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• Decreasing	significantly	(>50%)	the	grapevine	
dependency	upon	fungicides	necessarily	
involves	a	“breakthrough”.	

• In	this	line,	the	use	of	natural	grapevine	
resistance against	pathogens	is	certainly	the	
most	promising	“innovation”	to	reduce	fungicide	
treatments.		



Resistances are	present in	north america where
Vitis	species have	coevolved with the	pathogens
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V.	vinifera

• New grapevine varieties showing low to high level of
resistance to powdery and downy mildew are now
registrated in Europe.

• Contrary to « old interspecific hybrids », these newly
bred varieties present good cultural and oenological
features.

INRA	resistant	cultivar	(blanc) INRAcultivar (noir)V.	vinifera	(Merlot)
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LONG-TERM AGRONOMICAL AND ECONOMICAL PERFORMANCES
OF LOW INPUT WINE-GROWING SYSTEMS

System cultivar strategy

RES Resistant variety Low-input

INT Merlot IPM

BIO Merlot ORGANIC

100	m

N Plantation
Density
Total	area
Design
Assesmment

2011
6580	ceps/ha
1,8	ha	
3	replicates of	0,2	ha
• Yield
• Disease prevalence
• Labour	time
• Costs
• Wine quality
• Pesticide residus



TOWARDS LOW INPUT WINE-GROWING SYSTEMS
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• However,	we	need	to	make	sure	that	the	resistance	
employed	not	only	is	effective,	but	also	persists	in	
time,	despite	the	constant	evolution	of	pathogens.

• The	durability	of	resistance	is	especially	important	in	
perennial	species	like	grapevine	which	are	meant	to	
stay	in	the	field	for	at	least	20	years.	

• We know	from results obtained in	many other
pathosystems that plant	R-genes are	not	
« everlastings »…

The	other side of	the	coin	:	R-genes durability



Plant	resistance genes are	not	
« everlastings »



What makes a	resistance durable	?
• The	nature	of	resistance genes and	the	

interaction	with pathogen effectors is
important	(total	vs	partial	resistance)

• The	evolutionnary constrains related the	
the	modification	of	the	corresponding avr
gene in	the	pathogen =>	the	so-called
‘Cost of	virulence’	

• The	evolutionnary potential of	pathogen
populations

ü Genetic diversity,	reproductive	
system,	population	effective	sizes,		
gene flow,	etc.	
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25 American Vitis spp.

XIXth
Grape

pathogens

Grapevine downy
mildew is an	
oomycete,	
Stramenopiles

Plasmopara	viticola
is a	native	species from
North America

P.	viticola attacks a	
large	range	of	Vitis	
spp.	in	north
America



Rouxel et	al.	,	
Phytopathology
2014



In	its native	range,	P.	viticola is a	complex
of	several crytic species that are	host	
specialized on	wild and	cultivated vitis spp.
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P.	viticola
f.	sp.	riparia

P.	viticola
f.	sp.	vinifera

P.	viticola f.	sp.	aestivalis

β-tubulin gene
83	haplotypes

P.	viticola f.	sp.	
quinquefolia





ØVery low genetic
differentiation

ØFST	=	0,020	*

Ø low but	significant IBD	
at	the	continental	scale



• A	risk	related	to	re-introductions	of	the	pathogen	
into	Europe

• Efficient	sexual	reproduction	
• Large	population	effective	size	and	important	gene	
flow	at	large	geographical	scales

High	evolutionary	potential



Bianca 
• Villard Blanc x Bouvier : Bianca

• Cultivated in Hongaria (<1000 ha)

• One strain of P. viticola breaks down 
the Rpv3 resistance…

P.	viticola is evolving evolve	in	response	
to	plant	resistance	deployment





Inoculation	of	host	
plants	with	

pathogen	isolates

Pathogen	life-cycle	
quantitative	

traits	assessment

Large	scale	sampling	
of	P.	viticola isolates	

Testing	for	pathogen	adaptation	
to	partial	resistance



Alsace-Baden

Zurich

Vaud-Valais
Tessino

Sampling design	--- [n=103]
20	locations,	>	20	grapevine varieties



Susceptible host 
(V. vinifera) 

…

In
oc
ul
at
ed

	
ho

st
s

Bronner Prior Regent Cab. sauvignon

Resistant host (n=11) 

Pa
th
og
en

	
po

pu
la
tio

ns



o 103 isolates * 4 plants
o 412 interactions 
o 1545 leaf discs

o Sporangial production
o Sporangia size
o Latent period
o Sporulation dynamics
o Number of zoospore

Quantitative	traits	of	pathogenicity
A	unique	bioassay



Diminution de l’efficacité de la  
résistance de la vigne contre le mildiou 

-26%	

-26%	

-7%	 Naïve population
49	isolates from V.	vinifera

Adapted population
54	isolates from resistant
varieties

Efficacy of	
resistance (%)

An	undergoing erosion of	grapevine partial	resistance

Rpv3 Rpv3 Rpv10



Cultivar	specificity	?	
A	general	increase	of	aggressiveness
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All	P.	viticola isolates	were	distincts and	we	
found	no	genetic	differentiation	between	

naïve	and	adapted	isolates	



What are	the	
genes responsible
in	the	erosion of	
resistance ?

• 2016 : Release of the P. viticola
genome sequence (INRA-
Pv221)

• Population genomics approach 
by resequencing P. viticola
isolates

• Design molecular tools



Achieve
durable	

management	
of	resistant
varieties

MODELLING	- How	to	deploy
resistance ?	
:	How	do	pathogen THV	
impact	the	erosion of	
resistance?

- How	the	connectivity of	the	
landscape affect	erosion of	
resistance ?	Compare	
strategies :	stacking,	cv	
mixture?

CROPPING	SYSTEM	– Combine	practices	
(fungicides,	agronomical)	to	:
§ limit the	adaptation	of	pathogen pops	
complete resistance efficacy in	order to	
secure the	production

§ control	the	pathogens that are	not	targeted
by	resistance (i.e.	black	rot)



• Plant	resistance is a	promising solution	to	decrease
the	dependancy to	fungicides.	

• R-genes constitute a	finite ressource	(11	locus	for	
PM	/	14	locus	for	DM).

• This	ressource	is a	common good	that have	to	be
preserved since it is limited.

• The	« community »	has	to	manage	this ressource	in	
a	non-selfish manner,	if	we want to	avoid the	
collapse	of	the	system.
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