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PhytophthoraPhytophthora TaxonomyTaxonomy

DomainDomain EukaryotaEukaryota
KingdomKingdom Straminipila Straminipila 

[Chromista?][Chromista?]
PhylumPhylum OomycotaOomycota
ClassClass OomycetesOomycetes

OrderOrder PeronosporalesPeronosporales
FamilyFamily PythiaceaePythiaceae
GenusGenus PhytophthoraPhytophthora



Phytophthora TaxonomyPhytophthora Taxonomy



Phytophthora Phytophthora 
Taxonomy:Taxonomy:
CladesClades based on based on 
Molecular Molecular 
GeneticsGenetics



Phytophthora Taxonomy:Phytophthora Taxonomy:
CladesClades 11--88



PhytophthoraPhytophthora 101:101:
Pathogen Life StagesPathogen Life Stages

♦♦Mycelium & hyphaeMycelium & hyphae——vegetative bodyvegetative body
♦♦ZoosporangiaZoosporangia——asexual reproductionasexual reproduction
88produced in soil or on plantsproduced in soil or on plants

♦♦ZoosporeZoospore——motile, swimming sporemotile, swimming spore
88present in water & water filmspresent in water & water films

♦♦ChlamydosporeChlamydospore——thickthick--walled asexual sporewalled asexual spore
88capable of longcapable of long--term survivalterm survival

♦♦OosporeOospore——thickthick--walled sexual resting sporewalled sexual resting spore
88capable of longcapable of long--term survivalterm survival



Disease Cycle: Phytophthora Root RotDisease Cycle: Phytophthora Root Rot



Phytophthora cinnamomiPhytophthora cinnamomi

♦♦ colony on agar [A]colony on agar [A]
♦♦ hyphae [B]hyphae [B]
♦♦ chlamydospores [C]chlamydospores [C]
♦♦ sporangia [D,E,F,H,I]sporangia [D,E,F,H,I]
♦♦ hypha swellings [G]hypha swellings [G]
♦♦ oospores [L,M,N]oospores [L,M,N]



Diseases Caused by Diseases Caused by 
PhytophthoraPhytophthora spp.spp.

♦♦Some of the most economically important and Some of the most economically important and 
damaging diseases on woody plants in the damaging diseases on woody plants in the 
Southeast, USA, and worldwideSoutheast, USA, and worldwide

♦♦Cause problems annuallyCause problems annually
♦♦Particularly serious in or following “wet” yearsParticularly serious in or following “wet” years
♦♦Diseases often are associated with wet or Diseases often are associated with wet or 

saturated soilssaturated soils



Phytophthora Diseases of Phytophthora Diseases of 
Forest TreesForest Trees——Some ExamplesSome Examples

♦♦United StatesUnited States
88Southeast:  Little leaf disease on shortSoutheast:  Little leaf disease on short--leaf pineleaf pine
88Northwest:  Root rot on PortNorthwest:  Root rot on Port--OrfordOrford--CedarCedar
88East: Ink disease on chestnut (1930s, currently)East: Ink disease on chestnut (1930s, currently)
88South Carolina: Laurel oaks on the coast (new!)South Carolina: Laurel oaks on the coast (new!)

♦♦Other countriesOther countries
88Mexico: mortality on oaks & understory shrubsMexico: mortality on oaks & understory shrubs
88Australia: root rot & decline on eucalyptusAustralia: root rot & decline on eucalyptus
88Europe: oak declineEurope: oak decline



Some Trees & Shrubs AttackedSome Trees & Shrubs Attacked
♦♦ AbiesAbies——firfir
♦♦ AcerAcer——maplemaple
♦♦ ArbutusArbutus——madronemadrone
♦♦ BetulaBetula——birchbirch
♦♦ BuxusBuxus——boxwoodboxwood
♦♦ CamelliaCamellia——C. japonicaC. japonica
♦♦ CastaneaCastanea——chestnutchestnut
♦♦ CedrusCedrus——cedarcedar
♦♦ CercisCercis——redbudredbud
♦♦ ChamaecyparisChamaecyparis——false false 

cypresscypress
♦♦ CitrusCitrus——orange, lemon, etc.orange, lemon, etc.
♦♦ CornusCornus——dogwooddogwood

♦♦ CryptomeriaCryptomeria——Japanese Japanese 
cedarcedar

♦♦ CupressusCupressus——cypresscypress
♦♦ ElaeagnusElaeagnus——Russian oliveRussian olive
♦♦ EucalyptusEucalyptus
♦♦ FagusFagus——beechbeech
♦♦ FicusFicus——figfig
♦♦ ForsythiaForsythia
♦♦ IlexIlex——hollyholly
♦♦ JuglansJuglans——walnutwalnut
♦♦ JuniperusJuniperus——juniperjuniper
♦♦ KalmiaKalmia——laurellaurel
♦♦ MalusMalus——appleapple



More Trees & Shrubs Attacked...More Trees & Shrubs Attacked...

♦♦ PerseaPersea——avocadoavocado
♦♦ PiceaPicea——sprucespruce
♦♦ PierisPieris——andromedaandromeda
♦♦ PinusPinus——pinepine
♦♦ PlatanusPlatanus——sycamoresycamore
♦♦ PrunusPrunus——cherry, plum, etc.cherry, plum, etc.
♦♦ PseudotsugaPseudotsuga——Douglas firDouglas fir
♦♦ PyrusPyrus——pearpear
♦♦ QuercusQuercus——oakoak
♦♦ RhododendronRhododendron——rhodorhodo., azalea., azalea
♦♦ RobiniaRobinia——locustlocust
♦♦ RosaRosa——roserose

♦♦ RubusRubus——raspberryraspberry
♦♦ SyringaSyringa——lilaclilac
♦♦ TaxusTaxus——yewyew
♦♦ ThujaThuja——arborvitaearborvitae
♦♦ TsugaTsuga——hemlockhemlock
♦♦ VacciniumVaccinium——blueberry, blueberry, 

cranberrycranberry
♦♦ ViburnumViburnum——arrowwoodarrowwood
♦♦ UlmusUlmus——elmelm



Species of Species of Phytophthora  Phytophthora  thatthat
Attack Trees and Shrubs (<1999)Attack Trees and Shrubs (<1999)

♦♦ P. cactorumP. cactorum
♦♦ P. cambivora P. cambivora 
♦♦ P. cinnamomiP. cinnamomi
♦♦ P. citricolaP. citricola
♦♦ P. citrophthoraP. citrophthora
♦♦ P. cryptogeaP. cryptogea

♦♦ P. gonapodyidesP. gonapodyides
♦♦ P. ilicisP. ilicis
♦♦ P. lateralisP. lateralis
♦♦ P. megaspermaP. megasperma
♦♦ P. nicotianae = P. parasiticaP. nicotianae = P. parasitica
♦♦ P. palmivoraP. palmivora
♦♦ P. pseudotsugaeP. pseudotsugae



♦♦ P. quercina P. quercina –– oaks/European  [1999]oaks/European  [1999]
♦♦ P. pistaciae P. pistaciae –– pistachio/Turkey  [1999]pistachio/Turkey  [1999]
♦♦ P. ramorumP. ramorum –– viburnum, rhododendron/Europe; viburnum, rhododendron/Europe; 

oaks, tanoak, bay laurel, etc./CA & OR  [2001]oaks, tanoak, bay laurel, etc./CA & OR  [2001]
♦♦ P. psychrophiliaP. psychrophilia –– oaks/Europe  [2002]oaks/Europe  [2002]
♦♦ P. europaeaP. europaea –– oaks/Europe  [2002]oaks/Europe  [2002]
♦♦ P. uliginosaP. uliginosa –– oaks/Europe  [2002]oaks/Europe  [2002]
♦♦ P. pseudosyringaeP. pseudosyringae –– hardwoods/Europe, PNW [2003]hardwoods/Europe, PNW [2003]
♦♦ P. nemorosaP. nemorosa –– oaks/CA, OR [2003]oaks/CA, OR [2003]

““New” Species of New” Species of PhytophthoraPhytophthora
that Attack Trees and Shrubsthat Attack Trees and Shrubs



““New” Species of New” Species of PhytophthoraPhytophthora
that Attack Trees and Shrubsthat Attack Trees and Shrubs

♦♦ P. hedraiandraP. hedraiandra –– shrubs/The Netherlands, USA shrubs/The Netherlands, USA [2004][2004]

♦♦ P. alniP. alni –– AlnusAlnus spp./Europe [2004]spp./Europe [2004]
♦♦ P. kernoviaeP. kernoviae –– hardwoods, hardwoods, rhodrhod/Europe [2005]/Europe [2005]
♦♦ P. captiosaP. captiosa –– eucalyptus/New Zealand [2006]eucalyptus/New Zealand [2006]
♦♦ P. fallaxP. fallax –– eucalyptus/New Zealand [2006]eucalyptus/New Zealand [2006]
♦♦ P. foliorumP. foliorum –– azalea/USA [2006]azalea/USA [2006]
♦♦ others??others??



PhytophthoraPhytophthora spp. spp. 
as Pathogens of Woody Plantsas Pathogens of Woody Plants

♦♦These fungi can attack all parts of the plantThese fungi can attack all parts of the plant
♦♦Blight & dieback on shoots & foliageBlight & dieback on shoots & foliage——

uncommonuncommon
♦♦Cankers on stems & trunkCankers on stems & trunk——commoncommon
88e.g., “bleeding” cankerse.g., “bleeding” cankers

♦♦Root & crown rotsRoot & crown rots——most commonmost common



SymptomsSymptoms——Above GroundAbove Ground

♦♦Appear Appear afterafter roots are diseasedroots are diseased
♦♦Chlorosis & yellowing of the foliageChlorosis & yellowing of the foliage
88very slight at first, then becoming obviousvery slight at first, then becoming obvious

♦♦Stunted growthStunted growth
♦♦Overall wilting & declineOverall wilting & decline
♦♦CankersCankers——orange/red/brown discolorationorange/red/brown discoloration
88on stems and trunkon stems and trunk
88distinct margin between healthy & diseased distinct margin between healthy & diseased 

tissuestissues

♦♦Plant deathPlant death



Phytophthora Foliage BlightPhytophthora Foliage Blight

peonypeony

hostahosta

rhododendronrhododendron



Phytophthora Cankers on TreesPhytophthora Cankers on Trees

American beechAmerican beechAmerican chestnutAmerican chestnut

American chestnutAmerican chestnut



Phytophthora Canker on Laurel Oak in SCPhytophthora Canker on Laurel Oak in SC



SymptomsSymptoms——Below GroundBelow Ground

♦♦Must expose roots for examinationMust expose roots for examination
88this usually requires digging!this usually requires digging!
88need to know what healthy roots look like!need to know what healthy roots look like!

♦♦Reduced root volume / lack of feeder rootsReduced root volume / lack of feeder roots
♦♦Roots discoloredRoots discolored——red, brown, dark brownred, brown, dark brown
88healthy roots are white or offhealthy roots are white or off--whitewhite

♦♦Cortex sloughing / root rotCortex sloughing / root rot
♦♦Cankers on root crownCankers on root crown
88may move up stem above groundmay move up stem above ground



Phytophthora Root Rot on Shore JuniperPhytophthora Root Rot on Shore Juniper



Phytophthora root rot on Phytophthora root rot on PierisPieris



Phytophthora root Phytophthora root 
& crown rot on & crown rot on 

chestnut seedlingschestnut seedlings



Phytophthora root & crown rot on applePhytophthora root & crown rot on apple



Field DiagnosisField Diagnosis

♦♦AboveAbove--ground symptoms alone usually are ground symptoms alone usually are 
notnot diagnosticdiagnostic——merely indicate vascular merely indicate vascular 
dysfunctiondysfunction

♦♦Therefore, look below ground at roots & Therefore, look below ground at roots & 
crowncrown

♦♦Together, these Together, these maymay be diagnosticbe diagnostic
♦♦Other pathogens also can cause root rotOther pathogens also can cause root rot
88ArmillariaArmillaria, , FusariumFusarium, , SclerotiumSclerotium, , ThielaviopsisThielaviopsis, etc., etc.
88maybe even maybe even PythiumPythium spp. occasionally...spp. occasionally...





Phytophthora ramorumPhytophthora ramorum
♦♦A newly described species: 2001A newly described species: 2001
♦♦Causes Causes sudden oak deathsudden oak death (SOD)(SOD)
88on treeson trees——primarily oaks & related speciesprimarily oaks & related species
88occurs in coastal forests in Calif. & SW Oregonoccurs in coastal forests in Calif. & SW Oregon
88found on landscape trees in Europefound on landscape trees in Europe
88often lethaloften lethal

♦♦Causes ramorum or foliage blightCauses ramorum or foliage blight
88on understory trees & shrubs in the foreston understory trees & shrubs in the forest
88on on manymany different nursery cropsdifferent nursery crops——USA & EuropeUSA & Europe
88usually not lethalusually not lethal



P. ramorum:  P. ramorum:  Leaf Bait SymptomsLeaf Bait Symptoms



P. ramorum:  Growing from BaitsP. ramorum:  Growing from Baits



P. ramorum:P. ramorum: In Culture…In Culture…

chlamydospores in agarchlamydospores in agar

sporangia on agar surfacesporangia on agar surface




