Diagnosis and management of Phytophthora ramorum canker in canyon live oak, an atypical bole canker host
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Diagnosis of SOD in tanoak (Notholithocarpus densiflorus) and several oak species (Quercus agrifolia, Q. parvula var, shrevii, Q. kelloggii) is facilitated by the fact that infected trees commonly develop obvious bleeding bark cankers. In contrast, canyon live oak, Q. chrysolepis, exhibits a different pattern of symptom expression, which has made it difficult to identify and document P. ramorum bole cankers in this species. 
In 2002, P. ramorum was shown to cause dieback in small (<2 cm diameter) branches of Q. chrysolepis, but bole cankers on mature Q. chrysolepis were not observed. In 2006, we suspected that SOD was the cause of mortality in a cluster of Q. chrysolepis on Bolinas Ridge in Marin County that were amid P. ramorum-infected Umbellularia californica. In 2008, mortality and large trunk cankers were seen in large mature Q. chrysolepis in the Los Trancos Open Space preserve in Santa Clara County. Symptomatic Q. chrysolepis had bole cankers with Annuluhypoxylon thouarsianum sporulation and extensive flat-headed borers and ambrosia colonization. Several rounds of sampling from affected Q. chrysolepis failed to yield P. ramorum, which was present on foliage of the locally abundant U. californica.  After ruling out other possible causes of tree decline, we surveyed the affected stand and found a high association between the presence of symptoms in Q. chrysolepis and proximity of U. californica. Positive PCR results for P. ramorum were obtained from cankers on two symptomatic trees after further sampling, but no positive cultures were obtained. 
We subsequently tested pathogenicity of P. ramorum on detached large-diameter logs of Q. chrysolepis under lab conditions using established protocols. Large dark brown cankers developed in the phloem of inoculated canyon live oak logs within 2 weeks after inoculation and P. ramorum was readily reisolated from canker margins. This provided the first clear indication about the internal appearance of early stage P. ramorum cankers on this species. However, the detached log assay does not indicate what types of external symptoms would be seen on infected trees in the field. In August 2010, we initiated a field test by inoculating 18 Q. chrysolepis (25 cm average DBH) and two Q. parvula var, shrevii (to serve as positive controls) at a site in San Mateo County. Each tree was inoculated with two different local P. ramorum isolates and a control (sterile agar only) inoculation. Symptoms were evaluated periodically over an 18 month period, and subsets of trees were sampled 5 and 9 months after inoculation. Cankers of varying sizes developed at all P. ramorum inoculation points on Q. chrysolepis that have been sampled. Phytophthora ramorum was reisolated from even small cankers nine months after inoculation. Only 9 of 36 (25%) P. ramorum inoculation points developed any bleeding, and the duration of active bleeding was short. One tree, which developed a large canker within four months, had significant amounts of bleeding. On remaining trees, any bleeding was limited to a few miniscule spots visible only on close inspection. 
With the information gleaned from inoculation studies, we have successfully isolated P. ramorum from several naturally-infected Q. chrysolepis, but isolation efficiency has remained very low. We were able to identify these recent cankers by the small amounts of bleeding present. However, our results suggest that many infected trees do not bleed and cankers in these cryptically-infected trees cannot be seen until they are colonized by secondary organisms. This has complicated ongoing management studies to prevent P. ramorum infection in Q. chrysolepis.  Our results raise the possibility that P. ramorum bole cankers in species that develop little or no bleeding may remain unrecognized. 
