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Abstract

In order to test for possible geegraphic variants in white pine biister rust ( Cronariim ribicola 1.C, Fisch.). four rust sources from
British Columbia (BC), Canada were cultivated on Ribes spp. and used to inoculate sets ol 2-year-old seedling progeny of 24
parents of western white pine (Pisus monticole D. Don). The six parents from Coastal United States possessed known rust
defenses: six parents from Interior Washington, and [daho, were considered somewhat resistant to rust. whereas 12 parents frem
BC (six lrom the Coastal zone and six from the Interior zone) were untested previously. All seedlings were inspected annually in
transplant beds, where rust symptoms and stages were recorded.

A pooled source, composed of acciospores [Tom six lower-Coastal BC locations, was the most virulent, judged by infection
percentage, highest mean spots per seadling, lowest spots-only rasponse, shortest latency, greatest aecial production, und greatest
morlality of infected seedlings. Combined data from the two Coastal rust scurces, (peoled and Cowichan) demonstrated more
virulence than both Enterior sources (Nakusp and Valemount). No evidence was [ound to suggest that a unique race exists in the
Cowichan source that overcomes spots-only resistance. Screening Interior western white pine for resistance to blister rust with
poaoled Coastal rust sources would be superior to using single or pooled Interior rust sources; therefore, only one Coastal inocula-

tion facility is necessary Lo screen seedlings for both Coastal and Inwerior zones,

Introduction

The introduction ol white pine blister rust
(Cronartium ribicola J.C. Fisch.) to western North
America produced a devastating epidemic in highly
susceptible hosts, especially western white pine
(Pinus monticola . Don) {Bingham 1983), Within
western white pine’s range the gene pool of the
rust is limited (White et al. 1996), probably be-
cause the introduction is known to have occurred
only once from one nursery in France (Boyce
1948). This would suggest that differences in in-
fection success would reflect mainly differences
in host susceptibility. Exceptions are known, for
virulence variation due to the rust has been dem-
onstrated in a few locations { Kinloch and Comstock
1981. Kinloch and Dupper 1987, McDonald et
al. 1984}, Blister-rust-resistant selections from
Idaho are highly susceptible near Cowichan, British
Columbia (BC), but not elsewhere in BC, possi-
bly because the gene pool of the rust is unique in
this area (Hunt and Meagher 1989).

Such reports, and experience in plantations in
BC (Hunt and Meagher 1989: Meagher 1988) in-
dicated that rust screening for a white pine im-
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provement program in BC (Meagher et al. 1990)
might require usc of different rust sources, per-
haps ditferent sources for cach of two seed zones
(Meagher and Hunt 1999). A trial to test for dif-
ferences among rust sources in ability to infect
scedlings and develop later stages, using ac-
ciospores from four rust sources from BC, was
initiated in 1987. Analyses of rust-spot (foliar Iesion
by rust) number per seedling and spot color at
the first inspection were reported by Meagher
(1991). Data of further infection success, rust
development and seedling survival are analyzed
here, to determine if separate rust sources and
screening facilities are recommended for these
two zones,

Material and Methods

Aeciospores from two Interior sources, Nakusp
and Valemount, and two Coastal sources, Cowichan
and “ pooled” (Figure 1}, were inoculated onto
isolated wild groves of Ribes bracteosum Dougl.
or cultivated Ribes spp. in spring, 1987. The pooled
source was composed of leaves from groves in-
fected separately by aeciospores from six Coastal
rust sources, excluding Cowichan. A pooled
Coastal source was chosen because it would be
practical o collect aeciospores annually from
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Figure |. Northern range of Pinus monticola (stippled) showing sources of seed and rust sources

several Coastal sources, while it would be very
difficult to make such collections from Interior
sources, for annual screening trials, At each lo-
cation (Figure 1) aeciospores were collected from
a mimmmum of six blister rust cankers. Inocula-
tion (Hunt 1988) of 2—year old seedlings occurred
in a Coastal facility in September. Seed parents
were located in each of two seed zones, Coastal
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and Interior. with six parents chosen from each
of four regions [BC Coast, United States (US)
Coast, BC Tnterior, and US Interior]. Parents from
BC had not been tested vs. blister rust, whereas
US parents had been tested, and selected. Each
parent was represented by up to 10 seedlingsina
row of movable Ray Leach “fir” cells® (Canby
OR) per replicate. Sets, representing each par-




ent, were randemized in 10 replicates per rust
source.

Following spot counting, and classifying spots
by color the next spring, all scedlings were trans-
planted in prepared ground near Victoria, BC.
Seedlings were planted in replicate plots per seedlot
within rust source with scedling identity in each
replicate maintained to permit full concordance
with earlier data per seedling. Seediot and plot
(replicate) number were marked on a stake at the
start of each plot.

Inspection of each seedling was conducted
annually, beginning in spring, 1989, and continuing
101993, In general, we followed the protocol of
Hoff and McDonald (1980} with progressive rust
stages recorded per seedling. as follows:

0 No rust signs or symptoms

1 Stem orange colored (sign). or rust spots
(symptom) on 2-year leaves

2 Needle bases gouty (symiptom)

3 Stem swotlen {(symptom) and orange col-
ored (sign)

4 Pycnia produced (sign)

5 Aecia produced (sign})

6 Slow-canker-growth resistance (see Hunt
1697). This trait was recorded through to
1995,

Due to a change in property managenient. an
entire bed of stock, including all of three seedlots,
and part of another seedlot in the Nakusp rust
source and most of one seedlot in the Valemount
rust source, was removed after the 1990 inspec-
tion. Furthermore, inadequate soil drainage re-
duced survival sporadically throughout the trans-
plant beds. Seedlings in such areas were omitted
from the calculation of survival among seedlots
and rusts.

Data analyses

Following examination of residuals, ARCSIN
transformation of proportion data was used to attain
normality.

Analyses of variance were conducted using SAS
for Student-Neuman-Keuls (SNK) multiple-range
testing at £<0.05. Parameters tested were:

1. Infection success: proportion ot seedlings
infected with rust (showing any sign or
symptom of rust, including spoited leaves
in 1988).

2. Spots only (including needle shed): propor-
tion of seedlings that shed spotted leaves,
by spring 1989, or which exhibited no fur-
ther rust symptoms, though spotted in 1988
[see McDonald and Hoff (1970) and
Bingham (1983) for a description of this
resistance]|.

3. Latency: mean years to first signs of stem
rust (orange discoloration in the bark), by
inspection year.

4. Aecial stage: proportion of infected seed-
lings exhibiting aecial stage, by year.

5. Slow-canker growth: proportion of infected
seedlings exhibiting slow-canker growth.

6. Mortality: proportion of infected seedlings
dead to date, by year.

All effects but replicate in rust were consid-
ered fixed. “Error” mean squarc was the testing
term for all effects in the analytical model:
Effect = mean + g°
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Least-squares regression correlations of the later
stages of development with rust spots were con-
ducted on family mean spots per seedling, aver-
aged among replicates within rust source. When
results were combined across rusts, intra-rust spot
means by family still were used. resulting in in-
creased degrees of freedom.

Results

Infection success

Infection, here and elsewhere in the manuscript,
1s defined as seedlings with spots or other advanced
symptoms or signs of rust. Results from 1990,
33 months after inoculation, are discussed here
{Table la) because they are based on material prior
to the removal of any stock and losses due o in-
adequate soil drainage. Infection by rust source
varied from 39% (pooled) to 30% (Cowichan).
However, Coastal rust sources, pooled and
Cowichan, produced similar infection rates (445 )
to both Interior rust sources, Nakusp and
Valemount, (389%).

Infection differed by country (33% for US vs,
49% for Canuda) (P<0.0001), by country in sead
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TABLE la. Rusl-infection percentage’ of inoculated Pinus monticola in 1990, by seed source and rust source,

Rust Source?

Seed Source Coastal Tnterior Meuan
Country  Region Pooled Cow Zonal Nak Vale Zonal all
mean mean spurces
Clanada BC Coast 64.5 322 50.8 324 498 41.1 46.0
BC Interior 749 36.7 55.8 41.5 571 493 52.5
Mean 723 344 53.3 36.9 53.5 45.2 492 A0
U.S.A US Coast 499 26.3 38.1 33.6 263 31.5 34.7
US Interior 3949 232 316 293 352 32.2 31.9
Mean 44.9 248 34.8 315 32,2 31.8 333 B
Mean all 58.5 29.6 44.1 342 42.8 385 41.3
A C B B
A A

" Mean of percentage ol iniccted seedlings by seed parent.
? Source ef acciospores. Pooled = a mix of Coastal sources; Cow = Cowichan: Nak = Nakusp: Vale = Valemount.
* Corresponding means followed by the same leiter do not differ at P<0.05 per the Student-Neuman-Keuls (SNK) test.

TABLE Ib. Analysis of variance of rust-infeetion pereentage in 1990.

Seurce df Mean Square F Prob.
Rust source 3 3616 88.1 0.0001
Rep (Rust source) 36 0.157 38 0.0001
Seed counrry {"Country™] 1 6.348 154.6 0.0001
Seed zone 1 0.587 14.3 (0.0002
Country X Zone [“Region”] L (.859 20.9 (L0001
Parent (Region) 20 0.406 9.9 0.0001
Rust source X Country 3 0.342 8.3 0.0001
Rust source X Zone 3 0.041 1.01 0.3872
Rust source X Region 3 0.033 0.80 0.4914
Rust X Parent (Region) 60 0.124 3.02 0.000
Error 798 0.041

zone (35% vs. 46%, US vs. Canada. respectively, between §9.9%, by the pooled source, and 8.0%

for Coastal zone and 32% vs. 53% for Interior
zone) (P<(1.0001) (Table 1), and by seed parent
in country {P<0.049), The most susceptible stock
came from the BC Interior region (52.5%). fol-
lowed by the BC Coast (Table 1a). BC Interior
stock consistently showed the highest infection
by all rust sources, whereas either US Interior or
US Coastal stock exhibited the lowest infection,
depending on the rust source. The rust source X
country term (P<(.0001) retlects mainly the higher
susceptibility of seedlings from unscreened Ca-
nadian trees, especially to the pooled rust source.

However, the rust source X parent in region
{P<(.0001) term indicates that the pattern of re-
sults 1s complex. Infection among seedlots ranged
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(US Coastal Seedlot 2444 by the Cowichan source).
Positive correlations were found between family
mean of rust spots per seedling and percentage
of seedlings exhibiting stem signs or symploms
for the Valemount source (R*’=0.22, P<0.012) for
Coastal rusts (R*>=0.22. P<0.0004) and for all rusts
combined (R?=0.12, P<0.0004).

Unspotted seedlings

Rust signs developed in 463 of 1424 (32.5%)
unspotted seedlings by 1993. The percentage of
such seedlings exhibiting rust differed among rust
sources {Table 2}, being highest from the pooled
source and lowest from the Nakusp source. Coastal
sources, both pooled and Cowichan. produced a




TABLE 2. Rust-infection percentage: to 1993 of unspotted Pinus monticola seedlings by seed source and rust source,

Rusl Source®

Seed Source Coastal Interior Mean
Country  Region Pooled Cow Zonal Nuk Vale Z.onal all
mean mean sources
Canada  BC Coast 61.4 19.9 4016 12.6 6.7 24.6 32.6
BC Interior 495 47.1 483 RER 488 36.8 42.6
Mean 55.4 335 44.4 18.7 42.7 30.7 375 A
U.S.AL 8 Coast 44.0 324 38.2 238 394 316 349
US Interior 407 328 36.7 11.5 33.7 22.6 29.6
Mean 42.3 326 374 17.6 36.5 2714 322A
Mean all 489 33.0 409 18.1 39.6 289 34.8
Al B C AB
B

! Mean of percentage of infecied seedlings by seed parent.

* Seurce of acciospores. Pooled = a mix of Coastal sources; Cow = Cowichan; Nak = Nakusp: Vale = Valemount.
* Corresponding means followed by the same letter do not differ at P<0.05 per the Student-Neuman-Keuls (SNK) test.

higher infection level than did both Interior sources
(Nakusp and Valemount) {Table 2).

Spot Color

Only 1069 seedlings were found displaying one
spot. This low frequency and scatter among sources
precluded statistical analyses. However, when
combined across sources, and grouped by color,
“orange” spots were most efficacious (41.3% of
46 seedlings infected), followed by “"Reddish” spots
(red, red-brown and red-green combined, 61 seed-
lings) and “Yellowish™ spots (yellow, vellow-brown
and yellow-green combined, 792 seedlings) both
at 36.9% then by “Brownish” spots (brown and
brown-green combined, 170 seedlings) at 26.5%.
No obvious pattern between spot color and rust
source was apparent.

Spots only

This rust symptom differed by rust source
(P<0.0001), but also by country of seed origin
(P<0.0001) and sced parent (P<0.0001). The in-
teraction terms rust source X seed zone (P<(0.0177).
rust source X seed region (P<0.0327) and rust
source X parent in region (P<0.0005}) also were
significant. The highest spots-only (SO) incidence
was produced by the Nakusp source (51.3%),
whereas the lowest was produced by the pooled
source (30.7%) (Table 3).

Canadian sced parents averaged 30.89: showing
SO, while US seed parents averaged 50.3%. The
rust source X sced zone inleraction seems due to
the increased incidence of SO by Coastal fami-
lies vs. Interior rust sources. Family mean rust
spots per seedling was correlated negatively with
increasing SO for the Valemount source {R*=0.60,
P<0.0011}, for both Coastal (R*=0.40, £=0.0060)
and Interior sources (R*=0.37, P<0.0067) and for
all sources combined (R*=0.40, P<0.0001).

Latency

Latency was affected by rust source (P<0.0001),
country of seed origin (P<{0.0001) and seed par-
ent (P<0.0001), but also by the interaction of rust
source X seed zone and interaction of rust source
X seed parent in zone (P<(.001) (Table 4). The
pooled source progressed to stem symptoms the
quickest (mean time 1.4 years), while the Nakusp
source was the slowest {mean time 2.0 years).
Canadian seed sources exhibited stem rust sig-
nificantly earlier than US seed sources: 1.6 vs.
1.9 years. The shortest mean time to exhibit stem
rust (0.9 years) was found in a BC Coastal fam-
ily inoculated with the Cowichan source, whereas
the slowest-developing rust (3.1 years) was found
in a US Coastal family inoculated with the same
source. The rust source X seed zone interaction
seems due to the slow development of the
Valemount source vs. the pooled source in US
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TABLFE 3. Percentage' of rust-spotied Pirus monticola scedhings displaying Spots Only response, by seed source and rust source.

Rust Source”

Seed Source Coastal Interior Mean
Country  Region Pooled Cow Zonal Nak Vale Zoemnal all
mean mean SOULCes
Cunada  BC Coust 24.5 311 271 50.2 323 41.4 249
BC lnterior 18.8 4.0 23.9 38 254 279 26.0
Mean 21.6 323 25.6 42.8 200 353 308 B°
U.S.A. US Coast 40.5 50.4 46.3 553 52.8 54.1 498
US Interior 429 58.4 51.5 61.3 395 50.4 50.9
Mean 41.5 54.4 48.0 58.3 16.2 523 S0.3A
Mean all 30.7 45.6 374 513 376 44,1 41.0
C AB A BC
A A

' Mean ol sced parents.
* Source of aeciospores. Pooled = a mix of Coastal sources, Cow = Cowichan; Nak = Nakusp: Vale = Valemount,
* Corresponding means followed by the same letter do not differ at P<0.03 per the SNK tesr.

TABLE 4. Yeurs to first stem symptom of rust (latency) on rust-spotted Pinus monticela seedlings'. by seed source and rust

source.
Rust Source®
Seed Source Coastal [nterior Mean
Country  Region Peoled Cow Zonal Nak Vale Zonal all
mean meun sources
Canada  BC Coast 1.38 1.66 1.49 1.79 1.39 1.59 1.55
BC Interior 1.24 1.62 1.37 1.89 1.61 1.72 1.55
Mean 1.31 1.64 1.43 1.83 1.50 1.65 1.55 B*
U.S.AL LS Coast 1.58 218 1.88 1.99 1.62 .80 1.84
US Interior 1.40 1.94 1.70 243 2.02 223 2.00
Mean 1.51 2.07 1.81 2.21 1.82 2.02 1.92 A
Mean all 1,40 1.90 1.63 204 1.66 .84 1.71
C AB A BC
B A

' Mean of seed parents.
* Source ol aeciospores. Pooled = a mix ol Coastal sources: Cow = Cowichan: Nak = Nakusp; Vale = Valemount.

* Corresponding means followed by the same letier do not differ at P<0.05 per the SNK 1wesl.

Interior stock. A positive correlation between la- years but 1991 (P<0.02) and 1992 (P<0.47). In-
lency and reduced family mean rust spots per seed- cidence among sources in 1993 ranged from 57.5%
ling was found for only both Coastal sources com- o 39.2% (Table 5), when seedlings inoculared
bined (R*=0.12, P<0.018) and for all sources by the pooled source produced significantly
combined (R>=0.10, P<0.0013). {P<(1.0001) more aecia than did seedlings inocu-

] lated by all other sources. (Table 5}. Country of
Aecial stage sced origin was always statistically significant for
The percentﬂge of infected Seed]ings de\:e[oping cach il]SpCCti()l'l (P(OOOO] o 00235). and seed
accia increased throughout the study. This stage parent was signiftcant in all years but 1990, Rust
was affected by rust source (P<0.0001) for all source X country of sced parent was statistically
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TABLE 5. Percentage’ of rust-infecied Pimuy monticolu seedlings that developed accia to 1993, by seed source and rust source.

Rust Source”

Seed Source o Coaslal Interior Mean
Country  Region Pocled Cow Zonal Nak Vale Zonal all
mean meal sources
Canada  BC Coast 68.7 44.6 59.0 43.9 34.1 49.0 536
BC Interior 62.7 579 ol.1 323 452 40.1 50.0
Mean 657 50.3 60.0 A’ 393 49.6 449 B S1.9A
USA.  USCoast 19.4 304 399 46.4 R4 420 409
US Interior 45.1 369 41.0 329 34.4 33.6 36.6
Meun 477 33.0 4B 39.0 36.4 17.6B 3898
Mean all 573 401 49.9 39.2 43.0 41.2 45.2
A B B B
A B

' Mean of seed parents.
Y Source of ueciospores, Pocled = a mix of Coastal sources: Cow = Cowichan; Nak = Nakusp; Vale = Valemount.
' Correspending means followed by the same letter do not differ at P=0.05 per the SNK test.

significant in all years, apparently due to reduced
aecial production by the Cowichan and Valemount
source on US seedlings. The significant rust source
X secd zone term (P<0.015) seems due to the high
value of the pooled source on Coastal stock vs,
the low value of the Nakusp source on Interior

for both Coastal sources combined (R°=0.22,
P<0.0015).

Slow-canker growth

The incidence of slow-canker growth resistance

stock. A significant, positive, corrclation with
increasing family mean rust spots was found for
all sources combined (R*=0.09, P<0.0029) and

(SCG}in infected seedlings was low, ranging from
0.3 to 8.3% (Table 6). The previously selected
US seed sources had significantly more SCG in-
dividuals than the untested BC sources. The

TABLE 6. Percentage'ol seedlings demonstrating slow-cunker growth (o 1995, by seed source and rust source.
£ £ 2 £ k

Rust Sourge”

Seed Source Coastal L Tnterior Mean
Country  Region Pooled Cow Zonal Nak Vale Zonal all
mean mean SOUICES

Cunada  BC Coast 2.6 0.6 1.6 2.4 2.3 2.4 2.0
BC Interior 0.5 0.4 0.5 0.3 0.3 0.3 04
Meuan 1.6 n.s 1.0 1.5 1.5 1.5 1.2A°

US.A. US Coasl 31 1.6 2.4 5.0 29 4.0 3.2
US Interior 33 4.7 4.2 83 4.8 6.4 5.3
Mean 3.2 a2 3.2 6.4 39 5.1 42B
Mean all 2.3 1.9 2.1 4.6 28 3.6 2.8

AB B A AB

A A

' Mean of sced parents.

* Source of aeciospores. Pooled = u mix of Coastal sources; Cow = Cowichan: Nak = Nakusp: Vale = Valemount.
P Corresponding means followed by the same letter do not differ at P<0.05 per the SNK (est.
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TABLE 7. Percentage' mortality ol rust-infected seedlings threugh 1993, by seed source and rust source.

Rusl Source?

Seed Source Coastal Interior Mean

Country  Region Peooled Cow Zonal Nak Vale Zonal all
mean mean SOUTCES

Canada  BC Coast 865 84.3 85.6 88.0 79.2 83.6 84.5

BC Interior 95.7 82.3 91.2 79.0 81.6 80.5 85.6
Mean 91.1 83.5 88.3 844 80.4 82.2 85.0A°

US.A. US Coast 87.9 62.5 75.2 68,2 62.3 65.0 70.3

US Interior 844 75.2 79.3 635 589 61.2 68.9
Mean 86.5 68.8 770 65.6 60.6 63.0 69.7B

Mean all 88.6 74.6 82.4 76.0 70.5 724 77.4

A B B B
A B

' Mean of seed parents.

= Source of aeciospores. Pooled = a mix ol Coastal sources; Cow = Cowichan: Nak = Nakusp; Vale = Valemount.
? Corresponding means Tollowed by the same letler do not differ at P<0.05 per the SNK test.

Cowichan rust source appeared to lower the inci-
dence of SCG significantly compared to the Nakusp
source: however, this did not hold for US seed
lots inoculated by the Cowichan rust source (Table
€). The mcidence of slow-canker growth was not
correlated with family mean spotting (P<0.45).

Mortality of Infected Seadlings

This parameter was affected significantly by rust
source (P<.0001), country of sced parent
(P<0.0001), seed parent {/<0.0010). the interac-
tion of rust source X country (P<0.0074), and the
interaction of seed parent X rust source (P<().0019),
Mortality averaged 77.4%, but varied among rusts
from 88.6% (pooled) to 70.5% ( Valemount) (Table
7). Coastal-zone rusts caused greater mortality
(82.4%) than did Interior-zone sources (72.4%).
Infected US seedlings survived better (69.7%
mortality) than did BC seedlings (85.0% mortal-
ity). The rust source X country significance seems
due to the high impact of the pooled rust source
on US stocks vs. the other sources. Nakusp was
the only rust source to produce a significant cor-
relation (R?=().25, P<(0.0124) between mean spots
and mortality. However, there was a significant
correlation of mortality with increasing family
mean rust spots for all rusts combined (R?=0.13,
P<0,0007) and for Coastal (R*=(.08, P<0.0441)
and Interior (R?=0.08. P<0.0313) zone rust sources.
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Discussion

Differences among the rust sources were found
at each stage of this trial, due mainly to the pooled
source. It produced the highest average number
of spots per scedling and the most 1-spot trees
(Meagher 1991), the lowest incidence of SQ seed-
lings. but the highest level of rust development
on “unspotted” seedlings, the shortest latency, the
highest percentage of seedlings producing aecia,
and the highest mortality of infected seedlings.
The other rusts showed less distinction. However,
the Cowichan source ranked second to the pooled
source in low incidence of SO, latency, and aecia
percentage. Both Coastal sources (pooled and
Cowichan combined) produced more infection,
including of “unspotted” seedlings, less SO re-
sponse, shorter latency, higher aecia percentage
and greater mortality of infected seedlings than
did Interior sources. These results paralle] the
pooled source results fairly strongly. Both Coastal
sources had a low incidence of SCG compared 1o
the Interior sources, but the difference was sig-
nificant for only the Cowichan and Nakusp sources.
On no-spotand [-spot seedlings, the pooled source
was most successiul at progressing to stem in-
fection. Thus, the greater virulence of the pooled
source may reflect more genetic breath than was
obtained from the point samples of the remain-
ing sources.




Racial variation in the rust, based on spot color
(McDonald and Holf 1975), was summarized by
Hoff (1988). Similar spot colors were found in
this study and none were associated with specific
rust sources,

Because insects disperse pycniospores from
one canker to another (Hunt 1985), thus convey-
ing DNA from one infection to another, the re-
sulting aeciospores from a single canker are ge-
netically heterogeneous. Analysis of ribosomal
DNA from 24 BC locations, including all of the
sources tested here, revealed much intra-site varia-
tion, but no consistent geographic pattern (White
et al. 1996). Further studies, employing isoen-
zymes, random-amplified DNA and restriction
enzyme pelymorphism markers in the rust, found
no geographic pattern of variation (Kinloch et al.
1998), Those data are compalible with the results
obtained here with the point sources of the rust.

Comparing results from only untested BC parent
trees, SO resistance was more frequent against
Interior rust sources, especially Nakusp, than
against Coaslal sources (Table 3). This trend was
apparent in US parent trees (Table 3}, which were
selected for known infectability and putative re-
sistance mechanisms, including SO (Meagher
1991). Previously, Hunt and Meagher (1983) sug-
gested that a new strain may be responsible for
failure of plantations possessing needle-shed re-
sistance (a type of SO resistance) at Cowichan.
In this study, SO resistance is significantly less
with Coastal rust sources compared to Interior
sources (Table 3), suggesting that gene-frequency
differences may cause greater virulence in Coastal
sources. including Cowichan. However, this did
not result in increased mortality. since mortality
was similar with the Cowichan rust source and
the pooled or Interior sources in all stocks (Table
7}. Similar mortality with all sources suggests that
Coastal environmental factors are more impor-
tant in reducing the effectiveness of needle-shed
resistance than are the rust seurces. Plantations
of stocks possessing needle-shed resistance ex-
hibit good field resistance in the Interior of BC
and on a high-elevation Coastal site (Hunt 1994},
perhaps because the growing season for the rust
is short compared to on low-clevation Coastal sites.

Latency of our most-virulent source (pooled)
was the shortest; in contrast, McDonald et al. (1984)

found that the more-virulent Champion Mine
source displayed increased latency. as well as re-
duced needle shed.

Analyses of variance show that rust source
always was a factor in a significant interaction
term, and that seed parent generally was included
in the same interaction, indicating that the par-
ents responded differently to the sources employed.
Therefore, variation in host response to blister rust
can be attributed to variability in the host or patho-
gen, or both. Similarly complex interaction was
found in analyses of rust-spot frequency in this
same test (Meagher 1991), so persistence of this
interaction is not unexpected.

Correlations with increasing mean spots per
parent were found for factors associated with in-
creased infection, i.¢., stem signs and symptoms,
and greater mortality, while correlations with fewer
mean spots per parent were found with increas-
ing latency and increasing SO. Perhaps sclecting
families for reduced spotting is not only a selec-
tion for less infection. but also for these other re-
sistant traits. This needs further investigation. SCG
seems to be independent of needle spotting fre-
quency.

All families screened in our programs for se-
lection of seed-orchard material in BC have been
subjected to inoculation by a pooled mixture of
Coastal rust sources at one Coastal facility. The
use of a pooled mixture satisfies logistics when
obtaining aeciospores for Ribes inoculations and
results in a stern test of our selected materials.

Acknowledgements

The assistance of the following is acknowledged
with gratitude: Dr. P. Theisen. Portland. OR. Dr.
R.J. Steinhoff, Dorena, OR and G.C. Franc. Mos-
cow, ID, all of the US. Forest Service, for sup-
plying seeds from US. parents; Silviculture Branch,
BC. Forest Service, for supplying inoculation and
transplant tacilities and funding for seedling in-
spections and maintenance; H. Craig. D.
Craigdallie, ). Dronzek, G. Jensen and G. Lait,
Canadian Forest Service, for technical support.
The diligence and helpful suggestions of E. Allen,
G. Jensen and E. White of the Pacific Forestry
Centre are gratefully acknowledged.

Blister Rust Testing 233




Literature Cited

Bingham. R.T. 1983, Blister rust resistant western white pine
for the Inland Empire: The story of the first 25 years
of the rescarch and development program, USDA
Forest, Service, Intermountain Forest & Range Ex-
periment Station, Ogden. Utah. General Technical
Report INT-146.

Boyce, J.5. 1948, Forest pathelogy. 2nd Edition, McGraw-
Hill, Teronto, Ontario.

Hoft, R.J. 1988, Blister rust resistance in western white pine
for castern Washington, [daho. and western Montana.
fn Proceedings of a Western White Pine Management
Symposium.. May 2-5, 1988, Nakusp, British Colum-
bia. Canadiun Forestry Service. Pacific Forestry Centre,
Victoria, British Columbia Pp. 12-20.

Hoff. R.J. and G.1. McDenald, 1980, lmproving rust-resis-
lant strains of Inland western white pine. USDA For-
est Service Research Paper INT 245,

Hunt. R.S. 1985. Experimental evidence of heterothallism in
Cronartinm ribicola. Canadian Journal of Botany 63:
1086-1088.

Hunt. R.S. 1988. White pine tree improvement in Brilish
Columbia. fn Proceedings of a Western White Pine
Management Symposium. May 2-5, 1988, Nakusp,
British Columbiu, Canadian Forestry Service, Pacific
Forestry Centre, Victorra, British Columbia Pp. 32-
36.

Hunt, R.S. 1994, Transferability ol western while pine within
and (o British Columbia - blister rust resistance. Ca-
nadian fournal of Plant Pathology 16: 273-278.

Hunt. R.8. 1997, Relative value of slow-canker growth and
bark-rcactions as resistance responses to white pine
bhister rust. Canadian Journal ot Plant Pathology
19:352-357.

Hunt. R.S. and M.D. Mcagher, 1985, A putative new race of
Cronartium ribicola in British Columbia. Phytopa-
thology 75: 1295,

Hunt, R.S. and M.D. Meagher. 1989, Incidence of blister rust
on “resistant” white pine (Pinus monficofa and P
strobus) in coastal British Columbiza plantations. Ca-
nadian Journal ol Plant Pathology 11: 419-423.

Kinloch, B.B. and M. Comstock. 1981, Race of Cronarfium
ribicola virulent to major gene resistance in sugar pine.
Plant Disease 65: 604-605.

Kinloch, B.B. and G.A, Dupper. 1987, Restricted distribu-
tien of a virulent race of the white pine blister rust
pathogen in the western United States. Canadian Jour-
nal of Forest Research 17: 448-451.

Received 2 February 1999
Accepted for Publication 29 June 1999

234 Meagher and Hunt

Kinlech, B.B., R.D. Westtall, Jr., E.E. White. M.A.
Gitzendanner, G.E. Dupper, B.M. Foord and P.D.
Hodgkiss. 1998. Genetics of Cronariivm ribicolu. V.
Population structure in western North Americu. Ca-
nadian Journal of Botany 76:91-98.

McDonald G.1. and R.J. Hoff. 1970. Resistance to Cronartinm
ribicola in Pinas monticodu: early shedding of infected
needles. USDA Forest Service Research Note INT-
124.

MeDonuld, G. I und R.J. Hott. 1975: Resistance to Crorarritim
ribicola in Pinws monticofa: an analysis of needle-
spot types and frequencies. Canadian Journal of Botany
33: 2497-2505.

McDonald, G.1., E.M. Hansen, C.A. Osterhaus, and S,
Summan. 1984: [nilial characterization of a new strain
ol Cronarrium ribicola [rom the Cascade mountains
of Oregon, Plant Discase 68; 800-804.

Meagher, M.D. 1988, White pine plantation experience in
British Columbiu. I Proceedings of « Western White
Pinc Management Symposium, May 2-5, 1988,
Nakusp, British Columbia, Canadian Forestry Service.
Pacific Forestry Centre. Victoria. British Celumbia.
Pp. 27-31.

Meagher. M.D. 1991 A joint U.S.-Canada blister rust “races”
test on Pinus monticola: First-year results. fn Y.
Hiratsuka. LK. Sameil, PV, Blenis, PE. Crane. and
B.L. Laishley {eds.) Rusts of Pine. Proceedings of the
3rd TUFRO Rusts of Pine Working Party Conference,
Sepl. 18-22, 1989, Banfl, Alberta. Forestry Canada,
Northwest Region., Northern Forestry Centre,
Edmonton, Alherta. Information Report NOR-X-317.
Pp. 206-218.

Meagher, M.D. and R.8. Hunt. 1999. The transterability of
western white pine to and within British Columbia
based on early survival, environmental damage. and
Juvenile height. Western Journal of Applicd Forestry
14: 1-7.

Meagher, M.D., R.S. Hunt, E.E. White. and A K.M.
Ekrameddoullah 1990, Improvement of Pinuas
memiticota for British Columbia, Canada. In P. Garrett
(ed.) IUFRO Proceedings of a Symposium on white
pine provenances and breeding, Montreal, Quebec,
Aungust 3-11. 1990, USDA Forest Service General
Technical Report NE-155. Pp. 50-55.

White, E.E.. B.M. Foord, and B.B. Kinloch. 1996, Genetics
of Cronartivm ribicolu. 11 Vanation i the ribosomal
gene cluster. Canadian Journal of Botany 74: 461-468,






