
a Half-sib progeny of phenotypic selections
b Families that performed well in previous screening trials (bark reaction/slow rusting) or are known or suspected to have major gene resistance, which conditions a 

hypersensitive reaction (HR) in the needles
c Standard full-sib checklots from Forest Service Region 1 (WWP) and half-sib progeny of homozygous dominant HR parents from Region 5
d Standard full-sib checklots that are known to exhibit HR
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Introduction
Western white pine (Pinus monticola) and sugar pine (P. lambertiana) are highly susceptible to the non-native invasive pathogen, 
Cronartium ribicola, the cause of white pine blister rust.  All nine North American five-needle pine species (Pinus subsection Strobus) are 
susceptible to this disease, with heavy levels of mortality occurring in natural stands as well as plantings. However, genetic resistance to 
this pathogen exists, and resistance breeding programs have been established for both western white pine (WWP) and sugar pine (SP).  
In Oregon and Washington the USDA Forest Service has utilized artificial inoculation of seedlings to evaluate WWP and SP families for 
genetic resistance to C. ribicola.  Several types of resistance have been documented (see references in Kegley and Sniezko 2004), 
including a hypersensitive response in the needles (HR) (Kinloch et al. 2004).   This poster reports on variation in resistance among 
seedling progenies of first-generation field selections from the Pacific Northwest to two sources of white pine blister rust.

Study Design: One trial each of western white pine (WWP) and 
sugar pine (SP) were sown in 1996.  Families were sown in a 
randomized complete block design with six blocks. Within each 
block, 10 seedlings per family were planted in row plots. 
Seedlings were grown outside in open boxes for two growing 
seasons before artificial inoculation with blister rust.

Families: The majority of families included in each of these trials 
were half-sib progeny (“Wild OP”) of phenotypic selections from 
natural forests or plantings in Oregon and Washington. 
Additionally, some families were included to validate their 
performance from previous screening trials.  Also included were 
half-sib orchard progeny, standard checklots, as well as several 
resistant families from other blister rust screening programs.

Inoculation: In mid-August 1997, half of the WWP trial and half 
of the SP trial were concurrently inoculated with a source of 
blister rust virulent (vcr2) to a major gene conditioning a 
hypersensitive reaction (HR) in the needles of WWP (see Kinloch
et al. 2004 for details).  Approximately two weeks later, the 
remaining 3 blocks of WWP and 3 blocks of SP were inoculated 
with a source of blister rust lacking that specific virulence 
(AVCr2).  Several inoculation parameters are summarized in 
Table 1.  Details of the inoculation procedure have been summarized 
by Kegley and Sniezko (2004).

Materials and Methods

Seedling of HR SP family 
with bark reaction

WWP seed orchard progeny 
surviving with stem symptoms

HR SP family with 10 trees without 
stem symptoms (vcr2 inoculum source)

WWP bark reaction 
validation family 
with small BR

WWP bark reaction validation family with 6 
survivors in row plot.  Note range of responses 

from large cankers to stem-symptom-free.  
Survival was 20 and 28% for vcr2 (pictured) 
and AVCr2 inoculum sources, respectively

Table 1. Inoculation summary for the blister rust 
screening trials sown in 1996.

a Inoculated with a source of blister rust virulent to a major gene conditioning a 
hypersensitive reaction (HR) in the needles of WWP (see Kinloch et al. 2004)

b Inoculated with a source of rust avirulent to a gene conditioning a hypersensitive 
reaction in the needles of WWP

c The target inoculum density was 3500 and 6000 basidiospores/cm2 for WWP and
SP, respectively
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Table 2. Means by seedlot type for WWP and SP inoculated with two sources of blister rust.

% BR (AVCr2)
0 10 20 30 40 50 60 70 80 90 100

%
 B

R
 (v

cr
2)

0

10

20

30

40

50

60

70

80

90

100

Figure 3.  Percentage seedlings with bark reaction (BR) when 
inoculated with a source of rust with specific virulence to HR in 
WWP (vcr2) vs. with a source of rust lacking that virulence (AVCr2). 
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Figure 1.  Percentage seedlings with stem symptoms (% SS) for families 
inoculated with a source of rust with specific virulence to HR in WWP (vcr2) 
vs. with a source of rust lacking that virulence (AVCr2).
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Figure 2.  Survival of infected WWP for a blister rust screening trial inoculated 
with a source of rust with specific virulence to HR in WWP (vcr2) and with a
source of rust lacking that specific virulence (AVCr2)
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Assessment of resistance traits: Seedlings 
were assessed for the presence of blister rust 
infection (needle lesions, cankers, and bark 
reactions), survival, and height. Six assessments 
were completed over a period of five years. This 
poster reports only on the bark reaction (%), stem 
symptoms (%), and survival of infected seedlings 
(%).  Analyses of variance (Proc GLM, SAS 
1999) were performed for each species using 
family block means of each trait.  Pearson’s 
product-moment correlations between traits in 
the two inoculum sources were calculated using 
SAS Proc CORR (SAS 1999). 

WWP inoculated with two sources of blister rust

vcr2
AVCr2

Results
Overview:

Artificial inoculation was very effective; on average 99% of WWP
and SP were infected.
Needle spots and stem symptoms were apparent within 5 months 
of inoculation, which is unusually early.
Most phenotypic selections (‘Wild OP’) showed little resistance,
less than most bark reaction or slow-rusting validations seedlots
(Figures 1, 2, & 3).
For both species and both inoculum sources, most mortality 
occurred within 26 months of inoculation.  

Bark Reaction (BR):
WWP families had similar levels of BR regardless of inoculum
source (r=0.76; Fig. 3).
SP families tended to show more BR with AVCr2 inoculum
source (Fig. 3, Table 2).

Stem Symptoms (SS):
WWP families with HR had ~100% SS% with vcr2 inoculum
source but varied from 17 to 73% with AVCr2 (Fig.1).
Non-HR WWP families tended to perform similarly across 
inoculum sources (Fig. 1, Table 2).
SP showed a strong and significant correlation between inoculum
sources for family means for SS% (Fig. 1).

Survival within WWP HR families was ~0% with the vcr2 inoculum
source (Table 2, Fig. 2).  As with SS, the non-HR families tended to 
have similar levels of survival regardless of inoculum source (Table 
2, Fig. 2)
SP families had similar levels of survival regardless of inoculum
source.  However, the HR SP seedlots had higher levels of 
mortality and SS than expected with both rust sources (Table 2, 
Fig. 1 and 2).

Survival:

Discussion
As expected:
WWP families with HR showed low SS% and high survival with the AVCr2 inoculum source and 
high SS% and low survival with the vcr2 source.  The non-HR WWP families performed similarly 
regardless of inoculum source.  SP families, including those with HR, showed similar %SS and 
survival regardless of inoculum source.
Unexpected:  
For both species and inoculum sources, infection and mortality occurred earlier than any previous 
trials at Dorena (see Kegley and Sniezko 2004 for comparison).  This may have affected the 
survival and levels of resistance for some families.  
The homozygous dominant HR seedlots of SP had a higher % SS and lower survival than 
expected (33% and 15%SS, and 53% and 62% survival).   Incompatible stem symptoms have 
been observed on HR SP seedlings; in previous studies by Kinloch, 27% of seedlings inoculated 
after two years growth, and approximately 32% of seedlings at the cotyledon stage developed 
these incompatible stem symptoms (Kinloch and Littlefield 1977, Kinloch and Comstock 1980). 

Future Direction
Trials are now underway to examine field performance of different 
resistant types (Sniezko et al. 2004).  
vcr2 is widespread in western Oregon, which will generally limit the 
utility of HR resistance in WWP in those areas (Kinloch et al. 2004).  
Fortunately, other types of resistance are present in WWP.
Advance-generation breeding is underway to combine resistant 
types and increase levels of partial resistance. 

Presented at IUFRO Joint Conference of Division 2, November 2004.

vcr2a AVCr2b

Inoculation Dates 8/20-8/21/1997 9/10-9/11/1997
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inoculum density 9 17.75
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2.11.098.099.02.11.60.80.199.8100.06.76.47087Wild OPa

AVCr2vcr2AVCr2vcr2AVCr2vcr2AVCr2vcr2AVCr2vcr2AVCr2vcr2

% RSURV5% SS% BR% RSURV5% SS% BR
SPWWP
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