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Abstract: Artificial freeze-testing utilizing the electrolyte-leakage method was used to test the cold hardiness of 2-year-
old whitebark pine (Pious albicaulis  Engelm.) seedlings growing in a common garden setting across all seasons was
used to determine the annual pattern of cold hardiness, and more intensive sampling in the fall and spring was used to
assess genetic variation in cold injury among geographic regions spanning the range of the species. Mean hardiness
varied widely from –9 °C in early summer to below –70 °C in the winter. Trees from interior and northern regions
were the most hardy in the fall, while trees from California were the least hardy. Geographic patterns of hardiness in

the spring were reversed. Significant differences in cold injury among regions were detected on all dates except during
the winter. Heritability was low to moderate for both the spring (h 2 = 0.18) and the fall (h2 = 0.28), and genetic corre-
lation was weak (rA = 0.18). Only spring cold injury was genetically correlated with date of needle flush (r A = 0.34).
Mean cold injury in the fall was most closely correlated with mean temperature of the coldest month in the parental
environment (r = 0.81). Whitebark pine is well adapted to the low temperatures of the harsh environments where it is
found; however, regional variation indicates that moving seed for restoration purposes from areas with higher winter
temperatures to colder environments may increase the chance of fall cold injury.

Résumé : Des semis de pin a ecorce blanche ( Pinus albicaulis Engelm.) croissant dans un test de provenances ont ete
soumis a des tests de congelation artificielle en utilisant la methode de fuite des electrolytes. Les semis ont ete testes
durant toutes les saisons pour etablir le patron annuel de tolerance au froid et un echantillonnage plus intensif a ete
realise A Fautomne et au printemps pour evaluer la variation genetique a regard des dommages dus au gel dans les di-
verses regions geographiques couvrant Faire de repartition de Fespece. La tolerance moyenne au froid variait conside-
rablement de –9 °C au debut de Fete a plus de –70 °C durant Fhiver. Les arbres provenant des regions interieures et
nordiques etaient les plus tolerants A Fautomne alors que les arbres provenant de la Californie etaient les moins tole-
rants. Au printemps, les patrons geographiques de tolerance etaient inverses. Des differences significatives ont ete de-
tectees entre les regions pour les dommages dus au froid durant toutes les saisons, excepte Fhiver. L'heritabilite emit
faihle A moderee au printemps (h 2 = 0,18) et A Fautomne (h 2 = 0,28) et leur correlation genetique etait faible (r A =
0,18). Seuls les dommages dus au froid survenus au printemps etaient genetiquement correles avec la date d'emergencc
des aiguilles (rA = 0,34). Les dommages moyens dus au froid a Fautomne etaient etroitement correles avec la tempera-
ture moyenne du mois le plus froid dans Fenvironnement parental (r = 0,81). Le pin A ecorce blanche est Hen adapte
aux basses temperatures qui caracterisent les conditions difficiles dans lesquelles on le retrouve: cependant, des varia-
tions regionales indiquent que le &placement des graines pour la restauration. des zones avec des temperatures Inver-
miles plus chaudes vers des milieux plus froids, peut augmenter les risques de dommages dus au froid a Fautomne.
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Introduction

Studies of cold hardiness and cold injury in most conifer
species have concentrated on economically important lower
elevation temperate-zone species that are included in breed-
ing programs (see reviews by Howe et al. 2003; Aitken and
Hannerz 2001). In many of these studies, genetic differences
among provenances or families have been evaluated and
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heritabilities and genetic correlations among cold-adaptation
traits calculated for the purpose'ff predicting gains or corre-
lated responses to breeding for growth. Whitebark pine
(Minus athicaulis Engelm.) is a high-elevation species_that is
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