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IRAC MoA Classification IRAC MoA Classification Version: 10.1

Version: 10.1

7.2. The Classification Table IRAC MoA Classification Version 10.1, December 2021

See section 7.4 for further information on sub-groups.
See section 7.3 for criteria for descriptors of the quality of MoA information.
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IRAC MoA Classification Version 10.1, December 2021

See section 7.4 for further information on sub-groups.
See section 7.3 for critenia for descriptors of the quality of MoA information.
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Isafenphos, Isopropyl O-{methoxyaminothio- 4 aA
phosphoryl) salicylate, Isoxathion, Malathion, Neonicotinoids Acetamiprid, Clothianidin, Dinotefuran h H I H d
i i Nicotinic acetylcholine LA ot : . - -
mmt::;, noet’r:amzdog::: mﬂahon,me ceptor (NAChR) competitive #rgﬁ:::;npnd, :menpyram, Thiacloprid, tt pS . I ra C O n I n e . O rg m O e S
Oxydemeton-methyl, Parathion, Parathion- Thadulators a8 : .
methyl, Phenthoate, Phorate, Phosalone, Nerve action Nicotine Nicotine Of_ a Ct | O n /
Phosmet, Phosphamidon, Phoxim, Pirimiphos- TStioe) svidenca thiat action 4t
methyl, Profenofos, Propetamphos, Prothiofos, oneorf of this clas of 4C
Pyraclofos, Pyridaphenthion, Quinalphos, A isnrees aibi fo
Sulfotep, Tebupirimfos, Temephos, Terbufos, i‘:] cidal ponﬁ ) Sulfoximines Sulfoxaflor
Tetrachlorvinphos, Thiometon, Triazophos, e 0
JLOcakARID i Staoilon Butenolides Flupyradifurone
4E
2 2A Mesoionics Triflumezopyrim
GABA-gated chloride channel | Cvclodiene Chlordane, Endosulfan 4F
blockers Organochlorines Pyridylidenes Flupyrimin
Nerve action 2B 5
{Strong evidence that action at | Phenylpyrazoles Ethiprole, Fipronil Nicotinic acetylcholine Spinosyns Spinetoram, Spinosad
this protein is responsible for (Fiproles}) receptor (NAChR) allosteric
insecticidal effects} modulators — Site |
Nerve action
{Strong evidence that action at
one or more of this class of
protein is responsible for
insecticidal effects}

Serving and Supporting Extension Pesticide Safety Education



https://irac-online.org/
https://irac-online.org/modes-of-action/

NPSEC

C: Respiration
National Pesticide Safety Education Center

£1: comples | MADS Duido-seductiss
58y i

A: Nucleic Acids Metabolism
=1 I

FRAC Classification of Fungicides

Fungal control agents by cross resistance pattern and mode of action 2021 (www.frac.info)

FRAC
.- ) C: Respiration

G comples I Succinibe-dehydrogeniss
7 SO Qe Stlonganons e

FRAC — Fungicide Mode of

Action:
https://www.frac.info/

'|I -
AN D«:J’:m synithisis (prog.| - . n [ ] u . .
i—— Iopoiscine ase . [ ] T
#2%: caoc acin ! g
| : ‘ N
1 B 7, o ¥,
i > S i Membrane Integrity or Fi
Ex: sl 0 i E " [r— 2 " ot s i | Fa i
" =
. 2t )
y

D: Amino Acid and Protein

ik peoiin sysiesh [l
o sbegd [ i
| ne

= {1 -
M: Chemicals with Multi-Site Activity

P: Host Piant Defence Induction
P salicylote related 1 -B;.,..Lyh.ln sulaind [ Ps: .b'.ﬂ'ﬁﬂulusﬂ.-
L e — wicitors

[ Te———
[r— ]
% e
-
=]
— l i

P
= : :
| P8: microblel slciiors
=B (o %

G: Sterol Biosynthesis in Membranes
G2A™ reduciase and A" 3" scomerase i swrol

biosyals (evgd ey 4]
8§ doniran e airan ) (881 B

P2 salicylate related
e |

Unknown Mode of Action

DEOESES
foaiee

Serving and Supporting Extension Pesticide Safety Education

G4 squskens epoxidase i
aharod Beaysiasis. fergT)
L )



https://www.frac.info/

NPSEC
PATHOGEN RISK LIST (Sept 2019) &7

Plant pathogens accepted as showing a high risk of development of
resistance to fungicides:

e Botrytis cinerea various, especially grapevine grey mold
e Plasmopara viticola  grapevine downy mildew

Plant pathogens accepted as showing a medium risk of development of
resistance to fungicides:

e Erysiphe necator grapevine powdery mildew

Risk list - https://www.frac.info/docs/default-source/publications/pathogen-risk/frac-pathogen-list-2019.pdf
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When the pathogen risk 1s plotted against the inherent resistance risk of the fungicide class, the

combined resistance risk for each pathogen/fungicide combination can be estimated (Figure 1).

Figure 1: Combined resistance risk diagram based on inherent fungicide risk and inherent pathogen
risk (* only most important classes and groups mentioned) (according to FRAC Monograph No. 2,
by K.J. Brent and D.W. Hollomon, 2007, ** SDHI fungicides have been moved from medium to

medum to high risk)
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How Pests Develop Resistance

Figure 1.4 Pesticide resistance
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CHAPTER 1

National Pesticide Applicator Certification Core Manual
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Midwest Fruit Pest Management Guide 2021-2022

https://ag.purdue.edu/hla/hort/documents/id-465.pdf

Grape Bud Break to Pre-bloom — Diseases

Notes on disease management

.

Begin fungicide applications at 1-3 inch new shoot
growth; repeat at 7-10 day intervals or according to
label instructions and environmental conditions.

Powdery mildew: Primary infections of powdery
mildew can occur during this period. Adding a FRAC
3 fungicides (Cevya, Mettle, Procure, Rally, Tebuzol)
in the third or fourth spray during this time period
improves control of powdery mildew and black rot.

Fungicide Resistance Alert

The downy and powdery mildew pathogens are
especially prone to fungicide resistance. Avoid back-
to-back applications of any one systemic fungicide
class. See Fungicide Resistance Management, page
140, for information about fungicide resistance
development in powdery and downy mildews. See
generic fungicides table for product with the same
active ingredient, page 218.

Avoid using fungicides in FRAC group 7 or 11 during
this period.

Phytotoxicity Alert

<

« Inspire Super, Quadris Top, and Revus Top all contain

the active ingredient difenoconazole. All fungicides
with difenoconazole labeled for grapes have the
following precaution:“On V. labrusca, V. labrusca
hybrids, and other non-vinifera hybrids where
sensitivity is not known, the use of Inspire Super,
Quadris Top, or Revus Top by itself or in tank mixes
with materials that may increase uptake (adjuvants,
foliar fertilizers) may result in leaf burning or other
phytotoxic effects.”

+ Revus Top cannot be used on Concord, Concord
Seedless, and Thomcord grapes.

Flint 50WG should not be applied to Concord or
other American type grapes, as injury may occur.

« Luna Experience is labeled for wine grapes only and
should not be used on Concord grapes.

« Pristine should not be applied to Concord or other
American-type grapes, as injury may occur.

Foundation program: This program contains products

that are at a lower risk of resistance and serves as
foundation for a grape disease management program

Serving and Supporting Extension Pesticide Safety Education
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Foundation Fungicide Program for Early Season Control of Grape Diseases'

«
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Product and formulation Downy Powdery REI* Max amt®
Active ingredient FRAC Black rot mildew  Phomopsis  mildew PHP Max app®
Captan 80 WDG M3 1.2-2.51b. 1.2-2.51h. 1.2-2.51b. 1.2-2.51b. 48h 12 1b.
captan F G E i 0d NA
Microthiol Disperss M X X 3-10Ih. 3-10Ib. 12h NA
sulfur X X F E 0d NA
Ridomil Gold Copper 4+M X 21b. X X 48h 8 Ib.
mefanoxam + Copper Hydroxide X E X X 42d 4
Ridomil Gold MZ 4+M X 2.51b. X X 48h 101b.
mefenoxam + mancozeb X E X X 66d 4
Roper DF Rainshield M 1.5-4 b, 1.5-4b. 1.5-4 |b. X 24h 24 |b.
mancozeb E E E X 66d 6
E =excellent control G =good control  F =fair control  [r] = fungicide/insecticide resistance possible s = suppression only i=ineffective u=unknown efficacy

X = pest not on the label
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Effectiveness of Pesticides for Control of Grape Diseases — Bud Break to Pre-Bloom' (continued)

Product and formulation Downy Powdery Max amt®
Active ingredient FRAC? Black rot mildew  Phomopsis  mildew Max app®
Topsin-MWSB 1 0.7-1.51b. X 0.7-1.51b. 0.7-1.51b. 48h 6 1b.
thiophanate methyl F X G E 7d NA
Torino (SC) U6 X X X 340z 4h 6.8 0z.
cyflufenamid X X X E 3d Tor2
Vangard WG (75WG) 9 X X X See label 12h 30 0z.
cyprodinil X X X S 7d See label
Vivando (2.5F) U8 X X X 10.3-15.41.0z. 12h 42.61. oz.
metrafenone X X X E 14d 3
Zampro 45 + 40 X 11-1411. oz. X X 12h 56 fl. oz.
ametoctradin + dimethomorph X E X X 14d NA
Ziram 76DF M 3-41b. 3-41b. 3-41b. X 48h 28 |b.
ziram E G G X 21d NA
E =excellent control G =good control  F=fair control [r] = fungicide/insecticide resistance possible s =suppressiononly i=ineffective u=unknown efficacy

X = pest not on the label

Serving and Supporting Extension Pesticide Safety Education
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MEFENOXAM | GROUP ﬁ FUNGICIDE

—
R i d om i I G OI d ® MANCOZEB | GROUP [Y0%] FUNGICIDE
Active Ingredients:
MEWS MIONONAIN . o e R SR R P e 4.0%
Mancozeb: A coordination product of zinc ion and
Manganese ethylene bisdithiocarbamate** .......... 64.0%
in which the ingredients are:
MANOANEBETY .\ coinuv nvnevannne cnnenmaess 12.8%
11 BING 0520 L s dt e R S s v s 1.6%
Fu n g ICI de Ethylene bisdithiocarbamate ion
For the control of certain diseases of cucumbers, (CHgNSY v, 49.6%
melons, summer squash, grapes, onions, Other Ingredients: 32.0%
potatoes, sugar beets, and tomatoes ol T00.0%
KEEP OUT OF REACH OF CHILDREN. *CAS Nos. 70630-17-0 and 69516-34-3

**Same as the active ingredient found in Dithane® M-45

CAUTI 0 N and Manzate® 200.

directions for use inside booklet. mefenoxam and 0.64 Ib of mancozeb per pound of product.

EPA Reg. No. 100-1269 EPA Est. 054675-MEX-001

5 pounds Product of France
Net Weight SCP 1269A-L1F 1119 4115038
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To delay fungicide resistance, take one or more of the following steps:

Rotate the use of Ridomil Gold MZ WG or other Group 4 fungicides and Group M03 fungicide within a growing season
sequence with different groups that control the same pathogens.

Use tank mixtures with fungicide from a different group that are equally effective on the target pest when such use is
permitted. Use at least the minimum application rate as labeled by the manufacturer.

Adopt an integrated disease management program for fungicide use that includes scouting, uses historical information
related to pesticide use, and crop rotation, and which considers host plant resistance, impact of environmental conditions
on disease development, disease thresholds, as well as cultural, biological and other chemical control practices.

Where possible, make use of predictive disease models to effectively time fungicide applications. Note that using predictive
models alone is not sufficient to manage resistance.

Monitor treated fungal populations for resistance development.

Contact your local extension specialist or certified crop advisor for any additional pesticide resistance-management and/or
IPM recommendations for specific crops and pathogens.

For further information or to report suspected resistance contact Syngenta at 1-866-Syngent(a) (866-796-4368). You can
also contact your pesticide distributor or university extension specialist to report resistance.

Serving and Supporting Extension Pesticide Safety Education
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Managing Know your pest — Pest ID

fo r What is the pest severity - do you need to treat?

R ' t What are the environmental conditions now and in the near
e S I S a n C e future — will these reduce or increase the pest damage

Is the product [abeled for the pest and labeled for the crop
READ the LABEL

Ta ke H O m e What is the Mode of Action (MoA)?
M e S S a g e S Alternate products having different MoAs!
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2. All Sprayer type
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Sprayers

Apply properly
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Sprayer type

* FABE-533: Sprayers for Effective Pesticide
Application in Orchards and
Vineyards https://ohioline.osu.edu/factsheet/fabe-533

* FABE-538: Advancements in Technology for ﬁh '
Effective Spraying in Orchards and I - § 3
Vineyards https://ohioline.osu.edu/factsheet/fabe-53 _ J

e Airblast 101 Your Guide to Effective and

Efficient Spraying
https://sprayers101.com/airblast101/

- Effective and efficient Sﬁraying in vineyards and orchards fact
sheets - Erdal Ozkan, Ohio State University Extension

- Aiblast 101(Deveau, Ledebuhr, Manketelow)

Serving and Supporting Extension Pesticide Safety Education
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Airblast 101 BHINRE S0,

Your Guide to Effective and Efficient Spraying

SECOND EDITION
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Nozzles

* FABE-534: Selecting the Right Type and Size of Nozzles for Effective Spraying in
Orchards and Vineyards https://ohioline.osu.edu/factsheet/fabe-534

:_ = | g; ‘
_L88_8088888

- Effective and efficient spraying in vineyards and orchards fact sheets - Erdal Ozkan, Ohio State University Extension
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SPRAY EQUIPMENT

Nozzles

* Equip sprayers with nozzles that provide accurate and uniform application.

o Nozzles should be the same size and uniformly spaced across the boom.

o (Calibrate sprayer before use.

 |tis suggested that screens be used to protect the pump and to prevent nozzles from clogging.
* Screens placed on suction side of pump should be 16-mesh or coarser.

* Do not place a screen in the recirculation line.

o Use 50-mesh or coarser screens between the pump and boom, and where required, at the nozzles.
¢ Check nozzle manufacturer’s recommendations.

Serving and Supporting Extension Pesticide Safety Education
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Calibration

 Air Blast Sprayer calibration - https://youtu.be/NYbVtoP-C4M

* FABE-537: Calibration of Orchard and Vineyard Sprayers https://ohioline.osu.edu/factsheet/fabe-539

- George Hamilton — University of New Hampshire

- Effective and efficient spraying in vineyards and orchards fact sheets - Erdal Ozkan, Ohio State University Extension
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PRODUCT USE INSTRUCTIONS

Application: Thorough coverage is necessary to provide good disease control. Make up
no more spray solution than is needed for application. Avoid spray overlap, as crop injury
may occur.

Efficacy: Under certain conditions conducive to extended infection periods, use another
reélstered fungicide for additional applications if maximum amount of Ridomil Gold MZ
WG has been used. If resistant isolates to Group 4 fungicides are present, efficacy can be

reduced.

Crop Tolerance: Plant tolerance has been found acceptable for all crops on the label,
however, not all possible tank-mix combinations have been tested under all conditions.
When possible, it is recommended to test the combinations on a small portion of the
crop to ensure a phytotoxic response will not occur as a result of application.

IPM: Ridomil Gold MZ WG should be integrated into an overall disease and pest
management strategy (IPM) whenever the use of a fungicide is required. Cultural
practices known to reduce disease development should be followed. Consult your local
agricultural authorities for additional IPM strategies established for your area.

Serving and Supporting Extension Pesticide Safety Education
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Apply properly

* FABE-536: Strategies to Maximize Pesticide

Deposit and Coverage for Effective Spraying in
Orchards and
Vineyards https://ohioline.osu.edu/factsheet/fabe-536

* FABE-539: Best Practices for Effective Spraying in
Orchards and
Vineyards https://ohioline.osu.edu/factsheet/fabe-539

* Quick Tips For Using Your Sprayers -

https://npsec.us/sprayers

- Effective and efficient spraying in vineyards and orchards fact sheets - Erdal Ozkan,
Ohio State University Extension

- George Hamilton — University of New Hampshire
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3. Worker Protection Standards ((NPSEC
(WPS)

AGRICULTURAL USE REQUIREMENTS

Use this product only in accordance with its labeling and with the Worker
Protection Standard, 40 CFR Part 170. This Standard contains
requirements for the protection of agricultural workers on farms, forests,
nurseries, and greenhouses, and handlers of agricultural pesticides. It
contains requirements for training, decontamination, notification, and
emergency assistance. It also contains specific instructions and
exceptions pertaining to the statements on this [abel about personal
protective equipment (PPE) and restricted-entry interval. The
requirements in this box only apply to uses of this product that are
covered by the Worker Protection'Standard (WPS).

Do not enter or allow worker entry into treated areas during the
restricted-entry interval (REI) of 48 hours.

Serving and Supporting Extension Pesticide Safety Education
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AGRICULTURAL USE REQUIREMENTS (continued)
PPE required for early entry to treated areas that is permitted under
the Worker Protection Standard and that involves contact with
anything that has been treated, such as plants, soil, or water is:
e Coveralls

e Shoes and socks
e Chemical-resistant gloves made of barrier laminate, butyl rubber >

14 mils, nitrile rubber > 14 mils, neoprene rubber = 14 mils, natural
rubber > 14 mils, polyethylene, polyvinyl chloride (PVC) = 14 mils, or
Viton® > 14 mils

Serving and Supporting Extension Pesticide Safety Education
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WPS Resources

NPSEC WPS resources - https://npsecstore.com/pages/perc-page

Serving and Supporting Extension Pesticide Safety Education
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Worker « NPSEC
Protection

Standards WPS Label requirements
(WPS)
WPS Compliance - Training,
Take Home Posting and Recordkeeping
Messages
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& Training

TN Department of Agriculture Online Pesticide
System -

(C&T)
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https://agriculture.tn.gov/default.asp
https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpsep.utk.edu%2F&data=04%7C01%7Cdhensley%40utk.edu%7C81cbee776e4e43ed2eeb08d9eff27fcb%7C515813d9717d45dd9eca9aa19c09d6f9%7C0%7C0%7C637804647080735303%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=%2FGUHKmMEI8PKnE0ThIvLWWDcun%2Bh3aNffGK3stmVHAA%3D&reserved=0

2 NPSEC
VESTA Resource Center VESTA \

IIIIIIIIIIIIIIIIIIII
CCCCCCCCCCCCCCCCCCCCCCCCCCCC

* Repository for the Grape and * Collaborative Alliance:
Wine Industry * Universities
¢ Community Colleges
* Grape and Wine Industry
* Grape and Wine Associations
* Viticulture and Enology Programs

* Integrates the resources of
V&E alliance organizations

* Promotes the Grape and Wine  « partnership to advance

Industry Registered Apprenticeships to
increase the GWI workforce

Serving and Supporting Extension Pesticide Safety Education
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National Pesticide Safety Education Center
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* Nationwide V&E Programs * Scholarships

* Grape and Wine Industry * Grant funding sources
Associations e Continuing Education for

* Webinars Faculty

* Publications * Mentoring for 2-year Colleges

* Newsletters
* Workforce Development Tools
* VESTA educational courses * New Website Launch May 2022
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VE STA Exhibit Booth 36
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Access this presentation at:
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