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tract.   A non-native root disease, caused by Phytophthora lateralis, is causing widespread mortality 
ughout the range of Port-Orford-cedar (Chamaecyparis lawsoniana).  In 1997, the Forest Service 
 Bureau of Land Management in collaboration with Oregon State University initiated an operational 
ding program for resistance.  Over 1000 parent trees ranked high in a branch lesion test are being 

luated further. The frequency of resistant candidates is low, and depends on the criteria used to 
ne a candidate as resistant. Large differences in survival among families occur, often varying from 
 to 100%.  The oldest field tests indicate good survival through 12 years for rooted cuttings and 
lings of top parents.  Some results from crossing suggest a major gene for resistance, but some 

erences exist among the different types of tests, especially for one of the more resistant families.   
 number and types of resistance mechanisms are unknown, and may be difficult to discern without 
nostic races of the pathogen.  Breeding in Port-Orford-cedar can be done at a very early age, 
uring the development of increasing levels of resistance.  Management activities that reduce the 
ad of the pathogen, the size of the pathogen population, and the introduction of new strains will aid 
eveloping durable resistance. 

oduction 
Since 1952, an introduced root 

ogen, Phytophthora lateralis Tucker & 
brath, has spread throughout much of the 
ve range of Port-Orford-cedar 
amaecyparis lawsoniana (A. Murr.) Parl.) 
ing large and small trees.  Even earlier, it 
ad through the horticultural industry in the 
ific Northwest where Port-Orford-cedar 
 been a valuable ornamental species.   
rts are being made to stem the further 
ad of the disease in southwestern Oregon 
 northwestern California (Goheen et al. 
0). The development of resistant 
ulations offers the opportunity to use this 
cies in restoration and reforestation 
tings as well as in horticulture. 

The existence of genetic resistance to 
lateralis has been known since the late 
0’s (Hansen et al. 1989; Sniezko and 
sen 2000; Sniezko et al. 2000).  Following 
ll-scale selection efforts in the early 
0’s, the USDA Forest Service and USDI 
eau of Land Management began a joint 
rational selection and breeding program in 
7 (Sniezko and Hansen 2000).  The BLM 
 Forest Service have coordinated the 
notypic selections that have been made 
ughout much of the species range on a 
e variety of ownerships, including National 
ests, BLM Districts, Redwood National 
k and private lands.  Over 9700 selections 
e undergone initial evaluation using a 

branch dip technique (Bower et al. 2000).  
Rooted cuttings from the top parent trees 
selected from this initial branch dip screening 
are established in a breeding arboretum at the 
Forest Service’s Dorena Tree Improvement 
Center in Cottage Grove, Oregon.  These 
selections undergo further testing and are used 
in breeding. 

 
Despite the relatively small natural 

range of Port-Orford-cedar, the species has 
moderate levels of genetic variation 
(Kitzmiller and Sniezko 2000; Zobel et al. 
2001).  For breeding purposes the range of 
Port-Orford-cedar has been divided into six 
breeding blocks with elevation zones based on 
early results of common garden tests (Jay 
Kitzmiller and Jim Hamlin, personal 
communication). 

 
P. lateralis is a root pathogen that 

causes infection mainly through unsuberized 
growing tips of small rootlets, particularly in 
cool, wet environments.  Primary vectors of 
spread include vehicles and animals. 

 
 The presence of a low frequency of resistance 
in natural populations of Port-Orford-cedar, a 
high number of phenotypic selections, and 
early flowering potential in this species (Elliott 
and Sniezko 2000) make us cautiously 
optimistic about the potential of developing 
durable resistance.  Breeding efforts are 
underway and the first operational 
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containerised seed orchards have been 
established.  Objectives of the program include 

developing durable resistance for populations 

of Port-Orford-cedar while maintaining 
adaptability, genetic variation and growth 
potential. With evidence for at least one type 
of strong resistance, and operational seed 
orchards in some breeding zones set to produce 
good cone crops in fall 2002, it is an opportune 
time to reflect on the status of the program, the 
utilization of this resistant material and the 
potential for developing durable resistance. 

 
Current Status 
Overall 
 More than 1000 of the initial field 
selections passed the first phase of selection 
using a branch dip inoculation technique.  
Most of these selections are currently in the 
breeding arboretum at Dorena Tree 
Improvement Center, and rooted cuttings from 
these trees are now being tested to confirm 
resistance. 
 
 A breeding program is in progress to 
help confirm inheritance patterns and provide 
families to make selections for the operational 
program.  Identification and evaluation of 
mechanisms of resistance is also underway.  
Provenance tests have been established to help 
gather long term data on adaptability and seed 
source movement to help refine the breeding 
block guidelines established by seedling 
common garden tests.  Field tests are being 
established to validate screening tests, examine 
the durability of resistance and provide 
demonstrations of resistance.  Seed orchards 
are being organized by breeding zone as 
information from resistance screening becomes 
available.   Techniques have been refined to 
induce seed production at an early age which 
will shorten the time to complete breeding 
cycles and start the production of resistant 
seed.  Resistant seed from the first cycle of 
selection should be available in fall 2002 for 
some breeding zones. 
   
Testing Method 

Several methods have been used to 
assess resistance in Port-Orford-cedar, and the 
results vary somewhat depending upon the 
testing method (Table 1).  In the initial testing 
phase (selections from natural stands) branch 
test techniques were used to quickly assess 
thousands of trees (Bower et al. 2000), but the 
correlation with results from root test 
techniques has only been weak to moderate 
(Sniezko et al., this proceedings; also, 
unpublished data).  As the breeding program 
proceeds, a root test will likely be utilized and 
therefore only root testing techniques will be 

discussed here.  Table 1 presents an overview 
of results of first-year mortality from a 2000 
test of 44 open-pollinated seedling families 
involving three testing methods: a greenhouse 
test (using a root dip technique), a raised bed 
test, and a field test.  Seed for the tests were 
collected from a containerized greenhouse 
orchard.  In the 2000 testing, all three methods 
provided good differentiation among seedling 
families, with each test showing a wide range 
in percent mortality.  Also noted in Table 1 is 
the percent mortality of rooted cuttings of the 
resistant control (CF1) in three adjacent tests.   

 
All three methods have their potential 

advantages. The greenhouse test (involving 
root dip inoculation) is relatively quick, 
inexpensive, and can handle a large number of 
seedlings and rooted cuttings, but provides 
only short-term testing (usually one year).  The 
raised bed test is intended to more closely 
mimic field test results but to provide a more 
convenient and controlled environment; 
seedlings can be evaluated for two or three 
years.  The field test lends itself best to long-
term evaluation and monitoring for changes in 
virulence of the pathogen or changes in the 
environment that may affect the resistance of 
the host; it also has the best potential for the 

 
Table 1.  Variation among  families in  
P. lateralis mortality from three test  
methods 
 
 

Test Location  
 
 
Parent 

GH 
Root 
Dip 

Raised 
Bed 

Camas 
Valley 

7490 0 38.9 8.3 
510005 25.0 33.3 0 
CF1 50.0 50 25.0 
117499 83.3 66.7 50 
510044 66.7 75.0 75 
70102 100 91.7 100 
44 families1 67 77 59 
CF1 r.c2 0 0 0 
1 Mean of 44 open-pollinated families 
2 Rooted cutting ‘Control’ in adjacent test at 
 all 3 locations 
 
demonstrations for land managers and the 
public.  However, field sites are less controlled 
and adequate levels of infection needed for 
resistance testing may take several years or 
more.   
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There appears to be reasonable agree- 
ment among the results of the three testing 
methods (Table 1).  However, although it is 
still among the top families in all tests, family 
117490 has noticeably more mortality in the 
raised bed test. This was the only family with 
no mortality in the greenhouse, but it had 39 
percent mortality in the raised bed test.   The 
greenhouse test uses a root dip inoculation in 
which the pathogen infects the seedlings at the 
bottom of the root system and travels the 
length of the roots to the root collar before 
mortality occurs.  In the raised bed test, 
inoculum would be present throughout the soil 
and could potentially infect seedlings 
throughout the root system.  In other 
greenhouse testing, 117490 has shown little or 
no mortality across a range of control crosses, 
and no other parent has performed as 
consistently outstanding in seedling progeny 
(unpublished data).  Whether this is an 
indication of a major gene for resistance is 
being investigated; if so, it appears the 
resistance is somewhat relative to the test 
environment. 

 
Another interesting point from Table 

1 is the presence of no mortality in rooted 
cuttings of the high resistant control (CF1) 
across all three testing methods.  The root 
system of rooted cuttings (or at least CF1) may 
differ enough from seedlings that infection is 
more difficult; or CF1 may have a different 
type of resistance than 117490.  Additional 
data on how these three testing methods relate 
is currently being compiled and summarized. 

 
Long-term field results 

Current data suggests that P. lateralis 
has only been in the native forests since around 
1952, and resistance was only generally 
acknowledged to exist in the late 1980’s.  Data 
from several small plantings established in the 
late 1980’s and early 1990’s indicate that 
seedlings or rooted cuttings from resistant 
families or parents that survive through the 
first year or two are generally still alive 5 to 10 
years later (Sniezko and Hansen 2000).  In 
addition, field visits to some of the first 
selections such as 510015 show that they are 
still alive 10 years later despite being 
surrounded by dead trees (Chuck Frank, pers. 
comm..). Given these factors the evidence to 
date gives room for cautious optimism in 
developing resistant populations. 

  
Knowledge of P. lateralis 
 The lack of much known genetic 
variability at the molecular level (McWilliams 
2002), and relatively slow rate of spread of this 

pathogen are encouraging from a resistance 
program standpoint.  There is some variability 
in growth of P. lateralis isolates in lab culture, 
but it is unknown at this point what 
ramifications this might have on resistant 
populations.  The origin of P. lateralis is 
unknown and it is possible that more virulent 
strains may exist.  More information on this 
pathogen and its evolutionary potential should 
allow us to optimize resistance breeding 
options (McDonald and Linde 2002). 
 

 No strains of P. lateralis virulent to 
the most resistant Port-Orford-cedar selections 
are known to exist, but this may be partly due 
to the low frequency of high resistant trees in 
the forest, a relatively low degree of 
monitoring, and the relatively recent initiation 
of a resistance program.  Further work to 
examine variability in virulence is being 
planned.  The raised bed test allows us to 
maintain a small, high hazard environment that 
can be repeatedly used for testing resistant 
trees.  The large number of P. lateralis spores 
available and the high frequency of resistant 
genotypes being tested in the raised beds 
should make this an ideal site for monitoring 
the potential for increased virulence in the 
pathogen population. 

 
Resistance to P. lateralis 

The available information on 
resistance in Port-Orford-cedar is increasing 
rapidly with results from recent tests.  Most of 
the information to date has been compiled 
from the relatively few resistant selections 
made before 1991 (Sniezko and Hansen 2000; 
Sniezko and others, this proceedings) and 
before the large number of phenotypic 
selections were made for the operational 
program that began in 1997.  Until recently, 
only rooted cuttings or seedling families from 
a few parents such as CF1, 510015, and 
117490 were known to exhibit ‘strong’ 
resistance (relatively high survival in testing 
relative to other parents).  Information on the 
nature of this strong resistance (number of 
mechanisms, inheritance, durability) is limited, 
but further examinations are underway.  The 
conservative assumption that will be used for 
planning is that this strong resistance is from 
one major gene (one R gene) and is the same 
among all families showing relatively high 
survival in tests.  This assumption may help 
optimize planting strategies and avoid some 
potential pitfalls of utilizing resistance or 
managing the resistance program (Pink 2002; 
McDonald and Linde 2002).  P. lateralis 
spreads in water and with soil movement.  
Even if a virulent strain arose at one site the 
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new strain would spread only slowly as long as 
forest sanitation measures are maintained. 
However, current and future investigations 
should provide more information.   

 
A preliminary examination of recent 

testing results indicates that there may be at 
least one type of partial resistance as indicated 
by mortality rate differences among seedling 
families or rooted cuttings of different parents.  
Further work is underway to confirm these 
differences.  This type of resistance could be 
an important component for low hazard sites or 
for use in conjunction with other resistance in 
developing durable resistance.  However, if it 
does exist, further breeding would likely be 
needed to make this partial resistance more 
useful, particularly on higher hazard sites.   

 
Resistance is an important manag-

ement tool in maintaining Port-Orford-cedar in 
areas at risk for P. lateralis; however, other 
management practices that minimize the 
spread of the pathogen or reduce site hazard 
may greatly increase the potential durability of 
resistance. 

 
The operational containerized seed 

orchards at Dorena contain a mixture of parent 
trees, many of which have at least the strong 
type of resistance.  These orchards will provide 
a mixture of genotypes for planting.  
Validation plantings from this seed can be 
established to assess the increase in resistance 
under field conditions over the use of seed 
from general forest collections.  The orchards 
can be easily modified yearly to include the 
latest selections and any different resistance 
mechanisms as new information becomes 
available.   

 
Use of resistant trees (Maintaining resistance) 
 There is currently a reluctance to 
grow Port-Orford-cedar in the Pacific 
Northwest, because of the disease.  Potential 
applications for resistant trees include 
restoration plantings, general reforestation and 
ornamental use.  Resistance is potentially a 
great tool in the management against this 
exotic pathogen, and the way in which it is 
utilized may influence its durability. Port-
Orford-cedar is a long-lived tree species and a 
primary goal is to obtain resistance that will 
maintain the species over time in ecosystems 
already infested with P. lateralis.   Crop 
breeders often work with a lack of information 
about variability and race structure of the 
pathogen, focus on major gene resistance, and 
are constrained by a focus on crop uniformity 
(Pink 2002).  It is intended that the P. lateralis 

resistance program for Port-Orford-cedar will 
differ radically in several ways from 
conventional resistance programs associated 
with crop or horticultural breeding and poplar 
tree breeding.  Among these differences: 
resistance is the main focus of the program, 
breeding zones have been established to help 
ensure long-term adaptability, and diverse 
populations of genotypes will be utilized in 
most plantings.  However, the number and type 
of resistance mechanisms may be difficult to 
discern without diagnostic races of the 
pathogen. 
 

Forest sites vary greatly in their 
relative disease hazard and there may be cases 
where seedlings with a different array of 
resistance mechanisms could eventually be 
planted.  Planting resistant material of any 
nature is likely to reduce the incidence of 
disease since the frequency of suitable hosts 
will be less.  Management activities that 
reduce disease hazard would also help lessen 
the likelihood of pathogen evolution.   

 
The size and density of a planting can 

influence pathogen evolution.  However, most 
plantings on federal lands are likely to be small 
and Port-Orford-cedar is generally mixed with 
other species.  These lower density plantings 
should also help reduce the overall selective 
pressure on the pathogen and help maintain 
resistance.  Most ornamental plantings will 
also be small.  Port-Orford-cedar plantations 
established by private landowners will be 
larger, but still relatively small and this should 
help minimize the development of virulent 
strains. 

 
A combination of factors makes this 

one of the fastest moving resistance programs 
for forest trees in the world.  In theory, the 
current federal program allows consideration 
of long-term as well as short-term needs.  This 
should allow us to continue beyond the early 
dramatic resistance we currently see and 
toward ensuring durable resistance.  
Ultimately, support from federal and 
nonfederal land managers will help decide the 
success of the breeding program. 

 
In summary, due to the tremendous 

cooperative efforts of many people in making 
field selections and evaluating them, the 
relatively low evolutionary potential and slow 
spread of the pathogen, management protocols 
for reducing inoculum levels and slowing the 
spread, and the biology of Port-Orford-cedar, 
great early advances have been made in 
increasing our knowledge of resistance.  
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Resistant seedlings should be available in the 
near future. The next five years have the 
potential for greatly increasing our knowledge 
of the underlying mechanisms and inheritance 
of resistance, more fully developing the 
resistant base populations for each breeding 
zone, and beginning restoration and 
reforestation efforts of Port-Orford-cedar. 
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