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Phenotypic Variation between P. ramorum isolates from Washington and British Columbia Nurseries 

Taylor McNees1,2 and Marianne Elliott Ph.D.2

1. Division of Sciences & Mathematics, University of Washington Tacoma | Tacoma, WA 98402

2. Ornamental Plant Pathology, Washington State University Research and Extension Center | Puyallup, WA, 98371

Introduction

Methods

Results Conclusions

References

Aggressiveness Assay:

Figure 3: Boxplot of ANOVA results on WA aggressiveness assay results. Each boxplot represents the lesion area range of each isolate. Isolate 

IDs are on the x-axis, and lesion area in cm2 is on the y-axis. Isolate IDs are grouped by associated clonal lineage: Red boxes represent EU1, 
Green boxes represent NA1, Blue boxes represent NA2, and purple boxes represent EU1-NA2 hybrids. Graph generated in R version 4.3.0 (R 

Core Team. 2023). Significant differences were found in the lesion area by isolates (p=0) and lineage (p=0). Additionally, Significant differences 
were found in lesion area between NA1 and EU1 (p=0.0003), NA1 and NA2 (p=0.0002), and NA1 and EU1-NA2 hybrids (p=0.006)

Figure 2: Fungicide resistance experimental overview. Actively growing mycelium from 

each isolate was subcultured onto V8A containing 0, 0.01, 0.1, 1, and 10 ppm 

Metalaxyl-M. Radial growth of mycelium was measured after 5 and 10 days of 

incubation.

Table 1: EC50 values for WA and BC isolates against Metalaxyl-M. EC50 values of “<0.01" indicate that the EC50 values were too low to calculate 

effectively. Where EC50 values are indicated as "N/A" EC50 values could not be estimated. Five isolates showed EC50 values exceeding 0.1 ppm 

against Metalaxyl-M. No significant differences were found between EC50 values by clonal lineage. 

• Within WA isolates, the NA1 lineage showed 

the most variance in lesion area compared to 

the other lineages studied, indicating that this 

lineage displays the widest range of 

aggressiveness of the studied lineages

• Five of the isolates used in this study showed 

an EC50 value greater or equal to 0.1 ppm as 

opposed to the 0.01 ppm standard. No 

significant differences in EC50 values were 

found across the different lineages of P. 

ramorum, likely due to high variability within 

each lineage. This preliminary data suggests 

that P. ramorum is developing a resistance to 

Metalaxyl-M, however, clonal lineage is not a 

determining factor in this resistance 

development. 

• Both isolates with the highest aggressiveness 

and Metalaxyl-M resistance originated from the 

same nursery location (table 2).

Future Directions

• Further analysis into isolates with EC50s too 

low to calculate is needed in order to generate 

accurate EC50 values. Having accurate EC50 

calculations will allow for more accurate testing 

of variance between clonal lineages. 

• Fungicide resistance tests using 

Dimethomorph, Mandipropamid, and Fosetyl-Al 

fungicides to further test for fungicide resistance 

within clonal lineages

• Once EC50 values for all isolates against all 

fungicides have been determined, further 

cluster analysis can be performed to compare 

fungicide resistance and aggression of 

P. ramorum clonal lineages. 

Figure 1: Aggressiveness assay experimental overview.  For Each WA isolate, five 

Rhododendron leaves were wounded before being inoculated with actively growing 

mycelium and incubated for 10 days.

Aggressiveness Assay:

Fungicide Resistance Testing:

Phytophthora ramorum is an invasive plant pathogen found 
across North American and European nurseries known to cause 

Sudden Oak Death as well as many other ramorum-blight 

related diseases on a wide variety of hosts (USDA APHIS. 
2023). Three common lineages of P. ramorum include NA1, 

NA2, and EU1. Within North America, NA1 is the predominant 
lineage found in nurseries (Grünwald et al. 2012), however, NA2 

and EU1 are also found in the region. Additionally, a sexual 

hybrid of the EU1-NA2 lineages has recently been discovered in 
North America (Hamelin et al. 2022). Common treatment of P. 

ramorum includes the use of fungicides, such as Metalaxyl-M. 
Previous research found the standard EC50 (effective 

concentration resulting ins 50% mortality) for P. ramorum against 

Metalaxyl-M to be around 0.01 ppm (Elliott et al. 2015), however, 

this study also noted that many isolates appeared to show 

resistance to the fungicide. In this study, we aim to investigate 
and compare fungicide resistance and aggressiveness 

phenotypes of NA1, NA2, EU1, and hybrid P. ramorum clonal 

lineages using isolates from Washington (WA) and British 
Columbia (BC) nurseries.

For WA isolates, rhododendron leaves were inoculated 
with P. ramorum and incubated (figure 1). Post incubation, the 

lesion area was measured using ASSESS software (Elliott 

2015), and statistical analysis was done via R version 4.3.0 (R 
Core Team. 2023).

P. ramourm isolates were plated onto fungicide-amended media 
and radial growth was measured (figure 2).  Statistical analysis 

was done using R version 4.3.0 (R Core Team 2023). R 

package "ec50estimator" (Alves. 2020) was used for EC50 
calculations

Fungicide Resistance:

Cluster analysis:

Figure 4: Preliminary cluster analysis comparing Metalaxyl-M EC50 

values and lesion area data for WA. Plot generated used data from table 

2. Graph created using R version 4.3.0 (R Core Team. 2023).

Table 2: Table of preliminary cluster analysis results. Only WA isolates 

with definitive lesion area and fungicide resistance data were used. 

Lesion area and EC50 data were standardized in R version 4.3.0 (R 

Core Team. 2023) prior to running cluster analysis. “TF41” indicates 

that the sample came from a landscaping site that had plants from 

N41.
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