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The relevance of modelling the impact of
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| Zcrea
plant pests and diseases on crop X

B Plant diseases are a major cause for yield losses worldwide
and an important, yet poorly documented, source of
uncertainty in modelling outputs.

m Disease yield loss quantification is critical to inform tactical
to strategic decisions for disease management, for priority
setting and to support public policies.

® Yield losses can be simulated using agrophysiological models
in which damage mechanisms have been incorporated.

®m Simulations that do not account for crop pathogens and

pests are bound to lead to overestimates, in some cases,
very large ones.
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Estimates of crop losses by pathogens

and pests

Wheat
Yield loss %
10.0
. Leaf rust
75 FHB-scab
Tritici blotch
Stripe rust
2.0 Spot blotch
Tan spot
25 Aphids

Powdery mildew

! BYD
0.0 Nodorum blotch
Stem rust

Crown and Root Rot

Army worm

Sharp Eye Spot

Rhizoctonia Bare patch
Pratylenchus thornei
Soilborne wheat mosaic
Aster Yellows

Wheat Blast

Wheat streak mosaic
Pratylenchus neglectus

False armyworm

Russian wheat aphid
Heterodera filipjevi

Heterodera avenae

Rice

Sheath blight
Stem borers
Blast

Brown spot

Bacterial blight

Leaf folder
Brown plant hopper
Bacterial panicle blight
False smut
Sheath rot
Ragged stunt
Rice tungro
Stripe
Rice sheath mite
Kemel smut
Bacterial sheath rot
Yellow mottle
Bakanae .
Grassy stunt
Narrow brown leaf spot
Rice weevil
Black Bug
White Grubs I

Stem rot

Hoja Blanca

Aggregate sheath spot

F&G stalk rots

Fall armyworm
Northern leaf blight
F&G ear rots
Anthracnose stalk rot

Southern rust
Diabrotica

Gray leaf spot
Common rust
Bacterial Stalk Rot
Southern leaf blight
White spot

Maize streak

Tar Spot

Corn stunt

Silk fly

Diplodia rot
European stem borer

African corn borer
Banded Leaf and Sheath
Blight

Striga

Sorghum and Rajasthan
downy mildew

Maize lethal necrosis

Asian corn borer
Brown stripe downy mildew

Common smut

e

Potato

Late blight

Brown rot

Early blight

Cyst nematode
Powdery scab
Verticillium wilt

Apical leaf curl

Potato leathopper
Common scab
Colorado potato beetle
Leaf miner

Slugs

Leaf worm

Canker and black scurf
Aphids

Groundnut ringspot

Zebra chip

crea

Soybean

Cyst nematode
White mould

Soybean rust

Cercospora leaf blight

Brown Spot
Charcoal rot

Root knot nematodes

Phytophthora root & stem
rot

Sudden death .

Fusarium wilt and rot

Rhizoctonia rot and
blight
Soybean mosaic

Target spot

Spider mites

Frogeye leaf spot
Phomopsis seed decay
Anthracnose I
Reniform nematode
Pythium damping-off
Downy mildew
Phyllosticta leaf spot
Stem canker

Alternaria leaf spot

Cylindrocladium rot

137 P&Ps were reported with a large variation in crop losses caused by specific

P&Ps. The relative importance of P&Ps varied across food security hotspots

Savary S, Willocquet L, Pethybridge SJ, Esker P, McRoberts N, Nelson A. 2019. The global burden of
pathogens and pests on major food crops. Nature Ecology & Evolution 3, 430-439




The impacts of plant disease epidemics on
food security can be examined 9

WHEAT RUSTS FUSARIUM HEAD BLIGHT

WHEAT RUSTS FUSARIUM HEAD BLIGHT
{0 A) P striiformis, B) P, graminis, C) P triticina : Ty Fusarium spp.
Where: N. America, Europe, Africa, Asia f Where: N. America, China, Europe
When: 20" and 21" century " L& W]  When: Today
Chronic, acute and emerging {l M Acute
¢ TypeB,C g W TypeG

Soaice: stipenstvsv.ady, theqmmersabon o, By edersion 0 edl Source: news.ca.uky.edu

COMPONENT EFFECT COMPONENT EFFECT
Production Large Production Strongly impacted

Stocks Impacted Stocks Strongly impacted
Physical access Not affected Physical access Impacted

Economic access Impacted Economic access Impacted
Stability Impacted Stability Impacted
Nutritive value Large Nutritive value Very large

Savary et al., 2017,
Food Security
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Climate change leads to high uncertainty

. . . . ST Crca
in plant disease spread and intensity Q

B The effect of changing atmospheric composition and climate on

individual pathosystems can be positive, negative or neutral (Garrett
et al., 2006; Chakraborty et aI 2008)
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Bregaglio et al., 2012,
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Why modelling pests and diseases impact Zcrea

on crop Is needed?

L&

m A possible clasiffication of plant disease models:
e Epidemiological models, the target is the dynamic of plant disease epidemics

e Yield loss models, the target is the reproduction of the impact of the
pest/disease on crop yield.

B A model to predict the suitability of weather conditions to
the orange rust disease of sugarcane.

i B An informative model-based system for early forecast of
hazelnut quality.

\ / B A model to predict the impact of rice blast epidemics in
\ ' current and future scenarios.
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Use cases: orange rust on sugarcame

® Orange rust caused by the polycyclic fungus Puccinia kuehnii is an emerging disease
of sugarcane.

B Yield losses in susceptible and intermediate resistant varieties can reach 40%.

B Need of forecasting systems for in-season support and scenario analyses.

Existing modelling approaches calibrated with literature data

—
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Use cases: orange rust on sugarcame Q Crcd

m A total of 605 field samplings were taken on 70 sugarcane farms in the Praddpolis
region, state of S3o Paulo = need of upscaling according to weather database.

m After the evaluation with field data, the model was projected on main sugarcane
producing country to test its behavior on large area simulations.
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Valeriano et al. (2020). International Journal of Biometeorology, major revision
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Use cases: rotten hazelnuts HCo ¢crea

Hazelnut Company

B Insect pests and diseases affect the quantitative and qualitative aspects of hazelnut
vield, MatHiLDE project.

B Demand for decision support systems to optimize chemical control and forecasting
activities to provide early yield predictions.

All kinds of defects, including brown Model worklow

spotted or moldy nut kernels. ——
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Use cases: rotten hazelnuts H,,Q,P @CI‘ ca

Hazelnut Company

B Four years of data (2016-2019) with around 100 sampling points per year on the
main Turkish hazelnut producing areas (smartapp under development).

B Automatic calibration on 22 locations moving parameters within literature ranges.

B Model evaluation with independent subsets of observations.
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Use cases: rotten hazelnuts I:LQ,,Q @CI‘ ca

Hazelnut Company

B Monthly bulletins since February 2020 using past weather data as “possible
futures”.

B Model executed on NASA Power grids and on in-situ weather stations.
B Post-processing of model outputs with machine learning algorithms.

m Clear overestimation of field data in 2020 = problems to solve, back to model
formalization.

m Sensitivity analysis under development to inspect model behaviour
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Use cases: rice blast In Italy Crea

m Italian rice production, contributing to more than half of the European production is
seriously threatened by blast disease (causal agent Magnaporthe oryzae).

B Farmers to annually spray fungicides once or twice on over 75% of the rice area

B The majority of the Italian rice varieties are moderate to highly susceptible to the
pathogen.
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Use cases: rice blast In Italy Crea
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Use cases: rice blast in Italy Screa
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Use cases: rice blast in Italy

Field experimental data on four
Italian varieties at variable
resistance

Same model parameterized for
leaf and panicle blast

Further model evaluation with
data at municipality level

Model application in the main
Italian rice district
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Use cases: rice blast in Italy N Crea

1

Time of maturity E Early E Intermediate $ Late

B Field experimental data on four
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Wu et al., submitted to Agricultural Systems
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Incorporating damage mechanisms Into ?-req
D
crop models >

B The dynamic linkage between disease and pest injuries and
the host crop is realized through coupling points between
pest/disease and crop models.

m Seven pest and disease damage mechanisms were identified
(Boote et al., 1983, i.e., light stealer, leaf senescence accelerator,
tissue consumer, stand reducer, photosynthetic rate reducer, turgor

reducer and assimilate sappers).

Production Attainable Pests and diseases
situation yield l

< Injuries

Actual yield Yield loss = attainable yield — actual yield
Willocquet et al., 1998
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Incorporating damage mechanisms into g
&

crop models

B The simulation experiment design: WHEATPEST (Willocquet
et al., 2008) reference model to incorporate damage
mechanisms into several wheat models.

Crcéad

- S| mu I 3t | on p rOtOCOI to Disease pattern Maximum disease severity

Disease shape j
identify the main -/ =anll
Powdery mildew X N X Control (no disease)

sources of uncertainty | e 6,05 maximurm severity

Yellow rust 0.10 maximum severity

in yield loss modelling. | &Xgasbioeh| | idestype - 040 maximum severity

m Simulations performed Wﬁbraﬁonpmtocol
at tWO Ca“bratiOn Crop simulation models (phlé?glcc;;s:r:;izrad)
levels (i.e., with and §'8 L T
without leaf area index EEE“&V%H‘“;Tt fpreen leat area index
data). WOFOST or e el

major revision on Field Crops Research
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Main outcomes @ crea

m 3-way ANOVAs were performed to investigate the effect of
the models, diseases, and disease severity levels, separately
for each combination of calibration level and injury driver.

m F values are highest for "disease level" factor, which has the
highest effect on yield loss, intermediate for “model” and

smallest for “disease”. F values are reduced when model
calibration is higher.

_ High calibration Low calibration

_ ldeotype injury Theoretical injury Ideotype injury theoretical injury

Disease 4™ s 4™ ns
Disease level FEY . 296" 120" 228"
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Focus group with 8 Italian regions

Perspectives Q crea

Weather databases Agrometeorological stations Remote sensing Weather forecasts
Historical series (1961-2017) for Real time data for disease Correlation with disease  short-term data (3-7 days)
models calibration/evaluation forecasting data, large area monitoring

Y S

0 &“

\

Coupled crop-diseases models «—

API We are focusing on diseases of grape, rice and olive

{:}

Custom dashboard Model outputs to regional
Field samplings and models services
projections

Past observations Smart data field survey
Regional services  Real time data (MIRA)
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A common workflow for the three case )

studies

Crcéad

YOO

|dentify the priorities in
pests/disease modelling

Acquire knowledge on the
target pathosystem

Formalize the models to
simulate the key
epidemiological processes

Calibration and evaluation
of models with ground
thruth

Large area model
application for monitoring
or forecasting

Stakeholders involvement to
characterize urgent needs

Literature search on the pathogen
biological cycle and on the factors
influencing epidemics

Parameterization (existing
models) or development of
models for specific processes, and
their coupling

Test of the models accuracy in
reproducing reference data for
the target pathosystems

Link with georeferenced
databases, execute simulations
and extract information

Surveys, meetings, literature search,
working group, research projects.

Laboratory studies where the
components of the pathogens cycle
are studied as a function of climate

Programming skills to implement
models, adequate software
frameworks, sensitivity analyses to
test models behaviour

Agro-meteorological data, reference
disease data, automatic calibration
tools to optimize models
performances

Public/private databases, GIS, IT skills
to automatize models execution, data
analysis to elaborate model outputs.
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THANK YOU FOR YOUR ATTENTION

simoneugomaria.bregaglio@crea.gov.it
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