Adaptmg STICS I\/IILA Crop mode\

to Yellow Rust of Winter Wheat

| from callbratlon to S|mulat|on of cllmate change |mpacts

Eugéne Masson, Tiphaine Vidal, Marie-Odile Bancal, Doriane Hamernig,
Patrice Lecharpentier, Dominique Ripoche, Laurent Huber, Marie Launay

5 -

Mercredi 15 novembre 2023 Cland
eminaire STICS | Session 4 — Systemes de culture et changement climatique an

4'» 216 N T eli | melp i . ..
PsASiREampy Aunta e Flojrdc - — AgroParisTech universite @®ARVALIS

Talents d’'une planéte soutenable PA R | S - S AC LAY




Plant diseases and climate change

* Importance of plant diseases wheat

* Foliar diseases reduce green
area, thus impacting yield in
the absence of control

* A limited number of diseases
cause extensive yield losses

Powdery mildew
BYD

Nodorum blotch
Stem rust
Crown and root rot
Army worm

M. Savary et al. (2019)



Plant diseases and climate change

* Importance of plant diseases
* Disease propagation

primary inoculum

secondary inoculum

sporulation

latency

infection
Moldenhauer et al. (2006)




Plant diseases and climate change

* Importance of plant diseases
* Disease propagation Disease severity =

% sporulating area

primary inoculum
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Plant diseases and climate change

* Importance of plant diseases
* Disease propagation

Earlier and
more intense
epidemics

* Impact of climate change on leaf rust
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Impact of climate change on yellow rust epidemics ?

* Case of yellow rust (YR), caused by Puccinia striiformis f.sp. tritici (Pst)

* Adaptation of leaf rust model based on data from litterature
* Comparison of model simulation with field data
* Numerical experiments: impact of climate change on epidemics
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Parameterizing STICS Mila for yellow rust
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Assessement of model behaviour

* Model assessment dataset (Arvalis)

* Non treated and inoculated field trials

e 10 trials in 7 different sites (favorable to YR)
e 7 cultivars (+/- resistant to YR)



Disease severity (%)

Adjusting the model to experimental data
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Simulating the impact of CC on YR epidemics

* One site where simulation are well simulated
* Conches-en-Ouches
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Simulating the impact of CC on YR epidemics

* One site where simulation are well simulated
* Conches-en-Ouches

e Climatic data generated using 3 different models
e CNRM.Aladin, CNRM.Racmo, EC.Eart.Racmo
* Mean of 3 model outputs used to generate climatic data



Simulating the impact of CC on YR epidemics
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 Two climatic scenarios were tested
* RCP 4.5: limitation of green house gas emissions to a low level
e RCP 8.5: climatic intaction and constant increase of GHG emissions



Simulating the impact of CC on YR epidemics

One site where simulation are well simulated
* Conches-en-Ouches

Climatic data generated using 3 different models
e CNRM.Aladin, CNRM.Racmo, EC.Eart.Racmo
* Mean of 3 model outputs used to generate climatic data

Two climatic scenarios were tested
* RCP 4.5: limitation of green house gas emissions to a low level
e RCP 8.5: climatic intaction and constant increase of GHG emissions

3 study periods (Recent past : 1990-2020; Near future : 2030-2060; Far future : 2070-2100)



Simulating the impact of CC on YR epidemics

One site where simulation are well simulated
* Conches-en-Ouches

primary inoculum

Climatic data generated using 3 different models
e CNRM.Aladin, CNRM.Racmo, EC.Eart.Racmo
* Mean of 3 model outputs used to generate climatic data

(o

secondary inoculum

Two climatic scenarios were tested
* RCP 4.5: limitation of green house gas emissions to a low level
e RCP 8.5: climatic intaction and constant increase of GHG emissions

3 study periods (Recent past : 1990-2020; Near future : 2030-2060; Far future : 2070-2100)

3 densities of primary inoculum (100; 1000; 10 000 spores/m?2)



A tendency for reduced YR epidemics

Epidemic intensity
(area under disease progress
curve — assessed in % severity)
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Evolution of pathogen performance

Mean pathogen performance during stem elongation (BBCH 31-39, RCP8.5)
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Epidemic intensity

(area under disease
progress curve)
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Impact of primary inoculum

Epidemics can start earlier (up to 45 days before flag leaf ligulation)
and cause more intense epidemics with high primary inoculum

Delay between start of the epidemy and crop growth
Date of flag leaf ligulation — date of start of the epidemic (5% severity)

Adausted R-squared: 0.3475

p-value: < 2.2e-16
3IO 3I5 4.0 45
RCP 4.5 « RCP 8.5



Discussion

* Under-estimation of current performance under high temperatures ?

 Thermal response curves were based on historical datasets
* Adaptation to high temperature has been characterized for recent european isolates

* YR causes high impacts in some warm regions of the world
* High light intensity can compensate for high temperature
* Low temperature can allow infection at night when it is impossible during the day

* Possible adaptation of fungi populations to future climatic conditions

* Primary inoculum has a large impact
* Importance of oversummering and overwintering



Next step

A first assessment of model behaviour

* Extend assessment dataset
* More trials in contrasted pedoclimatic conditions
* More information on trial conditions (soil, crop management, ...)
* More dates of observations of epidemics

Numerical experiments on one site
* Extend to larger scale

Sensitivity analysis
* Impact of pathogen parameters
* Response to climatic conditions

To go fowards: factors determining primary inoculum
* From arbitrary parameter setting to mechanistic understanding ?
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