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Abstract 
 
Pathogenicity of seven Phytophthora species was assessed by inoculation of stem and foliar 
tissues of oak species (Quercus spp.) native to the eastern United States. Phytophthora 
cambivora, P. cinnamomi, P. citricola, P. europaea, P. quercina ‘like’, P. sp1 and P. sp2 
were inoculated into stems of 1-year-old greenhouse seedlings and 2-year-old oaks grown 
under field conditions. Stem inoculations were conducted for 2-month periods in June and 
September (summer inoculation) and in October-December (fall inoculation). Stem 
inoculation was conducted by inserting an agar plug containing mycelium on a U-shaped 
wound, made aseptically about 3 cm above the root collar. Oak species used for 1-year-old 
stem inoculations included Q. bicolor, Q. macrocarpa, Q. montana, Q. palustris, and Q 
rubra; 2-year-old seedlings included Q. alba, Q. montana, Q. palustris, Q. rubra and Q. 
velutina. Leaf inoculations also were conducted using oak and understory plant species to 
evaluate the ability of the Phytophthora species to infect foliar tissue. These tests included 
foliage of the six oak species that were tested as part of the stem inoculation experiments and 
foliage of Q. alba, Q. imbricara, Q. robur, Castanea dentata, Kalmia latifolia and 
Rhododendron maximum. Two leaf age categories were used: leaves that were fully 
developed and up to 3 months in age; and, leaves that were 3 to 6-months old. Wound and 
non-wounded treatments were applied to each age category. 
 
When 1-year-old seedlings grown under greenhouse conditions were tested, P. cinnamomi 
and P. citricola were the most aggressive species producing significantly larger lesions on all 
seedlings during the two inoculation periods. Phytophthora quercina-like and P. sp1 did not 
cause lesions on any seedlings. Significant variation in lesion sizes did not exist for the other 
Phytophthora species that produced lesions. Of the oak species tested, Q. palustris was the 
most resistant oak, although P. cinnamomi and P. citricola were able to produce significantly 
larger lesions on this host when compared to the controls. The largest lesions were produced 
on Q. rubra and Q. montana. Generally, no significant difference in lesion size was detected 
when the summer and fall inoculation periods were compared using ANOVA. Exceptions 
occurred when Q. macrocarpa were inoculated with P. cambivora and P. citricola during the 
fall resulting in significantly larger lesions and on Q. rubra inoculated with P. cinnamomi and 
P. cambivora, which the latter produced significantly larger summer lesions when compared 
to those made in the fall.  
 
When lesions were formed on the 2-year-old field-grown seedlings, generally lesions that 
resulted from summer inoculations were larger than those made in the fall. Summer 
inoculations with P. cambivora, P. europaea, and P. sp2, resulted in significantly larger 
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lesions when compared to the controls, however, the same differences were not significant 
when fall inoculations were compared to the controls. For P. cinnamomi, the lesions produced 
by this isolate were significantly reduced but still larger than the control inoculations during 
either time period. However, on P. citricola lesions were significantly larger than the controls 
and remained unchanged when spring and fall inoculations were compared. Phytophthora 
quercina-like and P. sp1 did not cause lesions on any seedlings during either inoculation 
period. When oaks were ranked for their susceptibility based on lesion formation, Q. montana 
was the most susceptible and Q. palustris the least susceptible species, but ANOVA detected 
no large variations in susceptibility among the oak species.  
 
For the foliar experiments, generally young foliage was more susceptible than mature foliage 
when lesion sizes were compared. Wounding also resulted in more consistent infections and 
larger lesions. The most invasive species was P. citricola, but P.  cinnamomi, P. cambivora 
and P. europaea also were able to cause infections. P. quercina-like was the only isolate that 
was unable to produce lesions significantly larger than the controls. The largest lesions were 
observed on young wounded foliage of Q. rubra and C. dentata. For mature wounded foliage, 
lesions developed best on K. latifolia, Q. alba and C. dentata. Young and mature wounded 
foliage of Q. imbricara, Q. bicolor and Q. palustris were the most resistant to lesion 
formation with no Phytophthora species causing any significant infections. In experiments 
using mature unwounded foliage, generally none of the Phytophthora species were able to 
cause infections except on Q. alba. 
 
These artificial inoculation experiments, utilizing young oak seedlings, demonstrated the 
pathogenicity of the Phytophthora isolates collected from oak forests in the eastern United 
States. Under greenhouse conditions the Phytophthora species gave variable results with 
regard to the lesions they produced but generally each species performed consistently when 
summer and fall inoculation periods were compared. However, when 2-year-old field grown 
seedlings were used, the lesion sizes were significantly reduced in fall experiments suggesting 
an effect of lower, late season temperatures. The experimentation implies that the 
susceptibility of an oak species needs to be evaluated over an extended time period so that the 
environmental components that influence the aggressiveness of these organisms under field 
conditions can be determined. 
 
Key words: Phytophthora species, oaks, pathogenicity.  
 
   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


