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Introduction 

• Agro-ecosystems 

– Many biological interactions (virus/vectors/plants) 

– Many human interventions (included against diseases) 

– Non-additive interactions among them 
 

• Disease management strategies 

– Often rely on implicit/conceptual models 

– Large scale field experiments difficult or unfeasible 

       Often based on expert opinion 

• How to find an optimal strategy? 

– They are not intuitive 

       Need to use sufficiently realistic models 
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Transmission 
Aphid: > 20 species 
Human: infected plant material 
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Sharka disease 
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Disease 

Sharka 

The most damaging disease on Prunus 
(apricot, plum and peach trees) 

Pathogen 
Plum pox virus (PPV) 

Potyvirus 



Worldwide sharka management 

Rimbaud et al. 2015. Annu. Rev. Phytopathol.  
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Current French management strategy of sharka 

Since the 1990’s 

 Frequent symptom inspections  

 Removal of symptomatic trees 
(and whole orchards  > 10% incidence) 

 

  National Decree published in 2011  

• What are the 
influential parameters? 

 

• Can this strategy be 
optimized? 
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Sensitivity analysis & optimization 
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• Simulation model incorporating epidemic processes and 
disease management strategies 

• Identification of key epidemiological parameters 

• Identification of key parameters for sharka management 

• In silico optimization of sharka management 
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• Simulation model incorporating epidemic processes and 
disease management strategies 

• Identification of key epidemiological parameters 

• Identification of key parameters for sharka management 

• In silico optimization of sharka management 



Ingredients of the epidemiological model 

1. Landscape 
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4. Changes in host status 

3. Pathogen dispersal 

2. Pathogen introduction 



Stochastic spatiotemporal simulation model 
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 qκ 

 Φ 
pMI 

Introduction parameters 

Connectivity quantile 

P(introduction) 

P(massive introduction) 

Mean duration of the latent period (EH) = f (θexp) 

S 
susceptible 

E 
exposed 

R 
removed 

H 
hidden 

infectious 

D 
detected 

Dispersal function 

Transmission 
coefficient 

[Si,t →Ei,t+1]= f (b, Wexp) 

Parameters have been estimated using surveillance data 

- PPV-M in southeastern France 

- 553 peach plots; 523 ha 

- Almost 5000 inspections over 15 years 



Sensitivity analysis & optimization 
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• Simulation model incorporating epidemic processes and 
disease management strategies 

• Identification of key epidemiological parameters 

• Identification of key parameters for sharka management 

• In silico optimization of sharka management 



Epidemiological criterion 
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Output = Mean equivalent number of fully productive trees per ha per year  

Fruit yield 

1st year of 
simulation 

Last year of 
simulation 

Healthy 
trees 

Latent 
trees 

Total area of 
the patches 

Sensitivity analysis measures the influence 
of input parameters on model output 



Parameters ranked by their influence on μY: 

1. Mean latent period duration 

2. P(introduction) 

3. Transmission coefficient 

4. P(massive introduction)  

5. Dispersal function  

6. Connectivity quantile (intro.) 

Key parameters of the spread of 
generic epidemics 
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Parameters: 
Combinations: 

Replicates: 

Output: 

6 
15,000 
50 
 

qκ 

Nb. of 
productive trees 

θexp
 

Nb. of 
productive trees 

Polynomial regression 
Disease-free scenario 

Sobol sensitivity index 



Sensitivity analysis & optimization 
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• Simulation model incorporating epidemic processes and 
disease management strategies 

• Identification of key epidemiological parameters 

• Identification of key parameters for sharka management 

• In silico optimization of sharka management 



23 parameters  

- Distances 

- Surveillance frequency 

- Contamination thresholds 

Methods:  pathogen management 

Removal 

Surveillance 
Plantation bans 
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Management scenarios 



NPV 

Methods: model output 
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Discount rate (4%) Beginning of the 
management 

End of the 
simulation 

• Calculated over 30 years 
• NPV: net present value 
• Global economic assessment 

Economic criterion 



Non-influential 
control 

parameters 

Sensitivity index 

Key parameters of sharka spread 
and management 

16 

χR 

Contamination 
threshold for 

orchard removal 

μNPV 

Epidemiological 
parameters 

Parameters: 
Combinations: 

Replicates: 

Output: 

29 
310,155 
30 
 

Local regression 
Disease-free scenario 
Reference management 
Reference value 

χn 

Contamination threshold 

for plantation ban 

μNPV 



Sensitivity analysis & optimization 
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• Simulation model incorporating epidemic processes and 
disease management strategies 

• Identification of key epidemiological parameters 

• Identification of key parameters for sharka management 

• In silico optimization of sharka management 



The present French sharka management strategy provides good control 

Sharka control is crucial 

But optimized strategies may reduce the cost of sharka control 

-62% -17% -8% -6% 

Towards optimized sharka management strategies? 

Optimized management 1 

Optimized management 1% 

Parameter combination 
for the highest NPV 

Value of each parameter 
Without sharka 

Without control 

French sharka management 

Parameter combinations 
for the 1% highest NPV 

Most frequent value 
of each parameter 



Conclusions & Perspectives 

 Latent period duration is a key parameter 

 

 

 French sharka management is epidemiologically efficient, 
but may be economically improved (and simplified) 
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C. Removals

A. Surveillance

Observation frequency

B. Plantations

Detected tree

Security zone

Focal zone

ζs

Observation 

epicenter

1/η0

ηs

η f

η f*

ζf ζeO

Patch to be

planted

Environment

ζeO

Close 

neighborhood

ηy

ηy *

ζn

Plantation 

forbidden

Detected tree

Removal zone

ζR

Removal epicenter

qeR > χR

ζeR
Removal

Areas for management actions

Areas for contamination measurement

ζ Distance

η Frequency

χ Threshold

q Contamination

 Robustness of optimized strategies 
to landscape features 

 Landscape optimization 
=> PhD work by Coralie PICARD (see poster) 

 Sensitivity analysis is a powerful approach to assess 
the relative influence of model parameters 
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