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WHY IT MATTERS

ORIGINAL ARTICLE @ OpenAccess & ® @
New Mechanisms of Resistance to CAA and OSBPI Fungicides
in Phytophthora infestans

Stefano F. F. Torriani, Maya Waldner-Zulauf, ]irg Wullschleger, Luca Cornetti, Mathias Blum,
Marine Blondel, Myriam Van Hecke, Stefan Dragos, Lorenzo Borghi 524

First published: 16 November 2025 | https://doi.org/10.1111/ppa.70086 | ~* VIEW METRICS

Early blight and several key potato pests have a high resistance risk
Sensitivity can change rapidly under repeated selection pressure

Resistance is already affecting options here and overseas
QFﬂﬂﬂngfess
Texas entomologists testing potato psyllids for insecticide

resistance

New methods needed for psyllid controllnsecticide resistance identified

Very few new modes of action being registered
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WHAT’S REQUIRED BY INDUSTRY

Proactive resistance management
Raising awareness amongst growers

Industry-wide agreement on the key rules
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WHAT’S HAPPENING IN NZ CONTEXT

7\, Pesticide Resistance Strategies
Historically, the NZ Plant Protection Society has been a wealth of information, guided by a e fesland Flant Protection Society (ine

volunteer committee. Less active in recent years — some info now missing/outdated

A Lighter Touch has been involved in reinvigorating this space over the past few years, creating
some example case studies, updating several resistance management strategies and launched an

awareness campaign “Keep What Works Working” =
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The ongoing protection of chemistry for use in crop protection requires sector ownership
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TO USE

WHY R
ESISTANCE GUIDANCE CAN BE HARD

technically

heavy/wordy

Multiple sources of
information

Often a lack of

specific information
on product labels

Generic advice
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for the development of local resistance management programs-

Resistance management strategies have been further enhanced in order to be proactive and to prevent the occurrence of resistance to Qol fungicides developing

in other areas and pathogens: Specific guidelines by crop follow the general guidelines given here.
A fundamental principle that must be adhered to when applying resistance management otrategies for Qo! fungicides is that:

e The Qol fungicides (azoxystrobin, coumoxystrobin, dimoxystrobin, enoxastrobin, famoxadone, fenamidone, fenaminostrobin, Fluoxastrobin, flufenoxystrobin,
kresoxim-methyl, mandestrobin, metominostrobin, orysastrobin, pyraoxystrobin picoxystrobin, pyraclostrobin, pyrametastrobin, pyribencarb, triclopyricarb
trifloxystrobin) are in the same cross-resistance group; FRAC Code e
o The Qol fungicide in subgroup A (metyltetraprole), Code 1A fungicide, is not cross resistant with Code 11 fungicides in pathogens with G143A mutation-
« Fungicide programmes must deliver offective disease management- Apply Qol fungicide based products at effective rates and intervals according
to manufacturers recomrnendations. Effective disease management is a critical component to delay the build-up of resistant pathogen populations.

« The number of applications of Qol fungicide based products within a total disease management program must be Limited whether applied soloor in mixtures
with other fungicides.This limitation is inclusive to all Qol fungicides- Limitation of Qol fungicides within a spray programme provides time and space when
the pathogen population is not influenced by Qol fungicide selection pressure-

o Limitation of the total number of Qol applications is detailed in the specific croP recommendations. In consideration of the cross-resistance profile of

subgroups 11and

subgroup A (code 11A) are included in 2 spray program inagiven cropping season. All crop—specific recommendations will be regularly reviewed based on
sensitivity monitoring.

« A consequence of limitation of Qol fungicide based products is the need to use itin aspray program with effective fungicides from different cross-resistance
groups (refer to the specific croP recommendations)i

« Qol products, containing only the solo Qo! fungicide, should be used in single or block applications in alternation with fungicides from a different cross”

resistance

1A, the maximum allowed number of Ooi—containing sprays is increased by one, where both Qol fungicides (code 11) and Qol fungicides in

group: Specific recommendation on the number of consecutive treatments (size of blocks) is given for specific crops-
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A POTATO-SPECIFIC RESISTANCE
MANAGEMENT FRAMEWORK

Synthesise resistance management guidelines across fungicides, insecticides and herbicides into
one place

Translate generic recommendations into potato-specific guidance

Develop practical resources that support grower and advisor decision-making
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FUNGICIDE RESISTANCE MANAGEMENT GUIDELINES INSECTICIDE RESISTANCE MANAGEMENT GUIDELINES

Funglcide Resistance Managernent Guidalinas 23" InsectiCide ReSistance
. @ » Potatoes
At Risk Groups Management in Potatoes
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= MEDIUM TO HIGH RESISTANCE RISK
(rp] b I i - r r
o GROUP Cros=-resistance oceurs across all isted SDHF's Why this guide is needed
Q Active Ingredient{s) Regt d Productis) Reglstered Use(s) |Repeated use of the same insecticide group can select for resistant individuals within a pest population. Those survivers
[~ ) . _ reproduce, and over time the proportion of resistant insects can increase. This can Lead to reduced product performance,
m Pydiflumetafen Miravis* Early blight field control failures, and fawer affactive aptions for g rowers,
. Three ofthe main pests in potatoes have been noted as at risk of developing resistance, with resistance already evident
Penfluflen Emesto Prime Black skurf for certain broad-spectrum products in aphids and patate tuber math.
Sedaxane [7)+ Vibrance Premium Black shurf; silver skurf, black dot;
Fludioxonil {12) fusarium dry rot; gangrens; common scab
(suppression only)
Key Concepts of Insecticide Resistance Management
Group 7 Resistance Management Guidelines The following key concepts are based on IRAC guidance and have been adapted to support resistance management decisions in
Mew Zealand potate 5.
Careful management of SOHI ap plications is needed to protect this chemistry for use against early blig ht. £
- Limit SOHI us= and strictly follow resistance management guidelinas. The Window A "
- The window approach ensures that the same mode of action is not used across successive pest generations. In the case of potatoes,
w one window = one pest generation. In the summer months, one window would typically be between 15 and 30 days depending
g on the target pest, but this will be Longer during winter months. This can be achieved through several program designs, as
demaonstrated in the graphic below.
- === @hﬁ OTHER CONSIDERATIONS
(o] ] Dus to the high resistance risk
S Applyn mistore with an assocated with SOH fungicites, " c® c® Mok s
Max 3 apps Mo mare than effective fungicide from a off-label use is strongly discouraged. - n . PECCMMENDED
m per year** 2 consecutive different mode of action @ @ =
o ﬂo oo uo oo PECOMMENDED
o == Moky Eluweroe
MIRAVIS® - Early Blight Guldelines ® oo f e JR e | e LEL——

= Mirawis® should MOT be used in the Franklin area, where a loss of field control has been reported.

= Field performance indicates Miravis® is still effective in Canterbury and Matamata, in adherence with the following resistance
managemert guidelines:
= Lse in strict alteration within 2 protectant program before diseass ocours
= Always apply in 2 mixture with another effective fungicide partner registered for early blight

If a SDHI fumgiclde has been applied as an In-farrow and for seed treatment, the following should apply.

= The first foliar fungicide application should HOT be an SOHI active ingredient
= Amaximum of 2 MIRAVIS® foliar applications can be made during the season.

$3dIdIg43H

The key concepts are:

1 Do not apply insecticides with the same MoA in successive windows

2. Following a window of any MoA group, rotate to a window with adifferant Mod.
3. Ifpossible, retate even more than two Mods betwesn application windows
4,

** While current potate recommendations relate to potato use only, g rowers should be aware that repeated SOH| exposure across a Two applications of the same Mod insecticide are acceptable within a window. Make sure that the residual activity fits

erop rotation may contribute to everall resistance selection pressure. Always follow product label and EPA restrictions relating to within the window.
maximum ap plication frequency and re-use intervals. 5. Mwoid where possible rotating products in differemt sub-groups of the same Mod,
. The total exposure period of any one mode of action ‘active window' applied throughowt the crop oycle should not
- excead 508 ofthe crop cycle.
1
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What would help
VOu apply resistance
management in
oractice?
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EXAMPLES OF RESOURCES FROM OTHER INDUSTRIES

VWHITEFL?D‘ECISION MAKING TREE

Resistance survey for Monilinia sensitivity (from Elmer et al. 2019, Wood et al. 2025)

START HERE
. . Step 1: Select pestresistant vaieties
FRAC code | MOA group LELT Trade name o managemem Order seedlings and ¥
ingredient guidelines (2024) Gl sgentsulerand plan
methyl carbendazim Variouseg Low/Medium  1x application per season ‘Step 2:Plantandbegin tointroduce Encarso formosa ata ateof 1/m'week
1 benzimidazole Protek, Use during blessom period ‘Nl space out Engylotusnicatinge bankes plants at  rate of 1/M0m*
carbamates Prolific®, Chief only.
(MEC)
dicarboximide iprodione Rovral Aquaflo,  Low/Medium  3x applications per season
[=le] Ippon S00SC, Bestused asa
) Rapid 500 High preventative only. Do not Step3: ta rate of 1/ xthe verage number i
frequencyof  use where disease has Move barsker plant flowers knaded with Engytatus ricotingeto any holspats
reduced become established
sensitivity. preferred use peried is
pre-harvest 1-5 20+
ety Wty
d hylaticn  tebuconazole Various e.g. 2 licat i =
.. . lemethy 9. x applications per season
Fungicide resistance management for black spot 2024 o o) s o, S g
Hornet 4305C, growing season, either [ = . ]
: . . N . . Compass during flowering or pre- P
The best resistance management programme is a protective programme that results in no disease, rather a curative one. 2 harvest. Apply with an EE T
5 o oides it i eritieal ing s A fUngicide resiatanc N . N effective pratectant
To prolong the efficacy of at-risk fungicides it is critical industry follows a fungicide resistance management strategy: mng‘md;Do ot use DMIs 80% /m?n 80% Iﬂmm\)
against brown rot if amre \80 e \80%
resistance is suspected Lo = _,/
DMI = Flusilazole DMI's are under a lot of pressureand | e Minimise the number of applications. succinate boscalid + Pristine® Low/Medium 2% applications per season Q“"\'\ = l
» Difencconazole are showing ageneral decline in «  Maximum of2 applications per season not applied con: dehydrogenase  pyraclostrybin Preferably use ina = (
* Mefentrifluconazole efficacy over time due toresistance | o s targeting powdery mildew count towards total fc inhibitor [SDHI) SDHI actives  mixture If used alone, Mool
= Penconazole B development. Penconazole and = Ifapplying post infection event (curative), apply as clog + quinone have a apply in strict alternation Z— action at 3-4 day
ﬂus‘fawlelﬁe showing the gfeﬁaffﬂ o Avoid use after 30 Nov. 7471 outside medium fisk  with an effective iy inervs for 46
:f:s‘zi ;D;;;;::"i:‘;:j:';D:t?‘ftes o Apply ina mix with a multi-site fungicide atits full label inhibitors [Qol) protectant ﬁJngic\ded physialmode of mtm;::
b st LA o St i Pristine use restricted to acionspraysata 18 il
. pre-shuck fall in apricot, 4 dayimezrvalto
‘SDHI = Fluxapyroxad e Maximum of 4 SDHI's per season nectarine, pesch & olum bk i formasa
» Isopyrazam o Use SDHI's preventatively not post infection event. P P —_—
= Penthiopyrad 4 +  Alternateapplications with a different fungicide group SDHI + Gol fluopyram Luna® 2x applications per season o
Applyinamixwith a multi-site fungicide atits full label “trifloxystrobin ~ Sensation SDHlactives  Preferably use in a
o Useat full label rate and da nat apply if severe black spot nas pecome estapusnea e oo
AP = Cyprodinil Not typically used to target black spot. | Do not use APs in Nelson/Tasman for black spot contral.
= Pyrimethanil But will assist black spot control when | & Maximum of 2 applications per season.
2 applied for other pathogens. Highblack | & apply in a mix with a multi-site fungicide atits full label rate.
S:Ut fef‘ﬁﬂf‘w 10 APsis prevalentin «  Avoid consecutive applications where possible Window 1
the Nelson/Tasman region o Useat full label rate and do not apply if severe black spot has become established. - —
Qol = Trifloxystrobin Use not recommended for black spot
control due to widespread resistance o S P R AY 1 9 S PRAY 2 9 SPRAY 3 5 PRAY 4
= Dodine e Maxof4applications per season |
B e Nomore than 2 consecutive applications. [
*  Use at full label rate. m
*  Donot apply if severe black spot has become established.
Severe black spot establishment: per block: if » 1% of fruit or leaves areinfect. use at-risk fungicides with caution; if » 5 % fruit or leaves infected, do nat use at-risk fungicides. u |
Key black spot management practices that will reduce fungicide resistance developing:
B e T o 3 ey R EE G s ok e e EEs Window 1 starts Same MOA Rotate MOA Same new MOA [
2. Usingthe right chemical at the right time 4. Using sanitation treatments to reduce inoculum load N e T oy
IRAC Group 4A IRAC Group 4A IRAC Group 5 IRAC Group 5 |
\ J
Disclaimer: New Zealand Agplesand 4 skiland judgment toyou. Hawever. we do st any iabilty arising in contract, or in tortor - 4 -
atherwise) in respect of such information. Yo
cknowtegamenta ow 263l Inettuta for ik andFood Reseerch L e and project 16 1 Rt Boeefos ot comploin th naional sy ofungicid rsistance and p 72 industry.
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