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SporulationSporulationSporulationSporulation
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Temperaturep
in temperate regions, the low temperatures of late fall,
winter and early spring are below the minimum requiredy p g q
by most pathogens;

in tropical and subtropical regions the temperaturesin tropical and subtropical regions, the temperatures
are optimal for the pathogens during all year, except
the hot and dry summer where the value are too high;

wheat rust Puccinia graminii f. sp.tritici

22 d  t 5°C22 days at 5°C

15 days at 10°C

5-6 days at 23°C



PhotoperiodPhotoperiodPhotoperiodPhotoperiod
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PlasmoparaPlasmopara viticolaviticola inoculationinoculationPlasmoparaPlasmopara viticolaviticola inoculationinoculation
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increase the spread of plant pathogens

facilitate the formation of lesions

accelerate the drying of plant surfacey g p

when associated to rain, helps to release spore and bacteria
from infected tissuesfrom infected tissues



Spore Spore traptrap





AgrometeorologicalAgrometeorological monitoringmonitoringAgrometeorological Agrometeorological monitoringmonitoring



Field stationsField stationsField stationsField stations



Leaf Leaf 
wetnesswetnesswetness wetness 
sensorssensors



Remote sensing Remote sensing –– input datainput data
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Remote sensing Remote sensing –– identification of symptoms identification of symptoms 
on crop canopies using multispectral imageson crop canopies using multispectral images



Numerical weather Numerical weather 
modelsmodels



Seasonal forecastSeasonal forecast



ReanalysisReanalysis
centralized homogenized 

datasets of gridded 
weather/climate data covering 

all globe surfaces and at 
different altitudes

nesting
downscaling



Geographical Geographical 
I f tiI f tiInformation Information 

SystemSystem
Map of number of days for the 

outbreak of the current infection

2 km22 km2

Number of generation of 
Bactrocera oleae

30000 km2



Crop modelsCrop models

SimulatedSimulated impactsimpacts
ofof leafleaf--damagingdamaging

pestpest infestationinfestation on on 
maizemaize yieldyield atatmaizemaize yieldyield at at 

regionalregional scale (30scale (30--
arcminutearcminute gridsgrids ininarcminute arcminute gridsgrids in in 

Tanzania). Tanzania). LeafLeaf
damagesdamages waswas
implementedimplemented

throughthrough a a leafleaf area area 
couplingcoupling pointpoint inincouplingcoupling pointpoint in in 
the the DSSAT DSSAT modelmodel

www.regional.org.au



Diseases monitoringDiseases monitoring

o The measurement of plant disease (incidence and severity) plays a p ( y) p y
key role. It represents the basis for:
o epidemiological studies,

t f lo assessment of crop losses,
o plant disease survey,
o development and application of models,
o correct management of crop protection,
o screening of resistance,
o evaluation of protection methods and other experimento evaluation of protection methods and other experiment.

o Generally plant disease must be estimated by human activity unlesso Generally plant disease must be estimated by human activity, unless 
some equipment can ensure good measurements with different 
degree of precision and accuracy.g p y



PlantPlantPlant Plant 
damagesdamages





Field keysField keys
They can be used to improve field activity and they have to 

be particularly clear and simplebe particularly clear and simple.





PLOT 1 2PLOT 1 2
number DM leaf PM leaf PM cluster DM leaf PM leaf PM cluster

1 5 60 60 50 50 5
2 5 70 75 30 60 10
3 10 75 30 25 80 203 10 75 30 25 80 20
4 0 80 50 10 90 50
5 0 90 65 5 80 45
6 5 85 65 40 60 30
7 5 80 70 45 80 257 5 80 70 45 80 25
8 5 90 60 20 70 5
9 5 95 65 25 70 10

10 5 80 30 10 80 15
11 5 30 80 4 80 5
12 5 60 85 45 50 30
13 5 55 90 60 50 45
14 0 70 5 45 55 60
15 0 85 5 35 50 50
16 30 80 30 50 40 65
17 35 75 40 50 55 5
18 35 60 55 25 30 10
19 10 65 60 15 50 40
20 15 30 65 5 35 30
21 30 60 5 3 35 5
22 35 65 5 5 40 6522 35 65 5 5 40 65



ExampleExampleExampleExample

14/07/2010 Leaves
Class Value Frequency

(N)
N*V Disease

severity(V) ( ) y(V)
0 0 23 0
I 2.5 6 15
II 5 20 100II 5 20 100
III 12.5 32 400
IV 25 17 425
V 50 1 50
VI 75 0
VII 87.5 0

N =X 100
(N*V) = Y 990

/GDA = Y/X 9.9





Pest and pathogen monitoringPest and pathogen monitoringPest and pathogen monitoringPest and pathogen monitoring

o These measurements generally require specific 
equipments (volumetric spore trap, small cyclone trap, 
washing method etc )washing method, etc.)

o These method are not applied to field studies for 
pathogens, but particularly during experimental tests. 
More frequent the monitoring of pests

o They can be useful for a pre-season analysis of the risk in 
soil and seed borne diseasesoil and seed borne disease.

o Also they allow to evaluate the dynamics of disease 
spatial variability inside a region.spatial variability inside a region.



Counts in the environmentCounts in the environmentCounts in the environmentCounts in the environment
o In these cases an estimate of the population can be obtained, 

hich m st be corrected for the conditions of the trapping and forwhich must be corrected for the conditions of the trapping and for 
sampling error.
o Chemical attraction, by using fruit or fruit extracts, fish meal, crop sections,o Chemical attraction, by using fruit or fruit extracts, fish meal, crop sections, 

pheromones (they are selective and simple to be used)
o Attraction by colour (yellow during the day, red for fruit pest)
o Sticky traps with chemical of colour attractanto Sticky traps, with chemical of colour attractant
o Water traps
o Light traps
o Suction traps
o Sampling soil or debris
o Pitfall traps (soil level containers)o Pitfall traps (soil level containers)
o Mark, release and recapture methods





HostHost monitoringmonitoring -- phenologyphenologyHostHost monitoringmonitoring phenologyphenology

o Keys describing the phenological development of plants 
are available for many crops.

o They provide an estimate of the amount and type of plant 
organs which can be important for disease development.
Al th ti i f b d ib do Also the timing of organs appearance can be described, 
related to senescence or susceptibility.

o The time of beginning and full phenological time can beo The time of beginning and full phenological time can be 
recorded.



PlantPlant
phenologyphenology



Host monitoring Host monitoring -- growth growth analysisanalysisgg gg yy

T i t ll id do Two main parameters are generally considered:
o the plant material present (total  weight)
o the magnitude of the assimilatory system (total leaf area)

o The leaf area index (LAI) can be also considered.
o Plant weight can be fresh or dry, partitioned into different 

t f l t (l t t f it t )components of plant (leaves, stems, roots, fruits, etc.), 
partitioned into susceptible and non-susceptible components.

o Leaf area can be easily measured using a leaf area digitiser oro Leaf area can be easily measured using a leaf area digitiser, or 
traditional methods such as planimeter, length-width ratio, 
photographic techniques.

o Different analysis can be made using growth measures, 
including: growth rate, relative growth rate, net assimilation 
rate leaf area ratiorate, leaf area ratio



Stove Scale

Leaf area meter
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Mechanistic Mechanistic EmpiricalEmpirical

Cornell University in Geneva, New York

http://www.ipm.ucdavis.edu





fuzzy fuzzy 
inferenceinference

dede--
fuzzificationfuzzification

yes yes 
or or 

TT
RHRH

fuzzificationfuzzification

fuzzificationfuzzification inferenceinference or or 
nonoRHRH fuzzificationfuzzification

Quantitative Quantitative 
base of base of rulesrules

QQ
informationinformation
Qualitative Qualitative &&
informationinformation

Other approaches: Other approaches: 
fuzzy, neural networkfuzzy, neural networky,y,



R. D. Magarey, T. B. Sutton, and C. L. Thayer
Department of Plant Pathology, North Carolina State 
University, Raleigh 27696..



Coltura Malat. Mod.
ABETE 3 3
AGRUMI 1 1
AVENA 2 2

Coltura Malat. Mod.
MAIS 4 4
MANDORLO 1 1
MANGO 1 1AVENA 2 2

AVOCADO 1 1
BANANA 2 4
BARBABIET. 2 2

MANGO 1 1
MEDICA 2 3
APPLE 4 18
MELONE 1 1

Main modelsMain modelsBEGONIA 1 1
CACAO 1 1
CAFFÈ 1 1
CANNA ZUC. 1 1

PEANUT 5 13
NOCCIOLO 1 1
OLMO 1 1
BARLEY 5 13

CAROTA 2 2
CASTAGNO 1 1
CAUCCIÙ’ 2 3
CAVOLO 2 3

POTATO 4 21
PESCO 1 1
PINO 4 4
PIOPPO 3 3CAVOLO 2 3

CEREALI 4 6
CILIEGIO 2 2
CIPOLLA 2 2

PIOPPO 3 3
PISELLO 1 1
POMODORO 4 6
QUERCIA 1 1

COCOMERO 1 1
COTICO ERB. 1 1
COTONE 3 4
CRESCIONE 1 1

RAPA 2 4
RICE 4 17
SEDANO 1 1
SEGALE 1 1CRESCIONE 1 1

DUGLASIA 1 1
FAGIOLO 4 4
FRAGOLA 4 5
GINEPRO 1 1

SEGALE 1 1
SOIA 5 9
SORGO 7 7
SPINACI 1 1
SUSINO 1 1GINEPRO 1 1

GIRASOLE 2 2
WHEAT 10 58
LUPPOLO 1 3

SUSINO 1 1
TABACCO 2 2
TRIFOGLIO 1 1
GRAPEVINE 4 17



Source: Erick D. DeWolf and Scott A. Isard, 2007. Disease Cycle Approach to Plant Disease Prediction
Annu. Rev. Phytopathol. 2007. 45:203–20



Input example:  Input example:  PlasmoparaPlasmopara viticolaviticola
simulation modelssimulation modelssimulation modelssimulation models

Type Model Temp. Precip. RH LWDType Model Temp. Precip. RH LWD
Goidanich D D
Rule of 3 10 D D
DM CAST H H H H

Rules

DM CAST H H H H
EPI Winter M 10 D

Empirical EPI Summer D 3 H d
POM D
PCOP D D
Dyonis D Dy
MILVIT 3 H 3 H d
VINEMILD H H H

D d H d H dPRO HD d H d H d
Mechanistic 15 MI n 15 MI n 15 MI n

Freiburg H H H H

PRO H

PLASMO H H H H



Model Output
Goidanich SINGLE INFORMATION
Reg 3 10

Output example: Output example: 
PlPl

Reg. 3 10
dm CAST INFECTION POTENTIAL
EPI Inv.

PlasmoparaPlasmopara
viticolaviticola

EPI Est.
POM
PCOPsimulation simulation 

modelsmodels
PCOP
Dyonis
MILVIT SPECIFIC BIOLOGICAL ANDV S C C O OGC N
Vinemild EPIDEMIOLOGICAL DATA
PRO
Freiburg
PLASMO
DMsimDM sim.



ExampleExample ofof variablesvariables includedincluded intointo differentdifferent kindskinds ofof modelsmodels

L. M. Contreras-Medina, I. Torres-Pacheco, R. G. Guevara-González, R. J. Romero-Troncoso, I. R. Terol-Villalobos, R. A. Osornio-Rios, 2009. 
Mathematical modeling tendencies in plant pathology. African Journal of Biotechnology Vol. 8 (25), pp. 7399-7408
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Condition of applicationCondition of applicationCondition of applicationCondition of application

o Climatic classification

o Future climatic scenario for climate change and variability 
analysisanalysis

o Field monitoring and forecast for crop protectiono Field monitoring and forecast for crop protection



Climatic Climatic 
classificationclassificationclassificationclassification



Potato late blight riskPotato late blight riskPotato late blight riskPotato late blight risk

Climatic risk for potato late blight in the Andes region of Venezuela (Beatriz
Ibet Lozada Garcia; Paulo Cesar Sentelhas; Luciano Roberto Tapia; Gerd
Sparovek, 2008)



a)1960-1990 Climate changeClimate changea)1960 1990 Climate change Climate change 
impactimpact

PredictedPredicted severityseverity ofof phomaphoma stemstemPredictedPredicted severityseverity ofof phomaphoma stemstem
cankercanker (L(L.. maculansmaculans)) atat harvestharvest
(Sc)(Sc) onon winterwinter oilseedoilseed raperape cropscrops..

b)2020 LO

c)2020 HI

d) 2050 LO

e) 2050 HI

Zhou et al. 1999)





ProbableProbable numbernumber ofof
generationsgenerations ofof leafleafgenerationsgenerations ofof leafleaf
minerminer ((LeucopteraLeucoptera
coffeellacoffeella) on coffee) on coffeecoffeellacoffeella) on coffee ) on coffee 

plantplant in in BrazilBrazil

Source: Ghini R. et al., 2008. Risk analysis of climate change on coffee nematodes
and leaf miner in Brazil. Pesq. agropec. bras. vol.43 n.2. 



Field monitoring and forecast for crop Field monitoring and forecast for crop 
protectionprotection

ToTo treattreat
protectionprotection

NotNot toto treattreatNotNot toto treattreat



OutbreakOutbreak ofof CercosporaCercospora. . WhenWhen infectioninfection levellevel isis
higherhigher thenthen 50% the first50% the first applicationapplication isis requiredrequiredhigherhigher thenthen 50% the first 50% the first applicationapplication isis requiredrequired

Cercospora- modelp



PlumPlum curculiocurculio ((ConotrachelusConotrachelus nenupharnenuphar))

http://pronewengland.org/AllModels/MEmodel/RADARME-SanfordEarly.htm



drupe recettiveOlive fly model Olive fly model –– table olivetable olive
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Information utilisation Information utilisation 

For using information obtained by models or by decision making systems in order
to define the field treatment epochs, different aspects have to be highlighted

Necessary to treat when
 the pathogen is present
 the crop is susceptible the crop is susceptible
 the treatment is efficacious
To avoid treatments
 in advance, for losses of efficacy due to the product degradation and to the

growth of plants
 late for losses of efficacy due to a too developed infective process late, for losses of efficacy due to a too developed infective process
Factors to consider
 character of the farmer
 need to have all the information concerning the disease and the crop
 position of the threshold of action and damage
 application with strategic or tactical aims



Model application economic benefitsModel application economic benefits
State Disease Crop Pathogen Benefit

UK Stem canker, 
light leaf spot 

oil rape Leptosphaeria 
maculans
Pyrenopeziza brassicae

increase average yields by up to 
0.5 t/ha (equivalent to £75/ha or 
£15 million/annum if benefits 
occur on 200,000ha)

1

Virginia 
(USA)

leaf spot peanut
growers

Cercospora arachidicola 1987‐1990: input costs reduced 
by 33% or $57 per ha
1990 1995 i t t d d

2

1990‐1995: input costs reduced 
by 43% or $66 per ha

Italy Grapevine 
downy mildew

grapevine Plasmopara viticola The threshold for an economical 
convenience in the adoption of 

3
downy mildew p

the agrometeorological system is 
about 6 ha.

Florida Brown spot citrus Alternaria alternata 4

1. Dr Peter Gladders, ADAS Boxworth, Cambridge. LK0944: Validation of disease models in PASSWORD integrated decision support for pests and diseases in , , g g pp p
oilseed rape. HGCA conference 2004: Managing soil and roots for profitable production

2. Phipps PM, Deck SH,Walker DR. 1997.Weather-based crop and disease advisories for peanuts in Virginia. Plant Dis. 81:236–44
3. L. Massetti, A. Dalla Marta and S. Orlandini, Preliminary economic evaluation of an agrometeorological system for Plasmopara viticola infections management.
4. Alka Bhatia, P. D. Roberts, L. W. Timmer, 2003.  Evaluation of the Alter-Rater Model for Timing of Fungicide Applications for Control of Alternaria Brown Spot of 

Citrus. Plant Disease / September 2003.



CostsCosts and and benefitsbenefits ofof AlterAlter--Rater Model Rater Model 



B fit f thB fit f thBenefits from the Benefits from the 
IPM impact IPM impact pp

studiesstudies

Economic Impacts of Integrated Pest Management in Developing Countries:p g g p g
Evidence from the IPM CRSP
Tatjana Hristovska
Thesis submitted to the faculty of the Virginia Polytechnic Institute and State 
University, 2009



Other benefitsOther benefitsOther benefitsOther benefits

reduction of chemical inputs in the ecosystemreduction of chemical inputs in the ecosystem
soil fertility conservation
smaller amount of chemical residuals in foodsmaller amount of chemical residuals in food
work quality improvement
reduction in the development of resistant formsreduction in the development of resistant forms
safeguarding of natural predatory
reduction of new diseaseseduct o o e d seases



ImplementationImplementation ofof the the modelmodel
Tables for manual calculations
Simplicity of application, difficulty to obtain information for an p y pp y

efficacious use
Electronic plant stations
Collocation in field, complete automation, imprecise results, 

frequent damages
Computer
Rapidity of intervention (tactic), possibility to analyse past 

conditions, possible simulation with future scenarios (strategic), 
automatic collection of data, use for different aims, precision of 
resultsresults



Manual calculation: Mills table (apple scab)Manual calculation: Mills table (apple scab)
LEAF WETNESS HOURS

Temperature Light Medium Severe
8 18 23 34
9 15.5 20.5 30

10 12.5 19 28
11 11.5 17 26
12 10.5 16 24
13 10 14 22.5
14 9 5 13 2114 9.5 13 21
15 9 12.5 20
16 9 12.5 19
17 9 12.5 1817 9 12.5 18
18 9 12.5 18
19 9 12.5 18
20 9 12.5 18
21 9 12.5 18
22 9 12.5 18
23 9 12.5 18
24 9.5 12.5 19
25 10.5 14 21



GoidanichGoidanich tabletable ((grapevinegrapevine downydowny mildewmildew))
Temperature 

(°C)
RH low    
≤ 65%

RH high     
> 65%

14° 15 11

Temperature 
(°C)

RH low    
≤ 65%

RH high     
> 65%

14° 6 6 914 15 11
15° 13 9.5
16° 11.5 8.5

14 6.6 9
15° 7.6 10.5
16° 8.6 11.7

17° 10 7.5
18° 9 6.5
19° 8 6

17° 10 13.3
18° 11.1 15.3
19° 12 5 16 619° 8 6

20° 7 5
21° 6 5 4 5

19° 12.5 16.6
20° 14.2 20
21° 15 3 22 221 6.5 4.5

22° 6 4.5
23° 5.5 4

21 15.3 22.2
22° 16.6 22.2
23° 18.1 25

24° 5.5 4
25° 6 4.5
26° 6 4 5

24° 18.1 25
25° 16.6 22.2
26° 16 6 22 226° 6 4.5 26° 16.6 22.2

Incubation period lenght % progress in incubation period



ElectronicElectronicElectronic Electronic 
plant plant 

stationstationstationstation



Personal computer and Personal computer and 
t k ft k fnetwork of network of 

meteorological sensors meteorological sensors 
and stationsand stations



ClimaticClimaticClimaticClimatic
anomaliesanomalies
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ConditionsConditions ofof applicationapplicationConditionsConditions ofof applicationapplication

Farm: in this case the model is applied directly by farmersFarm: in this case the model is applied directly by farmers, 
with evident benefits in the evaluation of real 
epidemiological condition and microclimate evaluation. On p g
the other hand, the management of the simulations and 
the updating of the systems represent big obstacles.

Territory:  it is probably preferable because it allows a better 
t d d ti f th t Thi l timanagement and updating of the system. This solution 

requires the application of suitable methods for the 
information dissemination among the usersinformation dissemination among the users.



Agrometeorological bulletins for crop Agrometeorological bulletins for crop 
protectionprotection

o Prediction of the first date of disease or pest 
tt k di t th diti ithattack, according to weather conditions, with or 

without field observation.
o Intensity and duration of pest and disease attacks.
o Negative forecast (length of the period free from g ( g p

pests and diseases)
o Weather conditions associated with the necessaryo Weather conditions associated with the necessary 

treatments.



Instruction for treatmentsInstruction for treatmentsInstruction for treatmentsInstruction for treatments

These are in the form of “when to spray” or 
“when not to spray”: they usually includewhen not to spray : they usually include 
advice on the required concentration and 
amount of pesticide frequency ofamount of pesticide, frequency of 
application and sometimes the cost also.



Information dissemination: the bulletinsInformation dissemination: the bulletinsInformation dissemination: the bulletinsInformation dissemination: the bulletins

o Advises and information to the users can be disseminated 
by using: personal contact, newspaper and magazines, 
radio and television videotel televideo telefax mailradio and television, videotel, televideo, telefax, mail, 
phone, INTERNET, SMS.



Mobile phone Mobile phone 

From Omondi Lwande and Muchemi Lawrence (2008)



Powdery mildew Powdery mildew 
riskriskriskrisk

http://www.apsnet.org/online/feature/pmildew/



Veneto (Italy) Veneto (Italy) –– infection rainfall mapinfection rainfall map



MapsMaps ofof light light leafleaf spot spot forecastforecast
http://www rothamsted bbsrc ac ukhttp://www rothamsted bbsrc ac ukhttp://www.rothamsted.bbsrc.ac.ukhttp://www.rothamsted.bbsrc.ac.uk



Lupin Lupin beanbean yellow yellow mosaicmosaic virus virus 
(BYMV)(BYMV) F tF t(BYMV) (BYMV) ForecastForecast



SyngentaSyngenta CropCropy gy g pp
ProtectionProtection UK UK LtdLtd

G d i t l dGrowers and agronomists already
registered on the Syngenta
website will automatically havewebsite will automatically have
free access to Brassica Alert

www.syngenta-crop.co.uk/brassica-alert.aspx



WeatherWeather--related Pests and related Pests and 
DiseasesDiseases ModellingModellingDiseases Diseases ModellingModelling

Simone Orlandini 
Department of Plant Soil and Environmental ScienceDepartment of Plant, Soil and Environmental Science

University of Florence
simone.orlandini@unifi.it

Caribbean Agro-meteorological Initiative (CAMI)
Belize Stakeholder Seminar and Pest and Diseases Decision Support Meeting

8 December, 2010
Radisson Hotel, Belize City, Belize


