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La	Crescent	 MarqueBe	

Cul:var	Resistance:	Cornerstone	of	
Integrated	Disease	Management	









Downy	Mildew	(!"#$%&'&(#)*+,-&"#)!

•! W(.#<!-/(;!<(++!;(++%><*!%)!+*$*/*!-#+*+E!
•! M*++*/!#2(=).+!(Q!&%+*#+*!-#)!/*+=<.!%)!/*9*-:()!>R!

7%)*2#6*/+E!
•! X/*2#.=/*!&*Q(<%#:()!<*#&+!.(!
–! /*&=-*&!+=8#/!%)!>*//%*+E!!
–! /*&=-*&!7%).*/!3#/&%)*++!%)!>=&+!#)&!$%)*+E!

•! "4!-#)!&*$*<(;!very	quickly	&=/%)8!2%<&Y!/#%)R!
;*/%(&+!7%.3!*P.*)&*&!-<(=&!-($*/E!



Downy	Mildew	Disease	Cycle	

•! Z$*/7%).*/+!()!.3*!8/(=)&!%)!(<&!
<*#$*+!#)&!+(%<E!

•! J%/+.!%)Q*-:()+T![\!%)-3!/#%)!G!]^!(JE!
•! 1=-6*/+!(/!$(<=).**/!+**&<%)8+!(_*)!

.3*!`/+.!%)Q*-.*&Y!>*-#=+*!-<(+*!.(!

.3*!8/(=)&E!
•! J=/.3*/!%)Q*-:()+T!a!3(=/+!G!bb!(J!
•! "(/2#).!+;/#R+!3#$*!)(!*D*-.!()!

"4E!



Powdery	Mildew	(.(+$/'01)21-#3&())



Powdery	Mildew	Disease	Cycle	

•! "*$*<(;+!<#.*/!%)!.3*!+*#+()!.3#)!&(7)R!2%<&*7E!
•! 1;(/*+!&()B.!/*O=%/*!Q/**!7#.*/!.(!8*/2%)#.*Y!9=+.!

3%83!3=2%&%.RE!
•! "%+*#+*!Q#$(/*&!>R!3%83!3=2%&%.R!#)&!.*2;+!cd!.(!

d^!(JE!





Field	Trials	at	two	loca:ons	in	Wisconsin	

Cul:vars	
•! F/%#))#!
•! J/().*)#-!
•! J/().*)#-!8/%+!
•! M#!N/(++*!
•! M#!N/*+-*).!!
•! 4#/O=*5*!
•! 1.E!N/(%P!
•! ,#<%#).!

Diseases	rated		
•! "(7)R!2%<&*7!
•! X(7&*/R!2%<&*7!
•! F<#-6!/(.!/#.*&!

Ra:ng	=	%	canopy	diseased!
\!U!^e!
a!U!\!.(!a]e!
f!U!ac!.(!]^e!
g!U!2(/*!.3#)!]^e!
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Downy	Mildew	on	Leaves	in	2015	

WMARS	 PARS	

Similar	trends	in	2016	&	2017	



•! ,#<%#).!hi^e!&#2#8*&!>R!&(7)R!2%<&*7!%)!>(.3!
R*#/+!#.!>(.3!+%.*+E!

•! L(!&(7)R!2%<&*7!()!Q/=%.!(Q!(.3*/!-=<:$#/+!%)!
(=/!./%#<+!a^\]Y!a^\cY!a^\bE!

Downy	Mildew	on	Fruit	

MarqueBe	

Valiant	

Valiant	

Frontenac	







•! k<<!-=<:$#/+!3#&!X4!()!
Q/=%.!#)&S(/!/#-3%+E!

•! F/%#))#Y!J/().*)#-Y!
J/().*)#-!8/%+!2(+.!
+=+-*;:><*E!

•! N()+%+.*).!7%.3!Q(<%#/!
/#:)8+E!

!

Powdery	Mildew	on	Fruit	

X4!()!J/().*)#-!8/%+!
>*//%*+!

X4!()!F/%#))#!/#-3%+!



Powdery	Mildew	

F/%#))#ll!U!J/().*)#-l!U!!J/().*)#-!8/%+l	

4#/O=*5*l	

M#!N/(++*ll	

1.E!N/(%Pl	

M#!N/*+-*).!U!,#<%#).	

Suscep:ble	

Less	
suscep:ble	

lX4!;/%2#/%<R!()!/#-3%+*+!
llX4!()!>(.3!>*//%*+!#)&!/#-3%+*+!
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WMARS		 PARS	Black	Rot	on	
Leaves	2015	
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WMARS	 PARS	

WMARS	 PARS		

Black	Rot	on	
Leaves	2015	

Black	Rot	on	
Leaves	2016	



Black	Rot	on	Leaves	2017	

PARS	

Black rot on foliage at PARS 2017
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Black rot on foliage at WMARS 2017
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Black	Rot	on	Fruit	

•! 2015:	+-#5*/*&!/(.!()!,#<%#).Y!4#/O=*5*Y!
J/().*)#-Y!J/().*)#-!8/%+!

•! 2016:	Fm!()!a^!n!d^e!(Q!-<=+.*/+!(Q!,#<%#).Y!
4#/O=*5*Y!J/().*)#-Y!J/().*)#-!8/%+Y!M#N/(++*Y!!

•! 2017:	Fm!()!a]!n!\^^!e!(Q!-<=+.*/+!(Q!,#<%#).Y!
4#/O=*5*Y!J/().*)#-Y!J/().*)#-!8/%+Y!M#N/(++*Y!
1.E!N/(%PY!F/%#))#Y!#)&!M#N/*+-*).!!

:1;)52-01-<17=)8"#-<)(&3)85+"7$)>(&%)&21)/1#()
3&)301)21?3@)



Black	Rot	

,#<%#).!U!4#/O=*5*!
J/().*)#-!U!J/().*)#-!8/%+!
M#!N/(++*!
F/%#))#!U!1.E!N/(%P!
M#!N/*+-*).!

Suscep:ble	

Less	
suscep:ble	

F*//%*+!
3%83<R!
+=+-*;:><*!

M*#$*+!-#)!+=+.#%)!2%)(/!.(!2(&*/#.*!FmY!>=.!
7%)*2#6*/+!3#$*!$*/R!<(7!.(<*/#)-*!Q(/!&%+*#+*&!Q/=%.E!!



Phomopsis	Leaf	Spot	and	Fruit	Rot	
(!0&%&'$+$)*+,-&"#)	

2015	&	2016:	W/#-*!#2(=).+!
2017:	W/#-*!#2(=).+!()!+*$*/#<!
-=<:$#/+V!h!a]e!(Q!1.E!N/(%P!
<*#$*+!&%+*#+*&E!
!



Downy	mildew	 Powdery	mildew	 Black	rot	

,#<%#).Y!M#N/(++*! F/%#))#Y!
J/().*)#-Y!
J/().*)#-!8/%+!

,#<%#).Y!
4#/O=*5*!

M#!N/*+-*).! 4#/O=*5*! J/().*)#-Y!
J/().*)#-!8/%+!

1.E!N/(%P! M#!N/(++*! M#!N/(++*!
F/%#))#! 1.E!N/(%P! F/%#))#Y!

1.E!N/(%P!
J/().*)#-Y!
J/().*)#-!8/%+!

M#!N/*+-*).Y!
,#<%#).!

M#!N/*+-*).!

4#/O=*5*!

Suscep:ble	

Less	
suscep:ble	

1.E!N/(%P!/*<#:$*<R!+=+-*;:><*!.(!X3(2(;+%+!!



Caveats	

•! 1.=&R!<%2%.*&!.(!f!R*#/+Y!a!<(-#:()+E!
!
•! "%+*#+*+!2#R!3#$*!%).*/Q*/*&!7%.3!*#-3!(.3*/E!
–!H#/<R!&(7)R!2%<&*7!()!,#<%#).!#)&!M#!N/*+*-*).!

2#R!3#$*!;/*$*).*&!&*$*<(;2*).!(Q!;(7&*/R!
2%<&*7!<#.*/E!

–!1*$*/*!&(7)R!2%<&*7!#)&!><#-6!/(.!()!Q/=%.!%)!'=<R!
2#6*!%.!&%o-=<.!.(!/#.*!X3(2;+%+!Q/=%.!/(.!%)!
k=8=+.E!



•! N(<&j-<%2#.*!-=<:$#/+!$#/R!7%&*<R!%)!+=+-*;:>%<%.R!.(!
&%+*#+*+E!

•! 1=+-*;:>%<%.R!.(!<*#$*+!#)&!Q/=%.!&%D*/+!Q(/!+(2*!
-=<:$#/+E!

•! "%+*#+*!+R2;.(2+!-#)!$#/R!#2()8!-=<:$#/+!#)&!
.3/(=83(=.!.3*!+*#+()E!

•! ?%.3(=.!-()./(<Y!+*$*/%.R!(Q!><#-6!/(.!#)&!;3(2(;+%+!
>=%<&+!($*/!R*#/+E!

Conclusions	



Cul:var	 Black	rot	 Downy	
mildew	

Powdery	
mildew	

S	 Cu	

F/%#))#! @! G! @! @! @!
H&*<7*%++! @! @! @! @! @!
4#/I-3#<!J(-3! GG! G! GG! K*+! K*+!
J/().*)#-! GGG! G! GG! L(! @!
J/().*)#-!8/%+! GG! G! GG! L(! @!
M#!N/*+-*).! GG! GGG! GG! @! @!
M#!N/(++*! GGG! GG! GG! @! @!
4#/O=*5*! GGG! G! G! @! @!
1.E!N/(%P! @! GG! GG! @! @!

Lots	of	Unknowns	for	Cold	Climate	Cul:vars	

"*8/**!(Q!+=+-*;:>%<%.RS+*)+%:$%.RT!G!U!+<%83.<RV!GG!U!2(&*/#.*<RV!GGG!U!3%83<RV!
@!U!)(.!6)(7)!!
!



Copper	
•! p%83<R!*D*-:$*!()!&(7)R!

2%<&*7E!
•! M%2%.*&!#-:$%.R!#8#%)+.!(.3*/!

;#.3(8*)+E!
!

Sulfur	
•! p%83<R!*D*-:$*!()!;(7&*/R!

2%<&*7E!
•! M%5<*!(/!)(!#-:$%.R!()!(.3*/!

;#.3(8*)+E!



Difenoconazole	
•! a)&!8*)*/#:()!+.*/(<!&*2*.3R<#:()!%)3%>%.(/E!
•! k)!#-:$*!%)8/*&%*).!%)!.3*!q;/*j2%P*&r!Q=)8%-%&*!

s)+;%/*!1=;*/!A(.3*/!3#<Q!%+!-R;/(&%)%<CE!
•! s)+;%/*!1=;*/!*D*-:$*!#8#%)+.!><#-6!/(.Y!

#).3/#-)(+*Y!;(7&*/R!2%<&*7Y!F(./R:+!>=)-3!/(.E!

	





F/%#))#!
J/().*)#-!
J/().*)#-!8/%+!
M#!N/*+-*).!
M#N/(++*!
MI()!4%<<(.!
4#/I-3#<!J(-3!
4#/O=*5*!
LKbc!
1.E!N/(%P!
,#<%#).!

Each	cul:var	tested	in	5	to	11	independent	trials	





Copper	injury	on	Brianna	





Sulfur	injury	on	Maréchal	Foch	



Sulfur	injury	on	Maréchal	Foch	



Sensi:vity	to	Sulfur	

•! "(!)(.!#;;<R!+=<Q=/!.(!4#/I-3#<!J(-3Y!MI()!4%<<(.Y!(/!
F/%#))#E!

•! m*+./%-.!+=<Q=/!.(!\!(/!a!+;/#R+S+*#+()!()!M#!N/*+-*).!
#)&!1.E!N/(%PE!



Sensi:vity	to	Difenoconazole	

•! L(%/*.!7#+!.3*!()<R!-=<:$#/!+*)+%:$*!.(!
&%Q*)(-()#t(<*E!



Copper	and	Sulfur	in	Spray	Programs	

•! "(!R(=!3#$*!/*#+()!.(!=+*!-(;;*/!#)&S(/!+=<Q=/@!
–! Z/8#)%-!
–! J=)8%-%&*!/*+%+.#)-*!2#)#8*2*).!
–! H-()(2%-+!

•! k/*!-(;;*/!#)&!+=<Q=/!-(2;#:><*!7%.3!(.3*/!
;/(&=-.+!R(=!/*<R!()@ !!
–! N(;;*/!(/!+=<Q=/!#;;<%*&!#<()*!%)!(=/!./%#<+u)(!#&9=$#).+Y!

)(!.#)6!2%P*+E!
–! m*#&!<#>*<+!-#/*Q=<<RE!



•! ?*#.3*/!#.!:2*!(Q!#;;<%-#:()!#)&!7%.3%)!ag!3(=/+!
#_*/!
–! p(.!.*2;+!Ah!d]!JC!%)-/*#+*+!/%+6!(Q!+=<Q=/!%)9=/RE!
–! N((<!.*2;+Y!;/(<()8*&!7*.)*++!%)-/*#+*!/%+6!(Q!-(;;*/!

%)9=/RE!

Copper	and	Sulfur	in	Spray	Programs	



northerngrapesproject.org	





Thank You! 

Questions? 


