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ABSTRACT

Thisarticledescribeshowcoffeerusthasbecomeaseriousconcernformanycoffeefarmersand
manufacturers.TheAmericanPhytopathologicalSocietydiscussesitsimportancesayingthis:“…
themosteconomicallyimportantcoffeediseaseintheworld…”while“…inmonetaryvalue,coffee
isthemostimportantagriculturalproductininternationaltrade…”Theearlydetectionhasinspired
researcherstoapplysupervisedlearningalgorithmsonpredictingthediseaseappearance.However,the
mainissueoftherelatedworksisthesmallnumberofsamplesofthedependentvariable:Incidence
PercentageofRust,sincethedatasetsdonothaveareliablerepresentationofthedisease,whichwill
generateinaccuratepredictionsinthemodels.Thisarticleprovidesaprocessaboutcoffeerustto
selectappropriatemachinelearningmethodstoincreaserustsamples.
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1. INTRodUCTIoN

Coffeerusthasbecomeaseriousconcernformanycoffeefarmersandmanufacturers.TheAmerican
PhytopathologicalSocietydiscussesitsimportancesayingthis:“themosteconomicallyimportant
coffeediseasein theworld,”while“inmonetaryvalue,coffeeis themost importantagricultural
productininternationaltrade”.Withoutasolution,theeffectsonthecoffeeindustrymaysoonbe
reflectedinpriceandavailability(Arneson,2000).

For several years, the disease was managed through the combination of various techniques
suchasquarantine,culturalmanagement,fungicidesandresistantcrops.Duetotheeffectivenessof
chemicalcontrolandtherelativelylimiteddamagecausedbythedisease,particularlyathighaltitudes,
Mesoamericancoffeefarmersandtechnicalauthoritiesconsidereditmanageable.Thisviewprevailed
untiltheepidemicbetween2008and2013alongMesoamerica,fromColombiatoMexico,including
Peru,EcuadorandsomeCaribbeancountries(Avelinoetal.,2015).Coffeefarmersweredesperate
toobtainananswertothisterriblesituationsincetheintensitywashigherthananythingpreviously
observed,affectingalargenumberofcountriesincluding:Colombia,from2008to2011,affecting
anaverageof31%ofcoffeeproductioncomparedwiththeproductionin2007;CentralAmericaand
Mexico,in2012–13,affectinganaverageof16%oftheproductionin2013comparedwith2011-12
andanaverageof10%in2013-14comparedwith2012-13;andPeruandEcuadorin2013(Avelino
etal.,2015).Morespecifically,in2013,theGuatemalangovernmentandtheGuatemalanNation
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Coffeeagencydeclaredanationalstateofemergencyafteraprojectionofnearly15%croplossin
theirregion.Thedevastationhascontinuedtospreadduetohighertemperaturesinthisregion,which
aremakingfungusgrowthathigheraltitudespossible(“ASolutiontotheCoffeeRustEpidemic,”
2015).Highertemperaturesmaybelinkedtoclimatechange.Andseveral/manyexpertsareworried
aboutthepersistenceoftheseconditions(hightemperatures)willnotchangeinthenearfuture.In
thisregard,severalreportsandexpertsproposedsolutionsrelatedwithearlydetectionofthedisease
andtheeradicationofinfectedplants.

Theearlydetectionhasinspiredresearcherstoapplysupervisedlearningalgorithmsonpredicting
thediseaseappearance.Thedatacollectedaboutconditionsandsoilfertilityproperties,physical
propertiesandmanagementofacoffeecrop,canbeusedtoforecasttherustinfectionrate.Inthe
sameway,weatherconditionssuchastheminimumandmaximumlevelsoftemperature,humidity
andrainydayscanhelptoestimatethebehaviorofthedisease.SeveralColombianandBrazilian
researchesinsupervisedlearningattempttodetecttheincidencepercentageofrust(IPR)incoffee
cropsusingNeuralNetworks,DecisionTrees,SupportVectorMachines,BayesianNetworks,K
Nearest Neighbor, and Ensemble Methods (Cesare di Girolamo, 2013b; Cintra, Meira, Monard,
Camargo, & Rodrigues, 2011; Corrales, Corrales, & Figueroa-Casas, 2015; Corrales, Figueroa,
Ledezma,&Corrales,2015;Thamada,Rodrigues,&Meira,2015).However,themaindrawbackof
therelatedworksisthefewdatasamplesofthedependentvariable:IncidencePercentageofRust,
sincethedatasetsdonothaveareliablerepresentationofthedisease,whichwillgenerateinaccurate
classifiers(Corrales,Figueroa,etal.,2015).

Thispaperprovidesaprocesstoincreasecoffeerustsamplesapplyingmachinelearningmethods
throughasystematicreviewaboutcoffeerustinordertoselectappropriatealgorithmstoincreaserust
samples.Thepaperisstructuredasfollows:inthenextsection,wedescribethecoffeerustdisease
andsupervisedlearningconcepts.Section3exposesthesupervisedlearningapproachesappliedto
coffeerustdetectionandthemainchallengesduetolowaccuracyofrustdetectingmodels;Section4
showsasystematicreviewoftheapproachestogeneratesyntheticdata.Section5,proposesaprocess
forbuildinglargedatasetofcoffeerustbasedontheSection4.Finally,thesection6presentsthe
conclusions.

2. BACKGRoUNd

2.1. Coffee Rust
CoffeerustiscausedbythefungusHemileiavastatrix,amongthecultivatedspeciesC.Arabicais
themostseverelyattacked.Thediseasecausesdefoliation,sometimesthisonecanleadtodeathof
branchesandcroplosses(Figure1a).Thefirstsymptomsaresmallyellowishlesionsthatappear
ontheundersideoftheleaves,wherethefungushaspenetratedthroughthestomata(Figure1b).
Theselesionsgrow,coalesceandproduceuredosporeswiththeirdistinctiveorangecolor.Chlorotic
spotscanbeobservedontheuppersurfaceoftheleaves.Duringthelaststageofthedisease,lesions
becomenecrotic(Avelinoetal.,2015).

Theprogressionofcoffeerustdependsonfourfactors(Figure2)thatappearsimultaneously
(RivillasOsorio,2011):

• The Host:therearevarietiesofcoffeeplantssusceptibleandresistanttorust.Varietiessuchas
Típica,BorbónandCaturrasuffersevererustattacks,whileColombiaandCastillovarietiesare
highlyresistanttorust.

• Pathogenic Organism:Hemileiavastatrixlifecyclebeginswiththegerminationofuredospores
in2-4hours inoptimal conditions.Within24–48hours, infection is completed.Once the
infectioniscompleted,theundersideoftheleafiscolonizedandsporulationwilloccurthrough
thestomata(Nutman,Roberts,&Clarke,1963).
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