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Context	

Tools	&	concepts	from	theore/cal	ecology	to	address	agronomic	ques/ons:		
●	Systemic	&	long-term	approach;	
●	Dynamics;	
●	Interac/ons	and	feedbacks	between	organisms;	
●	Evolu/on.	
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Context	

Industrial	farming	in	developed	countries:	unsustainable	in	the	medium/long	run	
(pathogen	evolu/on,	soil	deple/on,	pollu/on,	…).	
à	A	possible	way	to	explore:	agroecology.	

Agroecology:	Using	biodiversity	to	promote	self-regulaCon	of	agroecosystems	
It	seeks	to	replace	external	inputs	by	bio/c	and	abio/c	interac/ons	between	
organisms	to	reach	some	level	of	self-regula/on	in	agrosystems.	
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In	this	context:	Using	physiologically	and	spa/ally	
structured	consumer-resource	popula/on	models	to	
address	epidemiology	and	evolu/on	of	plant-
pathogens	systems.	
	
Our	quesCon:	How	to	take	advantage	of	available	
host	resource	dynamics	to	mi/gate	pathogens’	
impacts	in	agroecosystems?	
	
Method:	Pathosystems	viewed	as	consumer-resource	
interac/ons.	
	
A	strong	collaboraCon	between	
INRA	(UMR	ÉcoSys,	ecophysiology	&	epidemiology)	
and	ENS	(CERES,	ecology	&	evolu/on).	

General	approach	
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Fungal	foliar	polycyclic	diseases	on	wheat	

Initial inoculum 

On leaves 

Dispersal	

Infec/on	cycle	

Autumn Spring 

Infection cycle 

Dispersal	

From Robert 
et al. (2008) 

●	Two	dynamic	interac/on	scales:	
	à	Leaf	/ssue	(infec/on	cycle)	=	patch.	
	à	Canopy	(spores	dispersal).	

●	Generic	approach	applied	to	brown	rust	and	
septoria	tri/ci	blotch	(STB).	

Presenta/on	of	the	pathosystems	



Resources	dynamics	at	3	scales	
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Leaf	porCon	(patch,	ca.	cm2)	
●	Resources	available	for	the	pathogen	(lesions).	
●	Depend	on	leaf	age	(and	infec/on	age).	
	
Host	canopy	
●	Ver/cal	and	temporal	resource	distribu/on	for	the	
epidemics	(polycyclic).	
●	Depend	on	crop	growth	(and	epidemic	dynamics).	
	
Landscape	
●	Horizontal	resource	distribu/on	at	a	larger	scale	
(pathogen	metapopula/on).	
●	Depend	on	agricultural	prac/ces	(and	long-distance	
spore	dispersal).	

Spa/al	scales	of	interac/on	
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ObjecCve:	Simulate	and	understand	STB	polycyclic	epidemics	
using	resource-based	models	at	patch	and	canopy	scales.	

●	Physiologically	structured	populaCon	model	applied	to	epidemiology.	
●	Age-structured	SEIR	epidemiological	model.	
	
	
	
	
●	SpaCal	scale:	 	Patch	and	canopy.	
●	Temporal	scale: 	(1)	Set	of	ODEs	integrated	with	adap/ve	/me	steps	(<	1	dd).	

	 	 	 	(2)	Discre/zed	age	classes	(10	dd).	
	 	 	 	(3)	Annual	(2500	dd)	and	pluri-annual.	

●	Model	variables:	
à patch	scale:	patch	age	&	resource,	mycelium	and	spore	produc/on	&	fungal	age.	
à	canopy	scale:	popula/on	distribu/on	of	patches	of	all	types.	

S	 E	 I	 R	

Sofware:	
EBTtool	

Modeling	approach	#1	
Presenta/on	1	

Postdoc	C.	Gigot	(INRA	ÉcoSys	&	ENS	IBENS,	2016-2018)	
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Canopy	
●	A	set	of	dynamic	age-structured	patches.	
●	Assump/on:	birth	date	propor/onal	to	patch	height	within	the	canopy.	

Simula/on	of	STB	
epidemics	on	
wheat	canopy	
with	mul/ple	
dispersal	&	
infec/on	events.	

Sofware:	
EBTtool	

740	°C.d	:	
Tout	début	montaison	

1300	°C.d	:	
Fin	montaison	
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Modeling	approach	#1	
Presenta/on	2	



Low	foliar	resource	(K	=	1.5)	 High	foliar	resource	(K	=	3)	

(4)	Consump/on	of	available	
resources	by	the	pathogen	

(3)	Cell	collapse	

(5)	Produc/on	of	
pycnides	+	spores	

(1)	Produc/on	of	unavailable	resources	for	
the	pathogen	(photosynthesis)	
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Time	(°C.d)	
(2)	Infec/on	
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ì	foliar	resources:	
	à	ì	pycnidia	+	spores.	

									à	Similar	to	observa/ons	from	experiments	in	controlled	condi/ons.	

Sofware:	
EBTtool	

Modeling	approach	#1	
Results:	Effect	of	resource	quan/ty	on	infec/on	cycle	
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Sofware:	
EBTtool	
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Boigneville	sta/on	(91)	
2012																																																																																2013	

Different	meteorological	data	
●	Temperature	and	rain.	
●	Compare	model	outputs	to	recorded	disease	severity	data.	

Modeling	approach	#1	
Results:	Consistency	checks	
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Sofware:	
EBTtool	

Plant	height	
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Different	simulaCons	
●	Plant	height:	modern	dwarf	varie/es,	old	2-m-height	varie/es,	…	

Modeling	approach	#1	
Results:	Sensi/vity	analysis	of	plant	traits	on	epidemics	
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●	Infec/on	coefficient:	quan/ta/ve	resistance	

	
	
	
●	Fer/liza/on	level	(in	progress)	
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ObjecCve:	Quan/fy	the	effects	of	mosaic	of	agricultural	
prac/ces	on	brown	rust	epidemics	at	the	landscape	
scale.	
	
Landscape	scale:	
●	Spa/ally	explicit	model	à	landscape	heterogeneity.	
●	Simplifica/on	of	spa/al	complexity	à	geometry	of	
ecological	interac/on	(Dieckmann	et	al.,	2000).	

	
AssumpCons:	
●	Resource	dynamics	at	the	landscape	scale	impact	
pathogen	dynamics.	
●	Fer/liza/on	determines	the	quan/ty	of	available	
resources	for	the	pathogen.	
●	The	only	spa/al	heterogeneity	in	the	landscape	is	the	
fer/liza/on	level	of	the	fields.	

Modeling	approach	#2	
Presenta/on	1	

PhD	thesis	P.-A.	Précigout	(INRA	ÉcoSys	&	ENS	IBENS,	2014-2018)	



●	Spore	survival	during	consecu/ve	
seasons	(mul/-years).		
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ApplicaCon	of	this	framework	to	study	interacCons	between	
ferClizaCon	and	wheat	brown	rust	(in	progress)	

Landscape	scale	

Modeling	approach	#2	
Presenta/on	3	

Mono-	and	mulC-seasons	dynamics:	

Canopy/crop	scale	

	
●	Disease	dynamics	within	a	field.	
●	Spore	dispersal	between	fields.	



Pathogen	dynamics	

Crop	 Pathogen	

Growing	canopy	
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Canopy/crop	scale	

ApplicaCon	of	this	framework	to	study	interacCons	between	
ferClizaCon	and	wheat	brown	rust	(in	progress)	

Modeling	approach	#2	
Presenta/on	2	

S	(no	disease)	
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●	Areas	with	low	fer/liza/on	à	Low	spore	produc/on	and	“block”	pathogen	dispersal.	
	 	 	 	 	 	à	Decreasing	epidemics	at	the	landscape	scale.	

●	Pathogen	maladapta/on.	

+	
	
	
	
	
-	

diseased	

Sofware:	
NetLogo	

Modeling	approach	#2	
Example	of	results	

FerClizaCon	heterogeneity	slows	down	pathogen	colonizaCon	
of	the	landscape	
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Overview	of	other	key	results	

Pathogen	evoluCon:	example	of	the	latent	and	incubaCon	periods	
à Based	on	ad	hoc	fitness	measures	or	invasion	fitness	(adap/ve	dynamics)	
●	Fer/liza/on	level	and	brown	rust	(see	below)	
●	Virulence	and	STB	(in	progress)	

Pairwise	Invasibility	Plots	
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Evolu/onary	
stable	strategy	

Max	total	spore	
produc/on	

AUDPC	(Area	Under	Disease	
Progress	Curve):	
Quan/ty	of	healthy	host	
/ssue	=	cri/cal	resource	
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Conclusion	

These	modeling	approaches	offer	the	opportunity	to:	
	
●	Predict	(qualita/vely)	short	and	long	term	epidemiological	
dynamics	based	on	assump/ons	on	the	consumer-resource	
interac/ons	at	the	lesion,	canopy	and	landscape	scales.	
●	Reveal	pathogen	trade-offs	(transmission,	virulence,	
aggressiveness)	that	emerge	from	the	interacCons	between	the	
pathogen	and	ecophysiological	and	morphological	dynamics	of	the	
crop	canopy.	
●	Study	the	effect	of	spaCal	resource	heterogeneity	on	pathogen	
dynamics,	adaptaCon	and	maladaptaCon.	
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