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During the naturalization process of white pine blister 
rust (WPBR, caused by Cronartium ribicola), suscepti-
ble pine genotypes will be selected against, along with 
any traits that are associated with those genotypes, 
potentially causing a shift in the suite of traits in the 
post-selection population compared to the native popu-
lation. Consequently, identifying associated traits with 
WPBR resistance is critical for effective restoration 
planning, especially in a changing climate. We sought 
to determine whether complete resistance to WPBR in 
limber pine (Pinus flexilis) is associated with abiotic 
stress tolerances, particularly those related to freezing 
and drought. Previous research has noted that proteins 
involved in partial resistance to C. ribicola also exhibit 
antifreeze capabilities in vitro and very likely enhance 
plant frost tolerance in vivo; these proteins are also ex-
pressed in response to cold and, occasionally, drought. 
It is not known if a similar association exists between 
the major gene in limber pine (Cr4) and tolerance of 
abiotic stress. 

 We raised 1,020 seedlings of limber pine from 10 
rust-resistant (R) and 10 rust-susceptible (S) open-
pollinated families (Schoettle et al. 2014), paired as 
1 R and 1 S family from each site of origin to filter 
out potential geographic trait variation. In a series of 

studies, R families exhibited greater frost tolerance 
than S families, which may imply a genetic association 
between Cr4 and cold tolerance gene(s) or a direct 
cryoprotective function of the Cr4 protein product(s) 
itself. Wintertime freezing tolerance of R and S fami-
lies was not affected by inoculation with C. ribicola 
the previous fall. This result suggests that differences 
in frost tolerance between R and S families were not 
induced by pathogen infection or resistance expression 
and instead frost tolerance is a constitutive trait of 
families (Vogan and Schoettle 2015). 

 We found a tendency for S family seedlings to retain 
somewhat greater stomatal conductance under modest 
drought than R families and no significant differ-
ences under severe (<–2.0 MPa) drought (Vogan and 
Schoettle 2015). Drought during the summer resulted 
in marginally, but not significantly, greater frost toler-
ance in seedlings the following winter, suggesting that 
mechanisms induced by drought may have enhanced 
cold hardiness in the ensuing months. The correlation 
between cold tolerance and rust resistance may pro-
vide an explanation of how Cr4 resistance exists and 
persists in limber pine before the arrival of the corre-
sponding pathogen as cold tolerance traits are usually 
under strong selection in forest trees. 
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