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Executive Summary

Participantsfrom major research laboratories of Australia, Asia, America, and Europeworking on
climaterelated agpectsand crop diseases participated in the scoping and planning workshop “ Climateand
Crop Disease Risk Management: An Internationa InitiativeintheAsia-Pacific Region” at the Central
Research Ingtitutefor Dryland Agriculture (CRIDA), Hyderabad, Indiaduring 6 —10 November 2006.
Theworkshop wasfunded by theAsia-Pacific Network for Globa Change Research (APN) and hosted
by CRIDA aspart of aproject to enhancethe understanding of the rel ationshi ps between weather/climate,
crop disease, and yield reduction, leading to the devel opment of cost-effective and timely management
interventionsfor growers.

The objectivesof theworkshop were:

¢ Tonetwork withgovernment, community stakeholdersand scientistsintermsof achieving workshop
ams

o Torevisespecific project plansin order to identify needed data
e Tostudy availablemodel sand decide on the applicability of each.

o Toidentify way ahead, and determine astrategy for larger project funding so that theinitiative
could continueinthefuture.

o Totakestepsto ensurethat the project wasdelivered in an efficient and accountable manner.

Thisproject aimsto integrate existing climate, crop and epidemiological research to develop a
regionadly predictivemodd for crop diseaserisk management. By engaging scientistsalready researching
inrelevant topics, scientific and policy-anaysislinkageswill beforged and duplication of research effortis
reduced. The project targetsthree cropsin participating countries (peanut, canolaand mustard) that are at
risk from climate-sensitive diseases. L ateleaf spot (Phaeoi sariopsisper sonata) inflictsdamageto peanut
cropsaround theworld. Sclerotiniastem rot (Sclerotinia sclerotiorum) and Alternariablight (Alternaria
brassicae) are major concern for canolaand mustard in many countries. Information on abroad scaleis
availableregarding theinfluence of weather on disease devel opment inthese cropsincluding someprediction
models. However, they have not been validated on alarge scale. At present, scheduled applications of
fungicideshel ptoreducelossesdueto these diseases. However, often, thesmall and marginal farmersin
developing countries cannot afford to use aschedul ed spray cycle. Hence, afine-tuned and validated
forewarning system can reduce the number of sprays, increasetheviability of other disease control options,
and thuscan helpinimproved sustainability and livelihoods of farmers.

The scoping workshop at CRIDA explored available research information on modelling and
epidemiology of thethree diseases. The participating researcherswill collaborate and network with each
other infollow up projects. Workshop participantsrepresented abroad range of disciplineswithinterestin
modelling of climate, cropsand diseasesand their applicationsin crop disease management. Participants
wereinvited fromAustralia, India, Bangladesh, Cambodia, United States, and Netherlands covering two
broad disciplinegroupsviz. climate, crop modelling, risk communication and agrometeorol ogical services
(Huda, Ramakrishna, Khan, Jagannathan, Meinke, Hansen, Boote, Stigter, Rathore and Coughlan), and
plant protection, epidemiology (Spooner-Hart, Derry, Thakur, Desai, Visarto, Hind-Lanoiselet,
Chattopadhyay, Asaduzzaman and Alam). They a so had overl goping expertiseand interest acrossdisciplines
particularly inrisk analysisand communication.

Daysoneto three of theworkshop were a series of presentations, each followed by small group
discussonsto determinethefuture course of action. Onthefirst day, the potentia, suitability and readiness
of severa different crop, disease and climate-model swere discussed. The second day looked at data
requirementsand avail ability to runthese model sin each participating country. Therewasasoasessonon
grower requirementsfor amodel and discussion on which model/swereto be selected for each crop. On
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thethird day, future projects, funding opportunitiesand therolesand responsbilities (crop and country) for
each participant were deliberated. On thefourth day, astudy tour of the group to the Internationa Crop
Research Indtitutefor the Semi-Arid Tropics (ICRISAT) wasorganized, while on thefifth day five specific
crop and disease model swere demondtrated, followed by afinal summary meeting. Thedetailed workshop
program can befoundin thenext section of thisbooklet, athough it wasfine-tuned throughout theworkshop.

The outcomesfrom theworkshop were:

¢ Anenhanced understanding of therel ationship among westher/climate, diseaseincidence, and
yield reduction to devel op suitable management interventions

e An agppreciation of the need of abottom up (“what do the userswant”) rather than atop down
(“what doesthe modeller want”) approach in devel oping amodel

Recognition of the need for arisk management model asthe basisfor decision making

Theneedfor thisproject, and in particular new projectsto involve the user and includeimpact
analysisof both economic and social outcomes

Aligt of collaboratorsand their respectiveresponsbilitiesfor networking during theAPN project
Regional collaborationsfor capacity building

o Aligt of potentia funding agenciesfor futurefunding, to build onthe APN seed funds

The expected outputs from this project and planned future projects that can be targeted for
collaboration are provided in the Outcomes of the scoping workshop.

Conclusion

Withincreasing concern about climatevariability, thisworkshop hashighlighted theneed toincorporate
climateforecastsinto mode sthat will enable stake holderswithin the agricultura sector to economically
manage risk from diseases from season to season. Theworkshop increased theinternationa standing of
our projectsand the participant’sinternationa linkages; thisisaprocesswhich should continue.
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Background and Introduction to the workshop

Thisproject entitled “ Climateand Crop Disease Risk Management: An Internationd Initiativeinthe
AdgaPacificRegion” wasinitiated by Associate Professor Dr Samsul Hudafrom the University of Western
Sydney. Dr Hudacontacted Dr Gordon Murray (Principa Research Scientiss NSW DPI) and Dr Tamrika
Hind-Lanoisdetin 2005 about initiating aproposa for anAdaPecific Network for Globa ChangeResearch
(APN) application asAPN funds capacity building and networking aswell as planning and scoping
workshops in areas where there are research gaps. With the help of thisteam, Dr Huda developed a
proposa and presented at the pre-proj ect workshop in Hyderabad, I ndiaduring 2005 where other risk
management research such as* Rustman” for striperust of whesat and climate modelsfor Sclerotiniastem
rot on canolawere discussed.

Thisproject aimsto integrate existing climate-, crop-, and epidemiol ogical-researchto developa
‘regiond predictivemodd’ for agricultura risk management. Themodd will bevalidated through concurrent
applicationtoindex cropsin selected areaswith aregular communication with local stakeholdersduring
model development. By involving scientistsalready engaged in relevant research, scientific and policy-
andysislinkageswill beforged and dsotry to reduce duplication of research efforts. Management strategies
relating to pesti cide usageto meet climatic circumstanceswill beresearched in theinterests of safe- and
strategic-food production.

The project targetsthree economically important annual crops (peanut, canolaand mustard) that
are at risk from climate-sensitive diseases. Peanut/groundnut is an important oil-seed crop in each
collaborating county. In Indiait covers about 8 million haproducing 8.3 million tonnes of pod yield.
Australiahasasubstantia production shortfall necessitating importation of 5 - 8 thousand tonnesp.a. from
China, Indiaand Argentina. Thecrop worldwide suffersfrom lateleaf spot (Phaeoisariopsis personata),
which coupled with rust (Puccinia arachidis), can causeyieldlosses of 15-50%in India(CRIDA 2001).
InAustralia, P. personataisthe most important foliar disease causing up to 85%foliageloss, if untreated
(Belgard and Ham, 2004). Wesather-climaterisk predictionsand warningsarevital inleafspot control
(Naab et al. 2004). Thisdisease, dongwith early leaf spot and peanut rust, iscurrently managed with a
schedul ed fungicide gpplication. Rapeseed-mustard isanother important oil seed cropinindia InAudrdia,
canolaisanincreasingly important crop (currently worth $680 million) that providesarotational bresk
crop for cereals (Nelson, et al. 2001). Both mustard and canola crops suffer from Alternaria blight
(Alternariabrassicae) and Scleratiniarot (Sclerotiniasclerotiorum) inthe participating countries. Alternaria
blight causesyield losses of 35% in Indian mustard crops (CRIDA 2001). In New South Wales (NSW),
Austraia, S sclerotiorumhasbeen knownto cause AUD$47 million lossto canolaproduction, when
favourablewesther prevails(Hind-Lanoisd et 2006). Prolonged humid (wet) conditionsduring flowering
of canolafavour disease devel opment and yield lossesashigh as24% in NSW (Best Bet CanolaProject,
Harden, Copy of Raw Data). At present, fungicide application at 20-50% flowering isthe only effective
means of control but thefungicidesare expensive so growersonly get an economic return when disease
pressureisvery high. Dr Hind-Lanoiselet has an extensive database on thisdisease, and climate datathat
could beused to deviseadiseasemodd. Itisenvisioned in thisproject that crop modelswill be coupled
with diseasemodd sand tested/vaidated againgt climatedata. Thiswill providebetter indghtsandinformation
inthe management of target pathogensinindex cropsin participating countries. CROPGRO-Peanut mode!
(Joneset al. 1998) will be used, and the suitability of the coupled peanut crop-leafspot model will be
tested against climatedata. Similar processwill befollowed for Sclerotiniarot and Alternariablight using
off-season and crop-season datawith interpol ation to augment data gaps, building on thework of the
Audrdiangroup.

Trajectory for theWorkshop

Theproject aimsat astrategy to advance sustained operational support for better forewarning of
crop disease occurrence, leading to reduced pesticide use, and dternate agricultura and land-use practices.
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Existing university-government linkagesthrough advisory programswill secure scientific-policy cross-
cutting and linkage. Thisresearch contributesdirectly to uncertaintiesassociated with global climate change
by providing an anaytical framework to integrate medium range wesather forecasts along with seasonal
climateforecaststo minimisecrop lossesand ingtitutional mechani smsto antici pate and adapt to climate
fluctuations. The project drawson and integrates adiverse body of knowledge that includes seasonal
climate prediction, downscaling of climateinformation, agroecosystem modelling, decisonanaysis, risk
communication and farmer-participatory research.

The Scoping Wor kshop

Thisscoping workshop at CRIDA, Hyderabad, Indiaheld during 6-8 November 2006 is part of
the APN proposal and aimed to integrate existing climate, crop, and epidemiological researchto develop
aregionaly predictivemodd for diseaserisk management. Weether/climaterisk predictionsand warnings
arevitad for effective control of many crop diseases. Theworkshop/project team brought together abroad
spectrum of regiona andinternationd participants, withawiderangeof complementary disciplinary interests
and experience, with the common goal of analysing and modelling climate and cropsin theinterest of
disease management and food security. Participantswere invited from Australia, India, Bangladesh,
Cambodia, United States, and Netherlands covering two broad disciplinegroupsviz. climate, crop moddling,
risk communi cation and agrometeorol ogical services(Huda, Ramakrishna, Khan, Jagannathan, Meinke,
Hansen, Boote, Stigter, Rathore and Coughlan), and plant protection, epidemiol ogy (Spooner-Hart, Derry,
Thakur, Desal, Visarto, Hind-Lanoiselet, Chattopadhyay, Asaduzzaman and Alam). Theseinviteesaso
have overlapping expertiseand interest by cross-cutting different disciplinesparticularly inrisk analysis,
communication, and policy analysisand advisory to governments. Participantsin theworkshop wereable
to discuss opportunitiesfor integrating existing work and future effort to meet acommon goal, and to

explorecommon ground in existing modelling for arange of relevant parameters.
Objectives of the Workshop

Theoveral aim of the project isto develop aregional risk management approach for selected
climate-sengitive crop diseases. The specific objectivesareto:

e Develop and adapt predictive modelsfor climate-sensitive diseases (late leaf spot in peanut,
Slerotiniarot and Alternaria blight in canolaand mustard) of index cropsand, integrating this
with exigting climate, crop and epidemiol ogical knowledge

e Evauatethepredictive performance of crop growth and disease models, using existing dataand
generate additional datasets

e |dentify and evaluateimproved crop disease management strategi esbased on climateinformation
and predictivemodels

e Assessinformation needsand propose communication strategies(e.g., climatic and diseaserisk,
diseaseforecasts, and advisories) and

e Engageappropriateingtitutionsand policy linkagesthat arein apositionto provide support for
climate-sensitive crop disease management in each target country
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Introduction and welcome to the delegates

Dr Ramakrishnawel comed the delegates of theworkshop. In hisaddress, he highlighted the need
for focus on cost-effective management of insect-pestsand diseasesthat are causing severeyield losses.
For ameaningful integration of impact on weather oninsect-pest and diseases, critical long term datais
lacking and he stressed that by collating the small amounts of existing datamode scould be devel oped and
validated. If the growershaveto be convinced of reduced pesticide usage, they should be provided with
reliableforewarning systemsincluding s mple, stand-alonemodelsand waysto link existing forecasting
tools/expert systemsto disease models. CRIDA had worked on prediction models during 2001-2004
using six diseaseswith an approximately 60% successratefor climatic periodsof 1-2 weeks. Apart from
risk assessment, risk communication should al so be given dueimportance using existing networks Dr
Ramakrishnahighlighted the need for regional - aswel | asinternational-collaborationswhilemaintaining a
harmony with farming communitiesfor validation and refinement of technol ogy.

Inconclusion, heraised threeissuesviz.
* Canwe usetheexisting modeling network for real time predictions?

* Canwestrengthen internationa collaboration?
* Canwelink new predictive model swith existing model s?

Prof. Robert Spooner-Hart introduced the University of Western Sydney and highlightsof current
research including response of plantsto the greenhouse effect, particularly rising levelsof atmospheric
CO, andimpact of climate and climate change on crop disease. He described the series of events/meetings
that identified data shortfallsin crop modelsthat |ed to the organisation and funding by APN for this
particular 2-year project and workshop which hasbeen ableto network aworldwideteam of expertiseon
crop modelling and disease modelling. So far the project has enabled a paper to be presented at the
WMO (World Meteorological Organisation) workshop in Delhi in 2006, they have been ableto make
some progressin incorporating disease risk management into model s by gaining interest and possible
futurefunding from the National Bank for Agricultureand Rural Development in India.

Dr. Kep Coughlan, facilitator of the workshop, emphasized that theworkshop hasto beflexible so
that itscontent can changeif oneareaneedsmoreinputs. Hea so emphasi zed that thispilot project should
lead to the devel opment of other projects and suggested to explorethe usefulness of theworkshop tothe
growersand what can the team devel op/add to existing information.

Prof Hudafrom the University of Western Sydney (facilitating body) sketched the past involvement
of some of theworkshop participantsin related fields. He described the ground work which had been
covered intheInternational UWSworkshop 26-28" May 2004, during whichinternationa collaboration
on climate and crop disease had been established. Diseases which had been co-identified with help of
ICAR had beenAlternariablight and Sclerotiniarot and the cropsfor cons deration were peanut, rape and
mustard and canola. Theimportance of modelling in management of the di seases had been emphasi sed.

A previousworkshopin Hyderabad hedidentified someexiding databut with shortfals and had explored
funding leading tothe successful gpplicationfor anAPN grant. Dr Samra svidttoAustrdiahad beenfundedand
networking meetingshad taken place. New initiativessuchasNABARD (Nationd Bank Agriculturd and Rurd
Deveopment) Mumbai were reported to be active; aproblem however wasthe need for arelatively large
network using relaively smal funding. Many membersof the network werefortunately aready engagedin
meaningful research, including CRIDA, ICRISAT, WMOinIndia, relevant sate departmentsin Bangladesh
and Cambodia, UWSinAugrdiaand theUniversty of Florida inthe USA.
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Rationale for Scoping Workshop

Prof Hudapresented therational e for theworkshop with five objectives:
B Tonetwork with government, community stakehol ders and scientiststo achieveworkshop aims
B Torevisespecific project plansin order to identify needed data
B Tostudy available modelsand decide on the applicability of each.

B Toidentify way ahead, and determineastrategy for larger project funding so that theinitiative
could continueinthefutureand

B Totakenecessary stepsto ensurethat the project wasdeliveredin an efficient and accountable
manne.

To achievethese objectives, specific areasat the workshop such asthe devel opment of systemsfor
improved climate, crop and diseaseinformation should be addressed. In thisregard individua membersof
the collaborative team would need to identify their own rolesand contributionsin achieving anintegrated
network. To achieve predictionsusing existing models, local collection (field measurements) of climateand
crop datamight berequired.

Prof Hudamentioned thesocid stressimposed by climatevariability and dimatechangeassummarised
in hisrecent paper “ Agrometeorol ogica risk management: opportunitiesand challenges’; inAudrdiaaone
afarmer commits suicide every fourth day, which isdoubletheincidencein the 1990s. The paper aso
highlighted the multifaceted nature of climatic information uses—so research may haverange of spin-offs,
reducing the effective cost of collection.

Salient pointsfrom papers presented, along with relevant comments commentsand dicussio, are
provided ont hefollowing pages.
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Potential for CROPGRO-Peanut Model: Predicting Production and
L eafspot Disease Risk Relative to Weather and M anagement

K. J. Boote

The CROPGRO-peanut modd wasintroduced and itsuseasatool to eval uate peanut yield response
to climatic conditions, crop management, and | eaf spot di sease epidemic wasdescribed. Thiscrop growth
simulator has soil, water, and crop growth processestypical of other crop growth models, and requires
typical ClassA westher inputsto run, toincludetheneed for relative humidity or dewpoint temperatureto
predict dew duration. Therearesevera principlesand requirementsfor coupling of peststo crop growth
simulators. Thelinkage pointsof pests can be viacrop processes such as photosynthesis or pestscan
directly affect (consume) state variables such asleaf areaor plant organs. The CROPGRO-peanut model
hastwowaysto link to pests: oneviainput of pest damage (such aspercent defoliation or percent necrosis
observed asscouting observations), and secondly, viadirect linkageto aconcurrent dynamic pest smuletor,
such astheleafspot disease s mulator devel oped by G Bourgeois. Examplesof smulated peanut yield gap
fromfoliar diseaseswere shown for Ghana, based oninputs(to themodel) of pest damageinputs (percent
defoliation, percent necrosis, or converted from | CRISAT diseasescore). Yieldlossesof 50to 70% were
predicted by thismethod, and were confirmed by subsequent split-plot fungicidetrialsin Ghana. The
second pest coupling method isby adynamic pest smulator, inthiscase by linkage of the LATESPOT
disease s mulator of Bourgeoisto the peanut model. Theleafspot diseasesmulator isbased oninfection,
latent period, |esion expansion, and sporulation over time on successive leaf cohorts (astheleavesare
produced by the crop model, they can becomeinfected if weather conditionsarefavorable). Theepidemic
ispolycyclicfrom spores produced inthe crop, sporesproduced by initia crop resdueinthesoil, and low
intengity sourceof sporesinbulk air. Exampleswere presented for time course of |eafspot disease (percent
defoliation and percent necrosis) and time course of reduced crop growth and yield predicted by the
linked PNUTGRO-LATESPOT mode for four seasonsof datain Florida. TheLATESPOT moddl, while
functiond, still needsto befully re-linked to thelatest CROPGRO-peanut modd (thiswork isin progress).
New componentssuch ascultivar res stance and fungicide efficacy needed to bedeveloped inlight of new
moreresistant cultivarsand new fungicide chemistries. Improvementsinweather effectson infection
processmay also behelpful if new information isavailablefrom micro-meterological and diseasestudies.
Both the CROPGRO-Peanut and LATESPOT modelsareavailablefor thisproject and the peanut model
was previoudy tested against many growth analysesdatasetsin India.

Questions and discussion

Theserelated mainly to the broad spectrum of parameters needed to drivethe model, including
biochemical, physiological, water balance, soil nitrogen bal ance, variety, plant spacing, westher input, etc.
Ken explained that the coupling of factorswould be explained aspart of a CROPGRO workshop session
to be held on the day following theworkshop. The proactive nature of the model which doesnot require
diseaseinputsto run wasexplained by Ken, aswerestrategiesfor running the model with limited datasets.
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Session — |: Current scenario of crop-, climate- and disease- models

New coping strategies for agrometeorological risks and uncertainties in
Integrated Pest Management

AK.S HudaT. Hind-Lanoiselet, C.W. Derry, GM. Murray and R.N. Soooner-Hart

The paper outlines some gpproachesfor coping with the agrometeorol ogical risksand uncertainties
associated with integrated pest management, based on the Australian experiencewith canola. Theneed to
understand the linkage between climate and pest cyclesisdiscussed, asisthe need to include factors
relating tolocal farming practiceand farm economy in therisk assessment process. Areasfor further study,
such astherelationship between macro- and microclimate, and the timing of pesticide application, are
outlined. A major focus of Australian research isthe optimisation of natural controlsrelating toinformed
planting strategies, and theminimisation of pesticidegpplication through theprediction of climeaticinfluences,
intheinterestsof sustainable and cost effective control of disease agents. Some epidemiological and risk-
management perspectivesfor building capacity to support thisconcept are outlined.

Conclusions

o L ocation-specific knowledgeisneeded about the complex rel ationshi ps between climate and pest
cyces

e Needfor collaborativeactivity between scientists, risk managers, government and local farmersto
develop economically-sound and ecologically-sustainable world’s best- practice for pest

management

o Evduationof useful practicd findingsof Sclerotiniarot management systemsinAustrdian canolain
other regions

e A magorfocuson optimisation of natura controlsrelating toinformed planting strategies, and the
minimisation of pesticideapplication through the prediction of climaticinfluences.

e Technology transfer is, however, ahighly specialized areawhich hasresulted inerrorsin the past,
and which must therefore be treated with circumspection.

e Therdationship between macro- and microclimate, and the effectson the cyclesof disease agents,
needs special attention.

e  Whileimprovementsinmeteorologica and crop-pest monitoring and mode ling will remainimportart,
asound understanding of local economic, ecological and socia redlitiesisessential to ensurethe
effectivenessand accountability of interventions.

Acknowledgements
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Questions and discussion

Tamarikaadded commentsrelating to problemsidentified during timetrend modelling relating to
climateand disease asillustrated in the paper. Economic modelling was needed to indi cate when benefit-
cost did not warrant certain strategies, such as early spraying. General discussion on other problems
associated with model ling followed, including the need to account for the unpredictability of climate change

when setting variancelimitsin relevant models.
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Whopper Cropper - A Tool for Scenario Building

H..B. Meinke

Dr. Holger Meinke demonstrated the WhopperCropper model devel oped asadiscussion support
tool to exploredternative management optionsfor croppinginAustrdia. Itisatool well suited to explore
climateimpactsand to conduct climaterisk assessments across environments and management options.

Whopper Cropper —what isit?

Itisadatabase of pre-run APSIM simulationsrun for long periodsusing historical climate data.
Often thesehistoricd daily climaterecordsexceed 100 years. Thisprovidesthe capability to assessimpact
of historical climate variability on management.. The user can pick one or more VERY SPECIFIC
combination of conditions. When multiple selectionismadeavirtual trial iscreated.

For each ‘district’_all combinal 'Rps %f: .
e 8croptypesof Northernregion

e 530il typesor water-holding capacities
e 3darting soil water amounts
e 3darting soil nitrogen amounts
e 6nitrogenfertiliser ratesat sowing
e 3in-crop N fertiliser application rates of Southernregions
e 3cropmaturities
e 5sowingdates(fortnightly)
e 3row configurations(sorghum and cotton)
e 5Splant populations
e SOl phases
e Grossmarginandyss
Comments
1. WhopperCropper allowsprobabilisticin silico assessmentsof al of thesefactors. For example
the effect of therange of sowing datesmay want to beexamined or theeffect of N fertiliser rates

onyield OR grossmargin can bedemonstrated. Thegrossmarginisimportant becauseitisof vital
interest tofarmers.

2. There areaselection of graph typesavailableto suit the preference of the program user or the
farmer (thesewill bediscussed |ater)

Outputs

Thereareover 50intotal. A few important onesare
e Granyidd, protein
e Biomass
e Ranfdl plantingtoflowering
e Water use, WUE
e AvailableNO, and water at flowering/harvest
e Lowtemperaturesaround flowering/podding
e Phenologica events
e $return, costs, grossmargins
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All theserunsassumeno lossesfrom weeds, disease, waterl ogging (somecrops) andthedefaultis
NoTill (and effectively controlled traffic) i.e. thebiologica optimum.

Whopper Cropper aimsto draw out Strategic rather than technical thinking. It generatesknowledge
that could otherwise not be obtained —clearly it isunredistic to experiment on thewhole system for eg.
100years. In such casesvirtua crop growths conveniently replaces experimentation on thered biological
sysem.

Benefits
e Cheapand easy (30min)
e Portable
e Manyinputs& outputs
e Hexiblepresentationand analyss
e “Toberoughly right rather than precisdly wrong”
o Marketability indicatesusage
e Most variableshaveaclimate component (not diseaseto keepit proactive)
e Based onhugedatabase
e Probabiligictoidentify/assesskey driversof variability
e Farmer hasto decidewhat type of season hewantsto plan for based on model

Setting the scene
e Farmersmakemany critical management decisionsat the start of each cropping season
e Soil conditionsand future climatewill affect the outcome of thesedecisions
e Theresult will bearangeof potentia yields
e Decisonsare sometimes madewith lessthan optimum regard to risk and probability of risk

Comments

1. Farmersaremaking decisonsat thestart of every cropping season. Onwhat expectationwill they
basetheir decison of leve of inputs. Even older farmerswill not have experienced thefull range of
potential seasons. Farmersand advisorshave agood concept of the* average’ yield and may be
tempted to base decisionson that value

2. but; weall know that seasons(rainfall events) arevery varidble. If afarmer knew what thecoming
season was going to belike then the decisionswould be alot easier. BUT can’t know what the
seasonwill bring. All we canlook at iswhat would have happened in the past range of seasons.
The advantage of WhopperCropper isthat isdisplaysthisrangewithitsinherent variability.

3. Vaiablerainfal, variablesoil water at sowing and every other input level bringsabout arangein
the potentia outcomes. Theoutcomesa sointeract inwaysthat aredifficult to comprehend

4. Riskisabout anegative outcomefrom acombination of eventsbut thereisa so the opportunity to
increasereturnsunder some conditions
Pur pose of Whopper cropper
e Strategicthinkingvstactica thinking
e Targetanattitudetorisk
e Rangeof outcomesdriven by rainfall
e Rangeof outcomesdriven by rainfall and stored soil water
e Other agronomicfactors
e 2-way and 3-way interactions
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o SOl effects
e Grossmarginanayss
Comments

1. Farmershaveto prepare for the coming season (tactical decision) and thisis one areawhere
WhopperCropper isuseful. 1t doesthisby using theyield range generated fromalong period of
rainfall eventsand learning abit more about how inputsinteract in avery variableenvironment.
Thisassumesthat thefutureclimaterangewill be similar to the past. Evenwith climate changethe
variability isgoing tofar outwe ghthe change (will look at moredetail |ater)

2. Using WhopperCropper alowsfarmersand advisorsto think about and target their attitudeto
risk. Thisfacilitates moves away from the concept of ‘averageyield’ and moreinto amore
gpecificoutcomearea.

3. Indl non-irrigated environmentstheyiddisdriven by rainfal andthisisthemain driver of theyield
variability in WhopperCropper

4. InNortherngrainregions, theyiedisaso very influenced by stored soil water at sowing. Southern
environmentsareincreasingly recognizing theimportance of stored soil water

5. Other agronomic factors create shiftsin theyield outcomes and interact with the water inputs.
Sometimesthe other inputs can bevaried to increaseyields or reduce costs

6. WhopperCropper can generate 2-way and 3-way interactionsin graphical format that would
otherwisebevery difficult to demonstrate from other sources or from experience

7. TheSOl phasesystemiscurrently included asanother tool to separate climate effectsand possibly
vay inputlevels

8. Expressingresultsindollar termscan bevery convincing and WhopperCropper easly allowsthis
to bedone

Questions and discussion

Participants agreed that thishad been avery thorough exposition of anAustralianmodd . It appeared
to be user-friendly and robust but would possibly haveto berun by an expert. It had, however, capacity
to account for climatic vagariesdriven by the Southern Oscillation Index (SOI) and could generate particularly
relevant datafor farmersat locdl level.

The principlebehind Whopper Cropper isgeneric. The purposefor itsdemongtration wasto highlight
toworkshop participatesthe usefulness of agricultura smulationsmodel sfor scenario planning, particularly
inrelationto climaterisk assessment. Thedatabasein the current Whopper Cropper program could easily
bereplaced by any other time series(not necessarily arising from simulation models). Likewise, the ENSO
analyses, which are currently based on the 5-phase SOI system (Stoneet al., 1996) could be replaced by
other indices. Thepoint is. we need such toolsin order to become more quantitativein our environmental
(climatic) risk assessments.
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Pest Management in Canola

J. L. Hatfield

Canolahasbeen grown for two yearsin central lowaand has beenincorporated into acrop rotation
with corn, soybean, and wheat. These studiesinclude measurementsof the agronomic parameters, e.g.,
phenology, biomass, leaf area, and yield, and canopy microclimate, e.g., air temperature, relative humidity,
net radiation, and windspeed. Thesedatahave been assembled to quantify the changeinthemicroclimatic
parameters during the growth cycle of canola. 1n addition, there have been reflectance measurements
made on aweekly basiswith the eight-band radiometer in order to devel op vegetativeindicesthat can be
used to characterize canolagrowth and then use these vegetative indicesto detect crop stress. These
experimentswill continuefor the next three yearsto completethefirst cycleof therotation.

A literaturereview isbeing conducted to determine which insects and diseases are prevalent on
canolaand to determinethe response of these peststo variousmicroclimate parameters. Theseobservations
andrelationshipswill beused to estimatethe potentia for insect or disease devel opment in canolacanopies.

Effortsare underway to extend the plot scale measurementsto field scal e variation studies of the
factorsthat affect microclimate within canopies. Observationsacrossfields coupled with reflectance,
topographic, and soil type distribution are being assembled into amethod to estimate the variationin
temperature, relative humidity, and potentially leaf wetness. Thistype of spatial model has not been
devel oped to assess potential insect and disease pressures on canopies. Thiswill be one of the primary
goasfor thisyear and haspotentia for hel ping quantify risk for pest damage acrossdifferent |andscapes.
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Development of weather based forewarning systems for brassica crop pests
and diseases

PSN. Sastry

Rape and mustard are the most important oilseed crops of West Bengal which coversmaximum
acreage among all the oilseed crops. The productivity of mustardislow dueto short and mild winterin
comparison to north Indiaand a so for biotic stresses. Aphidisthe most important pest of mustard. The
optimum condition for crop growth isal so favourablefor disease and pests devel opment.

Thedisease scenarioinrape and mustard ischanging rapidly. Among thediseases, Alternariablight
isoneof themost important diseasesin new aluvia agro-climatic zonein southern partsof West Bengd.
Inacid soilsclub root of crucifers caused by Plasmodiophorabrasicaeisamajor diseaseparticularly in
red and lateriteregionsand also in Terai regionsof North Bengal. Kalyani was one of the centersof the
mission mode multi location National Agricultural Technology Project (NATP) for “Development of
weather based forewarning systemsfor brassica crop pestsand diseases’.

Themajor objectivesof the NATP (Nationa Agricultural Technology Project) sponsored by ICAR are:

e Todevelop database on climate, mgjor pestsand diseases affecting production of rape seed and
mustard in the specific agro-climatic regionsof India.

e Toidentify key weather factors conducivefor incidence, intensification and spread of pest and
diseasesfor establishing crop-pest weather relationship.

e Todevelop crop production strategiesto ensure management of mustard pestsand diseases.
e Experimentd layout and datarecording

Twovarietiesof Indian mustard were used viz. Varuna(B. juncea) and Yellow sarson (B. campestris).
Datawererecorded on weather, soil moisture status, crop phenological status, yield, alternariablight
incidence and severity. The onset of all the observed diseases and their peak period of intensity was
recorded in different date of sowing. From the disease data, percent diseaseindex and areaunder disease
progress curve wereworked out.

Leaf blight incited by Alternaria brass cae and A.brass caecola caused maximum damage during
1% flowering to maturity stages of the crop. Siliquainfection caused more crop lossthan leaf infection.
Relati onship between maximum temperature, minimum temperature and minimum rel ative humidity has
significant roleto play. Theforewarning system hasbeen devel oped using multiple regression based on
recorded weather parameters and historical dataof thisregion.

For Yellow sarson Variety B-9
Y=42.11+0.048 max.tmp x tmp* rainfall+1.14Z rainfal * ssh- 0.19Zmaxtmp* ssh
For Varuna Y=42.11 +0.048 maxtmp x rainfall+ 1.14Zrainfall xssh-0.19Z maxtmp x ssh

With multipleregress on equation devel oped with weather variablesand crop phonological data, the
crop sown during last week of October yielded the maximum seed yield.

An analysis of weather-disease relationship showed that incidence of seed borne Black rot
(Xanthomonas campestris p.v campestris ) reached highest levelsin December(73%) followed by
January(26%)and February(1%) on yellow sarson variety(B-9). Downy mildew (Peronosporabrassicae)
incidencerecorded maximum onyellow sarson variety (Binoy/B-9) during January(63%o) followed by
December(25%) and February(10%). Theearly sown crops were affected mostly by Downy mildew,
but could not cause much damage, asthefloral deformation/head stage symptom of downy mildew has
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not been observedinthisagroclimatic region. Onset of Alternariablight appeared onydlow sarsonvariety
(B-9) during 1% to 2™ week of December. Pod infection by Alternariawasvery severeinlate sown yellow

sarsonvariety B-9.

Questionsand discussion

Thoughitwasinitidly thought that CROPGRO could be suitably modified for Indian mustard also,
it was agreed that running the BrassicaM odel may be morerelevant asit hasbeen developed for Indian
mustard. It wassaid that awide range of model s had been assessed when the model was developedin
India, and most had been found to offer potential but have limitations. Some of theseincluded MACROS,
SUCROS and WTGROS. Sincethe BrassicaModel had been devel oped after consulting other models
suchas SOY GRO, MACROS, SUCROS, WTGROS, to include somemajor parameters of importance,
including nitrogen, water, pests, growth, yield, greenhouse gases, etc, it may be appropriatetotry this
modd for Indian mustard.
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Using InfoCrop — A user friendly crop smulation model -for mustard

A.V. M. Subba Rao, PK. Aggarwal, A. K. S Huda, C.Chattopadhyay

Crop models can accel erateinter-disciplinary knowledge utilization in agricultural research and
devel opment. These model s present an opportunity for assessing potential productioninaregionand
facilitate analysisof the sustainability optionsfor agricultural devel opment including planning of resource
allocation. The greater application of crop modelsin agricultural research and devel opments, however,
requiresasimple, user-friendly modeling framework, whoseinputsare easily available/ measurable. In
addition, theframework should provideastructurethat can be easily adapted by the application devel opers.
Most of the existing model saretoo complex with largeinput datarequirement, cannot be easily integrated
intheapplication, and arenot very user-friendly.

InfoCropisacrop growth model that was devel oped by theIndian Agricultural Research Ingtitutein
New Ddhi, India. It isadecision support system based on crop model sthat was devel oped by anetwork
of scientiststo provide aplatform to scientistsand extension workersto build their applicationsaround it
and to meet the goal s of stakeholders need for information. These modelsare designed to simulatethe
effects of weather, soils, agronomic management, nitrogen, water and major pestson crop growth and
yield, water and nitrogen management, and greenhouse gasesemission. ltsgenerd structureisbased ona
large number of earlier modelsand the expertise of thescientistsinvolved.

TheINFOCROP modd isdevel oped after consultingon MACROS, SUCROS, and WTGROWS
models. InfoCrop is user-friendly, targeted to increase applications of crop models in research and
development, and hassmpleand easily availableinput requirements. The crop model shave been devel oped
by the specidistsinthose cropsand have been vaidated in mgjor crop specific environmentsof India. The
decision support system asoincludesdatabases of typica Indian soils, weether and varietiesfor applications.
Modelsfor rice, wheat, maize, sorghum, pearl millet, potato, sugarcane, cotton, pigeonpea, chickpea,
groundnut, mustard and soybean areavail ablein InfoCrop. The mgjor application modulesavailableinthe
InfoCrop model are Masters, Project, Results, Validation, and Westher Conversion.

TheMasterscontainsall the dataavailablefor selectioninthe Project screen whilecarrying out a
simulation, such asadatabasefor Indian crops, varieties, soilsand weather, pest and organic matter with
afacility for user-defined data. A simulation can berun only with acomplete dataset in Masters.

The Project isthemain menu with sub menus (to be provided asinput for simulation) consisting of
simulation control options, treatment sel ection matrix; execution and validation of thesimulation. Some
aspectson climate change study optionsfor temperatureand CO, areaso available.

The Resultsmenu displaysthe detail ed results generated and the default val ue of thishasbeen set as
1 day for asmulation projectsinvolvinglessthan 50 treatmentsand up to 10 daysif thetreatmentsare more.

Weather conversionisadtility for converting daily weather datafrom different formatsto theone
that can beread by the InfoCrop.

InfoCrop hasabuilt-in mustard module. Thismay bevalidated for the selected locationsfor yield
smulation. Themodule doesnot have any datasetsfor thedisease! pest modulewhich need to be generated.
Incorporation of thisdataset in relation to crop growth and devel opment routinewould help to adapt this
model for the APN project.
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Group Discussion

Meinke suggested that the workshop needed to address whether climate and crop diseases be
addressed separately (“break the dynamics’). However it was a so necessary to discussdynamics. The
model needed to beuseableat farmleved inashort period of timewhilesimultaneoudy addressing scientific
objectives.

Derry asked how mode swould operatewithincompl ete data, chalenging the concept that acomplex
model was better than asimple onewhen “fudgefactors’ had to beloaded for alarge number of fields.

Booteresponded that it wasimportant to know |ead weather forecast observation time, asaccuracy
depended largely onthat.

Desai suggested that thismight be 3—7 daysand asked if model shad capacity.

Spooner Hart said that there may be more important pests and crops which were not being
considered because of the data problem. Chattopadhay said that Sclerotiniadoesnot strike every year,
but isaproblem when it does.

Thakur said the effective forecast area (regiona diameter) had to be known. Modelling was
problematic for thesmall farmsin thearea. Boote said that CROPGRO could cope with diametersdown
to 3km. Meinke said that hefelt it depended mainly onthe parametersbeing forecast. Boote said activity
waslikely to be mixed with some model sworking on short term prediction, otherslonger. Coughlan said
aneeds assessment was needed or themodel wouldn’t bewidely accepted. Spooner-Hart supported the
need to consider the practicalitiesof intervention. Derry explained that intermsof the cyclic management
mode suggested for the project activity must involverisk communication with stakehol dersbut could start
at any point of the cycle. Hudafdt that the discussion had produced adiversity of pointsbut wasuseful. He
felt major pointsfrom the papers and discussion to be addressed were:

e Readinessof any model for use
e Theprospectsfor mgor and minor model soperating in unison.
e Thedataneedsof different models.

Meinkemadeafinal point that whatever approaches are used, asound validation system needsto
be established.
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Crop Disease Models

T.. Hind-Lanoisdlet

Crop disease models are patterned on the epidemiology of aplant pathogen. The presence and
severity of acrop diseaseisdetermined by the dynamicinteraction of asusceptible crop (host), acausa
agent (pathogen), and favourable environmenta conditions. Themodelscan bedriven by cultural practices,
such ascropping history or plant variety; weather, including temperature, humidity and precipitation and
forecasted weather conditions. A model can be presented asaformula, equation, rule, graph, table or
algorithm with an output that can be anumerical index of diseaserisk, predicted disease incidence or
severity, and/or predicted inoculum devel opment. A ssmpleempirical or regress on mode may besufficient
for apolycyclic disease such as striperust of whest but amonocyclic disease such as Sclerotiniastem rot
of canolamay requireamechanistic or stochastic model.

Plant disease model s can be devel oped from existing epidemiol ogical data. However, thereare
usudly gapsintheavailabledataor knowledge. Theaimisto predict therisk of diseaseand/or devel opment
of inoculum, based on monitoring key environmental, host, and pathogen variables. Based on management
optionsand goals, action threshol ds can beincorporated into themode to provide advice on management
decisions. Modelsmust bevalidated acrossavariety of microclimatesover anumber of yearsand refined
based on on-farmresults.

Disease prediction models

A widevariety of diseasemodesexist. Thisincludesmodel sfor pathogen or diseaseincidenceand
severity, onset of spore maturity, progression and termination of spore maturity, geographical spread of
sporesand economic models. Some of the model sare explained below.

Rustman isan excel spreadsheet program that can be used as adecision support tool to estimate
diseaseincidence, yield effect of striperust on wheat and potentia economic benefitsfrom spraying. Itis
based on monthly averagetemperatures during spring.

Blackleg Sporacleisasmplemodd that estimatesthe onset of pseudotheciamaturity and seasond
ascospore showersfor blackleg on canola. The model considersacombination of two weather factors,
daily meantemperatureand daily total rainfal, to drive progressof maturity of pseudotheciaontheinfested
canolastubbleleft from past crops. Each day is categorized as suitable or not suitablefor progressof the
maturation process. Theonset of pseudotheciamaturity occurswhen gpproximately 43 suitabledayshave
occurred. Following the onset of maturity, ascospore showersaretriggered when daily rainfal exceedsa
threshold.

Blackspot M anager forecaststhe onset and progression of blackspot spore dispersal frominfected
field peastubble, and theincidence and frequency of ascospores during the growing season. The model
estimatesthe probability of ablackspot infection occurring and takesinto account the proximity to the
previous season’sfield peastubble, rainfall, wind speed and wind direction.

Sclerotiniarisk model for North Dakota and Minnesotais adecision support tool to guide
growersontheir regional risk of getting Sclerotiniaon canola. Themaps show regionsof North Dakota
and Minnesotawherethe environmental conditionsarefavourablefor the devel opment of apotheciaand
release of ascospores. It isbased on ground moisture for afour week period. However, isnot afield-
gpecific recommendation asother factorssuch aslocal westher conditions, seeding date, previouscropping
history, and yield potentia also need to betakeninto consideration before applying fungicides.

Sclerotinia stem rot model for canolain Australia was developed by using 5 years of field
survey data. In canolaprolonged humid or wet conditions during flowering favour disease devel opment.
Dueto the sporadic nature of thisdisease, it isimportant to determine the economic feasibility of any



APN Scoping workshop proceedings 19

fungicideapplication. Thebest timing for protection isduring flowering when the petal shavejust begunto
senesce. Currently thosefungicidesregistered for Sclerotiniastem rot control in Australian canolaare
applied at between 20 and 50% flowering. However, these recommendations are based on resultsoverseas
whereflowering timesare much shorter thanin Australia. Therelationship between petd infestation and
gstem rot incidencewasexaminedfirst. Thiswasfollowed by correl ation, multipleregresson andtwo sided
t-testson weather parameters (temperatureand rainfall) and farming practicesthat may influence disease
development. An equation for stem rot incidence wasthen cal cul ated by combining weather dataand
farming practicesusing multipleregression anaysiswith groups.

Preliminary model for percent petal infestation (PPI)

When theweather parameters and farming practiceswere combined thefollowing model for PPI
wassgnificant:
Y =-12.37+0.4024 (X)) + 9.84 (X,) + 36.96 (X,) + 6.35 (X )
n =102, P=< 0.001, Variance accounted for = 79.1%, Standard error of observations = 16

where: Y = petal infestation (%); X, = total rainfall in weeks negative 6 through to negative 1
(approximately 5weeksbeforeflowering through to thefirst week of flowering); X, = dayswith>2mm
rainfall inweek negative 17 (Just after sowing); X, = 1when soil surfaceisvisibly wet at petal collection
(20to 30% flowering) or Owhen soil surfaceisdry; and X, = 1 when asusceptiblecropwasgrowninan
adjacent field last year or O when no susceptible crop wasgrown in an adjacent field last year.

Preliminary model for disease incidence

Themodéd predicted that Sclerotiniastem rot isunlikely to occur when petal infestationisde10%. When
the petal infestation data de10% was omitted from the analysis the following combination of weather
parametersand farming practicesgave asignificant model for ssemrot incidence:

(Y)%° =-0.687 + 0.01567 (X 1) +0.1761 (XZ) +0.4784 (XS) +-0.570 (X 4)
n =101, P= < 0.001, Variance accounted for = 53.6%, Standard error of observations = 1.08

where: Y =stemrotincidence (%); X, =total rainfall inweeks5 throughto 7 (end to after flowering); X,
= mean minimum temperatureinweeks 3to 4 (end of flowering); X, = dayswith>2mmrainfal inweek
negative 3 (week beforeflowering or very start of flowering); and X, = 1 when agroup C herbicidewas
used or 0when no group C herbicide used.

Conclusion

Withincreasing concern about dimatevariability thisworkshop hashighlighted the need toincorporate
climateforecastsinto mode sto enable stake holderswithin the agricultural sector to economically manage
risk from diseases from season to season. In addition aquick and efficient method for coupling weather
datawith modelswould allow easier updating and direct transfer of datainto modelsso that real time
information can be obtained.

Questions and Discussion

Discussion centred on the different models, the appropriate dataneeds, and the ability for adapting
the model sto meet theregional and crop needsin the AsiaPacific Region. Someweresmplebut did not
take into account essential variables, others might be too complex. Direct datatransfer from existing
collection systemswould be amajor advantage. Theimportance of datavalidation because of inter-area
differenceswasemphasised.
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Predicting Crop Response to Climate

JW. Hansen

“Climate” isthe statistics of weather, integrated over time and space. Becausethe atmosphereis
chaotic, knowing the current state of the atmosphere allows usto forecast wesather no morethan about 10-
14 daysinadvance. Yet prediction at aseasona |ead timeispossible because the atmosphere responds
tothemored owly-evolving underlying ocean and land surfaces. The El Nino-Southern Oscillation (ENSO),
basadinthetropica Pacific, isaparticularly important source of predictability in many regions. Incontrast
toweather forecasts, seasonal climateforecastsareinherently probabilistic, and not universal but only
kilful in someregionsand seasons.

Severa climate Centres, including theIRI, issue seasonal forecasts based on general circulation
models(GCMs), whichmodel thephysica processesand dynamicinteractionswithinthegloba atmosphere
in response to ocean and sometimes|and surface conditions. Routine seasonal forecastsaretypically
averaged over 3-month periods, aggregated in space, and expressed as probability shiftsof climatological
tercile categories. Post-processing methodsthat often improveforecast skill include weighted averaging
of multiple GCMsand multivariate statistical transformations. The Climate Predictability Tool, devel oped
by thelRI, supportsstatistical correction and mode skill evaluation methods.

Climatevariability and model (including input) error arethe major sourcesof uncertainty inyield
forecagting. Oneway to characterizethe uncertainty associated with climatevariability istosmulateyields
with antecedent weather up to agiven forecast date within the season for acurrent or hindcast year, and
sampleweather for remainder of seasonfrom all other years. The resulting distribution approximatesthe
climatic component of uncertainty. The proportion of total uncertainty that isdueto climate, rather than
model error, decreasesthrough the growing season as anincreasing proportion of weather isobserved
rather than predicted or sampl ed.

Long-lead yield forecasting based on seasonal climate prediction iscomplicated by the nonlinear,
dynamic nature of crop responseto rainfal, and amismatch between the scae of dynamic climatemodels
and crop simulation models. Crop responseisgeneraly nonlinear and often non-monotonic over arange
of environmentd variability. Cropsrespond not to mean preci piteation but to dynamicinteractions, particularly
between soil water balance and phenological stage. Although GCMssimulate the atmosphere on asub-
daily time step, their coarse spatial resol ution distortsthe day-to-day variability of rainfall outputsina
manner that adversely affects simulated crop response. Seasonal rainfall forecaststhat are skilful at a
regiona scale can sometimesbe downsca ed to asingle station with only moderatelossof skill. Downscaing
intimeto shorter timeperiodsismoredifficult. However, theremay be potentia to predict somedatistics
of rainfall occurrence.

M ethodsthat have been advanced for using seasona climateforecastswith crop smulation models
include: (a) crop smulationwith daily climatemodd output, (b) useof synthetic daily weather conditioned
onclimateforecasts, (C) statistical prediction of crop response ssmulated with historic weather, and (d)
classification and analog methods. Severa of these methods could, in principle, be applied to weather-
senditivecrop disease models.

Questions and discussion

Discuss on centred on the possible coupling of seasonal climateforecast mode swith crop smulation
models. Jm gave someva uableingghtsinto conceptsof prediction versuscertainty, theneed for probabilism
in modelsleading toincreased complexity, multi-model limitationsand predictability value and outlined
some of the software typeswhich could drivedatacollection and analysis.
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Current Pest / Disease Models

Y.G Prasad

Forecastsare model sthat use past and futurewesther for predicting thelikelihood of pest outbreaks.
Model srequire accessto weather and climate data, in addition to pest and crop dataand can rangefrom
strictly empirical to most complex and sophisticated descriptive models. Many model sthat have been
developed usetemperature datato forecast insect activity astheratesat whichinsectscompletetheir life
cyclesdepend mainly on temperature, so that thetimes of activity of agiven pestinsect canvary grestly
both from regionto region and from year to year. Empirica approachesuse pest-monitoring data; levelsof
incidenceand intengity of infestation collected through experimentation and surveysand establish re ationships
with prevailing weather and/or past weather. Stochastic modelssmulate growth and development andaim
at predicting future behaviour. MORPH suite of smulation model sdevel oped using HIPPO modd building
softwareat HRI, UK provide an easy way to run scientific modelsfor pest forecastsin vegetableand fruit
cropsand manage westher data. Even the s mplest model must betested and validated over awiderange
of conditions. In India, asignificant percentage of research effort related to pest forecasting has been
directed towards studieson monitoring the seasonal occurrenceand studiesthat establish crop pest westher
relationships. In cotton, currently devel oped model sworldwide comprise of simple rule based models,
degree-day models, empirica modelscorreating broods, s mulation model sfor oviposition and migration
(eg., Moth 2V, HEAPS, COTTON LOGIC etc). A combined model for smulation of rice leaf-blast
epidemicsand yield loss (CERES-Rice and BLASTSIM) was devel oped in the Philippines. Decision
support systemsfor wheet, sunflower, tomato, cucumber and pearsdisease control advisoriesareinusein
lsrad.

Under theNationa Agriculturd Technology Project (NATP), amissonmodeproject on* Devel opment
of weather based forewarning systemsfor crop pestsand diseases’” waslaunched at CRIDA in2001. The
Project brought together 6 crop lead centres (Cotton, Rice, Groundnut, Sugarcane, Pigeonpeaand Mustard)
with support from 14 cooperating centres, 3 satellite centres and 4 cooperating institutions (NCIPM,
IASRI, 11Sc, NCMRWF) and aimed at a) development of acentralized database on climate, crop pests
and diseases; b) identification of significant crop-pest-westher relationshipsto beusedin ¢) development
of forewarning modelsand d) their validation.

Under the project, arelationa database management system (RDBMYS) for historical database on
climate, crop pests and diseases covering 6 cropsand 75 locationsin the country was developed. The
datacollected by all the cooperating centerswas subjected to quality check, creation of interlinked data
tablesfor all the 14 target insect pestsand 12 target diseasesin 6 crops. A total of 72 parameterswere
included to accommodate diverse datatypesfor pests, diseasesand natural enemies.

Crop-pest-disease weather rel ationshipswere devel oped for al the 14 target insect pestsand 12
diseasesin six crops. Simplewesther based thumb rules/prediction rulesfor forewarning of 6 pests/diseases
onrice, cotton, groundnut and pigeonpeawere devel oped and validated.

Linear and non-linear statistical forecast model swere devel oped using available historica datafor
all thetarget pestsand diseases of 6 crops. Notableare model sfor yellow stem borer and leaf blastinrice;
bollworms (Helicoverpa and Pectinophora), whitefly, jassid, Alternaria leaf spot and bacterial |eaf
blight in cotton; leaf miner and leaf spot in groundnut; early shoot borer, Pyrilla and top shoot borer in
sugarcane; pod borer, pod fly, Phytophthoraand sterility mosaic in pigeonpea; aphid, Alternariablight,
whiterust and powdery mildew in mustard. In addition, adecision support model for groundnut | eaf spot,
day-degree model for mustard aphid and model for yellow stem borer and Helicoverpa armigera on
cotton using datamining techniqueswere a o devel oped. Forewarning model sdevel oped from analysis of
historical databaseindl thesix target cropswerevalidated with theexperimenta datagenerated duringthe
project period.
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Questions and discussion

At thisstage Spooner-Hart called on the participantswho might not bein apositionto carry out modelling
but who might be playing avery important rolein application, governance and community linkagein
dryland agricultureto comment. Theresponsesindicated that in termsof the Bangladesh sysemmodelling
wasstill relatively new and that local prediction by farmerswasthe norm. Therewere, however, three
locationsunder study where datawas being collected to determinethe potentia for modelling. In Cambodia
modd lingwasdtill in preliminary stageswith aneedto test theviability of datacollection. Here Spooner-
Hart emphasi sed theva ue of networking and suggested different major network playersattach themselves
to different areasto spread expertise.

First day general discussion
Thediscussion debated on:
o Keeping modelscombined or separate. It was decided to leavethisfor the second day.
¢ Theneedtoincludethedisease dement moreintensely than had beenthe case onthefirst day.

e Theneedfor relative smplicity in disease modeling asthe main needisfor proactiveresearch
inanticipation of crop disease. Spooner-Hart warned against “ alot of research that will not
producearesultin 3yearswhenthisisjust a2 year project”.

e Thelimitation of predictiveweather modelswhich only givereiabledatafor 3to 7 daysinthe
future.

e Theneedto consider secondary diseases (Thakur) when onediseaseiscontrolled by breeding,
therelativeimportance of other diseasescanincrease. Therefore, on farm spraying to control
the crop disease problem isnot necessarily reduced.
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Session — 2: Data requirements

Risk assessment, communication and management

C.W. Derry

Thefirst day of theworkshop hasidentified three broad challenges which need to be addressed.
Thefirst challenge concernstheidentification of amode with acapacity to usethe existing datain each of
the project countries, in order to guide efficient and locally-accountableinterventions. Whilewe have
heard of arange of existing models, including CROPGRO, WhopperCropper, Brassica, and Infocrop a
challengeto each of these modelsislikely to be mismatch between the existing dataand the datainput
requirement of themode itself.

While complex modelssuch as CROPGRO arelikely to generate precision outputs, the quality of
theseremain only asgood asthe datainputs. Working of datato meet input needsisthereforelikely to
remain aspecialist function of thosewho have devel oped, and are used toworking with, each model. This
suggeststhe need for close coll aboration between parti cipant countrieswhereresearchisto be carried out
and the custodiansof such models. All models, however, arelikely to present somechallengeintheareaof
meatching availabledatato dataneed, and thisispart of what wewill be exploring through today’ sdiscussion.

Typesof intervention availableto member countrieswill aso determinethetypesof modelling outcomes
which areacceptableinaloca context. Animportant areawhich hasbeenidentified isthe precisontiming
and application of pesticide so asto avoid excessive dilution and runoff. Thisbringsto mind that the
workshopisnot only about modelling, but about far-reaching effectsin termsof ecol ogical impact, when
excessiveor poorly-timed pesticide gpplication resultsin runoff into watercourses, compromising ecologica
health and human safety. Economiclossesto thosewho inadvertently over-apply pesticidein an attempt to
compensate for the vagaries of climate are also animportant consideration. Discussion on Day 1 has
shown that thissort of predictionwill requiretheincorporation of medium to short term climate data, and
inthisregard dataavailability and matching on analogoustime scal esagain requires careful consideration.

Ultimately theright climate data carefully matched to crop disease occurrence can be apowerful
tool in proactiveinterventionto limit damageto plantsand hence the reduction of defences, which opens
theway for theingress of disease causing sporesand aggravating insect damage. Datato be considered
relate, therefore, not only to physiological plant diseasefactorsbut to the complex interplay of host, agent,
environment and time factorswhich giveriseto the characteristic epidemiol ogy or endemicity of plant
disesse.

Whilediscussion of dataavail ability hasbeen planned asthedriving force, intrinsic performance of
model sbased on assumptionsand dgorithm limitationsislikely to surface, and thisislikely todrivediscusson
onthethird day and during the hands-on workshop sessionswhich model lershave kindly madeavailable,
togivealogica conclusionto theworkshop sessions.

The second of thethree challengeswhich | mentioned at the start of this summary concernsthe
selection dilemmarelating to the gppropriateness of each of themodel sfor the needs of theAPN program.
The debate so far showsthat there are three potential policies applicableto modelling in terms of the
project, each of which requireinvestigation and debate beforeafina choice can be made. | haveadded a
short summary of advantagesand di sadvantages associ ated with each which cametolight during discusson:

1. Tosdectasmpleyet robust modd which suitsthelocation offering theminima dataset, and apply
thisto all the study regions consi stency. Whilethismakesmodelling availableto most settingsit
neverthel essdoes not give scopefor more complex model ling where datamakesthispossible.

2. Sdectarefined model with capacity for highly sensitivemodelling using awiderange of accurate
inputs, and resort to datainterpol ationto fill the datagaps. Whilethis openstheway for advanced
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modelling, apolicy which will amount to the use of “fudgefactors’ hasto betreated with great
circumspection.

3. Runall the modelsin each setting and then select the most appropriate in terms of empirical
reliability and useful ness of the outcomes generated. This suggeststhat time be committedto a
complextrid (or trias) inwhich research and community interestswill haveto be carefully balanced.
Inthisregard attention needsto be given at thisworkshop towards devel oping amodelling policy
whichisnot quitethe same asamodelling strategy, asispresently under discussion. Thisisneeded
to ensure that the entire exercise remain
accountableto aproject of regiona relevance.

Asdiscussion at workshops progresses, itisoften
found that morethantheallocated timeisneeded tofully
exploretheway ahead, and the current workshop isno
exceptionto this. To ensurethat we reach constructive
conclusionsby the end of theworkshop intermsof the “~—
intended timeline, we need to not only debate theissues
but keep in mind the need for consensus rather than \
reaching conclusionswhich suit the need of any one party.

N

Itislikely that data availability, to be explored
today, will proveto bethelimiting factor in determining
thetype of modelling used and regional interactionsto
take place, making today’ s deliberations of particular importance. In thisregard we must be careful to
heed what the representativesfrom thelessagro-industrially devel oped areashaveto say astheir available
dataislikely to play animportant part in determining thefinal designto be applied.

Thisleadsinto thethird challenge, which concernsthe process to be adopted to ensure that the
project maintainsatruly international relevance whilereaching thecommunitiesconcerned. Thisisavery
challenging areaand wewill haveto draw on the expertise of both those who represent the agricultural
sector of member states, aswell asthosewho have sewn together strategiesfor regional collaborationin
the past. Animportant part of this processto be continued outs de theworkshop will bethe gathering of
quditativeinformation from the communities concerned as primary stakeholdersintheregiond initiative.

Thereisawaysthe danger that the project will become an academic modelling exerciseand thishas
to be carefully guarded againgt asthereisadifference between achieving ageneric modelling program and
acollaborativeregiond interventioninitiative. Inthisregard | would liketo remind participantsof therisk
management model which was sent out asthe proposed model for this project. Themode! clearly shows
that risk communi cation between dl project participants, including governments, agricultura stakeholders
and scientists, liesat the centre of the management hub, and without such communicationitisunlikely that
atruly integrated climate and crop disease ri sk management initiative can beachieved.

Thefirgt day theworkshop showed encouraging signsof being asound communication hub between
thevarious stakehol ders, which augurswell for reaching sensible conclus onswithinthelimitationsof time
and information, which providetheredlistic framework for theworkshop.

Questions and Discussion

Meinke reminded the workshop that many would liketo look at the questionsthe end user will be
asking and not to forget end usersthat are not farmers, including agribusiness. Robert Spooner-Hart
outlined that in crop model sthere may be problemswith using a 1-9 scal e used in disease assessments.
Boote preferred leaf areaor photosynthetic areareduced by diseaseto beincluded in adisease moddl and
the way it reduces crop yield. Thakur said that in Indiathey may have enough data for groundnut to
support Infocrop and made astatement of support for the model. Boote was & so interested in economic
yield responseat different fungicideapplicationtimes. Desal intimated that in Indiasome modelshave been
successful inreducing spray volumes. Hansen reminded everyonethat we need to focus our effortsand
with the constraints of this project addresstheimperative of setting up aframework for futurework.
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Agrometeorological services in the context of climatic aspects of coping with

crop disease risk

K. Sigter

We consider all agrometeorological and agroclimatological information belonging to

agrometeorological services*that can bedirectly applied totry toimprove/protect thelivelihood of farmers
inagricultura production”, aswell asquaity and quantity of theyield, while safeguarding theagricultural
resource base from degradation. Various examplesmay befound andin extensive protocol formswith
background information onfarmer target group involvementsin Stigter.

Theideawasdevel oped and applied in Africaand Chinathat agrometeorol ogical servicescan be

established with farmers from farmer experience and/or information products that are offered by
meteorologica services, researchingitutesand universities.

Fivebasicissuesthat haveto be addressed in pilot projectsare
Priority problem sdlection and determination of needs
Target group differentiation and finetuning of problem definition and information needs assessment
Product selection, improvement and focusing (client friendliness)

Deved opment and establishment of agrometeorol ogical services(risk communicationsleading to

preparedness and mitigations) from those products by applied scientists, government extension
intermediariesand farmers

Prior

Upscaling from pilot projectsthrough training exercises.
ity problem selection and deter mination of needs

Thepriority problem selection hasbeen made: climate-sengitivediseasesin peanut, canola, mustard:
lateleaf spot, Alternaria blight, Sclerotina rot and their yield repercussions;

Overdl needsareimproved climaterelated disease early warning and related weather and climate
forecasting; with spraying advicesfor reduction of pesticide usein crop protection and related
improved agricultural and land use practices expressed as predicted higher crop yields; lower
yields should be connected with hedl thimpacts; higher yiel dswith risk gppreciation, preparedness
and management modelling asthe basisfor decision making;

It isunclear whether thischoicewas made by farmers, extension, scientists, and inthe latter cases

whether the choicewasfarmer supported asapriority problem related to their priority needs.

Tar get group differentiation and finetuning of problem definition and infor mation needs
assessment

Differentiation hasto take placefirst after country: Australia, India, Bangladesh, Cambodia,
sometimesalso after region in the country; then after crop and crop disease and farming system
concerned (including production/incomelevel sand level sof education of farmersconcerned and
waysinwhich agrometeorological informationis presently reaching each of thetarget groups, if
any), ineach country; thisisapriority task to be performed.

For each target group so distinguished, the previoudy defined problems should befinetuned with
the specificinformation needsasthefarmers seethem and the channel sof communication existing
(if any) and preferred. Questionnaireswith farmers are needed to these ends and haveto take
place at the start of the project.
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Product selection, improvement and focusing (client friendliness)

e Itshouldberedizedthat forecasts, predictions, modds, decision andyses, communication methods
(including participativeresearch) aretool sthat only become (information) productswhenthey can
be operationdly used by othersdown thelinetowardsfarmersfor better preparednessand mitigation
decisons,

Fromtheproject proposal thefollowing explicitly wanted products can beread and onthese products
theearlier defined differentiation hasto be applied. Further, to be effective at thefarm level, these three
productshaveto be applied collectively.

e Application of predictive capacity intermsof climate, weather, diseaseand production capacity in
combination;
e Modd framework applicationinfarmand policy decision making;
e Management strategies/practicesrelating to pesticide usageto meet climatic circumstances and
minimizecroplosses.
Development and establishment of agrometeorological services

Thequestion waswhereand how to focusto bring products operationaly to problems (il with the
differentiationsapplied).

¢ collect existing agrometeorol ogical servicesof thekind related to the productsidentified inthe
proposdl, if any; determinethe communication channels;

¢ determinewhich (information) products need to befocused on which priority problemsand which
gpplied scientists(fromwhichingdtitutions), extensonintermediariesand farmersshould beinvolved
in making these productsinto servicesa ong which communication channel's; and

¢ organizetheestablishment of such agrometeorol ogical servicesinrisk communication aong the
right channels.
Upscaling from pilot projects through training exercises

e Any agrometeorologica service so detected or established with atarget group of farmersthrough
certain communication channels (from products operationa ly used to solve priority problems) in
pilot projects should be considered for upscaling, through the devel opment of training modulesfor
extengonintermediaries(working at theingtitutionsconcerned or dong the communication channds
established) to beusedinfarmer field classes;

¢ Infirstinstancethesewill befarmersinthe same category of differentiation, becausefor other
groupsthe best approaches could be different.

For the APN project the pertinent questionswould be,
What can werecognizeinthe proposa onthefiveissuesjust distinguished?
Wheat isunclear or missing?

Wheretofocusfor organizing actud risk communicationsto government and farmersas agrometeorologica
servicesfor better preparedness and mitigations?

Quesions and discussion

Derry said that thiswasasemind paper inthat without risk communication to communitiesit would
bevery unlikely that the project would bring any of themodel ling findingsand productsto fruition. Boote
asked if there were agromet advisor in Indiawho might take the initiative forward on the ground and
Ramakrishnaconfirmed that thiswould shortly bethe case.
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Present status of research on Alternaria leaf blight in Bangladesh

Golam Ali Fakir, M. Asaduzzaman and SN. Alam

Mustard the principal oil seed crop of Bangladesh occupies about 66% of thetotal oil seed area
producing 61 % of thetotal oil seed grown inthe country. Thereisan acute shortage of edibleoil and oil
seedsin Bangladesh. The country has to import huge quantity of edible oil and oil seeds every year
spending valuableforeign exchange. So, thereisno aternative but to increasethe production of oil seeds.
Inthiscontext mustard can play animportant role. Thetotal land under mustard cultivation in the country
15$3,52,000 haand thetotal annual productionis334000 Metric Tons. Theaverageyieldis900 Kg/ha As
mustard hasto compete with many winter crops, thereislittle scopefor expansion of cultivation areaof the
crop. However, short duration high yieding varietiesmay fit between thetwo ricecropsearly Amanand
Boro. Inlow lying areasprior to Boro cultivation short duration high yielding mustard varietiesmay alsobe
suitable. So, production of mustard can beincreased substantialy by proper management.

Mustard ( Brassica sp.) suffersfrom 14 different diseases. Of these, Alternarialesf blight caused by
A. brassiceaeisthemost devastating diseasein Bangladesh. Thedisease occurson dl theknown varieties
grownindl mustard growing areas of the country. Under favorable condition the disease can break out in
epidemic form resulting more than 70 % yield losses. In average, 25% yield can be reduced by the
disease. The pathogenscan attack all parts of the plant- leaves, stem, siliquaaswell asthe seeds. The
pathogen, A. brassi ceae is seed borneand seed transmitted. Seed borneinfection rangesfrom 0.5-40%,
the average being 3% depending on thevariety, agro ecol ogical zonesand weather conditions. Thedisease
isweather dependent. High temperature, foggy weather and high relative humidity (if thereisrainduring
the growing season) favoursthe di sease devel opment. Also aphid attack in thelate growing season results
more spread of the disease causing moreyield lossinthe crop. Thereisno effective method hasyet been
developed for controlling the disease. So far, no variety has been found resistant to the disease. Seed
trestment with Redomil MZ-72 (0.25%) hasbeen found useful in controlling seed borneinfections. Spraying
with selectivefungicide can control thediseasepartidly.

Limited work has been done on the epidemiol ogy in relation to disease prevalence under varied
environmental conditions. Attempt has been madeto control the disease through environment friendly
management practicesby the Bangladesh Agriculturd University, Mymensingh and Bangladesh Agricultura
Research Indtitute, Gazi pur. Adjustment of sowing timeand use of plant extract hasbeenfound promising
incontrolling thedisease.

Researchwork isin progressand development of thediseasein relation to westher viz, temperature,
relative humidity, rainfall and day length need to be undertaken asaprel ude to adisease modeling.
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National Facility of Agromet Databank at CRIDA

V.U.M. Rao and GGSN. Rao

A databank facility wascreated at Central Research Indtitutefor Dryland Agricultureto pool historica
dataon wesather, crop morphology, phenology, yield and yield characters, soil data, and insect-pest and
diseasedatafrom centresof AICRPAM, AICRPDA, other ICAR ingtitutesand SAUs. Datafrom specia
proj ects such as Mission mode project on Development of westher based forewarning systemsfor crop
pests and diseases from National Agricultural Technology Project, and National Network Project on
Climate Change operated at All IndiaCoordinated Research Project onAgricultural Meteorology units
have been appended to thisdatabase. Collected datawas scrutinised, quality-checked computerised and
catalogued. Thisprocessiscontinuous. Visua basic programmeswere devel oped for derived weather
parametersviz. PET and water balance components, conversion of westher datainto weekly, monthly and
seasond basis. Modefor collection andretrieval of crop datahave also been devel oped.

Thedatabank consstsof daily rainfall datafrom 38 stationsin Vidarbha, 58 stationsin Marathwada
regionsof Maharastraand 1100 mandalsof AndhraPradesh. Monthly rainfall dataof 1400 stations spread
acrosstherainfed districtsin Indiasince 1970 has been collected. Hourly weather datafor 45 stations
located in AP, Maharastra, Karnatakaand Rajasthan was collected from private entrepreneursand added
to databank. Creation of Spatial Database on Agrometeorol ogy and preparation of thematic mapsfor
different derived climatic parametersusing Gl Swere undertaken. Trend in annud rainfall wasanalyzed
using spectra techniquesfor the 1100 stationslocated in different rainfed districtsin the country.

The databank maintainsadynamic website‘ Crop weather outlook.org’ with afacility for regular
uploading datafrom participating centresto strengthen the agro-advisory servicesat nationd level. Regular
uploading of thedataby all 127 AMF units spread acrossthe country can makethiswebsite more useful
in devel oping meaningful agro-advisories. Thewebsite provides compiled crop dataformatted in web
pagesfor different statesand for different crops separately, The parametersconsidered are crop variety,
soil type, pest, disease, contents, program, treatment, season and year of the experimentation. Thewebsite
also providesregion-wise contingency crop planning at weekly interval and critical anaysisof weather
data. Anintranet websitewas designed and devel oped for easy retrieva of information including derived
parameters. Thiswebsitewill bemade operationa on Internet after finalizing the* DataPolicy Issues with
the approval of ICAR. As part of service, agromet data was supplied to users from ICAR, SAUs,
NCMRWEF, DST and other ingtitutionsthrough ARI S network of the | CAR.

Thisdatabase could be effectively used for devel opment, validation and refinement of weather
based forewarning systems, and validate the decis on support systems devel oped from timeto time.

Questions and discussion

Discussion centred largely around accessibility to the dataand the use of thedatain modelling.
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Peanut pest risk management in Cambodia

P. Visarto

Agricultural diversfication and household food security are severdly limited in Cambodiaby low
yieldsof most agricultura products, particularly inthe upland crops; peanut isone of them, which farmers
can harvest only up to 800kg/ha. By contrast, there have been significant gainsin other countriesinthe
Pecificregion (Austraia, Bangladesh & India). Improve cropping practicesand pest risk management has
the potential to push averageyiddsto 2 tons/hectare. Toreachthispotentid yieldlevel weneedtominimize
lossesdueto the crop constrains especially leaf spot disease. The aspectsof disease management which
can modify the devel opment of diseases such ashost plant res stlance and rotation will need to bemonitored
andtoincorporated into themodel devel opment. The project will therefore addressthe di seases of peanut
by examining datafrom both off-season (to address the pathogen presence and dissemination) and crop-
season (to addressdisease progress). Pest risk management can be managed by understanding the nature
of disease and relevant factors for disease development. New field data from this project such as
microclimate, crop performanceand disease devel opment combined with sharing datafrom other countries
inthe Pacific region (Australia, Bangladesh and India) will help relate microclimate values, validate
international modelson estimation of leaf wetness, and link with disease progressestimation. Thiswill be
validated through concurrent application to index cropsin selected areas, enabling development inthe
important areaof risk communication through engagement with local stakeholders. By engaging eminent
scientific and policy specidists, anaytical linkageswill be addressed and duplication of research-effort
reduced. Environmentaly friendly management Strategiesre ating to possible pesticide usagewhen climatic
consderationsdeemthisnecessary intheinterestsof srategicfood production, will contributeto sustainability
inagricultural production.

The peanut pest risk management project obj ectiveisto enable higher yield with better quality of
peanut crop by improving cropping practice and pest management in the upland and the M ekong deltasoil
typewith abetter understanding of pest management, so that yield lossesdueto insectsand diseasescan
be minimized and higher profit can beimproved.

Theproductioninfarmer fieldswill be compared with that at theresearch stationon grainyields,
profitsmargins, theincidenceand severity of diseases& insect pestsand crop loss. Theresearch activities
will be done onresearch station and nearby farmers' fields.

Theresearch activitieswill be conducted in two research stations (CARDI’sand ChamKar Leu
Station) and intwo villages; onein Kampong Cham province and the other in Kanda province. In Kandal
province (Saang digtrict), theresearch activitieswill be conducted at theend of thewet season (November-
March) whilein Kampong Cham provincefarmer’sfield and station trialswill be conducted at the early
wet season (May-August). At CARDI’s, wewill conduct the experimentsin both seasons. Fungicide
treatment at different peanut leaf spot diseaselevelswill be conducted at all research sudy Stesto compare
the effectiveness of fungicidetreatment and farming input cost.

Comparisons between fungicide-treated and untreated plotswill be used to assesscrop loss, while
comparisons between provinces (soil type and planting dates) will be used measuretheimpact of micro-
climates(soil moisture, maximum & minimum temperaturesand rainfall) on peanut diseaseincidenceand
severity and consequently ongrain quality andyields.

Theresearch activitiesand outputs of thisproject will help form closer working rel ationshipsamong
thevarioustechnica expertsof CARDI. ThePeanut Pest Risk M anagement Project will link and strengthen
theresearch network inAsiaPacific region which Australia, Bangladesh, Cambodiaand Indiaareworking
on peanut and other oil crops.

Questions and discussion
Thislargely centred on technicalitiesin making the dataaccessible for the CROPGRO modd.
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Relevance of epidemiological data and establishing relationship between
Metlab and canopy weather data for better predictability of diseases

S Desai and Y.S Ramakrishna

Diseaseisaproduct of theinteraction between host and pathogen in afavourabl e environment over
time. Even though susceptible host and aggressive pathogen are present, absence of congenia weather at
thecanopy leve, generdly referred to asmicroclimate, restrictsthe disease devel opment. However, recording
canopy weather istedious, expensive and time-consuming. Hence, mgority of the diseaseforewarning
systemstakeinto account the weather recorded at the nearest metrological station (Metlab), which often
resultsin accounting for only 50-60% variability. Hence, determining arel ationship between Metlab and
canopy weather datawill be helpful in deriving microclimate datathat could be used for forewarning
systemswith improved accuracy.

Field trialswerelaid out during the three monsoon seasons of 2004-2006 to establish arelationship
between Metlab and groundnut canopy weather to establish relationship for effectiveforewarning of late
leaf spot of groundnut caused by Phaeoisariopsis personata. While the maximum and minimum
temperaturesshowed al ogigtic relationship, maximum and minimum relative humidity showed an exponentia
relationship. Effortsare being made to incorporate these resultsinto adecision support system that has
been developed for late leaf spot forewarning and check for the precision levels. For establishing such
relationships, field triadlsshould be conducted for test crops sown at different spacings so that meaningful
rel ationships could be established.

Similarly, the diseaseintensity depends on the multiplication rate of the pathogen expressed as
goparentinfectionrate‘r’. Since, ‘r’ isaproduct interaction between avail abl e susceptible host and congenid
environment, thisparameter should a so be considered in devel oping forewarning systems. InIndia, late
leaf spot devel opment varies acrossdifferent groundnut production systems. When the data setsfrom
variouscentresacross Tamil Nadu over yearswerecritically analysed, the disease progressvaried across
centres and over years. Hence, considering the ‘r’ factor in decision support systemswould help in
understanding the disease dynamicsand thusincreasing the precision of theforewarning system.

Incorporation of these detailsinto the crop growth model s such asPNUTGRO and INFOCROP
will helpin better prediction of the disease and devel opment of adisease risk management strategy.

Questions and discussion

Therewas consensusthat therewoul d need to be an in-depth examination of epidemiologica aspects
of diseaseimplicationsat local level before quality control could be applied to any of themodels. This
could bean advanced issue and the paper by Desai and Ramakrishnahad given somedirection to theway
forward.
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Data needs on use of climate information to develop and apply decision
making tools to manage disease risks for improved crop production

R.P. Thakur

Thereisaneed for conducting preciseexperimentsfor obtaining reliabledatafor devel oping models
or vaidating theexisting mode sfor groundnut-lateleaf spot and mustard-blight systems. The main aspects
covered were: bench mark locationsfor conducting experiments; using highly susceptible commercial
cultivars, preciseexperimenta planning having proper plot size, plant density, planting time, replications,
and agronomic practices, diseaseinduction-
creating adequate disease pressure and

recording the disease dataat theprogressive Crop pest interactions
crop growth stages; within crop weather
data—from the automatic weather station Identification of DM
to include rainfal, temperature (min and 1
max), leaf wethess, radiation, soil moisture
onhourly basis, daily weather datafromthe Ranking of DM | «——
nearby Met Station; and the seasond dlimate v
forecast datafrom the nearby source. Quantification of DM

Need to collect data on crop Cro |
phenology and disease progress at 1-9 P
standard scale at weekly interval Introduction of DM
(PNUTGRO model) was further - into model
emphasised toindudeextent of defoliation Field . T
and roleof other foliar diseasesand insects experimen .
indefoliation, crop biomassand finally pod Validation of DM
yidd. v

Understanding the relationship Sufficient testing of DM | <—
between crop microclimate data, Met '
station dataand seasonal climateforecast .
dataiscritical tofurther relatethisto disease Application of DM

severity data for developing amodel for
diseaseforecasting.

These data setsthus collected and their rel ationship understood could be used to validate some of
theexisting modelsfor the crop-disease systemsor devel oping anew system advisory tool that would be
cost effectiveat thefarmlevel.

Theexperimental detailsfor conducting such experiments should takeinto consideration the crop
phenophase, diseaserecord, recording of weather dataand ancillary data. A detailed modulewas presented
for generating the datasetsthat are essential for thisproject.

Questions and discussion

Generd discuss on suggested that theworkshop had comeastep closer to understanding theavailable
dataand itslimitations. However, therewas still afeeling that none of the model s discussed would be
precluded by thelimitations.
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Climate, Crop and Disease data availability in Australia

T. Hind-Lanoiselet
Climate data availability

Thereisavast network of weather stationsthat collect rainfall and climate dataacrossAustralia.
Thedatafrom these stationsis sometimes collected by hand. However, many of the stationsaremoving
towardsautomeation. Climate data.can be accessed and purchased from avast array of sitesdepending on
thetypeof datarequired. A summary of someof theseisprovided on the Queendand government web site
http://www2.dpi.gld.gov.au/climate/9193.html and include the Commonwealth of AustraliaBureau of
Meteorol ogy site http://www.bom.gov.au, which providesacomprehensivedaily forecasts, maps, satellite
Images, historical records, warnings, educationa information, climate outlooks, averages (temp, rainfall)
for different locations. The length of time a station has been operating and the type of climate datathe
station collects can also be accessed from the Bureau of Meteorology Site.

However for disease model ling the data.obtained from these sites can beincompletewith missing
datapoints. Inthese casessitessuch as SIL O (http://silo) provide aPatched Point Dataset and DataDrill,
which provide continuous daily runs of climate datafor usewith simulation models. For example, the
Patched Point Dataset combines original Bureau of Meteorology measurements for a particular
meteorologica stationwith interpolated datato infill any gapsin therecord.

Crop

InAustraliathe mgjority of crop information hasbeen collected on wheat followed by canolaand
other pulses. Crop models include Agricultural Production Systems Simulator APSIM (http://
www.apsm.info/apsim/) and Oz-Wheat derived from APSIM (http://www2.dpi.gld.gov.au/extra/pdf/
climate/Oz-Whest/Oz-WheatReport-Abstract& | ntro.pdf).

Disease

A variety of disease modelsexist inAustralia. Theseinclude Rustman, Blackspot management,
Blackleg Sporacle, Anthracnose of Lupin forecasting, Ceredl barley yellow dwarf virus(BY DV) risk and
L upin cucumber mosaic virus (CMV) risk. Most of the disease model s have been devel oped inWestern
Augrdia, largely becausethisstate hasamodeller dedi cated to diseasemoddls (hitp://mww.agric.wagov.aw/
servlet/page? pageid=449& _dad=portal 30& _schema=PORTAL 30).

Thereisaso epidemiologica dataavailablethat iscurrently suitableto put into modelsincluding
Sclerotiniastem rot of canola.

Limitations

Very little disease modelling work isbeing conducted in Australiaasthistype of work iscostly in
termsof timeand effort to collect the appropriate epidemiol ogical datato put into themodel and in model
development. Therearefew peopleemployedinthisareapossibly becausethereislittleunderstandingin
theindustry and by the farmerson the limitations and benefits of using these modelsand also alack of
modelling information that they can access.
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Small Workshops. Afternoon Day 2

The plenary session separated into two groups along plant lines (Peanut/Groundnut or Mustard/
Canala) to:

¢ decide on and recommend model sfor both crops.

e discussuseful outputsfrom themodel that would be useful

e discussevauation strategiesand usefulness of theresearch.

¢ determinesomedtrategiesfor risk communiceation.
Alsodiscussed at thistime:

¢ Epidemiological aspectsvsforecasting

¢ Risk management ability

¢ Anaysisof frequency of occurrenceof diseasesinvariousregions
Wor kshop outcomes

Therewashbrief discussionwhich indicated thefeding that thereweretwo distinct campsemerging;
thosethat favoured the CROPGRO model and those that favoured I nfocrop. Asthere could beextrinsic
problemspotentialy affecting each and that dataavailability had to beground-truthed, therewasno reason
why both should not be applied. It wasfelt by some members of the Indian agricultural servicesthat
because of work aready in hand and because of geographica smilarities, Indiawould beinapositionto
best support Bangladesh intermsof the Infocrop model which had beenwell designed to addressregiona
issues. Cambodiacould perhapslend itself to the more exploratory application of the CROPGRO model
and therewould beinterest inthefindingsof the parale workshop whichwould addressthe Bangladesh
modelling needs. Therewas some concernthat not al representation relevant to Bangladesh could attend
that meeting.

It wasfelt that someof the Strategiesrel ating to eval uation strategies and risk communication could
not befinalised at theworkshop and woul d requireworking in conjunction with the communities concerned
following theworkshop. Inthisregard problems associ ated with representation of abroad spectrum of
stakeholdersin planning processeswere briefly discussed.

Although the meseting ran out of timeto taketheissuesfurther it wasfelt that the determination of the
mode to be used and theidentification of an India-Australia-Bangladesh sub-network withinthemain
umbrellaof the project was asound starting point to movethe program ahead.
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Session llI- The Way Forward

Project |mplementation and Monitoring

R. N. Spooner-Hart and A.K.S Huda
After abrief workshop summary by Spooner Hart, discussion|leading totheassgnment of activitiesfollowed:
General project activities and coor dination
e Participantstoidentify their individual rolesand responsbilitiesin the project (everyone)
e Participantsto contribute to workshop proceedings (Hudato coor dinate)

e |dentify and produce papers, publicationsemanating from the project (oneoptionisaspecial issue
of Aust JExpAgriculture) (Hudato coor dinate, Spooner-Hart)

e Communication during theproject (email list, website, updates)

¢ On-going coordination and communication in task groups. I dentification of funding support for
additiond identified activities (eg visits, capacity building Bangladesh, Cambodia) (Huda)

e Prepareproject progressreport for APN (Hudato coor dinate)
e Prepareworkshop in Bangladesh (Alam, Asaduzzaman, Huda)
e Preparefina report (Hudato coor dinate)

e |dentify new funding sources (Huda, Coughlan, Spooner-Hart) and develop new project(s)
(Huda)

Model validation/improvement
1. Mustard/canola Scler otinia (+Alternaria)

e Vdidate/mprove Sclerotiniamodel
i. Yield datafrom India(various) further datafromAustraia
ii. ENSO, averagetemp and high temp

(Hind-L anoiselet, Chirantan, Chattapadhyay, Hansen, Huda)
e Vdidate/lmproveINFOGRO mode for Mustard
(Aggarwao, SubbaRao, Chirantan, Huda)

¢ |nvestigatetheinclusion of Sclerotiniadisease model in INFOCROP (Aggarwal, Hind-
Lanoisdet, Huda, Chirantan)

e Evduatesmplemodesfor Alternaria(ruleof thumb) and Sclerotiniamodel in Bangladesh,
India(Chirantan)

¢ Investigateforecast modelsfor Alternaria
2. Peanut/Groundnut (L ateleaf spot (+rust))

e Improve parameters and relationships in late leafspot model, complete linkage with
CROPGROmModéd (Boote, Desai, Jagannathan, Thakur, Huda)

e Tedt predictions, validate and improve CROPGRO using available datain India, new data
from Cambodia, India. Particularly predictions between disease progression and impact
onyield (Boote, Desai, Jagannathan, Desai, Huda)

e Improvedecision support systems(Desai, Jagannathan, Thakur, Huda, Boote)
3.Both Crops
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| dentify most urgent primary usersof productsof models, identify selection of farming systems,
advisory servicesand other users. | dentify viaquestionnaire what these representative user
groupswant. Overal coordination by Stitger, but nominated personsin each country to collect
surveysand assist ininterpretation of data(Stigter, Huda & onefrom each country)

Develop smplesetsof rulesfor diseaseforecasting
Link smpleruleswith specific datafor region-specific applications.

Investigaterd evanceof incorporation of seasond climateforecagtsfor srategic decisonmaking
with predictability based on ENSO. If influence present, evaluate predictability usng past data
and, if pogitive, providetraining andtoolsto assst inimplementation (Hansen, Desai, Rathor e,
Huda, Derry)

Develop economic and risk elementsof combined modelling system (Hansen, Derry, Huda).

Field investigations

1. Mustard/canola

West Bengal (2 locations) Alternaria, and other key diseases (Bhattacharya)

Bangladesh (31ocations) x 2 yearsto generatefield datawith determined agreed protocols,
and parameters measured. Support and capacity building with Indiaand others(visit) (Alam,
Asaduzzaman, Blattacherya, Chirantan, Spooner-Hart).

2. Peanut/groundnut

Cambodia (2 locations) to identify and monitor peanut diseases, with agroclimate and crop
devel opment data, with agreed protocolsand parametersmeasured. Also monitoring of disease
infarmer fields. Support and capacity building with Indiaand other (visit) (Visarto, Coughlan,
Desai, Huda, Derry, Spooner-Hart)

Tamil Nadu (1 |ocation) requiresfunding support (Jagannathan).

Other issues

Emphasis to date on risk assessment: need more consideration of risk management (eg
communicationwith stakeholders, planning advice) (Derry, Huda, Stigter)

How we could proceed

| dentification of additiond participantsin nominated project activities

Formation of activity or task groups, to develop activity plans in more detail: roles and
respongbilities

What resourceimplicationsaretherefor these activities?

Compareidentified activitiesand stated project objectives/activities arewemissng something?

Arethereany other issues/concerns about where we have got to in theworkshop regarding
the project? There needsto be ownership by project participants.

Themost positive outcome of the wgorkshop wasthat the network members did not seek
funding for their ownwork, but preferred to use fundsand their own resourcesfor capacity
building withinthe membership.
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Outcomes of the Scoping Workshop

K. Coughlan

An enhanced understanding of the rel ationships between weather/climate, diseaseincidence, and
reductionin cropyield, leading to the devel opment of management interventions (leverage points)

An appreciation of the need to survey the decision making needs of varioususers. Thisrequires
somegenera anaysisof thefarming system, and of themajor leverage points, rather than* leading”
guestions. We can consider those to do with weather/climate services, such asin early disease
warnings and related climate/weather forecasting. However, we must aso be careful not to
take atop-down approach (“we are good modellers, and that iswhat you will get”)

Theneed for arisk appreciation, preparedness and management model asthe basisfor decision
makinginthisarea. Thisproject, andin particular the new project, must involvethefarmer interface
and animpact anaysisof economic and social outcomes

Alist of potentia funding agenciesfor futurefunding, to build on APN seed funds
A list of collaboratorsand their respectiveresponsibilitiesfor networking during the APN project

Outputsof the APN project

1

2.

3.

4.

5.

Network of researchersableto collaboratein follow-on project; aspringboard to effective project
operation

Results from a set of pilot projects-Field trials and parameter devel opment in Bangladesh and
Cambodia. Communicationsystemsarewell developedinIndia. What isthepilot projectin India?
(A farmer survey of use and economicimpact of advisory service?)

Theoretical (from modelling) and actual (farmer survey) economic analysisof impact of improved
decison-making.

Quantification of yield impact of diseases

Regional collaborationsfor capacity building

Future activities

1.

4.

Incorporate policy issuesof food security and food safety, environmental issuesof reduced chemical
usage, ability to assessimpact of climate change (beyond the scope of thisproject). Crop disease
and pest forewarning isapriority of thelndian Government.

Framework for extenson of Indian methodol ogiesand modeling expertiseto other Asan collaborators
(capecity building)

Aggregation of benefitsfrom farm to district level-benefitsto players other than farmers (assuming
that farmersremain our main usersfor the project services)

Extension of activitiestofruit and vegetables, where (particularly pesticide) resduesareanissueand the potentia
benefitsarehighwithhigh-vauecrops. Neadtolook at availability of cropgrowthmodels

Possiblefuture projectsthat can betargeted for collaborationinclude:

Deve opment of an ability to assessimpactsof climate change on crop diseases and pests
Development of acrop disease/pest forewarning system for growersand extension personnel
Development of aframework for capacity building in some of the Asian collaborators countries

| dentification of and model devel opment for usersother than growersand agricultura extenson officers.
For example: insuranceindustry

Extension of activitiestofruit and vegetables

Incorporation of policy issuesof food security/safety and environmental issues of reduced chemical
usageintomodels
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Annexure 1
Wor kshop Program

Scoping Wor kshop of “ Climateand Crop Disease Risk Management: An I nternational
Initiativein theAsia-Pacific Region”
(November 6-8, 2006)

Workshop facilitators: Kep Coughlan and Y.S. Ramakrishna

Objectives:

o Toidentify appropriate models, modelling framework and data needsto incorporate relevant climate
risk factors for managing selected diseases/crops within the region
To develop systems to improve access of existing climate, crop and disease information

e To determine strategies for value-adding to climate and crop data through local collection (field
measurements)

o To identify the specific needs, interests and strengths of this interdisciplinary multilateral project
team, and to explore opportunities for increased collaboration.

06.11.2006 (Monday):
Rapporteurs. C. Derry, S. Desai, P. Visarto

0930-1000 Welcome: Ramakrishna, Spooner-Hart, Thakur, Coughlan

1000-1030 Project aims/objectives with a short presentation on the progress and future plans in
integrating climate, crop, disease and management models (Huda)

1030-1100 Potential for CROPGRO model for peanut modeling in the APN project (Boote)

1100-1130 Tea

1130-1200  Potentia for WhopperCropper for mustard/canola modeling in the APN project (Meinke)
1200-1230 Brassica model (Sastry)
1230-1300 Infocrop (Huda & Subba Rao)
1300-1345 Group discussion: Applicability of different models
Group lead: Ramakrishna
* Readiness of models for use
» Major or minor modifications needed
» Data needs of models
Seeking information from each modeler (10 min each)
1345-1430 Lunch
1430-1500 Crop diseases model (L anoisel et)
1500-1530 Climate models(Hansen)
1530-1600 Current status on Pest/Disease modules (YG Prasad)
1600-1615 Tea
1615-1700 Small group discussion (3 groups)Group lead: Lanoiselet, Chattopadhay, and Spooner-Hart
1700-1730 Report back in plenary with summary — Rapporteurs
1900- Conference Dinner
07.11.2006 (Tuesday):
Rapporteurs: Chris Derry, YG Prasad, SN Alam
0900-0930 Summary presentation on applicability of models (Desai)
0930-1000 Data needs (Thakur)
1000-1030 Farmers' needs for Agromet service and models (Stigter)
1030-1130 Small group discussion (3 groups)Group lead: Boote (Peanut models), Huda (Mustard/
canolamadel), Simple DSS models (Meinke)
1130-1200 Tea
1200-1230 Report back in plenary with summary - Rapporteurs
1230-1245 Data availability (climate, crop, disease) for country specific crops: India (GGSN
Rao)
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1245-1300
1300-1315
1315-1330
1330-1430
1430-1530

1530-1600
1600-1630
1630-1730

2000-

Bangladesh (Alam)
Augtrdia (Derry, Lanoiselet)
Cambodia (Visarto)
Lunch
Small group discussion (3 groups) — on database
Group lead: Jagannathan
» Collection, compilation and generation of new datasets for testing
Group lead: Rathore
* Generation of user-friendly Decision support systems/ Operational agro-advisory
modeds
Group lead: Hansen
« Linking SCF, pest models and DSS for improving agro-advisory systems
Tea
Report back in plenary with summary - Rapporteurs
Discussion — issues on
» Model selection and modifications
 Generation of DSS for use in region-specific agro-advisory systems
* Rolesand responsibilities
Dinner

08.11.2006 (Wednesday):
Rapporteurs. Chris Derry, Chatopadhyay, Asaduzzaman

0900-1015

1015-1115

1115-1130
1130-1200
1200-1400

1400-1500
1500 onwards

The way ahead- Time line for current program and development of new
project proposal

* Spooner-Hart — Overview and future scoping

* Rathore — SCF, MRF, Agromet service linkage

» Coughlan — Future funding opportunities

Small group discussion (3 groups)

* Group Lead: Spooner-Hart, Rathore, Coughlan

(One rapporteur would join each group)

Tea

Report back in plenary with summary - rapporteurs

Developing a plan for the data collection and validation during the current year as well
as for the second year for formulation of a mega project proposal

* Roles and responsibilities (crop-wise and country-wise)

» Model selection, generation, testing and validation

* Funding and other resource needs

* Inputs for final workshop

Lunch

Modeling Session:Ken Boote Demonstrates Models

09.11.2006 (Thursday): Free for APN participants (eg Visit to ICRISAT); Modelling sessions. Optional

10.11.2006 (Friday): Modelling sessions: Optional for APN project participants
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Annexure?2

Workshop Participants

Australia

Associate Professor A.K. Samsul Huda
Agroclimatol ogist/Modeller

School of Natural Sciences

University of Western Sydney

Hawkesbury Campus

Locked Bag 1797, Penrith South DC, NSW 1797
Email: s.huda@uws.edu.au

Associate Professor Robert Neil Spooner-Hart
Director, Centre for Plant and Food Science
School of Natural Sciences

University of Western Sydney

Hawkesbury Campus

Locked Bag 1797, Penrith South DC, NSW 1797
r.spooner-hart@uws.edu

Chris W. Derry

Senior Lecturer

School of Natural Sciences

University of Western Sydney

Hawkesbury Campus

Locked Bag 1797, Penrith South DC, NSW 1797
Chief Investigator:

Collaborating Research Centre: Irrigation Futures
WHO Centre for Environmental Health Dev.

c.derry@uws.edu.au

Dr Kep Coughlan
15 Dempsey Street ,Annerley, Brisbane
Qld 4103, Australia

kepcoughlan@optusnet.com.au

Dr Tamrika Hind Lanoiselet

Plant Pathologist

New South Wales Department of Primary Industries
Wagga Wagga Agricultural Institute

PMB WAGGA WAGGA NSW 2650

Email: tamrika.hind@dpi.nsw.gov.au

Dr Holger Bernd Meinke

Principal Scientist & Focus Team Leader Emerging Technologies
Queensland Department of Primary Industries and Fisheries
Toowoomba

Email holger.meinke@dpi.gld.gov.au
kepcoughlan@optusnet.com.au

Bangladesh

Dr Syed Nurul Alam

Bangladesh Science Foundation, AH Tower,
7th Floor, Plot 56, Road No. 2,

Sector NO. 3, Uttar Model Town,

Dhaka 1230

Email: entoipm@bdcom.com

Mohammad Asaduzzaman

Executive Director, Bangladesh Science Foundation, A H Tower,
7th Floor, Plot- 56, Road No. 2

Sector No. 3, Uttara Model Town,

Dhaka- 1230

Email Address: bsf@bttb.net.bd

Cambodia

Dr Preap Visarto

Head of Plant Protection Program
Cambodian Agricultural Research and
Development Institute-Assistance Project.
Po Box 01, Phnom Penh

National Road No 3, Prateah Lang Commune,
Dangkor District, Phnom Penh

Email: VisartoO3@cardi.org.kh

India

Dr Y.S. Ramakrishna

Director

Central Research Institute for Dryland Agriculture (CRIDA)
Santoshnagar, Hyderabad, Andhra Pradesh, 500059

Email: ramakrishna.ys@crida.ap.nic.in

Alternate email: ysrkind@yahoo.com

Phone number: 91 - 40 245 30177

Fax: 91 - 40 245 35336

Dr. GG.S.N. Rao

Project coordinator (Agromet)

Central Research Institute for Dryland Agriculture (CRIDA)
Santoshnagar, Hyderabad, Andhra Pradesh, 500059
ggsnrao@crida.ernet.in

Dr Suseelendra Desai

Principal Scientist

Central Research Institute for Dryland Agriculture (CRIDA)
Santoshnagar, Hyderabad, Andhra Pradesh, 500059

desai @crida.ernet.in

Phone number: 91 - 40 245 30177

Fax: 91 - 40 245 35336

Dr Ram P. Thakur

Principal Plant Pathologist

ICRISAT, Patanchery 502 324, A.P., India
r.thakur@cgiar.org

Dr V.U.M. Rao

Principal Scientist (Agromet)

Central Research Institute for Dryland Agriculture (CRIDA)
Santoshnagar, Hyderabad, Andhra Pradesh, 500059
vumrao@crida.ernet.in, vumrao54@yahoo.com

A.V.M. Subba Rao

Scientist (Agricultural Meteorology)

Central Research Institute for Dryland Agriculture (CRIDA)
Santoshnagar, Hyderabad, Andhra Pradesh, 500059
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