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Abstract
]no|dertotest forpossjb lcgc0gIt lPhi f \ l r i r ln ts inxhi tepincbi incrrSt(C|o]nf iu]n ih i (ahJ.c.Fisch' ) .1 i ru| | t ls tsourccsir I1
Bfitish Colu bia (BCl). Carrda were cultilated orr Rircr spp. rnd u\ed t() inoculate scl\ of 2 )eLr-old seedling progcn] of 2.1
parenis of t\cilcm $hite pire (Pirr! /rorlrtola D. Don). The six prrents frorn Coan,rl United States posscsscd kno\\.r rust
deiensc \: sir parerts froln Intefior \\rashi ngton. and lduhLr. were cons idefed somc$ hat resistant ft) rust. \\, hercas I 2 prrents lio m
BC (srx lioln lhe Coastrl zone rnd \i,i frorn thc In|crior zone) \\'efe unlested pr!'!iou!l). All seedlings I'ere jnspcclcd annu.rll) in
tranrpla r bcds. where rust s!mptoms and stagcs scrc recLrrded.

A pooled source. compo,ied of alrcio\porcs liom six lo\\er-Coastal B(' localions. lvtrs the mo\r virulent. judged b)' rnfecrion
perccnlagc. highen me n spot\ pef seedling. lo$csl spors only reslonse. shorresl hlcnc). gHtest irecial FodlLcdon. and gre tesr
mortalily oi iniecled seedlings. Coinbincd d,tl,l ir|)lr the t$'o Coastal rust \ourccs. (pooled rnd Co$ichan) dcmonstrated more
lirulcnce lhan both Inte|iof $urcer (Nakusp rnd ValeDnrunt). \o evidencc $as lbund to sugcest that a uniquc race exi\rs in rhe
Co$ich.rn source that orercorncs spols onlr' resistance. Scfeening lnlcrior \restern $hire pine for rcsis(ance to blister rust wilh
pooledCoast . r l rs tsourcesv"ouldbcSuper ior t0usingsing|eorpoolcdhte| iorrustsou|ces; thcrc|orc. l : l l r \oeCoast1| i .0cul l
ti(nl frcilitv is necessar) 1|) scrccn seedlirgs ti)r both Coastal and lilcrior rones.

Introduction

The introduction of white pine blister rust
(CronartiLon ribiel(L J.C. Fisch.) to rvcstern Norlh
America producecl I devastating epidemic in hi-qhly
susceptible hosts. cspccirl ly vestern white pine
( P in u.s monticol d D. Don) (Bingham I 983). Wirhin
westem white pinc's range the gene pool of thc
rust is l imited (Whire et al. 1996). probably be-
cause the introduction is known to have occuned
only once from one nursely in France (Boyce
l9'18). This would suggest that differenccs in rn-
lection success woulcl retlect mainly dilferences
in host susceptibil i tv. Exceptions are known, lbr
virulence variation due to the rust has been dcm-
onstrated in afew locations (Kinloch and Comstock
1981. Kinloch and Dupper 1987. McDonald ct
al. 1984). Blister rust resislant selections fiom
Idaho arc highly susceptible near Cowichan, British
Columbia (tsC), but not elservherc in BC, possi-
h l \  hec i ru \e  the  p(n(  p r \ \ l  , ' l ' l he  ru \ l  i s  r r r r iquc  in
this area (Hunt and Meagher 1989.1.

Such reports. and cxperience in plantations in
BC (Hunt and Meagher l989: Meaghcr 1988) in-
dicated that mst scrccning fbr a rvhite pine im-

rAuthof  Io rhonr conrspondence should be addressed:e aj l :
rhunt@pfc.lbrestry.ca

provenrent progran in BC (Meagher et al. l990)
night require usc of difterent rust sources, per-
haps different sources for sach eftwo seed zoncs
(Meaghcr and Hunt 1999). A trial to test lbr dif
lercnces among rust sources iD abil ity to infect
.L tJ l in f r  rnd  dc \c lop  l . r le r  s t i rFe \ .  U \ ing  rL . -
ciosporcs tiom tbur rust sourccs tiom BC. was
initiated in 1987. Analyscs of rust-spot (foliar lcsion
by rust) numbcr per seedling and spot coler at
thc llrst inspection werc repofted by Meaghcr
(1991). Data of further infection success. rusr
developnent and seedling survival arc analyzed
here. to determine if scparate rlst sources and
screening tacilities are reconrmended tbr these
t\! 0 zones.

Material and Methods

Aeciospoles from lwo Intgrior soulces, Nakusp
and Valemount. and two Coastal siturces. Cowichan
ard " pooled' (Figure l), were inoculated onto
isolated wild groves o[ Ribes hracteosun Doug1.
ol cultivated Ribe.i spp. in spring. l987. The pooled
.our (c  $J \ .umposcd o l - l r r \ c \  l i , rm gro \e .  in -
fected separately by aeciospores from six Coastal
rust sources. excluding Cowichan. A pooled
Coastal source was chosen bccause it would bc
practical to collect aeciospores annull ly fron]
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sevelal Coastal sou|ces. while it u'ould be very
ditl icult to makc such collections from Intcrior
sources. fbr annual screening trials. At each Io-
cation (Figure I ) aeciospores \\,ere collected from
a minimun of six blister rlst cankers. Inocula
tion (Hunt 19118) of 2 year old seedlings occurred
in a Coastal lacil i ty in Scplcmbcr. Sccd parcnLs
\\"ere located in each of trvo seed zones. Coastal
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and Interior. with six parents chosen fiom each
of tirur regions IBC Coast. United States (US)
Coast, BC lnterior, and US Interiorl. Parents fronr
BC hild not been testcd vs. blistcr rust, whereas
US parents had been tested, and selected. Each
parent was represented by up to 10 seedlings in a
row of movablc Ray Leach "fir" cells@ (Canby
OR) per replicate. Sets, representing each par-



enl, wcrc rrndomized in l0 replicates per rust
source.

Following spot counting, and classifying spots
by color the next spring, all sccdlings wer-e trans-
planted in prepared ground near Victoria, BC.
Seedlings werc planted in replicate plots per seedlot
within rust source with sccdling identity in each
replicate maintained to pemril full concordance
with earlier data pcr seeclling. Seedlot and plot
(replicate) nurnber were malked on a slakc at the
start of each plot.

lnspection of each seedling was conducted
annually, beginning in spring, 1989. and continuing
tol993. In generrl, we tbllowed the protocol of
Hofl ard McDonald (1980) with progressive rust
stages recorded per seedling. as follows:

0 No rust signs or symptoms

I Sten orange colorcd (sign). or rust spots
(symptom) on 2 .vear leaves

2 Needle bases gouly (slmpk)m)

3 Stem swollen (symplom) and orange col-
ored (sign)

'1 Pycnia produced (sign)

5 Aecia produced (sign)

6 SIou'calker growth resislance (see Hunt
1997). This trait was recorded through to
1995.

Due to a change in property management, an
entire bed ofstock. including all ofthrec seedlots.
and part of anothcr seedlot in the Nakusp rust
source and most 0f one seedlot in the Valenlount
lust sourcc. was renroved alter the 1990 inspec
tion. Furthemore. iDadequtrtc soiJ drainage re-
duced survival sporadically throughout thc trans-
plant beds. Scedlings in such areas were omitted
tiom the calculation of survival among seedlots
and rusts.

Data ana yses

Following exanination of residuals. ARCSIN
tanslbmation of prcpofiion dala was used to attain
nornrality.

Analyscs olvuiance *ere conducted using SAS
tirrStudent-Neuman Keuls (SNK) multiplc-range
festing at P<0.05. Parameters tested were:

l. Infection succcss: propoftien of seedlings
i n l e c t e d  w i t h  r u : l  r \ h o u i n g  r n )  . i ! n  . ' r
symptom of rust, including spotted lcaves
in  1988 ) .

2. Spots only (including ncedle shed):propor'
t ion of seedlings that shed spotted lcaves,
by spring 1989, or which exhibited no 1ur-
ther rust symptoms. though spotted in l988
[see McDonald and Hoff (1970) and
Bingham (1983) fbr a description of this
reslstaDcel.

3. Latency: mcan vears to first signs of stcm
rust (orange discoloration in the brrk), by
l11spectlon year.

4. Aecial stage: propoflion of infected seed
lings exhibit ing aecial stage. by year.

5. Slow-canker growth: proportion ofinfected
seedlings exhibit ing slow-cankel growth.

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

All ef'fects but replicate in rust were consid-
ered fixed. 'Enor" mean squarc was the testing
temr lbr all efTects in the analytical modcl:

Ellect = mean + o: +ot + o:

+or +or + o: + o:

+ o :  + o :

Least squares regrcssion correlations ofthe latcr
stages of developmcnt with rust spots $,ere con-
ducted on family rlean spots per seedling, avcr-
rged among replicalcs within rust source. When
results q'ele combined across rusts. intra-rust spot
mcans by farni ly st i l l  were used. rcsult ing in in
creased degrccs of tieedom.

Results

Infect ion success

Intection, here and elsewhcrc in the manuscript.
is delincd as seedlings u'ith spots or othcr advanced
symptoms or signs of rust. Results from 1990.
33 months aftcr inoculatioo. are discussed here
(Table la) becausc they are based on material prior
to the removal of any stock and losses due to in-
adequate soil drainage. Inf'ection by rust sourcc
varied tr-om 597,(pooled) to 30% (Cowichan).
Howcvcr, Coastal rust sources, pooled and
Cowichan, produced similar inlection rates (4.1%)
to both Interior rust sources. Nakusp and
Valemount, (387.).

lnfcction differed by country (33% for US vs.
49% lor Canada) (P<0.000l). by country in seed
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TABLE l t r .  Rust i  tc t ion pcrccntagc of in, , ru l r ted/1, , \ , r , , tn ' , /u i r  l ( l ( lo  b l  sre i lsuurce rnd rusl  sourcc.

Rust Sourcc:
Seed Soufce

Countrr Rcgi|llr

Interi0f
Nak !.rle ZonalZonrl

NIean

BC Coast
BC Intefior
Mean

Li.S.A. LrS CorLst
US lnLcrior
N4ca.

N l c r r r . r l l

69.5
1,1.9
7l. l

.19.9
-19.9

58 .5

l2 . l
16.7

t6. l
23.2
2.1.8

29.6
C

50.8
55 .8
53 .3

38. I
l l . 6
3,t.8

.11 .1

31..t

36.9

33.6
29.3
3 1 . 5

l,t.l
BC

,19.8
57 .1
53 .5

29.1
35 .2
l2 . l

.12.11
B

,11.1 .16.0
.19.3 52.5
.t5.1 ,19.2 A'

3 l . 5  3 ' 1 .7
12 .2  3  r . 9
3 r .8  ] } 3  t s

38 .5 . l1  .  1

N{elln oi percenlagc ol initclcd sccdlings b,v seed pareni.
I Sourcc ofacciospores. Pooled = a mix ofCoastal sources: Cow = Co$icban: Nal = Nakusp: Vale = Valemount.
' Cirffesponding means fi)l1o\red bI the same letter do nol dificr ar P<0.05 per rhe Sludent-Neum.rn-Keuls (SNKI test.

TABLE lb. ,A.nal!sis oi !arirncc ol ru\l iriictjon percentage in 1990.

I{ean Square

R!'p (Rust so rcel

Seed counr) [ Country"]

CountD X Zone f Regnni l
P.rfent (Regbn)

Ru\t  source X C0un|^
Ru\l sour'cc X Zone
Itu\r soulce X Regi(nr
Rust X P.uenl (Rcgion)

Enor

36

t0
l
3
3

798

3  6 1 6
0 .157
6.3.18
0.587
0.859
0.,106
0.3,11
0.041
0.033
0.l2,t
0.0,11

88 .1
3 .8

15,1.6
1,1.3
20.9
9.9
8 .1
t . 0 l
0.80
3.02

ri.000l
0.0001
0.0001
0.0002
0.0001
0.0001
0.0u01
0.1872
0.'191,1
0.0001

zonc (35% r's.:16%, US vs. Canada, respectively.
for Coastal zone and 327a vs.53c/c tirr Interior
zone) (P<0.(X)01) (Table l). and by seed parent
in country (P<0.049). The most susceptiblc stock
camc tiom the BC lDtedor region (52.57o). lbl-
lowed by the BC Coast (Table la). BC Interior
stock consistently showed thc hi-shest infection
by all rust sourccs. whereas eithel US Interior or
US Coastal stock exhibited the lowest infection.
depending on thc rust source. The rust source X
counhf' tem) (P<0.0001) reflects nrainly the highcr
susccptibil i ty of seedlings from unscreened Ca-
nadian trees. especially to the pooled rust sourcc.

Houerer .  the  rus t  \ource  X pr ren t  in  re i i i  n
(P<0.00{Jl) term indicates that the pattern of re
sults is complex. lnfection among seedlots ranged

betrveen t19.97r, by the poolcd sourcc, and 8.07r
(US Coastal Seedlot 2,144 by the Cowichan source).
Positive correlations were firund betwccn t'amily
mean of rust spots per seedling and perrentage
of seedlings exhibit ing stcm signs or symptoms
for the Valemount source (Rr=O.22. P<0.012) lbr
Coastal rusts (R'=0.22. P<0.000,1) and tor all rusts
combined (Rr=0. 1 2, P<0.0004).

U nspotted seed ngs

Rust signs developed in ,163 of 1121 (32.5q(')
unspotted seedlings by 1993. The percentage of
such scedlings exhibiting rust differed among rust
soulces (Table 2), being highest liom the pooled
souce and lowest liom the Nakusp source. Coastal
sourccs, both pooled and Cowichan. produced a
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TABLE 2.  Rust  infect ioD perccnragc to l99l  ^ i  ur  sn. t red /1,ar  f tur i . r , / r  'eet l l in ls  b\  seed sourJc and ru\ l  tour. 'c .

Seed Soufce

Country Regi|llr

Rust Sourccl

- -  (  rJ. r - l  I r  r  , 'L-  \1.-

Poolcd Co$' Zonal Nak Vic Zonal all

Canada BC Coast
BC Interi(n
NIeun

t i .S.r \ .  t iS Coast
US Interi0r
\,lcan

21.6 32.6
36.8 12.6
10.7 37.5 A

3t.6 3.1.9
22.6 29.6
21 .1  31 .2  A

61.,t
.1q.5

10.7
+2.1

.18.9

19 .9
1 t . l
33.5

3:.'+
31 .8
3 2 6

33 .0
B

,+0.t)
18 .3

38 .2
36.7
37..1

.10.9

1 2 . 6
2.1.8
I8 .7

21 .8
1 1 . 5
17 .6

1 8 . 1
c

36.1
.1It.8
12..1

t9..1
l l .7
36.5

39.6
AB

28 .9 1,1.8Nlern JIL

I Vean ofpercenlage oi inltctcd sccdlings by seed parent.
I  S rrcc o l  acciospores.  Pooled =.L mix ofCo.r \ t r l  sources:  Cow = Cor ichanl  Nrk = Nakuspl  \a le = Valemount.
' Conesponding mern\ folblved b) tbe salne lc(tcr do nol diitr at P<0.05 per the SiudencNeum.Ln-Keu1s (SNK) te\t.

higher int'cction level than did both Intenor souces
(Nakusp and Valemount) (Tlble 2).

Spot  Co lor

Orly 1069 seedlings were firund displaying one
spot. This 1ow frcqucncy and scatter among sources
precludcd stalisl ical analyses. However. when
conbined across seurces, and groupcd by color,
' 'orange" spots wcrc mosl efficacious (41.37r of
46 seedlings infected). lblk)$'ed by "Rcddish" spots
(recl. rcd-brown andred green conbined,61 seed-
lings) and "Yellowish" spnts (yellow. ycllow-brown
and yellow-green combined. 792 seedlings) both
at 36.9%. then by "Brownish" spots (brown rnd
brown green combined. 1 70 seedlings) at 26.5%.
No obvious puttern bctwcen spot color and rust
source was appar-ent.

Spots on y

This rust symptom dilTered by rust source
(P<0.0001), but also by country of seed origin
(P<0.0001) and sccd parent (P<0.0001). The in-
teraction terms rust sourle X seed zone (P<0.0177).
rust sourcc X seed region (P<0.0327) and rust
source X par-ent 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 produccd by the pooled
source (30.77r) (Table 31.

Canadian sccd parents averaged 30.8% showing
SO, while US seed parents averaged 50.37a. The
rust source X sccd zone interaction seems due to
the incrcased incidence of SO by Coastal tami-
l ies vs. lntcriol rust sources. Family mean rust
spots per seedling was colTelated negatively with
ilcreasing SO for the Valemount sourcc (Rr=0.60.
P<0.001 1), forboth Coastal (Rr=o.40. P=0.0060)
and lnterior soulces (R'=0.37. P<0.0067) and fbr
all sources combincd (R:=0.40, P<0.0001).

Latency

Latcncy was affected by rust source (P<0.0001),
courtry of seed origin (P<0.000J) and seed par-
ent (P<0.0001). but alsoby thc intcraclion olrust
\ourcc X rrcd lonc lrd interaction oI rust :ource
X seed palent in zone (P<0.001) (Tablc 4). Thc
pooled soulce progressed to stem symptoms the
quickest (mean time I .4 ycars). while the Nakusp
source was the slowest (mean time 2.0 years).
Crnad i ln  secd.ourc r .  e \h ih i leJ . lqm rLrs t  s ig -
nil icantly earlier than US seed sourccs: 1.6 vs.
1 .9 ycars. The sho est mean time to exhibit stem
rust (0.9 years) was tirund in a BC Coastal fhm-
ily inoculated with the Co*ichan source, rvhereas
the slowest-developing rust (3.1 years) was found
in a US Coastal family inoculated u'ith the same
source. Th< lrsl \ourii X \eed /(\ne inlerr, t i ,. 'rr
seems due to thc slow development of the
Valcmounl source vs. the pooled source in US
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Rust Sourcel
Seed Source

Country Rcgion Z0nul
\4ean

al lZonal Nak Valc

Canada BC Coast
BC t eior
lvlcan

U.S.A. US Corst
US In lcr ior
lvlean

\ ' lern a l l

I  iJ .E
21.6

.10.5
:11.9
. 1 1 . 5

l0. l
C

3 1 . 1
3,1.0
3r. l

50.,1
58.,1
5.1..1

.15.6
AB

21.r
23 .9
r5.6

5  r . 5
18.0

31 .1

50.:
3 I . I J
.t2.8

55 .3
6 1 . 3
58 .3

5 1 . 3

3 ) .1

19.0

52 .8
19.5
l6. l

-17.6
BC

11..1 t.1.9
21.9 26.0
35.3 30.8 B.

5.1.I ,lcl.E
50..1 50.9
5t. l  50.3 A

:L l . l

r N,lcrn 0l sccd parc.ls.
rSourceofreciospofes.Pooled=anl ixofCoastr l  \ources;Cow = Cowichanr Nak = \ak sp;  Vale = \ 'a lcnounl .
I Co esponding me.Ln\ litlo$ecl by the same letter do not difitr rt P<0.05 per the S\-K te\r.

TABLE .1. Yerrs to iir\t \ten \ylnptonl of fu\t (lrtency) on rust-spoited P/r?!r ,,o/r1,.old seedling\ . bv \eed source and rusl

Rusl  S0ulccl
( . , . . . r " 1  l r . - o r  \ l r - r .Seed Source

Counlry Region Zoitrl allZonal

C.rnrdr BC Coast
BC Intef i0 l
\lerln

L: .S. , \ .  LtS Q)ast
US Inrer iof
NIc!n

l . l 8
1 . )1
1 . 3 1

r.5E
1..10
l . 5 l

l . :10
c

6)

t.9t)
AB

1..19
1 . 3 7
1..13

r . 8 8
1 .70
L E l

r . 63

B

1 .19
1 .89
1 .83

r .99
2.13
2 .2 r

1.0,1

l . t 9
l . 6 l
1 .50

t . 62
2.0)
1.111

1 .66
BC

l. lJ, l
1.00

1 .92  A

| . 1 1

r .59  r .55
L l 2  t . 5 5
1.65  1 .55  B '

1 .80
1.23
2.01

l. lJ, l

l . l t t
l . 9 l
t .07

Nican al l

I N{erLn of seed pafenls.
'Source ol  eciospons.  Pooled = a mir  o l  Coas(al  sources:  Co$ = Coiv ichan: Nak = N|kusp;Vr le =Valenmunt.
' (i)rrcsponding nrcans fillo$cd br- thc sa c lcllcr do .o! diiier at P<0.05 per r|c SNK rcst.

Interior stock. A positive correlation betwecn la-
tcncy and reduced family mean rust spots per seed-
lilg was found for only both Coastal sources conl
b incd  (R:=0.12 ,  P<0.018)  and fo r  a l l  sourccs
cornbined (Rr=0. I 0. P<0.001 5).

Aec ia  s tage

The percentage of infected seedlings developing
accia incrcascd throughout thc study. This stage
u'as afiected by rust source (P<0.0001) fbr all
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years but 1991 (P<0.02) and 1992 (P<0..17). In
cidencc arnong sources in 1993 ranged fiom 57.5 7o
to 39.2%,(Table 5). rvhen seedlings inoculated
by the pooled source produced significantly
(P<0.0001) more aecia than did seedlings inocu-
lated by all other soulces. (Table 5). Country of
sccd origin was always statistically signilicant for
cach inspcction (P<0.0001 to 0.0235). and seed
parent was significant in all ycars but 1990. Rust
sourcc X country of sccd parent was statistically



T A B L L 5 . P e r c e n t r g e r o f r u s t i n l c c t c d P i , I r ! , k ) , r k o l d s e e d l i n g s t h r r d e \ e l o p e d a c c i a l o l 9 9 3 . b y s e e d s o u r c e r n d r u \ t s o u r c e .

Seed Source
Country Region Zanal zon^l r1l

Canada BC Cor\t
BC lnter lof
Mern

U.S.A. US Coasl
LrS Interior
I Iem

Nlcan rll

6u .7
62.1
65.7

15. I
11.1

51 .5

.Lr.6
51.9
50..1

30.,1
16.9
l l . 0

,10.1
B

59.0
6 l . l

60.0 Al

t9.9
,11 .0

.10..1B

,19.9

.13.9
3 l . l
39 .1

3:.9
39.0

39.2

5.1.1

18..1
3:1..1
16.1

,11.0
B

,19.0 53.6
10. |  50.0

11 .9  B  51 .9  A

.1:.0 ,10.9
33.6 16.6

37.6 B 3u.9 B

.11 .2

B

' Nlean ot seed p rents.
:Source of  recio\por$.  Pooled = a mi\  o lCoast . r l  sourcesr Cow = Cowichan: Nak = \akusp; \L le = Vr lemount.
' Corcspondjng means lbllo$ed b! the s.rne letter do not diftir at P<0.05 pef the SNK test.

signil icant in all years, apparenlly due to reduced
aecirl production by the Cowichan andVrlemount
source on US seedlings. Thc signilicant rust soulce
X secd zone leIm (P<0.015) seems due to thc high
value of the poolcd source on Coastal stock vs.
the low value of the Nakusp source on Intcrior
stock. A signil icant. positive, corrclation with
increasing tamill, mcan rust spots was tbund fbr
all sourccs conbined (Rr=0.09. P<0.0029) and

for both Coastal sources conrbincd (R:=0.22.
P<0.0015).

S ow can ker growth

The incidence of slow-canker growth resistance
(SCG) in infected seedlings was low, ranging liom
0.3 to 8.3% (Table 6). Thc previously selecred
US seed sources had signilicantly rnore SCC in-
dividuals than thc untested BC sources. The

TABLE 6 Percenlasc oi sccdljngr demonstfating slo$'canker growlh to I995. by \ced so rce and rust soufce

Seed Soufce

Counlr) Rcgion

Rusl Sourc!'l

Pooled Co$ Zoml Nik Vale Zonrl .rll

Canrdr BC Coast
tsC Intefi0l
NIe n

LI .S.A.  LrS Co.rst
US ln lcr ior
Nican

) . 6
0.5

l .  I
l . l
t . l

2 . 1
AB

0.4)

0.5

l ! l
B

L , O

0 .5
L(l

:..1
1.2
3 .2

2 . 1

2.1
0.3
1 .5

5 .0
8.3

2 .3
0.1
1 . 5

2.9
.1.8
1 .9

2 .E
AB

2 .1
0 .3
1 . 5

1.0
6..1
5 . 1

3 .6

2.0

l . t A .

3 .2
5 .3

1 .2  B

2.i l

1 . 6
1.',7
-r. l

N{e.rn rll

Nlcan oi sccd parents.
I Sourcc of aecio\p(nes. Pooled = .r lnir ol Coani] sourccs: Cor' = Co$ichanl Nrk = N.tkusp: \hlc = \hlcntoLtni.
I Corresponding merns iblk^!cd b) lhc srnc lefier do not di1]tr .Lt P<0.05 per lhe S\K tcsr
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TADLE 7. Percentage nonalil-- ofrust-iniected seedlings through 19q3. bv seed sourcc'and rust source.

RustSource:
Seed Source

Country Regi(nr
_ Coast|1l
Poolcd Co$ 7ona1 N.rk Valc Zon

NIean
all

Canada BC Coa\l
BC Inter ior
N{ean

LI.S.A. US (basl

US Intefior

86.5
95.7
9 1 . 1

87.9
8,1..1
86.5

88 .6

8.1.3
8t.- l

75 .1
68.8

1.1.6
B

85.6
9  t . )
88 .1

15.1
19.- l
l l . t)

82.1

88.0
79.0
84..1

6IJ.2

65.6

16.0
B

19.2
8 1 . 6
80..1

62.3
58.9
60.6

70.5
B

83.6 8,1.5
80.5 u5.6
82.2 85.0 Ar

65.0 70.3
6 l . 1  68 .9
63.0 69.1 B

'7).1

B

l  / .1Nlc.rn .rll

r Mean of seed pffents.
: Sourcc of acciospores. Pooled = a mix ol Coastal soufces; Co\\, = Co$ ichan: \ak = Nakuspi Vatc = \'ale )unt.
I Corresponding lncaDs li)llo$ed br rhe same lcltcr do not diffef rr /,<0.05 pcr thc SNK test.

Cowichan rust sourcc appeared to lower the inci-
dencc ofSCG significantly compared to the Nakusp
source: however. this did not hold fbr US seed
lots inoculated bv the Cowichan rtst source (Tablc
6). The incidcnce of slow-canker growth was not
correlated with fanily mcan spotting (P<0.,15).

N/ortality of Infected Seed ngs

This parametcr was atlected significantly by rust
source (P<0.0001). country of sccd parent
(P<0.0(X) I ), seed pareDt (P<0.(X)10). the interac
tior of mst sourcc X country (P<0.007,1), and the
interaction ofseed puent X rust source (P<0.0019).
Mortality averaged 77.,17a. but varied among rusts
fronr 811.6% (pooled) to 70.5% (VrJemount) (Table
7). Coastal zone rusts caused greater nortalit) '
(82.,+%) than did Interior zone sourccs (72.:t%).
lnlccted US seedlings survived better (69.77.
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 sourcc to produce a significant cor-
relation (R2=0.25, P<0.012.1) betwecn nrean spots
and nloftality. However. there was a significant
correlrt jon of mortality with increasing family
nean rust spots tbr all rusts combined ( Rr=0.13,
P<0.0007) and tbr Coastal (Rr=0.08. P<0.04.11)
and lntcrior (Rr=0.08. P<0.0313) zone rust sources.

Discussion

Differences among the rust solrrccs were found
at each stage ofthis trial, due mainly to the poolcd
source. [t produced the highest average nun]ber
of spots per scedling and the most l-spot ffees
(Meagher 1991), the lowcst incidence ofSO seed-
lings. but thc highest level of rust developnent
on "unspotted" seedlings, the shortest latenc)', the
h iFhe. l  p ( r (sn l rse , r t  seed l ing '  p r ' , ' , l uc ing  rce i r .
and the highest mortality of infected seedlings.
Thc other rusts showed less distinction. Howcver,
the Cowichan source ranked second to the pooled
sourcc in low incidence of SO, latency. and aecia
percentage. Both Coastal sourccs (pooled and
Cowichan cornbined) produced more inlcction,
including of "unspt)tted" seedlings, less SO re
sponse, shorter latency. higher aecia percentagc
and greater- moltality of inf'ected seedlings than
did Interior sourccs. These results parallel the
poolecl source results fairly strongly. Both Coastal
sources had a lo\\ ' incidelce ofSCG cornpared to
thc  In te r io r .ource . .  bu l  the  J iHe lence u l . . i ! -
nificant for only thc Cowichanand Nakusp sources.
On no-spotand l-spot seedlings, the pooled source
was nlost successful at progressing to stenl in-
f'ection. Thus, the grerter virulence of the po(ted
sourcc may reflect more gcnetic breath than was
obtained from thc point samples of the remain
lng sources.
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Racial variation in the rust. based on spot color
(McDonald and HolT 1975). was summarized by
Hoff ( 1988). Similar spot colors wcre lbund in
this sludy and none were associated with specific
IUST SOUICES.

Because insects dispersc pycniospores from
one canker to anolher (Hunt 1985), thus convey-
ing DNA from one infection to another. the re-
sulting aeciospores fronr a singlc canker are ge
nctically heterogeneous. Analysis of ribosonrrl
DNA fiom 2.1 BC locations, includiDg all of the
\ourcc :  l c . led  hcre ,  re re l led  nruch in t r i r - . i te  r r r r i r r -
t ion, but no consistent geographic pattcm (White
et al. l9!.)6). Furthcr studies, employing isoen
zymes, random amplilied DNA and restriction
enzyme polymorphism nrarkers in thc rust. found
no geographic pattem ofvariation (Kinloch et rl.
19913). Those data arc compatible with the results
obtained here with the point sources of the rust.

Compadng rcsults lrom only untestedBC parent
trees, SO resistance was more frequent against
Interior rust sources. cspccially Nakusp. than
against Coastal sources (Table l). This trend was
apparent in US parcnt trees (Table 3), which were
. ( l cc t (J  fo r  knou n  in lec t lh i l i t )  i ' n . l  pu t r t i re  rc -
sistance nrechanisms, including SO (Meagher
l99l ). Previously, Hunt and Meagher ( 191J5) sug-
gested that a ne\\" strain nray be responsible for
fhilure of plantations posscssing needle shed re
sistance (a type of SO resistance) at Co$ichan.
In this study. SO resistancc is signil icantly less
wiLh Coastal rust sources compared to Interior
sources (Tablc 3), suggesting that gene frequency
dilferences may cause greater virulenca in Coastal
sources. including Cou'ichan. Howcvcr, Lhis did
not result in incrcascd mortality. since mortality
was similar with the Co\\"ichan rust source and
the pooled or Tnterior sources in all stocks (Table
7). Similar lno ality with all sources suggeststhat
Cor r r lu l  enr  i ro r r r r rcn lJ l  f c . to r :  a re  rnore  impor
tant in reducing the efl-ectiveness of needle-shed
resistance than are the rust sourccs. Plantalions
0f stocks posscssing needle-shed resistance ex-
hibit good field resistance ir the Interior of BC
and on a high-elevation Coastal sitc (Hurt 199'1),
perhaps because the growing season tbr the rust
is shofi compared to on low-elevation Coastal sites.

Latency of our most virulent source (pooled)
was the shofiest: in contrast, McDonaldet al. (l9lJ.1)

found that the more-virulent Champion Minc
source displayed increased latency. as $ell as re-
duced needle shed.

Analyses of variance show that rust source
always was a lactor in a signilicant inter ction
term, and that seed parent gencrally was included
in the same interaction. indicating that the par-
ents responded di1l'erently to the sources employcd.
Therefore. variation in hostresponse to blisterrust
cim bc irttributed to vaiability in the host or patho

!en .  r , r  ho lh .  S i rn r lu r l l  c , r rnp le r .  rn le rcc l iun  uJs
found in analyses of rust-spot tiequency in this
same test (Meagher 1991), so pcrsisLence of this
interaction is Dot unexpected.

Corelations with increasing mean spots per
parent were found for factors associated with in-
creased infection. i.e.. stem signs and s)'mptoms,
and greater moftality, while correlations with fewer
mean spots per parent were found with increas-
ing latency and increasing SO. Perhaps sclccling
familics for reduced spotting is not only a selec
tion lbr less intection. but also fbr these other re-
sistaDt traits. This needs further investigation. SCG
seems to bc independent of needle spotting fre
quency.

A11 tamilics 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 soulles at one Coastal flcility. The
usc of a pooled mixture satisfies logistics when
obtaining aeciospores tirr Rlbes inoculations and
results in a stern test of our selected matcrials.
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