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Summary. Scedlings from 12 sugar pine (Pinwus lambertiana Dougl.) and 13 western white pine ( Pinus
monticola Dougl.) families were planted at Happy Camp, Calif., in 1996. Assessment in Summer 1999 indicated
moderate levels of white pine blister rust ( Cronartium ribicola Fischer) infection. This paper focused on the
species differences and showed that sugar pine had a higher incidence of stem infection (active and inactive
cankers) and more stem infections per tree than western white pine. An unexpected result was the very high
percentage of infections that were bark reactions (completely inactivated infections), despite the fact that only
some of the families of both species were selected for this mechanism. Assessments in subsequent years will track
the future performance of the two species and of the individual families.

n the Pacific Northwest Region, the USDA Forest Service has been screening

sugar pine (SP) and western white pine (WWP) parent trees from Oregon and

Washington for resistance to white pine blister rust (WPBR) since the late
1950s. Progeny of over 10,000 phenotypic selections from natural stands from a
range of land ownerships have been evaluated for resistance at the Dorena Genetic
Resource Center (DGRC). Seedlings are examined for 5 years following inocula-
tion for an array of resistance mechanisms (Sniezko, 1996). Less than 5% of the
WWP and SP phenotypic selections tested with open-pollinated progeny have more
than 30% canker-free progeny, and over 95% of seedlings develop needle lesions and
most develop stem cankers, and subsequently die within the 5-year evaluation
period. The main focus of the operational WPBR screening program at the DGRC
has been to inoculate seedling progeny of phenotypically resistant selections from
natural stands of WWP and SP, to select the best progeny in these screening trials
for propagation in seed orchards, to produce rust resistant seed, and to breed the
best selections to enhance resistance.

USDA Forest Service, Dorena Genetic Resource Center, Cottage Grove, Ore.
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Table 1. Height and number of white pine blister rust stem infections (active
and inactive) per tree by species at time of 1999 assessment of 1996 planting at

Happy Camp, Calif.

Parameter Sugar pine Western white pine
Height [cm (inches)] 88.5(34.8) 75.6 (29.8)

No. of infections per tree (all trees) 1.63 0.56

No. of infections /tree (infected trees only) 2.42 1.69

Range of no. infections /tree 0-17 0-9

Little is known about how indi-
viduals selected for different resistance
mechanisms in short-term screening
perform in the field in the Pacific north-
western U.S., especially mechanisms
such as bark reaction (Hoff, 1984) and
tolerance (Hoft, 1986), which are ex-
hibited after the fungus has entered
the stem. At least one type of major
gene resistance (MGR), a hypersensi-
tive reaction in the needles that pre-
vents stem infection, appears to be
present in both SP and WWP, but
MGR appears to occur at low fre-
quency in natural stands (Kinloch et
al., 1970, 1999). However, localized
strains of WPBR render these mecha-
nisms ineffective; the Happy Camp
(HC) strain affecting SP (Kinloch and
Comstock, 1981) and the Champion
Mine (CM) strain affecting WWP
(Kinloch etal., 1999). Not all families
having a high incidence of canker-free
scedlings have the identified major
gencresistance, but operational screen-
ing methods used thus far do notallow
for clear separation of several possible
mechanisms that may yield canker-free
seedlings.

Few well-replicated field plant-
ings have been established to examine
gains from WPBR resistance screening
and the performance of resistant fami-
lies, as well as the relative field resis-
tance of SP and WWP. Hoft et al.
(1980) examined the relative resis-
tance of scedlings of 18 species of
North American, European and Asian
white pines (Pinus L.), and the fre-
quency of six mechanisms of resis-

tance, and Bingham et al. (1973) as-
sessed percent infection and number
of cankers pertree on 5-year-old WWP
seedlings exposed to natural inoculum
in the field for 2 years. They reported
that percent infection, and number of
cankers per tree in these field tests,
closely matched results from artificial
inoculation in nursery tests. Results
presented here examine species differ-
ences in rust resistance using a 1996
planting of 12 SP and 13 WWZP fami-
lies at one planting site (Happy Camp,
Calif.). This site is noteworthy for the
Happy Camp strain of WPBR. De-
tailed results are presented here only
for early height growth, infection per-
cent,and number of infections per tree
and a brief overview of differences in
stem infection types by species. To
date, any differences between families
have not been analyzed, and will not
be discussed.

Materials and methods

The planting was established at
Happy Camp in Spring 1996 with 1-
0 container stock from a mixture of
resistant and nonresistant families.
Similar, but smaller plantings have
been established at three sites in Or-
egon, but infection levels to date are
low, and formal assessments have not
been done. Twelve SP and 13 WWP
families were planted in 12 blocks in a
randomized complete-block design.
Four seedlings per family were planted
per block, but for several families only
two or three seedlings were available,
or two trees from one container were

planted at the same spot. 36 to 52 trees
were planted per family, with most
families having 48 or 49 seedlings.
Seeds were sown for both species in
late March 1995, but due to differ-
ences in carly scedling growth, the SP
seedlings were nearly twice as tall as
the WWP. Trees were planted in four-
tree row-plots, with each family repre-
sented only once in each block. For
each species, families were selected for
arange ofresistance mechanisms using
results from previous screening at
DGRC followingartificial inoculation.

Assessment in 1999 included tree
height, number of cankers on the bole,
type and number of infections, dam-
age, and vigor. Infection types were
classified as normal (N) = normal ac-
tive stem infection, bark reaction (BR)
= canker inactive or corked out, partial
bark reaction (PBR) = bark reaction
with some area of canker still active,
and blight (BL) = inactive canker on a
branch that was killed. Total number
of infections per tree, both active and
inactive, was obtained by summing N,
PBR, BR, and BL. Trees with more
than one infection could have two or
more different types of infections, in-
cluding both active and inactive infec-
tions.

An analysis of variance (ANOVA)
was performed to assess species and
block differences in the percentage of
trees that were infected, using the fam-
ily block means for each species. An
ANOVA was also used to examine
differences in height and the number
of infections per tree, using the SAS
system (SAS Institute Inc., 1989).
Because of the larger size of the SP
seedlings, and the presence of the HC
strain, SP was expected to have more
infection than the WWP. To partially
account for this difference in infection
frequency, the analysis of the number
of cankers per tree was repeated, first
including all trees measured, then in-
cluding only the infected trees. A chi-
squared test of independence (Gomez

Table 2. Observed and expected White pine blister rust stem infections by category (active and inactive types) and species
in 1999 on the 1996 planting at Happy Camp, Calif.

Sugar pine Western white pine
Parameter Observed Expected Observed Expected Overall
Normal infection 256 (26.9%) 267 111 (31.2%) 100 367
Partial bark reaction 134 (14.1%) 148 69 (19.4%) 55 203
Bark reaction 394 (41.3%) 370 114 (32.0%) 138 508
Blight 169 (17.7%) 168 62 (17.4%) 63 231
Total no. of infections 953 356 1309

520

H(x*%dm()logy » July—September 2000 10(3)



Table 3. Percentage of trees with blister rust stem infections by category (active
and inactive types) and species, using only on trees with stem infections based
on 1999 assessment of 1996 Happy Camp, Calif., planting.”

Parameter Sugar pine Western white pine
Normal infection only (%) 14.0 28.9
Partial bark reaction only (%) 9.2 14.7
Bark reaction only (%) 34.9 242
Blight only (%) 6.4 114
More than one type of infection (%) 35.5 20.8
Normal infection” 33.3 40.3
Partial bark reaction” 254 27.0
Bark reaction” 60.3 35.5
Blight* 254 20.9

ZFor more than one type of infection, percentages include trees with only the one primary infection noted or trees
with both the primary plus one or more other type of infection. Does not include the uninfected wees, which1s29.2%

for SP and 65.2% for WWP,

and Gomez, 1984) was used to ana-
lyze the stem infection data, to deter-
mine if there is an association between
species and stem infection type.

Results and discussion

A total of 560 SP and 616 WWP
were planted, of which 99.1% and
98.5% (555 and 607) respectively were
still alive in late June 1999, The differ-
ence in height between the two species
at the time of planting was still evident
in the mean height at the time of
measurement, with SP 17% taller than
the WWP (Table 1). The percentage
of trees infected was two times higher
in SP, with 70.2% of the living trees
infected, than in WWP with only 34.3%
of the living trees infected. Of these
infected trees, 27.5% of the SP had
only 1 canker and 42.7% had more
than one canker, while 21.8% of the
WWP had 1 canker and only 12.5%
had more than one canker. The results
of the ANOVA indicate that both the
difference ininfection percent between
species and blocks are both significant
(P=0.0001 and 0.0068 respectively).
There were a total of 953 cankers on
the 393 infected SP, and 356 cankers
on the 211 infected WWP, with the
mean and range of the number of
infections per tree higher for SP, both
including and excluding the nonin-
fected trees (Table 1). A higher per-
centage of infection and number of
cankers per tree in SP might be ex-
pected because of the larger size of the
trees and presumably a larger target
area, as well as the presence of the HC
strain of rust at this site (SP trees with
MGR could become infected, while
WWP trees with MGR could not be
infected); however, the higher per-
centage may also be an indication of
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higher relative susceptibility of sugar
pine.

Results of the second ANOVA
indicate that when all trees are in-
cluded in the analysis, there are signifi-
cant differences between species for
both height ( P<0.0001) and number
of cankers per tree (P < 0.0001). For
both variables, there was also a signifi-
cant (block x species) interaction (P =
0.0085)and (P=0.0047) respectively,
but the block factor was significant
only for height (P = 0.0058). When
only the infected trees are included in
the analysis, the difference between
species was still highly significant for
both height (= 0.0005) and number
of cankers (P =0.0014). The (block x
species) interaction was also still sig-
nificant for height (P = 0.0326), and
the block factor was nearly significant
(P = 0.0829). Neither the block nor
(block x species) interaction was sig-
nificant for number of cankers.

While the greater level of infec-
tion on SP might be expected, the very
high incidence of bark reaction on
both the SP and the WWP was not.
Incidence of bark reaction is generally
very low in offspring of phenotypic
selections in rust screening at DGRC,
but a few open-pollinated families do
exhibit greater than 25% incidence of
bark reaction (unpublished data).
However, 41.3% of the cankers on the
SP, and 32.0% of the cankers on the
WWP were bark reactions, (Table 2).
A chi-squared test forindependence of
the data in Table 2 indicates that for
the total number of each canker type,
ignoring families, an association does
exist between species and canker type
(x*=12.272, P = 0.007). The ob-
served number of normal and partial
bark reaction cankers was lower than

expected for SP, and higher than ex-
pected for WWP, while the opposite
was observed for the bark reaction
infections, with SP having higher and
WWP having lower than expected
observed numbers of bark reactions
(Table 2). When including only the
infected trees, 60.3% of the SP and
35.5% of the WWP trees had at least
one bark reaction (and possibly 1 or
more other canker types as well) (Fig.
2, photo of tree with both a normal
canker and a bark reaction), and 34.9%
and 24.2% of the SP and WWPD trees,
respectively, had only bark reaction
type cankers (Table 3).

The reason for the high incidence
of bark reactions is unknown. Hunt
(1997) isolated several different types
of fungi from bark reaction pheno-
types in WWP, and reported that the
most frequently isolated organism,
phoma wilt (Phoma bherbarum
Westend.), when artificially inoculated
onto both healthy and blister rust in-
fected seedlings, produced lesionsiden-
tical to bark reaction lesions. He sug-
gests that many bark reactions are a
result of fungi other than C. #ibicola.
Resistance screening at DGRC
(Sniezko, 1996), and the work of
Kinloch and Davis (1996) and Hoft
(1986) has shown bark reaction to be
a real and durable resistance mecha-
nism. However, it is possible that on
these young trees at the Happy Camp
site, there are other biological organ-
isms or confounding environmental
factors that are causing the high levels
of bark reaction observed.

This first, carly assessment indi-
cates that sugar pine is more suscep-
tible than western white pine to blister
rustinfection at this field site, and both
species exhibit moderate levels of bark
reaction at this early age. Later assess-
ments will provide information on dif-
ferential rates of mortality following
stem infection, as well as any long-
term differences in bark reaction and
tolerance between the species, and
families within the species. Continued
assessments of field plantings such as
this one will provide essential valida-
tion of results of artificial inoculation
tests, as well as some information on
the current gains in rust resistance
from seed orchards.
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