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Non-native Root Rot Pathogen Phytophthora 
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 Abstract—Genetic resistance to Phytophthora lateralis in Port-
Orford-cedar (POC) provides a management tool for restoration 
and reforestation in areas heavily impacted by this non-native 
pathogen. Since it began in 1997, an operational program to 
develop resistant populations of POC has made rapid progress in 
some breeding zones. Seed is now available, but additional 
selections from natural stands are needed for other breeding zones. 
In greenhouse tests, the best resistant seedling families have 50 to 
100 percent survival versus no survival for the most susceptible 
families. Families also vary in time to mortality in greenhouse 
testing. In young field validation trials, resistant families are 
showing good potential, but more time is needed for assessing 
durability of resistance. A few field selections from 1989 and 1990 
confirmed as resistant in greenhouse testing have been revisited 
and continue to thrive. Investigations into the nature of the 
resistance mechanisms and their inheritance are underway. Future 
needs of the program are discussed. 

Introduction____________________ 
Since 1952, a non-native, invasive pathogen, Phytophthora 
lateralis, has been spreading throughout the native range of 
Port-Orford-cedar (Chamaecyparis lawsoniana). This root 
rot kills seedlings as well as large trees, particularly in 
riparian areas (Casavan and others 2003; USDI-BLM and 
USDA-FS 2004). Some management tools are available for 
slowing the spread of P. lateralis (Goheen and others 2000; 
Goheen and others 2003a; USDI-BLM and USDA-FS 
2004). Use of genetic resistance may be key in efforts to 
restore heavily impacted areas. 

The first indication in Port-Orford-cedar (POC) of genetic 
resistance to P. lateralis was noted in the 1980s (Hansen 
and others 1989; Sniezko and others 2003c). Since then, 
greenhouse and field studies have confirmed genetic 
variation in susceptibility to P. lateralis, the low frequency 
of resistance in natural POC populations, and some 
understanding of the inheritance of resistance (Sniezko and 
Hansen 2003; Sniezko and others 1996; Sniezko and others 
2000; Sniezko and others 2003a; Sniezko and others 2003b; 
Sniezko and others 2003c; Sniezko and others this 
proceedings). An examination of some of the underlying 
mechanisms of resistance is also underway (Eun-Sung Oh, 
personal communication) 
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This paper briefly summarizes my presentation from the 
genetic resistance panel at this conference (with some 
updates). It covers aspects of the operational breeding 
program, what is known about the resistance, and questions 
for the future. Further information is available from cited 
papers and at www.fs.fed.us/r6/dorena. 

Resistance Program Overview ____ 
In 1997, the USDA Forest Service (FS) and USDI Bureau 
of Land Management (BLM), in cooperation with Oregon 
State University (OSU), began an operational program to 
develop resistant populations of POC for use by land 
managers. Breeding zones have been established based 
upon common garden tests (Kitzmiller and Sniezko 2000; 
Kitzmiller and others 2003; Jim Hamlin and Jay Kitzmiller, 
personal communications) (see figure 1 for breeding 
blocks). Elevation bands within breeding blocks have been 
used to define breeding zones.  

The first stage of the operational resistance program 
involved selecting thousands of candidate trees to test for 
resistance. Most of the earliest selections were made in 
Oregon in high disease areas. Parents confirmed as resistant 
are used to establish seed orchards to provide genetically 
diverse seedling populations with resistance to P. lateralis. 
A major emphasis of the program is to strive to maintain 
broad genetic diversity in restoration populations; this 
differs fundamentally from many horticulture and crop 
breeding endeavors (in which crop uniformity is often 
paramount). It is unlikely there is sufficient resistant POC 
in the highest hazard areas to provide large trees for the 
future without restricting the genetic variation. The 
resistance program brings together naturally occurring 
resistant trees from the same breeding zones. 

Since 1997, over 10,000 field selections have been tested 
using the stem dip method (see Bower and others 2000 for 
summary of the first 7000 selections). The top ten percent 
of these candidates (approximately) undergo a second phase 
of testing using rooted cuttings (root dip test). 
Approximately 500 of the parents have been through this 
second phase of testing, and about 100 of these appear to be 
resistant (100 percent survival); an additional 160 some 
parents show about 50 to 90 percent survival. Further 
investigation of these parents is underway. Most of the 
early selections have been in the most northwestern 
breeding block (BB1 in figure 1). 
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Figure 1—Delineation of six Port-Orford-cedar breeding 
blocks and locations of (a) all candidate trees Stem Dip 
tested, (b) top ranked trees from first phase of testing (stem 
dip testing), and (c) top ranked trees in the second phase of 
testing (root dip inoculation; progeny had 50 to 100 percent  
survival in test of 6 rooted cuttings). Note: only 50 percent of 
stem dip winners have been tested through 2003). 

Containerized seed orchards have been started for several 
breeding zones, and the first seed was produced in Fall 
2002. Seed has already been sown for restoration and 
reforestation activities on federal and private lands. Control 
pollinations are being used to generate full-sib families for 
evaluation using the root dip test. 

The number of resistance mechanisms and their inheritance 
is under investigation. At this preliminary stage, two groups 
of resistant families appear evident from greenhouse tests—
1) families that show high survival and 2) families that 
show longer time to mortality (‘slow dying’). In greenhouse 
testing, some parents show very high survival (50 to 100 
percent) as rooted cuttings or as full-sib families versus no 
survival for many of the most susceptible parents (table 1; 
and Sniezko and others, this proceedings). In greenhouse 
testing, time-to-mortality varies by 50 percent or more 
among families, with a very few families showing much 
slower mortality. Further confirmation is underway (figure 
2, also Sniezko and others, unpublished data). Traits such as 
‘high survival’ may have immediate utility in field 
plantings while more information is needed on the ‘slow 
dying’ response (and further breeding may be needed). 

The underlying nature of resistance is currently under 
investigation. Preliminary results from a study at OSU 
showed that 24 hours after root inoculation with zoospores, 
a susceptible family had more cysts than the resistant 
family tested (Eun-Sung Oh, personal communication). The 

hyphal growth in the susceptible family was faster than in 
the resistant family following stem inoculations (mycelium 
was used to inoculate, and the stem was examined four 
weeks later). Fewer hyphae in the resistant family 
suggested that there may be a defense response in resistant 
families against P. lateralis (Eun-Sung Oh, personal 
communication). 
Table 1—Percent mortality in seedling families at ten 
months in the greenhouse root dip trial, results from 2000 
test 
 Male Parent  
Female 
Parent CF1 CF2 510049 510008 118569 117344 Mean 

118573  58 50   33 47 
117490  0 6a   0 2 
510042 67a   71a 100a 63a 

92 
79 

118562 38a  72a 42 89a 54 59 
510041 67 25    56 49 
510044 42 61 83a  94a 61a 

56 
68 

OP 39a       
Mean 51 36 53 56 94 46  
a Reciprocal cross 

Field tests have been established (primarily since 2000) to 
examine field resistance and its durability. In general, the 
survival in field tests correlates well with greenhouse tests 
(for example, see figure 3; Sniezko and others 2000). There 
are exceptions and further investigation is needed. The 
numerous phenotypic field selections made since the 
program began (over 10,000, many now confirmed as 
resistant or susceptible) provide an opportunity for 
monitoring in the field. Several candidate trees (such as 
510015, 510005, and 117490—selected in high disease 
hazard areas prior to 1991 and shown to be resistant in 
greenhouse testing) have been revisited and found to be 
alive and healthy (Chuck Frank and Leslie Elliott, personal 
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communications). Further investigation of the status of 
confirmed resistant parents is planned. How different field 
environments (for example, soil temperature and sustained 
flooding of low areas) influence effectiveness of resistance 
is currently unknown. 

 
Figure 2—Mortality rate (days to mortality versus percent-
age mortality for Port-Orford-cedar families in a 2001 
greenhouse resistance test. 

P. lateralis has shown relatively little genetic variation 
(Goheen and others 2003b; McWilliams 2000). Coupled 
with the relatively low spread and population sizes of P. 
lateralis, the evolutionary potential of a pathogen such as P. 
lateralis may be low. Therefore, resistance on most sites 
may have a high likelihood of being durable (McDonald 
and Linde 2002). 

 
Figure 3—Proportion mortality of 26 families in 2000 green-
house test (OSU root dip) and field site (Camas Valley). (r = 
0.84) 

Federal land managers are currently evaluating options in 
managing POC in P. lateralis-infested areas, and resistant 
seedlings may play a key role on some sites (USDI-BLM 
and USDA-FS 2004). In addition, private landowners are 
very interested in the availability of resistant POC, and the 

joint U.S. Forest Service–BLM effort is currently the only 
source for seed.  

Future Needs___________________ 
1. Additional selections to increase the genetic base of 

resistance in some breeding zones. Some breeding 
zones require evaluation of more than 1000 additional 
candidates. 

2. Completion of second phase (root dip inoculation and 
assessment) of resistance testing for remaining 
candidates. 

3. Establishment of seed orchards for all breeding zones 
in which resistant seed is needed. Production of 
resistant seed with a broad genetic base for each zone. 

4. Further elucidation of resistance mechanisms, their 
underlying nature, and their inheritance.  

5. Further evaluation of field plantings. This will be key 
to discerning whether resistance is durable. Are the 
resistance mechanisms exhibited in the greenhouse 
trials equally effective in the field? The resistant 
material consistently has higher survival than the 
susceptible material. However, survival of the resistant 
material is sometimes less than in controlled green-
house testing. It should be noted that these sites are 
often visited only annually, and it can be difficult to 
definitively discern the cause of mortality on young 
seedlings. Within sites currently classified as high 
hazard, there may be differences in mortality. Some 
sites have standing water for sustained periods, and 
these may be the highest hazard especially to young 
seedlings. Is foliage on very small seedlings also an 
infection court, thus bypassing root defense 
mechanisms?  

6. Examination of the susceptibility of very young 
resistant seedlings in the field. Small resistant seedlings 
or rooted cuttings may be more susceptible (first few 
years after planting) than larger resistant trees. 

7. Monitoring the durability of resistance. Field trials will 
eventually give good data on this, but the 1000’s of 
parent trees selected can also serve a monitoring 
function. Some of the oldest confirmed resistant trees 
have recently been revisited and are still alive. In the 
future, additional selections will be visited. 

8. Further summary of the resistance data to refine 
estimates of the frequency of natural resistance and 
geographic trends in resistance.  

9. More knowledge about P. lateralis and its genetic 
variation and the geographic origin of this pathogen. 
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Maintaining genetic diversity is a major focus of the 
resistance breeding program. A proposal is in 
preparation to investigate the levels of genetic variation 
in the resistance populations (Kolpak and Sniezko, 
personal communication). 

10. Planting strategies for using resistant Port-Orford-
cedar. Do resistant trees ‘harbor’ P. lateralis? 

Summary of Program____________ 
Most Port-Orford-cedar trees are very susceptible to 
Phytophthora lateralis, but useable levels of natural 
resistance to this non-native pathogen exist. POC is highly 
amenable to a program to quickly evaluate resistance and 
produce resistant seedlings. Seed production can be 
accomplished on very young trees in pots (figure 4) (Elliott 
and Sniezko 2000), and this permits rapid updating of 
orchards as new selections are made or as breeding 
increases the level of resistance. Cooperation among FS, 
BLM, OSU and others coupled with the silvics of POC 
have led to rapid early progress in developing resistant 
populations. Continued progress is expected. Monitoring of 
field validation plantings will provide information on the 
durability of genetic resistance. Few, if any, operational 
resistance programs for forest trees have made such rapid 
progress.  

 
Figure 4—Pollination bags on Port-Orford-cedar in a 
containerized seed orchard. 
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