures, not adults. Contact miticide.
Good coverage is important. Can be tank-mixed (see
label). Soft on beneficials

Nursery (field
or container),
greenhouse,
shade house

Controls various spider mites. Suggested one application

Sanmite per season. Best used on low infestations. Immature mites Or::irﬁgbse

(pyridaben) are most susceplible. Not systemic but has some absorption ?hcxc:le houst'a
into leaf tissues. Moderately harmful to predatory mites. :

Shuttle Contact miticide. Good coverage is important. Effective Nursery,
against mobile stages by contact and ingestion. Some greenhouse,

(acequinocyl)

activity on eggs. Impacts predatory mite species differently.

shade house.

TetraSan .
(etoxazole)

Mite growth regulator. Activity against eggs and imma-
tures, not adults. Eggs laid by adulis will be sterile. Best
used early, before infestations are high. Translaminar.
Soft on beneficials. Toxic to predatory mite eggs. Slow
to see results but long lasting.

MNursery,
greenhouse,
shade house.

Ultiflora EC
(milbemectin)

Broad-spectrum miticide. Same chemical class as Avid.
Contact miticide. Good coverage is important. Active on
all spider mite life stages. Reduced risk. Can be toxic to
predatory mites.

Outdoor

ornamentals.

Vendex
(fenbutatin-oxide)

Particularly effective against twospot. Soft on predatory
mites. Can be sensitive to some crops (check label).
Contact miticide. Good coverage is important. Should
be applied when average temperatures are above 70°F.

Nursery,
greenhouse,
landscape.

% Mot systemic but translaminar. As long as you get coverage on the top of the leaf, it will move to the bottom where mites live

Never use Avid or Judo,
Kontos unless
necessary.

Begin with one product
such as Floramite.
One week later,
switch to Shuttle,
then to Akari. Watch
the label and follow
IPM

recommendations

As temperatures rise and
populations increase,
tank mix products
that kill mobile
stages with those that
kill eggs such as:

Floramite plus Hexygon

Or plus TetraSan




OBSERVATIONS

Successful growers monitor their crop very
closely and treat hot spots. The products
they use are highly effective.

Growers that are less successful are treating

on a scheduled basis and usually tank mixing

more than one chemical class at one time.




Conclusions

Resistance Avoidance vs Resistance Management
Very effective new products
More to come

tetronic acid lipid synthesis inhibitors

numbered compounds
METI

Many companies going with softer chemicals




Avoiding Pesticide Resistance

Scouting

Early detection

Proper identification of the pest
Minimize frequency of application
Avoid tank mixes

Rotate the mode of action

Use a more integrated approach




Don’t be confused!

Don’t be confused between
resistance and poor coverage or
inability to contact the pest.







Where you find them
1S where you treat

Aphids - terminals and undersides of leaves
Leafminers - within leaf mines, adults all
Whitetlies - all stages undersides of leaves
Thrips - in tight spaces, buds and tflowers
Mites - undersides of leaves

Mealybugs - in crevasses or tight spaces

and covered in waxy coating




Resources
UCCE Web site

http://www ipm.ucdavis.edu/PMG/




Resources




Resources

IRAC - Insecticide Resistance Action Committee
IRAC-online.org




Resources

Syngenta and OHP have Chemical Class Charts
www .ohp.com/Labels_ MSDS/PDF/CCC_XI.pdf







