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Explicit landscape
1. Generation of a landscape of 155

paddocks using a T-tessellation algorithm
2. Allocation of different cultivars in

controlled proportions and spatial
aggregation

Genetically controlled plant resistance allows reduction of damage caused by pathogens. However, pathogens have the ability to evolve and overcome such
resistance, resulting in significant crop losses. We developed a spatially explicit model to investigate the potential for different resistance gene deployment
strategies to provide both efficient (ability to reduce disease impact) and durable (ability to limit pathogen adaptation) disease controla.

Loup Rimbaud1, Julien Papaïx2, Luke G. Barrett1, Jeremy J. Burdon1 , Peter H. Thrall1

CSIRO AGRICULTURE AND FOOD

Loup RIMBAUD

e loup.rimbaud@csiro.au

w https://research.csiro.au/bioticthreats/

Spatial cropping ratio:

Le
ve

lo
f 

sp
at

ia
l a

gg
re

ga
ti

o
n

10% 90%

lo
w

h
ig

h

𝑅

𝑅 + 𝑆
Susceptible (S)
Resistant (R)

Host genotype:

Deployment strategies
Example with 2 resistance
sources

Cultivar 
mixture

Pyramiding

Crop
rotation

Mosaic

Turn-
over

Sc
al

e
o

f 
sp

at
io

te
m

p
o

ra
ld

ep
lo

ym
en

t

P
LA

N
T

PA
D

D
O

C
K

LA
N

D
SC

A
P

E

BASIC 
STRATEGY

R1

R2

Pathogen adaptation

Host response to disease
Compartment architecture

R
removed

L
latent

I
infectious

H
healthy

H
contaminated

Non-infected
host growth

Dispersal
Production of 

propagules

Infection
Latent 
period

Infectious
period

Arrival of a 
propagule

Qualitative

Quantitative

Effect of resistance:

Productive

Non-productive

Host contribution to yield:

Infectivity
matrix

Host genotype

S R

non-infective 1 1 – ρ

Infective 1 - θ 1

Mutation 
rate

τ

Aggressiveness
matrix

Host genotype

S R

not aggressive 1 1 - η

… … …

… … …

Fully aggressive 1 - η 1

QR 
efficiency

Trade-off
strength: β

 𝜏 2

 𝜏 2

Mutation 
rate

Erosion of quantitative resistance (     )

Major gene
efficiency

Cost of 
infectivity

Breakdown of qualitative resistance (     )

Evaluation criteria

Key parameters estimated through
literature or laboratory experiments

S

Example of a mosaic
with 1 resistant cultivarb

R

S

H
A

D
r :

 P
ro

p
o

rt
io

n
 o

f 
h

ea
lt

h
y

in
d

iv
id

u
al

s
(H

) 
re

la
ti

ve
 t

o
 t

h
e 

to
ta

l n
u

m
b

er
o

f 
in

d
iv

id
u

al
s

(N
) 

Year of simulation (y)

𝐻𝐴𝐷𝑣,𝑦
𝑟 =

 
𝑡=𝑡0(𝑦)

𝑡𝑓(𝑦)  𝑖=1
𝐼 𝐻𝑖,𝑣,𝑡

 
𝑡=𝑡0(𝑦)

𝑡𝑓(𝑦)  𝑖=1
𝐼 𝑁𝑖,𝑣,𝑡

cultivar
paddock

timestep

D

breakdown

∫: STC ∫: LTC

Evolutionary  Durability (D)
 Short-term control (STC)
 Long-term control (LTC)

Epidemiological

REFERENCES

a. Burdon JJ, Zhan J, Barrett LG, Papaïx J, Thrall PH (2016). Addressing the challenges of pathogen evolution on the
world’s arable crops. Phytopathology 106: 1117-27

b. Papaïx J, Rimbaud L, Burdon JJ, Zhan JS, Thrall PH (submitted). Differential impact of landscape-scale strategies for
crop cultivar deployment on disease dynamics, resistance durability and long-term evolutionary control. Evol. Appl.


