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Phytophthora ramorum in Coast Live Oak:       
Search for Resistance and Mechanisms1 

B.A. McPherson,2 D.L. Wood,2 S.R. Mori,3 A. Conrad,4 and P. Bonello4 

Abstract 
Despite the presence of Phytophthora ramorum in northern and central California forests since at least 1994, 
asymptomatic coast live oaks (Quercus agrifolia Née) still remain in heavily infested stands. Coast live oak 
infection and mortality rates of 5 percent y-1 and 3 percent y-1, respectively, observed in long-term monitoring 
plots in Marin County, California give no indication that individual trees appear to evade infection. In some 
study plots, more than 50 percent of the mature coast live oaks have died since 2000. 
Inoculation studies consistently find continuous canker length distributions, varying in size from negligible to 
girdling. Separate inoculation studies of coast live oaks in Marin County, and Shreve oaks (Q. parvula var. 
shrevei (C.H. Mull.) Nixon) in Santa Cruz County, found similar continuous canker size variation. Larger 
cankers are more likely to be attacked by ambrosia and bark beetles, as are larger diameter infected trees. Beetle 
attacks reduce survival considerably and may overcome any resistance in an infected tree, suggesting that trees 
with smaller cankers are not only expressing effective defenses against the pathogen, but may minimize or 
avoid the deleterious effects of beetle attacks. The continuous canker size distribution throughout populations is 
consistent with quantitative, multi-gene, and potentially durable resistance to the pathogen. 
In an effort to establish a quantitative basis for estimating resistance to the pathogen, we developed a logistic 
regression model to predict the survival probability of coast live oaks as a function of canker length. The model 
predicts that trees in the Marin County inoculation study with canker lengths <21 cm, measured 9 months after 
inoculation, have >80 percent probability of survival after 7 years.  
The Marin and Santa Cruz County studies were conducted in areas where P. ramorum had been established and 
were, therefore, ‘prescreened’ for susceptibility. Despite the presence of the pathogen in Briones Regional Park, 
East Bay Regional Park District, Contra Costa County, California, extensive coast live oak stands are still not 
affected. We initiated a study in 2010 to investigate the relationship between phloem chemistry, canker size, 
and survival. The responses of two coast live oak populations to inoculation and to natural infection will be 
monitored to determine if phloem chemistry can be a reliable predictor of survival. 
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