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Resistance is useful, but not eternal
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Alternative strategies to deploy plant resistance

McDonald & Linde (2002). Annu. Rev. Phytopathol. 40:349-379

Turn-over (traditional approach) Rotations in time

Pyramids Mosaics (regional deployment) Cultivar mixtures

 Boom and bust cycles
 Resistance sources are 

not inexhaustible

What are the relative 
performances of the 

alternative strategies?
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 What is the optimal strategy to deploy plant resistance?

 What is the impact of the type of resistance?

 What is the impact of landscape organisation?

 What is the impact of the pathosystem considered?

Development of a general spatiotemporal 
stochastic simulation model

###   R package landsepi ###
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Rimbaud L, Papaïx J, Rey J-F, Barrett LG and Thrall PH (in press). 
Assessing the durability and efficiency of landscape-based strategies to deploy plant resistance to pathogens. PLoS Comput. Biol.

An explicit landscape with controlled features

1. Generation of landscape structures
using a T-tessellation algorithm

2. Allocation of different cultivars in
controlled proportions and spatial
aggregation

Fields with susceptible cultivar (S)

Fields where resistance is deployed (R)

Pathogen initially present

What is the best deployment strategy?

Landscape structures

Spatial cropping ratio:
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With a wide range of deployment options

Pyramiding

R1 R2S

Cultivar mixture

Relative spatial cropping ratio: 𝜑ோభோమ
=

𝑅ଶ

𝑅ଵ + 𝑅ଶ

Crop rotation Mosaic

Relative 
spatial/temporal 

aggregation
𝛼ோభோమ
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Host response to disease
Qualitative

Quantitative

2 types of resistance:

Diseased
hosts

Healthy
hosts
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infectious
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Healthy host 
growth

Dispersal
Sporulation

Infection Latent 
period

Sporulation 
duration

Arrival of a 
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Simulated example: mosaic of two major genes
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Time (years)

Model outputs: evaluation criteria

S

R1

R2

Cultivar:
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Time (years)

Model outputs: evaluation criteria

Epidemiological outcome:

Short-term control
Control during transitory period

Long-term control
Gobal efficiency

Evolutionary outcome:

Durability R1
Durability R2

Time to super-pathogen emergence

breakdown 
R1

breakdown 
R2

D1

D2

S

R1

R2

Cultivar:
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Time (years)

Model outputs: evaluation criteria

Epidemiological outcome:

Short-term control
Control during transitory period

Long-term control
Gobal efficiency

Evolutionary outcome:

Durability R1
Durability R2

Time to super-pathogen emergence

breakdown 
R1

breakdown 
R2

D1

∫: AUDPCST ∫: AUDPCLT∫: AUDPCTP

∫: AUDPCtot

D2

S

R1

R2

Cultivar:
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Pyramids offer the longest durability…

Two overcome resistances and 
emergence of a super-pathogen

Two overcome resistances

Only one overcome resistance

Complete durabilityBe
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SIMULATED SCENARIO

Rusts of cereal crops
 clonal reproduction
 2 major R genes

conferring immunity

Under our model assumptions, 
pyramiding 2 major resistance
genes is the strategy less likely
to breakdown, regardless the 

mutation probability
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…but rotations better mitigate epidemic
losses

When some or all 
sources of resistance
have broken down, 
rotation of resistant
cultivars becomes the 
best option, 
especially if mutation 
triggers high fitness 
costs.

SIMULATED SCENARIO

Rusts of cereal crops
 clonal reproduction
 2 major R genes

conferring immunity
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Contrasting effects of landscape organisation

Better 
durability

Better
epidemiological

efficiency

Better 
durability

Better
epidemiological

efficiency

Epidemiological and evolutionary control are not always correlated
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What’s next?
Simulating canola blackleg
 Few available resistant cultivars

 Strong adaptation potential of Leptosphaeria maculans

 The general model (R package landsepi) can serve as a tool to evaluate different deployment
strategies

 We are currently parameterising the model to specifically simulate canola blackleg

 High contribution of sexual ascospores from stubbles to epidemics

 Reasortment of genes may considerably impact longevity of pyramids!

Effective 
sporulation rate

Dispersal kernel
Infection rate
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Host response to disease
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Max. expected infectious period

Mutation kernel q q’
Pr
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Contamination function:
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Parameters of Gamma distributions:
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Max. expected infection efficiency Dispersal kernel i i’

Crop is destined to be harvested:
 No natural host mortality
 No host reproduction and dispersal
 No pathogen vertical transmission

Max. expected reproduction rate

N = H+L+I+R

Qualitative
Quantitative

Effect of resistance:

Notations:

Productive

Non-productive

Host contribution to yield:

H, L, I, R

i ∈ 1, … , 𝐽  
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Index of the field
Index of the host cultivar
Index of the pathogen genotype
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Sum on the concerned index
Number of sites in each state
(1 foliar infection site = 1 individual)
Aggressiveness traits
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