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> Schedule

= 15 min introduction

= 1h30 serious game (30 min game + 15 min feedback for each round):
»Round 1: optimising landscape organisation
»Round 2: optimising deployment strategies and resistance sources
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> Plant diseases

Rusts
(Puccinia spp.)
of cereal crops
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Cucumber mosaic virus
on pepper
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2> Resistance is useful but can be overcome

Plant resistance

complete or partial reduction of pathogen infection,
growth and spread, hence disease severity

a Barley mildew
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Brown JKM (2015). Annu. Rev. Phytopathol. 53:513-539
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> Evolutionary forces

Mutation Migration Selection Genetic drift Genetic exchanges
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> A high diversity in wild plant-pathogen interactions

Rust infection of wild flax Linum
marginale, caused by Melampsora lini

Incompatible
reaction
(resistance)

Host individuals (plants)

Compatible o
reaction / ' Z':Q'

(disease)

2

Pathogen individuals
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Completely Partially

, Susceptible
resistant resistant

Barrett LG et al. (2008) Trends Ecol. Evol. 23:678-685.
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> What is the best strategy to deploy plant resistance?

Turn-over (traditional approach)
- Boom & bust cycles
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What are the relative
performances of the
alternative strategies?

!

\ Pyramids Mosaics (regional deployment)  Cultivar mixtures

_______________________________________________________________________________________
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Spread and evolution in the agricultural over multiple accounting

of a pathogen landscape cropping seasons for variability
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> A web interface destined to broad audience

Landsepi : Landscape Epidemiology and Evolution

About

INRAZ
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> A web interface destined to broad audience

Landsepi : Landscape Epidemiology and Evolution

About

Output

Simulated landscape
Ve

Default Strategies

https://shiny.biosp.inrae.fr/app direct/landsepi/ mosae  ~

Landscape Croptypes and Cultivars

Landscape structure (field boundaries) Spatial aggregation of croptypes

Landscape 1 - Balanced

C0 proportion C1 proportion C2 proportiocn Rotation period
(years)

0.33 > 0.33 > 0.34

0

Simulation duration Time steps per year Seed (for random number
(years) (days) generator)

30 > 120 > 12345

Generate the landscape

Run simulation

INRAZ
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https://shiny.biosp.inrae.fr/app_direct/landsepi/

Cereal
growers

Bl¢ bleu. Blé rouge. . Blé hatif.

_____

INRAZ

Strategies for cultivar deployment in agricultural landscapes p. 14
15-05-2024 / TOP-AGRI-NETWORK / F. Fabre & M. Zaffaroni



General assembly of

@;dlwﬁ, the /b/a(fe le wheal

—

Landscape Cultivars and Genes

Landscape structure (field boundaries)

Input
Default Strategies

Mosaic -
Pathogen Treatment

Spatial aggregation of croptypes

About 2 Advanced Mode On/Off

0

Landscape 1 - Highty aggregated > _
Croptypes
croptypelD croptypeName Susceptible Resistant1 Resistant2 Proportions delete
0 Susceptible crop 1 0 0 0.33 [}
1 Resistant crop 1 0 1 0 0.33 o
2 Resistant crop 2 0 0 1 0.34 o

Addline

Retation period (years)

Simulation duration (years)

10

1st configuration : croptypes 0 (Susceptible crop) and 1 (Resistant crop 1)
2nd configuration - croptypes 0 (Susceptible crop) and 2 (Resistant crop 2)

Time steps per year (days) Seed (RNG)

120 1

Generate the landscape

Landsepi : Landscape Epidemiology and Evolution

Round #1

Optimising landscape organisation

Farmers wish to grow 1/3-1/3-1/3 of Delicate
(susceptible cultivar), ToughTough (resistant
cultivar with resistance gene ‘Lr13’) and
Wheateatix (resistant cultivar with resistance gene
‘Lr34’) in @ mosaic during 10 years (120 days/year)

From your perspective, how should they organise
the fields in terms of:
» Field boundaries (landscape structure)?
» Spatial aggregation of the 3 cultivars?



> Cereal growers

Your goal is to control epidemics (that is to minimize the proportion of infected plants) on the susceptible Delicate,
because it is your main cash crop. For this, you must find an appropriate deployment strategy for the resistant
ToughTough and Wheateatix while maintaining sufficient fields with Delicate in the landscape.

How does this objective translate into the model outputs? Which of the following is favourable from your point of view?

Minimizing the proportion of diseased
susceptible hosts (for example the average
trend along the 10 simulated years, or the
value at year 10)

INRAZ
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Disease severity averaged on whole cropping seasons Disease severity averaged on whole cropping seasons

100 % - 100 % —

75 % —

75 %

50 % —

25% - 25% -

Proportion of diseased hosts: (I+R)/(H+L+I+R)
Proportion of diseased hosts: (I+R)/(H+L++R)

50% | w——a g e

1 2 3 4 5 8 7 8 9 10 1 2 3 4 5 [

Years Years

—=— Susceptible
®-- Resistant2
Whole landscape

—a&—  Susceptible
*-- Resistant2
Whole landscape

This is the best option for cereal growers,
because it minimizes the proportion of
diseased susceptible host.



> Cereal breeders

Your goal is to avoid a breakdown of resistance genes ‘Lr13’ and ‘Lr34’, because it would lead to dramatic epidemics
and a loss of at least 10 years of heavy investments in research & development. Thus, ToughTough and Wheateatix
must be as durable as possible, that is, the deployment strategy must avoid or at least delay the appearance

of adapted pathogens.

How does this objective translate into the model outputs? Which of the following is favourable from your point of view?

Disease severity averaged on whole cropping seasons Disease severity averaged on whole cropping seasons

100 % - 100 % —

Maximizing the number of years before
resistance breakdown, that is the moment
when the proportion of diseased resistant

host starts increasing. <g\<

75 % — 75 % —|

50 % —

25% —

Proportion of diseased hosts: (I+R)/(H+L+I+R)
w
(=]
DO 0\n
|
Proportion of diseased hosts: (I+R)/(H+L++R)

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
% Years Years Q
—=—  Susceptible —=— Susceptible
®-- Resistant2 *-- Resistant2

Whole landscape Whole landscape

This is the best option for cereal breeders,
because it maximize the number of years

before resistance breakdown
INRAZ
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Landscape 1
Landscape 1
Landscape 1
Landscape 2
Landscape 2
Landscape 2
Landscape 3
Landscape 3
Landscape 3
Landscape 4
Landscape 4
Landscape 4
Landscape 5
Landscape 5

Landscape 5

Landscape structure Spatial aggregation of
croptypes

Highly fragmented
Balanced
Highly aggregated
Highly fragmented
Balanced
Highly aggregated
Highly fragmented
Balanced
Highly aggregated
Highly fragmented
Balanced
Highly aggregated
Highly fragmented
Balanced

Highly aggregated

o i Az N
Proportionof __ 7 Years before g

diseased susceptible hosts resistance breakdown

Running the landsepi simulator

to get the results for all the
landscape structure X aggregation combinations




Landscape structure Spatial aggregation of Proportion of ,{\\2 7/
croptypes diseased susceptible hosts

Landscape 1

Landscape 1

Highly fragmented 40% 10 +

Balanced

50%

Landscape 1 Highly aggregated 55%
Landscape 2 Highly fragmented 45%
Landscape 2 Balanced 50%
Landscape 2 Highly aggregated 55%
Landscape 3 Highly fragmented 45%
Landscape 3 Balanced 55%
Landscape 3 Highly aggregated 55%
Landscape 4 Highly fragmented 45%
Landscape 4 Balanced 50%
Landscape 4 Highly aggregated 50%
Landscape 5 Highly fragmented 45%
Landscape 5 Balanced 55%
Landscape 5 Highly aggregated 50%



> Debriefing ¢

Round #1

Optimising landscape organisation

» What is the effect of landscape boundaries?

No detectable effect of landscape boundaries

» What is the effect of spatial aggregation?

Ce reg | N The proportion of diseased susceptible hosts is C erea |
“B generally minimize for highly fragmented R, 4
growers landscape, while the number of years before " breeders

resistance breakdown is generally maximize for
highly aggregated landscapes

IR A TR B v g
; -~
Blé Blé bleu. Blé rouge.

______
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(@ )

General assembly of |
@2@@6@ %@/Ml@w/@ml < Round #2

Growers: Optimising deployment strategies

’<’<,d:§__5
$3338l A You have heard that 2 completely efficient major resistance genes have just been
ENEEEE g . .
XEx3 developed by breeders. You want to use them during 10 years (120 days/year) in a system

composed of a susceptible (33%, weak aggregation) and 1 or 2 resistant cultivars (with the
same proportion).

Among mosaics, mixtures, rotations and pyramiding:
» What is the most efficient strategy in the short term?
Pyramids Mosaics » What is the most durable strategy in the long term?

Mosaics Pyramiding Rotations |

|:| Susceptible crop I:I Susceptible crop |:| Susceptible crop |:| Susceptible crop |:| Susceptible crop
. Resistant crop 1 . Mixture (RC1 + RC2) . Pyramiding . Resistant crop 1 Resistant crop 2

Resistant crop 2



General assembly of
@;CZM %@/Ml@m/@mé Round #2

Breeders: Optimising resistance sources

The scientific literature mentions several possible resistance sources, but they differ in
efficiency and adaptation cost for the pathogen. You would like to know their potential in

simple mosaics of S + R (50%-50%, weak aggregation) grown for 10 years (120 days/year).

what is the effect of : percentage of reduction of pathogen targeted

L. . aggressiveness component, the infection rate here
» Efficiency of the resistance gene

» Fitness cost of pathogen adaptation \

. fitness penalty paid by a pathogen genotype fully
> Note : relative advantage =0 adapted to the resistance gene on any host

on resistance efficiency and durability?

|:| Susceptible crop
. Resistant crop 1



> Cereal growers
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Landscape 1
Landscape 1
Landscape 1
Landscape 1
Landscape 2
Landscape 2
Landscape 2
Landscape 2
Landscape 3
Landscape 3
Landscape 3
Landscape 3
Landscape 4
Landscape 4
Landscape 4
Landscape 4
Landscape 5
Landscape 5
Landscape 5

Landscape 5

Landscape structure Resistant deployment strategy

Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding

Rotation

Short term

Proportion of diseased susceptible

hosts

Long term

Years before
resistance breakdown

Running the landsepi simulator

to get the results for all the
landscape structure X strategy combinations
(balanced aggregation)

p.23



> Cereal growers
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Landscape 1
Landscape 1
Landscape 1
Landscape 1
Landscape 2
Landscape 2
Landscape 2
Landscape 2
Landscape 3
Landscape 3
Landscape 3
Landscape 3
Landscape 4
Landscape 4
Landscape 4
Landscape 4
Landscape 5
Landscape 5
Landscape 5

Landscape 5

Landscape structure Resistant deployment strategy

Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding
Rotation
Mosaic
Mixture
Pyramiding

Rotation

Short term

Proportion of diseased susceptible

hosts
52%
52%
50%
32%
46%
55%
46%
55%
48%
43%
45%
50%
41%
45%
48%
43%
49%
52%
53%
46%

on term
Years before
resistance breakdown

10+

10+
10+

10+
10+
10+

10+
10+
10+

p. 24



> Cereal breeders

Lr12
Lr13
Lrl6
Lr22
Lr34
Lr35
Lr37

Lrd6

on Landsepi : Landscape Epidemiology and Evolution

About | Advanced Mode On/Off _ SWitCh on the \\Advanced mOde"

100%

B O k

Input

Default Strategies

88%

10%
88%
75%
88%
50%
10%

Proportion of diseased hosts
in the whole landscape

Years before
resistance breakdown
1

25% 55%
25%
75%
50%
— Running the landsepi simulator
to get the results for all the
0% genes (highly fragmented aggregation)
50%
25%

Landscape Cultivars and Genes Pathogen Treatment
Genes
geneName efficiency age_of activ_mean age_of_activ_var mutation_prob Nlevels_agg _cost tradeoff_strength target_trait recombination_sd delete
MG 1 1 0 1e-7 2 0.5 1 IR 1 [ ]
MG 2 1 0 te7 2 05 1 R 1 L _ Keep only one resistance gene
Add line
Cultivars
cultivarName initial_density max_density growth_rate yield H yield L yield | yield R planting_cost market_value delete
Susceptible 0.1 2 01 25 o 0 225 200 | |
Resistant1 0.1 2 0.1 25 o 0 225 200 | | p 25
Resistanz 01 2 o1 2 0 0 s x & 4mmmmm  Keep only one resistant cultivar




> Cereal breeders

Lr12 88%
Lr13 100%
Lrl6 10%
Lr22 88%
Lr34 75%
Lr35 88%
Lr37 50%
Lrd6 10%

INRAZ
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25%
25%
75%
50%
25%
0%
50%
25%

Proportion of diseased hosts
in the whole landscape

25%
25%
55%
30%
40%
30%
30%
55%

Years before
resistance breakdown
1

10 +

L = S =

p. 26



> Debriefing
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Cultivar mixtures
Pyramids Mosaics
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@

Round #2

Growers: Optimising deployment strategies

» What is the most efficient strategy in the short term?

» What is the most durable strategy in the long term?

Pyramiding

Breeders: Optimising resistance sources

Given that several resistance genes are available, what is the effect of :
» gene efficiency
» fitness cost of pathogen adaptation

on resistance efficiency and durability?

Only a gene efficiency = 100% assured a durability 10 +,

A high gene efficiency and adaptation cost assured a better resistant
efficiency (better control of the disease)

Among mosaics, mixtures, rotations and pyramiding of 2 major resistance genes:

p.27
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> Beyond « square fields in a square landscape »
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> Beyond square fields in a square landscape
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> What does winegrowers think about R cultivars? How researchers
can dialogue with winegrowers for deploying R cultivars?

* Four ateliers with the cooperative cellar growing “Les vignerons des Buzet”
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> What does winegrowers think about R cultivars? How researchers
can dialogue with winegrowers for deploying R cultivars?

* Four ateliers with the cooperative cellar growing “Les vignerons des Buzet”

01 02

Results of the
deployment

Summary and

1 THE ECO-INNOVATIVE AGENCY
strategies for VDB conclusion
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> Design of strategies

Resistant cultivar

Choice of fields planted
with R cultivars

Polygenic (PY)

Age > 30 years

Age > 40 years

3%/year of the oldest
ZNT aquatic

ZNT neighbouring

cultivar ResDur 1
(Rpv1-Rpv3.1)

no limit

max 5% / farmer
max 20% / farmer
no limit

max 5% / farmer

max 20% / farmer

treatment >0
treatment =0
treatment >0

treatment=0
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> Design of strategies...and Marta doing all the hard work !
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> Scenario 5: 3% of the oldest fields each year

91% of fields planted A simulation with a
with CR during 30 years breakdown No breakdown

44, 240N - 44.240N -

44.230N -

44 230N -

44.220N -

44 270N -

44 2ON- 44 210N -

44 200M - 44.200N -
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