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 Phytophthora infestans causes late blight of potato and tomato, a disease that has been 

estimated to cost U.S. potato growers $287.8 million annually (Guenthner et al. 2001). Potatoes 

and tomatoes are important in Wisconsin, with an annual total acreage of approximately 67,000 

in 2011.  Late blight has affected potatoes and tomatoes in Wisconsin through the decades, but 

between 2002 and 2009, the disease was not detected. We collected isolates of P. infestans from 

Wisconsin from 2009 to 2012 and determined clonal lineage, mating type, and sensitivity to the 

systemic fungicide mefenoxam. Overall, 143 isolates were collected from 52 locations in 20 

Wisconsin counties from 2009 to 2012 (Fig. 1). Three novel clonal lineages, US-22, US-23, and 

US-24, were identified (Fig. 1). 

 

 

         In 2009, most of the late blight 

samples received (63%) were on tomato 

(Fig. 2).  In many areas of the eastern U.S., 

late-blight infected tomato transplants were 

observed at stores in the spring, and this was 

tracked back to transplant producers in the 

south.  This likely explains the high 

incidence of late blight on tomato in 

Wisconsin in 2009, and this was not seen in 

subsequent years (Fig. 2).  In 2010, 2011 and 

2012, late blight was recovered primarily 

from potato (60, 80, and 63% of sample 

received, respectively) (Fig. 2). 
 

 

Fig. 1. Wisconsin counties from which late blight samples were collected in 2009, 2010, 2011, and 2012.  Different fill 

patterns represent the three clonal lineages US-22, US-23, and US-24.   

Fig. 2.  Distribution of hosts of late blight samples 

received from 2009 to 2012. 



 US-22 was the primary clonal 

lineage recovered in 2009, but by 2011 it 

was not identified (Fig. 3).  US-24 was 

common only in 2010 and 2011 (Fig. 3).  

US-23 was present at a single location in 

2009, but by 2012 it was the only clonal 

lineage recovered (Fig. 3).  Additionally, 

US-1 or US-8, clonal lineages previously 

common to Wisconsin (Marshall-Farrar et 

al. 1998) were not identified over the four 

years, indicating complete displacement of 

these two lineages.  US-23 is known to 

produce many more sporangia than either 

US-22 or US-24 (Seidl et al. 2012), which 

may contribute to its overall fitness as a 

pathogen and might explain why it has steadily increased in incidence over the four years of this 

study.   

 Sensitivity to the systemic fungicide mefenoxam was determined by comparing the 

percent culture growth on media amended with 100ppm mefenoxam to non-amended media.  

US-22 was sensitive to mefenoxam (Fig. 4).  US-23 and US-24 were primarily intermediately 

insensitive to mefenoxam, although US-23 from one sample showed sensitivity when the 10% 

cutoff for sensitivity was used (Daayf et al. 2000, Deahl et al. 1995).  One isolate of US-24 

demonstrated insensitivity to mefenoxam, with growth on the fungicide-amended media of 

greater than 60% (Fig. 4).  In general, the growth of isolates of US-23 was inhibited more in the 

presence of 100ppm mefenoxam than was the growth of isolates of US-24 (Fig. 4), but both of 

these clonal lineages should be considered intermediately insensitive to the fungicide.    

Fig 3.  Distribution of clonal lineage in samples received 

from 2009 to 2012. 

Fig. 4. Mefenoxam sensitivity profile of P. infestans isolates collected from Wisconsin during 2009, 2010, and 

2011.  Due to the close correlation between mefenoxam sensitivity and clonal lineage, isolates of the US-23 clonal 

lineage collected in 2012 were not tested but assumed to be sensitive.  Bars represent the mean sensitivity values (as 

percent culture growth on media amended with 100ppm mefenoxam to non-amended media) of one isolate from 

each sample received.  Error bars represent the standard deviation between replicates of the assay.  The horizontal 

lines at 10 and 60% indicate thresholds for determining categories of sensitivity to mefenoxam.  Isolates with mean 

values <10% were considered sensitive, >10% to <60% were considered intermediately sensitive, and >60% were 

considered insensitive to mefenoxam (Daayf et al. 2000, Deahl et al. 1995). 



US-22 was of the A2 mating type and 

US-23 and US-24 were of the A1 mating 

type.  If opposite mating types are in contact, 

sexual reproduction could occur, leading to 

genetic recombination and increased diversity 

in the population.  Additionally, the oospores 

that would form could potentially survive cold 

temperatures and desiccation in the soil in the 

absence of plant material, potentially leading 

to earlier and less sporadic epidemics.  Both 

mating types were present in Wisconsin in 

2009 and 2010 but were separated by county 

and/or growing season (Fig. 1).  No evidence of 

sexual recombination or soil persistence was 

detected in Wisconsin and the P. infestans 

population has shifted to include the A1 mating type exclusively (Fig. 5).  Prior to the early 

1980s, the A1 mating type was the only mating type found in Wisconsin.  Then, with the arrival 

of US-7 and US-8, the distribution of mating types in Wisconsin was reversed to include the A2 

mating type exclusively (Marshall-Farrar et al. 1998).  In the past few years in Wisconsin, we 

have seen a second reversal back to the A1 mating type with the coming of US-23 and US-24 

(Fig. 5).    

The presence of new clonal lineages of P. infestans in Wisconsin indicates a need for 

continued close monitoring of late blight by growers and researchers alike.  New clonal lineages 

can present new challenges or opportunities for management if they are insensitive or sensitive to 

mefenoxam.  Mating type is important to monitor to anticipate potential future genetic 

recombination or soil persistence.  Overall, the efforts of both growers and researchers can 

combine to facilitate the generation of timely information for enhanced disease management and 

prevention of major epidemics.   
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Figure 5.  Distribution of mating type frequency of 

Phytophtora infestans in samples received from 2009 to 

2012. 


