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BACKGROUND OF THE 
WORK

Why the interest in 1)

halving the use of fungicides

and 2) Decision support 
systems?



A set of policy initiatives 
by the European 

Commission with the 
overarching aim of making 
Europe climate neutral in 

2050

THE EUROPEAN GREEN DEAL

11 December 2019





Annual Indicator Report Series (ARIS)
Environmental indicator report 2017

Environment and health
Pesticide sales

❑ Use of pesticides in the EU

Percentage change in pesticide sales by country
(2014-2015 vs. 2011-2013)

AGRICULTURE WITHIN EU



UE, 2016

❑ Pesticide sales by major groups



❑ Fungicide sales by category of product, EU



“Control of airborne diseases by means of direct plant protection is 
clearly more demanding in organic farming systems because the 
plant protection products allowed are often less effective”

❑ Fungicide use in organic farming



❑ Fungicide importance



❑ Towards low-fungicide-input disease management

▪ Integrated Disease Management

o Compulsory for conventional agriculture in the EU

(Directive 2009/128/EC) 

Decision Support Systems (DSSs)
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APPLICATIONS ACCORDING TO 
CRITICAL PERIODS OF INFECTION

MONITORING 
ENVIRONMENTAL 

CONDITIONS

WARNING 
STATION

❑ DSS scheme

Development and 
model validation



❑ Calendar vs DSS strategies



OUR WORK
Try to answer wheter or not… 

Thanks to DSS, reducing the 
use of pesticides (fungicides) by 
50% is an achievable goal of the 

European Green DeaL

SYSTEMATIC REVIEW AND META-ANALYSIS



METHODS



DATA COLLECTION-SYSTEMATIC REVIEW

❑ FINAL DATABASE:

• 22 published articles
• 80 experiments

• 80 untreated controls 
(Unt.)

• 99 calendar-based 
strategies (Cal.)

• 149 DSS-based 
strategies (DSS) 

❑ INLCUSION CRITERIA per 
experiment:

1. One untreated control (Unt.), 
one calendar-based strategy 
(Cal.) and one DSS-based 
strategy (DSS)

2. Disease incidence (i.e., the 
proportion of diseased organs)

3. Sample size (i.e., the total 
number of organs evaluated)

4. Number of fungicide spray 
applications



❑ 80 experiments

• 80 untreated controls (Unt), 99 calendar-based strategies (Cal), 149 
DSS-based strategies (DSS) 

DATA DESCRIPTION



DATA DESCRIPTION

❑ 80 experiments

• 80 untreated controls (Unt.), 99 calendar-based strategies (Cal.), 149 
DSS-based strategies (DSS) 



Location Crop



Pathogen Fungicide categories



META-ANALYSIS 

❑ Two independent meta-analysis:

1. MI → disease incidences for DSS, Cal and Unt

2. MIS → the effect of the number of sprays on disease incidences

between DSS and Cal

❑ Beta-binomial mixed-effect regression modelling framework:

- Yij: number of diseased organs in the plot j in the experiment i

- nij : organs evaluated

- θij: disease incidence (probability)

- μij: mean of disease incidence→ different in MI and MIS

- Ф: precision



META-ANALYSIS 

❑ MI → MI0 (MIloc , MIloc,int , MIcrop , MIcrop,int ,MIpat, MIpat,int, MIfun , MIfun,int)

• Disease Incidende Difference (DID > 0) → DIDCal-Unt, DIDDSS-Unt,

DIDDSS-Cal



META-ANALYSIS 

❑ MI → MI0 (MIloc , MIloc,int , MIcrop , MIcrop,int ,MIpat, MIpat,int, MIfun , MIfun,int)

• Disease Incidende Difference (DID > 0) → DIDCal-Unt, DIDDSS-Unt,

DIDDSS-Cal



META-ANALYSIS 

❑ MIS→ MIS0 (MISloc , MISloc,int , MIScrop , MIScrop,int ,MISpat, MISpat,int, MISfun ,

MISfun,int)

• Disease Incidende Difference (DID > 0) → DIDCal-Unt, DIDDSS-Unt,

DIDDSS-Cal



META-ANALYSIS 

❑ Bayesian inference → Stan (https://mc-stan.org/)

• Sampling from the posterior is based on Hamiltonian Monte Carlo (HMC)
(‘borrowed’ from particle physics)

• HMC can provide huge improvements in computational efficiency over
conventional Metropolis-Hastings and Gibbs sampling (e.g.
WinBUGS/JAGS), but mathematical foundations are more difficult to follow

• Models are defined by the user through template files, giving huge flexibility
in model structure

• Using R, the brms package allows fitting Bayesian multilevel linear and non-
linear models in Stan using an intuitive high level syntax (similar to lme4)

https://mc-stan.org/


META-ANALYSIS 

❑ Sensitivity analysis → Bayesian vs frequentist

• Frequentist method by maximum likelihood through Laplace approximation
using the R package glmmTMB4



META-ANALYSIS 

❑ Model evaluation → Posterior predictive checks



META-ANALYSIS 

❑ Model selection

• Posterior predictive checks (K (5)-fold-CV)

• elpd: expected log pointwise predictive density

• “The height (density) of of the probability distribution, given the model

parameters, at the data point (pointwise) that were held-out (predictive)”



RESULTS



RESULTS  

❑ Meta-analysis MI (disease incidence)

❑ Prediction intervals

• plausible range of values that could be obtained in a 
new experiment

• Interval length depends on the magnitude of the 
variability between experiments



RESULTS  

❑ Meta-analysis MIS (number of sprays vs disease incidence)

❑ Number of sprays:

• nspcal = 4 vs. nspdss = 3 (Q1)

• nspcal = 7 vs. nspdss = 4 (median)

• nspcal = 10 vs. nspdss = 6 (Q3)

❑ The difference between the two medians corresponds to a 43% reduction in the 
number of sprays with the DSS strategy compared to the calendar based-
strategy



RESULTS  

❑ For a given number of sprays, DSS-based fungicide programs were 
equally and even more effective (by up to 5.5%) for disease control

❑ Meta-analysis MIS (number of sprays vs disease incidence)



RESULTS  

❑ Two comparisons:
• the 50% reduction was achieved by adopting a DSS-based strategy (scenario DSS50%)

• the 50% reduction was achieved by adopting a  Cal-based strategy (scenario Cal50%)

❑ Meta-analysis MIS (number of sprays vs disease incidence)



CONCLUSIONS  

❑ The goal of a 50% reduction in the number of fungicides (as
envisioned by the ‘from farm to fork’ strategy of the European Green
Deal11) is not a utopia

❑ DSS can play an important role in reducing fungicide use while
maintaining a high level of crop protection

❑ Fungicide use in agriculture can be further reduced if DSS are
integrated with other management strategies

❑ The efficacy of DSS is linked to their proper development, validation
and implementation in the field

❑ A limitation in the number of applications is also essential for the
effective management of fungicide resistance



SUMMARY  

❑ Our work…

❑ makes use of meta-analysis in the context of agricultural
sciences to answer a policy question

❑ considers Bayesian inference (hierarchical structure)→
Stan allows an easy and efficient implementation

❑ Includes quality standards that guarantee the robustness
of the conclusions drawn:

• Comprehensive procedure to perform systematic review

• Assessment of different modelling scenarios

• Beta-binomial (overdispersion)

• Random-effects (heterogeneity)

• Model evaluation and model selection

• Sensitivity analysis
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