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To 1/3 Tng maykooulag apaymwyng YAveTal ptv T
OUYKOLU10T] AOY® TTPOCOA®YV QIT0 (PUTOTAPACLTA
To 2005 exkTiunOnke 0T1 N (NUIA AOYW TNG
avBektikotnTag avnABe oe 1,5 O1¢ $!

BaolAldg e avOekTikOTNTAC OTOVC LUKNTEC E1VAL O
Botpunc:
'Exel avlekTikotnTa o€ 15 O1aPOPETIKEC OUAOEC LUK TOKTOVOV

Bpebnke avBektikotnTa 08 7 S10pOPETIKNC OPACNC OUAOES
LUKNTOKTOVWYV O€ €va oTeEAEYOC!



ITolroTikn avbektikoTnTA

'Otav o mANOvopog Tov TaBoyovou meplEXel No resistance

elte evaloOnta, eite avOekTcd ATopa. (baseline population)
AvTo ovuPaivel otav exovue
avOektikotTnTa 0T0)X0V. H avBekTikotnta
JTEPVAEL OTOVE ATTOYOVOUC Kal 0 TTANOvouog
ylvetal avOekTikoc.

Qualitative resistance

'Otav o mAnBvouog tov maboyovov £xel eva

evpog avOektikotntag. H xpron tov Quantitative resistance

LLUKT TOKTOVOU OTAO1aKA 001 YEL OAO TOV /\
ANBvouo oe kKataoTaoTn avlekTIKOTNTAG
KAl TO (papuako kadiotatat \ /

AVAITOTEAECUATIKO Sensitive 5 Value Resistant

IToooTikn avOekTikOTNTA

Frequency in population
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QUALITATIVE RESISTANCE BUILD-UP

Initial population Selection Repeated application
OO S B OW | i e e e e i s B R R e e e T sy St of the same fungicide
naturally occurring or class of fungicide
fungicide resistant Surviving Surviving Population results in predominantly
mutants individuals individuals recovery resistant populations
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Sensitive individuals disappear = - e e e e cccccmcc e crrrrcr e m . p Resistant individuals increasingly appear

7 .

O Fungicide sensitive individual » Fungicide application
. Fungicide resistant individual =) Regeneration

Qualitative resistance: Pathogen population changing from a sensitive pathogen strain 1o an insansitive pathogen strain. (Modifiad from Hewitt, 1898)




QUANTITATIVE RESISTANCE BUILD-UP

Initial population Selection Repeated application
containe I N dUale: o i i S S A i e e e e -»> of the same fungicide
with a range of or class of fungicide
fungicide sensitivities Surviving Population Surviving Population results in an increasingly

individuals recovery individuals recovery insensitive population
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Sensitive individuals disappear = - - e e e cccccccc i c i crrr e crr e m .- > Individuals with moderate and
high degrees of resistance appear

O Fungicide sensitive individual @ Moderately insensitive individual =8 Fungicide application
@ Mildly insensitive individual . Highly insensitive individual » Regeneration

Quantitative resistance: Pathogan population with a range of sensitivity shifting to insansaive over tme. (Modified from Hawitt, 1998)
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Fungicide choice - Reduce applications

s f
o AN
SIS - TN -0
7§ AR { AN AR
T AN, (6 O A T S i 7 5 8 T WA SR

Mixtures ‘altematifms \ / | Dise::::;istam
e g Y ¥

" Resistance
management

Optimal dose rates




Aiaxeipion AVBEKTIKOTNTOC:

s MeyioToc apifuoc epapuoyav 2-3 avd kaAficpyntikn nepiodo avdAoya UE TIC KOARIEDYEIEE.
s ANOPUYETE TIC OUVEXOUEVES EOPUOYEC uE Ortiva 25 5C.

»No yiveral pia sgpapupoyn Ortiva 25 S5C kaBs 3 neufaceic.

Mzeta tov Yekaopo pe Ortiva 25 SC va akofouBouv ENEURACEIC UE HUKNTOKTOVA OPETIKOU

tpdnou dpaonc. Na napaderyua, evaffayn tou Ortiva 25 SC UE TO WUKNTOKTOV NOU EXOUV 0OV

Spactikn oudia ta kresoxim methyl, famoxadone, fenamidone, picoxystrobin, pyraclostrobin, tri-

floxystrobin, fluoxastrobin, metominastrobin, orysastrobin, dimaxystrobin & o enestroburin, Gev

EMTpENETal. N EvaARaYEC CUVEXIZOVTOI LE TNV IS0 CEING Kol OTIC akoAouBoUosc KOAMEDYEIEL.
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Xpnon Wyuatoy ya:
BeATI®OT ATTOTEAECUATIKOTNTAC
'EAeyyoc tne acBevelag oe 1on vmapyovoa aviektikotnta
Alayeiplon e avlekTikoTnTag

20N 0n ulypata: EKAEKTIKI KAl JIPOOTATEVTIKN O.0.

[TAEOV: OVO EKAEKTIKEC, AVAYKN O1QXEIPIONC KIVOUVOU
avanmtuéne avlekTikotnTag



FRAC: Fungicide Resistance Action Committee
http://www.frac.info/home



http://www.frac.info/home
https://www.frac.info/images/default-source/home/poster-logo2.jpg?sfvrsn=7a64499a_2

Tpomog 6pAoNC LUK TOKTOVOU
IIpoCAPUOOTIKOTNTA TV AVOEKTIKWV OTEAEXWV
ITieon emAoync

ITep1ParrovTikee ovvOnkec



Kivouvoc avamtuéne aviektikotntag

O

» Tpelg xatnyopieg
O XaunAov Kivouvou
o Meoov Kivouvou
o YynAov kivovvov

* ZUVOLACUOC KIVOUV®V
O MUKNTOKTOVOU
o ITaBoyovov

O Aypovouikov Kivouvou
« ITeproym kAt TpOTTOC EPAPLOYT)S, TTOIKIALA, coapoTnTa TPOCoANg
« AoTtaOunTog TapayovTag




Katnyopieg ktvouvov avamtuéng aviektikotntag
ue faon Tov unYaviopo 0paong

» Tpelg katnyopieg KIvOUVOL
O YynAov: evpemg 61a0e00UEVT] KAl OT)UAVTIKT) UEIWOT] TNG
QUTOTEAEOUATIKOTNTAC UETA ATTO PUEPTKA XPOVIA XPTIONG
O Méoov: pelwon NS AMOTEAECUATIKOTITAC 08 UEPTKEC
TTEPUITWOELG KAL O€ TTEPIOPIOUEVT] EKTAOT
O XaunAov: ueiwon Tng AMOTEAECUATIKOTITAC T) ELPAVIOT
aAvOEKTIK®WV OTEAEXMV OTTAVIA 1] ATTOVOA LETA AITO TTOAAQ

XPOVia XPT|oNG




YynAov kivovvou: fevqiuoadoMka, parvuAauion,
atvulokapPaudika, avaioya tng OTPOUTIAOVPIVIG

Meoouv mpog vtpg)\of): OwapPo&dka, TapeUITOO10TES TNG
NAEKTPIKIIC APLOPOYOVAOTIC

Meoov kivovvov: DMIs, 2-apvo-mupiuidiveg,
AVIAIVOTTUPIUIOTVEC, cymoxaml fenhexamid, quinoxyfen

XaunAov TTpog HEGOV: PAVUAOTTUPPOAIKA, APWUATIKOL
vopoyovavOpakeg, kapapdika

Xaunhov xvovvou: Chlorothalonil, yaAkovya,
O10ekapPaudika, fosetyl-Al, (pea}\lm&a Oelovya


https://www.frac.info/docs/default-source/publications/frac-code-list/frac-code-list-2022--final.pdf?sfvrsn=b6024e9a_2

Emxiwvovvotnta maboyovov va avamtocel
avOekTikoTnTA

O

» Baoiletan oe avagpopeg kat eumeipla

» O kivOvvog avéavetal Ue
M1xpO 10A0Y1KO KUKAO
YynAn S1a0mopa otopimv 0TO XWPO KAl XPOVO
MeiwUEVO KOOTOC TPOCAPUOCTIKOTITAC

» Kivouvoc vypnAog otav 1 avOekTikoTnTa EUPAVIOTEL LETA
QITO UEPTKA X POVIA XPTIONG

e https://www.frac.info/docs/default-
source/publications/pathogen-risk/frac-pathogen-list-
2019.pdf



https://www.frac.info/docs/default-source/publications/pathogen-risk/frac-pathogen-list-2019.pdf

[Tapaodetypata

» Q1610 O1TNPWV: LYPNAOU
KIvOUVOU, avOeKTIKOTNTA O
2-5 YPOV1a O€ TTOAAEC OLAOEC

LUK TOKTOV®V

* YKOPLOOTN OLTNP®V: YOUNAOV
KIvOUvVov, kaBoAov 1 pikpn
avOEKTIKOTNTA EMEITA ATTO
25 ypovia ypnone DMIs

O




Alternaria alternata
Botrytis cinerea
Blumeria graminis
Corynespora cassiicola
Dydimella bryoniae
Mycosphaerella fijiensis
Plasmopara viticola

Pseudoperonospora
cubensis

Pyricularia oryzae
Ramularia collo-cygni
Sphaerotheca fuliginea
Podosphaera xanthii
Venturia inaequalis



Alternaria solani
Ascochyta pisi
Bipolaris maydis
Bremia lactucae
Cercospora beticola

Colletotrichum
gloeosporoides

Leveillula taurica
Microdochium nivale
Monilinia spp.
Mycosphaerella graminicola
Mycovellosiella nattrassii
Oculimacula spp.
Penicillium digitatum
Penicillium expansum

Peronospora spp.
Pestalotiopsis longiseta
Phyllosticta citricarpa
Phytophthora infestans
Pseudoperonospora humuli
Pyrenophora teres
Sclerotinia homoeocarpa
Setosphaeria turcica
Sphaerotheca macularis
Stemphylium vesicarium
Venturia carpophila
Venturia cerasi

Venturia nashicola
Venturia pirina



Cochliobolus miyabeanus
Fusarium spp.
Guignardia bidwellii
Helminthosporium solani
Hemileia vastatrix

Leptosphaera
(=Stagonospora) nodorum

Neofabraea spp.
Phakopsora pachyrhizi
Phomopsis viticola
Phytophthora cactorum

Podosphaera leucotricha
Puccinia spp.

Pythium spp.
Rhizoctonia spp.
Rhynchosporium secalis
Sclerotinia sclerotiorum
Sclerotium spp.
Taphrina deformans
Tilletia spp.

Ustilago spp.



Alwaypappua
oLVVOLACTIKOV
KIvouvvov 1:
Katnyopia
MUK TOKTOVOU
Kat e180¢
maboyovov

Fungicide Fungicide

Classes * Risk Combined Risk

benzimidazoles

dicarboximides

phenylamides high =3 3 6 9

Qol fungicides

SDHI fungicides**

SBI fungicides

anilinopyrimidines medium = 2 2 4 6

phenylpyrroles

phosphorothiolates

multi site fungicides

(e.g. dithiocarbamates

Copper, Sulphur) low =1 1 2 3

MBI-R inhibitors

SAR inducers

Pathogen risk —p low = 1 medium = 2 high = 3
seed borne Rhynchosporium Blumeria graminis
pathogens (e.g. commune Botrytis cinerea
Pyrenophora spp. | Zymoseptoria tritici | Penicillium spp.
Ustilago spp.) Oculimacula spp. Pyricularia orvzae
soil-borne Venturia
pathogens (e.g. inaequalis
Phytophthora Pseudocercospora
* spp.) fijiensis
Pathogen groups * —p rust fungi

Rhizoctonia spp.




AoTtaOunTtol mapayovTeg: E0APOKAILATIKEG OLVONKEC
TLEPLOXNG

KaA\iepynTikeg mpakTikeg: Alstavon, apogvon,
AVOEKTIKOTNTA TTOTKIAIWV

Tpomocg epapuoyng: 600elg, LeECOO1A0THUATA

YoPapotnta tpoofoAnc otnv mePLoyn



Awaypaupa
oLVVOLACTIKOV
KIvOuvvov 2:
Katnyopia
MUK TOKTOVOU,
e1do¢
maboyovov kau

AYPOVOULKOC
Kivouvvoc

Fungicide Fungicide . . Agronomic
Classes * Risk Combined Risk v " Risk
benzimidazoles
dicarboximides 6 12 18 high =1
phcnylan?it}cs high =6 3 6 9 medium = 0.5
Qol fungicides 1.5 3 4.5 low =0.25
SDHI fungicides**
SBI fungicides 4 8 12 high =1
anilinopyrimidines medium = 4 2 4 6 medium = 0.5
phenylpyrroles 1 2 3 low  =0.25
multi site fungicides .
(e.g. dithiocarbamates) | -1 1 2 3 hlgh' =1
MBI-R inhibitors ow = 0.5 1 L5 medium = 0.5
SAR inducers 0.25 0.5 0.75 low  =0.25
Pathogen risk —p low = 1 medium = 2 high =3

seed borne E. necator B. gr.rImI'm'.s

pathogens (e.g. G. fujikuori B. cinerea

Pyrenophorasp. | oculimacula sp. P. viticola

Ustilago sp.) R. commune F. oryzae

soil-bome P teres V. inaequalis

pathogens (e.g. 7. tritici P. fijiensis

Pathogen groups * —p Phytophthora sp.) | g, h:::::;eocmpa

rust fungi Monilinia sp.

Rh:zoc:foma SP- | Cercospora sp.

Fusarium sp. P. infestans

S. sclerotiorum




FRAC
Guideliness

Odnyieg Siayeiprong
KivOUvou avanmtuing
avOekTIKOTNTAG OTA
avaAoya Tng
OTPOUITIAOVPIVIG T)
aAwg Qol
TTAPEUTTOO10TEG

intermembrane space

mitochondrial matrix

The Qol Fungicides, the Rise and Fall of a
Successful Class of Agricultural Fungicides

Dolores Fernandez-Ortufio, Juan A. Torés,

Antonio de Vicente and Alejandro Pérez-Garcia

Instituto de Hortofruticultuva Subtropical y Mediterrdnea “La Mayora”,
Universidad de Milaga-Consejo Superior de Investigaciones Cientificas
(AHSM-UMA-CSIC)

Spain

Qol Guidelines: Vines
(updated Jan. 2015, no changes from 2014 season)

Apply @ maximum of 4 Qol fungicide containing sprays against any disease pervine crop, and a
maximum of 33% of the total number of applications.

Powdery mildew {Uncinufa necaror / Erysiphe necator)

1. Apply Qol fungicides according to manufacturers recommendations for the target disease at
the specific crop growth stage indicated. Effective disease management is a critical
parameter in delaying the build-up of resistant pathogen populations.

2. Apply a maximum of 2 Qol fungicide containing sprays targeted against powdery mildew per
vine crop, preferably in mixture (co-formulations or tank mixes) with effective mixture parners
from different cross-resistance groups.

3. Apply Qol fungicides preventively.

4. Qol fungicides used solo should be used in strict alternation with fungicides from a different
cross-resistance group.

5. Apply Qol fungicides used in mixture in a maximum of two consecutive applications in
alternation with fungicides from a different cross-resistance group. In areas where
resistance has been confirmed, apply Qi l fungicides in strict alternation and in mixture with
an effective partner.

Downy mildew (Flasmopara viticola)

1. Apply Qol fungicides according to manufacturers recommendations for the target disease at
the specific crop growth stage indicated. Effective disease management is a critical
parameter in delaying the build-up of resistant pathogen populations.

2. Apply Qol fungicides preventively.

3. Apply a maximum of 3 Qol fungicide containing sprays targeted against downy mildew per
vine crop, only in mixture with effective partners from different cross-resistance groups.

4. Apply Qol fungicides in single or block application in alternation with fungicides from a
different cross-resistance group.




OONnyleg - AVIAIVOTTUPIUIONIVEC

FRAC Recommendations for AP fungicides cH
3

General Use Recommendations (all crops) XN
| /)\
HC” N N
H

Specific Recommendations by Pathogens

Botrytis Guidelines

e Where up to three treatments are made per season, the number of applications of AP-containing products is limited to one.

e In situations where four to six Botrytis treatments are made per crop and season, a maximum of two applications with AP-containing products are
recommended.

e |n specific situations where seven or more Botrytis treatments are required per crop and season, a maximum of three applications with AP-containing

products is recommended and not more than two consecutive applications.

® For specific crops and products, follow use recommendations of individual companies.

Venturia Guidelines

e Apply a maximum of four AP-containing products per season.
® |n locations where resistance has been reported, use APs only in a mixture with an effective non-cross-resistant scab fungicide.
* |ndividual products should always be used at recommended dose rates and during the period when they are most effective.

® Curative use only in conjunction with reliable scab warning systems.




