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Abstract

The invasive Phytophthora ramorum, P. kernoviae, and other aerial Phytophthoras are
causing bleeding lesions on the trunks of mature trees, especially beech (Fagus sylvatica), in
Cornwall, southwest England. The relationship between the results of host susceptibility tests
using wound inoculation of excised logs in the laboratory and field observations in Cornwall
has generally been good. However there have been some discrepancies. For example
European sycamore (Acer pseudoplatanus) is moderately to highly susceptible to
Phytophthora ramorum and P. kernoviae in the lab tests but is rarely susceptible in the field,
although frequently exposed to natural inoculum. This suggests the possibility that host
resistance is operating at two levels: at the bark surface-resistance to initial zoospore
penetration; and in the phloem once the pathogen has gained entry. Little is known about the
ability of zoospore inoculum to directly penetrate intact tree bark, although this is the
presumed mode of entry of Phytophthoras above ground level. We are investigating this issue
by examining the ability of zoospores to penetrate unwounded stems using both laboratory
generated and natural zoospore inoculum. We summarize here research in progress.

In a preliminary laboratory test, P. ramorum zoospore suspensions were placed in plastic
tubes attached to unwounded surfaces of freshly cut 50 cm long x 12 cm diameter stems of
several tree species using modelling clay. After two weeks the inoculum source and outer
bark were removed. Lesions of up to 5 cm were observed in the phloem of F. sylvatica,
Castanea sativa, Quercus rubra, and Picea sitchensis and the pathogen was re-isolated,
confirming zoospore penetration of unwounded bark. Lesions were absent in Q. robur but the
pathogen could be re-isolated from visually healthy phloem beneath the inoculum points, in
other words the bark was again penetrated although no lesions developed.

In a similar experiment, zoospores of P. kernoviae, P. citricola, and P. cambivora also caused
phloem lesions in logs of F. sylvatica. Data from a large experiment, involving logs of

F. sylvatica, Q. robur, and A. pseudoplatanus and laboratory produced zoospores of

P. ramorum, P. kernoviae, P. citricola, and P. cambivora, could not be utilised owing to an
adverse host response to the commercial adhesive used for attaching the plastic tubes. It is
hoped to repeat the experiment in future with modelling clay or another benign adhesive.

To examine the comparative potential for infection in the field, freshly cut sealed logs 60 cm
long x 15cm diameter of F. sylvatica, Q. robur, and A. pseudoplatanus were placed under a
canopy of 2 to 4 m tall rhododendrons heavy infected with either P. ramorum or P. kernoviae
at two woodland sites. Potential inoculum was assumed to be of zoospore origin coming from
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splash dispersed sporangia. Twelve logs of each species were used at each site, half being
examined for lesion development after 6 weeks and half after 11 weeks.

The experiment was carried out twice. In the first experiment, established in early July 2006,
hot dry conditions prevailed from July to mid August and no lesions were found. In the
second, established in early August, rain occurred from late August onwards. Lesions caused
by both Phytophthora species were found on the upper surfaces of the F. sylvatica logs only
after 6 weeks. By 11 weeks the P. kernoviae exposed F. sylvatica logs averaged 2.7 lesions
per log of mean lesion area about. 23 cm?; and the P. ramorum logs 6.2 lesions per log of
mean lesion area only about 8 cm®. Lesions were therefore more numerous with P. ramorum
but larger with P. kernoviae. The Phytophthora species were confirmed by isolation. External
bleeds developed in association with a number of the lesions. For both Phytopthoras, 36 to 55
percent of the lesions were associated with cut ends of the logs; 33 percent showed no
obvious association with a stem feature; and the remainder were associated with fully healed
branch stub positions or with live epicormic shoots.

Four lesions (but no bleeds) developed on the six Q. robur logs exposed to P. ramorum and
the pathogen was reisolated from the lesions. No lesions occurred on the Q. robur logs
exposed to P. kernoviae. No lesions developed on any of the logs of 4. pseudoplatanus. These
results are broadly consistent with the relative susceptibility of standing trees of the same host
species at these field sites, although this is the first evidence of ‘natural’ infection of Q. robur
by P. ramorum. 1t is therefore possible that some Q. robur trees become infected by

P. ramorum in the field without exhibiting external bleeding.

The above data refer to the upper surfaces of the logs only. Destructive sampling revealed that
similar numbers of lesions also developed on the bottom surfaces of the F. sylvatica logs,
probably because the logs were in contact with the litter layer. However the lesions on the
bottoms of the logs were much larger than those on the tops, averaging 119 cm” for the

P. kernoviae exposed logs and 62 cm” for P. ramorum. This difference could reflect the
different microclimate at the underside of the logs, such as greater surface moisture levels and
a higher phloem water content. Further tests using logs exposed to natural inoculum are
planned at these sites, including tests with logs placed on plastic sheeting to prevent contact
with inoculum from the litter layer.

Key words: Phytophthora ramorum, Phytophthora kernoviae, zoospores, bark penetration,
phloem lesions.

168




<<
  /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


