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ct.  In 1999, 29 seedling families of Port-Orford-cedar, Chamaecyparis lawsoniana, (15 full-sib, 

nd-pollinated) were planted in raised beds containing Phytophthora lateralis and at a field site.  
lity was observed for one year.  Parent trees had been selected in 1989 and 1990 in natural stands 
oderate to heavy P. lateralis infestation, and had been previously evaluated with a preliminary 

h inoculation technique. Significant family differences exist among families in the raised bed test, 
amily means ranging from 0 to 100% mortality (mean = 58%).  Several families had higher 
al than the resistant controls.  Mortality at the field planting was low. A significant correlation 
0) was found between the 1990 branch inoculation scores of parents and mortality of seedling 
es from those parents. Selections from within the top ranked families will be added to the 
ing arboretum and will be ready for breeding within a few years.  The raised bed offers several 
tial advantages over field trials for evaluating resistance. 

duction 
Port-Orford-cedar (Chamaecyparis 

niana (A. Murr.) Parl.) is an important 
onent of many forest ecosystems in 

est Oregon and northwestern California.  
introduced pathogen,  Phytophthora 
lis Tucker & Milbrath, has spread 
hout much of the range and has caused 
ntial mortality of large trees as well as 
ngs, especially in riparian areas.  
estation or restoration of Port-Orford-
in many areas will depend upon reducing 
te hazard or the production of resistant 
ngs.  The use of resistant populations of 
rford-cedar would be the most efficient 
d to achieve restoration objectives. 

 Initial evaluations of Port-Orford-
indicated that there was little resistance 
ateralis, but a subsequent study indicated 
ise (Hansen et al. 1989). A 1996 test of 
eedling families from throughout the 

 of the species confirmed the presence of 
nce, but also indicated that the frequency 
rong resistance appears to be low 
blished data).   

 
An operational breeding program for 

nce began in 1997 using previously 
ted parents and greatly expanding the 

er of parents to be screened (Sniezko and 
n 2000). As part of this program, 
tion testing is done at several sites for a 
t of families to establish the relationship 
arious greenhouse screening techniques 
 determine the durability of resistance in 

the field.  One of the components of a 
resistance program is the ability to efficiently 
evaluate trees for resistance.  Field trials are 
expensive, they often involve hit-and-miss 
infection, the moderate levels of infection 
needed to clearly discern family difference 
may take several years or more, and it can be 
difficult to confirm the cause of mortality 
unless inspections are frequent.  Several 
potential alternatives to field testing are 
available for testing Port-Orford-cedar, but 
refinement of techniques and field validation is 
needed. A new test method examined here uses 
inoculated raised beds as surrogates for field 
sites to test early survival under moderate to 
high infection levels. 

 
 This paper examines early seedling 

family differences in lesion progress and 
mortality in a field test and a raised bed test.   
Also examined is correlation of results from a 
preliminary branch inoculation test of parent 
trees with the results of these two trials of 
seedling families. 
 
Methods 
 Twenty-nine seedling families from 
parent trees previously evaluated for P. 
lateralis resistance were used to establish two 
plantings: (1) a raised bed test at Oregon State 
University (OSU), and (2) a field test in 
southern Oregon at Camas Valley (CV) on the 
Bureau of Land Management’s Roseburg 
District.  Seed was sown in March 1998 in 164 
cm3 tubes in a greenhouse at Dorena Tree 
Improvement Center. In mid to late January 
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trees were planted in three raised beds at OSU 
and at the Camas Valley field site.  The raised 
beds at OSU had been inoculated in 1998 for 
an earlier trial using two P. lateralis  isolates;  
the field site had recent tree mortality from P. 
lateralis and had been used for seedling 
disease testing in 1998.  
 
 The 29 families consisted of 15 full-
sib families and 14 open-pollinated families, 
and represented 21 parents (Table 1). Nineteen 
of the 21 parent trees originated from four 
USDA Forest Service Ranger Districts in 
southwest Oregon and northwest California 
(Fig.1); the other two parents were from a 
Coos County site (the two CF controls).  In 
several previous tests, three parents (CF1, CF2, 
and 510015) and their seedling offspring were 
consistently among the highest for resistance 
(Sniezko and Hansen 2000; Sniezko et al. 
2000).  Seedling families of these parents are 
used here as high resistance controls.  Three 
selfs and one reciprocal cross were among the 
15 full-sib families (Table 1). A parent was 
represented in one to five crosses as either a 
female or male. Twelve of the open-pollinated 
families were from a containerized breeding 
orchard at Dorena, while two were from seed 
collections in the forest.  Seven parents 
represented by full-sib families were also 
represented by open-pollinated families (Table 
1).  In an earlier 1989 and 1990 evaluation of 
193 parents using a branch inoculation 
technique there was a wide range in branch 
lesion length (BLL) among 19 of the parents 
represented by seedling families here (Table 
1). The 193 parents screened in 1989/1990 
were among the first phenotypic field 
selections by the USDA Forest Service and 
were selected in areas of moderate to high 
disease hazard.  Control crosses were made 
among a subset of these parents and represent 
varying resistance backgrounds (as determined 
by preliminary BLL technique).  These were 
among the first full-sib families tested for 
resistance. 
 
 Both sites were established using a 
randomized complete block with six replicates. 
Each replicate consisted of 2 to 4 seedlings per 
family (an average of 3.3) in a non-contiguous 
plot. Two replicates were established per 
raised bed at OSU. Seedlings from three 
replicates at each site were lifted early in 1999 
(March 31st at OSU, April 26th at CV) to 
examine root lesion development; the 
remaining three replicates were left  to assess 

seedling mortality.  Mortality at OSU was 
monitored weekly through October 15, 1999; 
the CV site was assessed twice in 1999 (June 
and September).  For the 15 full-sib families, 
seedlings from three replicates at each site 
were top-clipped just prior to planting to 
established rooted cuttings for potential 
breeding use.  
 
Test methods 

In the 1989 and 1990 branch test, 
large branches collected from trees selected in 
natural stands were infected by inserting 
mycelium in a wound and scoring branch 
lesion length (BLL) three weeks after 
inoculation.  For the seedling families in 1999, 
root lesion score (LS) represents an early 
evaluation of disease progress and was 
evaluated by removing seedlings from the soil 
in three of the six replicates and rating them 
into six classes based upon the percent of 
length of root with noticeable infection (Table 
2).  For three replicates at OSU and CV 
mortality was recorded at time of initial 
browning of foliage.  At OSU, surviving 
seedlings were lifted and visually checked for 
root infection; at CV, seedlings were left for 
future evaluations.  
 
Analyses 

Variables included in the analyses of 
variance included total mortality (percent) 
through the last assessment in 1999 and root 
lesion score (LS).  The analysis was done by 
site using plot means for the 29 families 
(arcsin square root transformation was used for 
percent mortality).  The 18 female parent 
means from seedling families tested at OSU 
and CV (means of one to three families per 
parent) were used in correlations with the 1990 
branch lesion length (BLL) from eighteen 
selections made in the forest.  BLL for two of 
the 18 parents were from a 1989 test, the other 
16 were tested in 1990.  These 18 parents 
represented a range of areas in northern 
California and southwestern Oregon (Fig. 1). 
The CF1 and CF2 controls were excluded from 
these correlations (not part of the 1989 and 
1990 field selections), and one parent was used 
only as a male.  
 
Results 
Raised Beds - OSU 

For lesion score (LS-OSU) there were 
significant differences among replicates 
(p=.02), but not among families (p=.12). 
Family means ranged only from 2.1 to 3.2, and 
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Fig. 1.  Locations of 18 of the female parents used in 1989/1990 branch lesion 
testing and 1999 seedling tests. 
 
 

replicate means from 2.5 to 2.9.  For 
percentage mortality, differences in family 
means were highly significant (P=0.01), but 
replicate means were not significantly different 
(p=0.08, replicate means ranged from 48% to 
66%). The overall mortality in the raised beds 
was moderate (58.2%) and family mortality 
varied from 0 to 100% (Table 1), with 9 of the 
29 families having less than 50 percent 
mortality.  The 14 open-pollinated families 
varied from 33.3 to 83.3% mortality; the full-
sib families from 0 to 100%.  Three of the four 
families with mortality >80% involved parent 
117344; however, this parent was also 
involved in two crosses that had among the 
lowest mortality, including one full-sib family 
with no mortality.  Three of the top ranking 
full-sib families involved parent 117490, 
including the one full-sib family with no 
mortality.  The four families which included 
the three resistant control parents (CF1, CF2, 
and 510015) each had 30.6 to 50.0% mortality, 
but were not the top performers (Table 1).  The 
family mean correlation between lesion score 
and mortality at OSU (r=0.29) was non 
significant (Table 3). 

 
Field Site –Camas Valley (CV) 

For lesion score, replicate means were 
low, ranging only from 0.55 to 1.10, but were 
significantly different (p=0.04). Families were 
not significantly different for LS (p=0.64), 

ranging from 0.3 to 1.5. For percent mortality, 
there were highly significant differences 
among replicates (p<0.01; replicate mortality 
ranging from 5.5% to 31.0%), but not among 
families (p=0.12; family mean mortality 
ranging from 0 to 50%; 15.4% overall mean 
mortality).  The three high resistant parent 
controls did well for LS and mortality percent, 
except for parent 510015 (50% mortality), 
which unexpectedly ranked last for mortality 
percent in this test (while ranking among the 
top five families for LS).  No other family had 
>33% mortality at this site, and eight of the 29 
families had no mortality. 

 
 The correlation of mortality percent 

and lesion code was significant and negative 
(Table 3). However, this correlation was 
principally due to family 510015, one of the 
high resistance control families, that had 
unexpectedly poor survival on this site in the 
three replicates scored for mortality but did 
well in the three replicates where lesion score 
was recorded. The correlations among CV and 
OSU tests were non significant (Table 3). 
 
Correlations with 1990 branch lesion length 
(BLL) 

The correlations of OSU Mortality 
(r=0.60) and LS (r=0.49) with BLL were 
significant, while the correlations between CV 
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Table 1.  Percent mortality in 1999 raised bed test at OSU for 29 families by female and male 
parent, and parental branch lesion  
length from 1989/1990 testing 
  

Male Female BLL1 
(mm) 1173342 117344 117490 117499 117502 117503 510008 510044 510049 CF2 OrchOP3 WildOP4

117335 12.7 58.3 — — — — — — — — — 75.0 — 
117341 20.4 — — — — — — — — — — 69.4 — 
117344 82.4 — — — — — — — 83.3 — — 66.7 — 
117490 13.1 — 0 — — — — — — — 30.6 55.6 — 
117499 95.6 — — — 91.7 — — — — — — 77.8 — 
117502 51.2 — — — — 44.4 — — — — — — — 
117503 13.8 — — — — — 52.8 — — — — 55.6 — 
117650 17.6 — — — — — — — — — — 77.8 — 
118051 102.1 — — — — — — — — — — 83.3 — 
118562 37.8 — — — — — — 88.9 — — — — — 
118567 21.7 — — — — — — — — — — 33. 3 75.0 
118573 9.5 — 33.3 — — — — — — 66.7 — 33.3 — 
510005 20.3 — — — — — — — 22.2 — — — — 
510008 34.4 — — 33.3 — — — — — — — — — 
510015 19.4 — — — — — — — — — — — 33.3 
510041 50.5 — 80. 6 — — — — — — — — — — 
510044 79.2 — 100 — — — — — — — — — — 
510049 23.0 — — 66.7 — — — — — — — — — 
CF1 — — — — — — — — — — — 50.0 — 
CF2 — — — — — — — — — — — 50.0 — 
1 Branch lesion length (mm) from 1989/1990 testing 
2 BLL for 117334, which was used only as a male parent, was 32.2.mm 
3 orchOP = orchard open –pollinated 
4 wildOP= open-pollinated in the forest 
 
Table 2.  Lesion scale used for OSU and Camas Valley 1999 testing 
 

Lesion 
Score 

Percent of root length with 
infection 

0 0 
1 1 to 5 
2 6 to 33 
3 34 to 60 
4 61 to 99 
5 100 (or infected at root collar) 

 
 
 
Table 3. Correlations  (and significance levels in parenthesis) among sites and testing types for 
OSU raised bed and Camas Valley field site and parental scores from 1990 branch lesion length 
test (BLL). 
 
 CV lesion 

score 
OSU % 
mortality 

OSU lesion 
score 

BLL1 

CV % mortality -0.42 (.02)  0.19 (.33) 0.17 (.36) -0.19 (.44) 
CV lesion score 1 -0.03 (.88) 0.15 (.42) -0.37 (.13) 
OSU % mortality  1 0.29 (.12) -0.60 (.01) 
OSU lesion score   1   0.49 (.04) 
1 18 parents represented in all three tests (female means for OSU and CV crosses, clonal means for 
BLL) were used for the correlations in this column.  Correlations in other columns are scores from all 
29 families 
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ch lesion length of 18 parents vs. percent mortality in raised beds for 18 seedling families 
n basis).  Parent trees are from four ranger districts: Gold Beach, ▲Illinois Valley, 
d Gasquet  

 BLL were non-significant (Table 
e 18 parents evaluated in 1990 for 
ch higher means than the other 14 
e families also had among the 
ality at OSU (Fig. 2) as well as 
highest values for OSU lesion 

 year after planting, the mortality 
s Valley site was too low (15.4%) 
e to provide significant family 
n and future mortality at this site 
itored.  The early assessments at 
raised bed using root lesion score 
t provide significant differences 
ilies and offered no clear 
for general assessment over 
rtality in the raised beds at OSU.  

there were significant family 
n mortality in the raised beds at 
e first year of exposure to P. 
 this test no parent was outstanding 
osses, and this may be partially 
by the low number (<13) of 
r family.  The mean mortality 
) of the five families involving 
0 was much lower than mean of 

es (58.2%).  Despite a wide range 
eans for mortality at OSU there 
relatively narrow range in lesion 
 and no families had LS<2.1 (not 

ne cross that later showed no 
is family had the fifth lowest LS).  
 due to the difficult and subjective 
oot infection and the tendency to 

not assign zeroes for any tree (Wendy Sutton, 
personal communication).  These factors 
would lower the correlation with mortality.  At 
OSU, 28 of the 29 families had at least one 
surviving seedling. When the roots of the 
surviving seedlings in the remaining three 
replicates were examined it was noted that 
most of the surviving seedlings had little or no 
observable infection.  This raised bed trial was 
terminated after one year, but subsequent 
studies are examining whether additional 
mortality occurs in a second year. 
 

The moderate correlation between the 
early 1990 branch lesion test and the current 
raised bed test are encouraging.  It appears that 
this technique may be useful in quick 
screening of new parents from the field and 
would eliminate some of the families that 
would have poorest survival under the raised 
bed testing (although some of these families 
could conceivably still be useful for other 
partial resistance traits). 

 
Test results will vary somewhat by 

test method and environment (Sniezko and 
Hansen, this proceedings). Currently several 
methods, including field plantings, are 
available for testing resistance.  One objective 
of this trial was to examine whether testing in 
raised beds would mimic field test results, at 
least for short-term testing.  At the current 
time, a more definitive answer is pending due 
to the low infection level in the field.  Testing 
in fairly remote, heterogeneous field sites has 
many disadvantages and will likely be used   

 confirm resistance determined 
 well as for long term validations, 

and as demonstrations.  However, there is good 
mortality and family differentiation in the 
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raised beds and this may represent a 
moderately high hazard site.  Several other 
trials currently under analyses will look further 
at this relationship. 

 
 Genetic variation in resistance to P. 
lateralis is evident, but the mechanisms of 
resistance and their inheritance are currently 
unknown and under investigation. More 
rigorous examination of testing methods began 
in 2000 and analyses of the results are 
underway. In addition to the raised bed and 
field tests, a greenhouse (GH) test involving 
root dip inoculation was included. The GH 
method examines resistance where the 
pathogen spreads from the root tip toward the 
root collar from a one time inoculation; the 
raised bed may mimic some higher hazard 
field conditions where inoculum is present 
throughout the root zone and infection with P. 
lateralis may occur at varying points in the 
root system, including near the root collar. 
 

  Only one family at OSU (the highest 
mortality site) had 100% mortality.  Rooted 
cuttings of surviving seedlings from each of 
the full-sib families have been placed in the 
breeding arboretum for future evaluation.  

 
 In a 1996 greenhouse test of 
randomly selected trees from throughout the 
range of Port-Orford-cedar, many families had 
complete or nearly complete mortality 
(unpublished data) and there was only a very 
low correlation between root dip and stem dip 
inoculation techniques.  Results as reported 
here from phenotypic selection in areas of 
moderate to high disease hazard show a 
moderate positive correlation between a quick 
branch inoculation technique used to evaluate 
phenotypic selections from the forest and 
seedling mortality in a raised bed test.  A 
modified branch inoculation technique has 
been used in the first phase of the operational 
disease screening that started in 1997, with 
over 10,000 selections from natural stands 
screened to date (see Bower et al. 2000 for 
some details). 
 
 It is very encouraging to see the 
widespread differences among families in 
mortality in the raised bed test.  Some families 
show excellent survival with this new 
screening method and more comprehensive 
tests already in progress should help better 
evaluate the potential of parents such as 
117490 (which generally did better than 
existing high resistance controls).  Some of the 
tests are also examining mortality rate (there 
was a 76 day range in days-to-mortality among 

the 28 family means in this trial (unpublished 
data)), which may be a useful type of partial 
resistance, especially coupled with further 
breeding. Rooted cuttings of many of the 
surviving seedlings are available and will be 
included in the breeding arboretum or used for 
further testing.   
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