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SUSCEPTIBILITY OF PACIFIC NORTHWEST CONIFERS TO PHYTOPHTHORA 
ROOT ROT1 
  
Phytophthora species cause varying amounts of damage to bareroot conifer seedlings in the 
Pacific Northwest. Many conifer species are susceptible to Phytophthora (4, 5, 7). Although 
infection and mortality of seedlings is usually confined to nurseries, stock quality and survival of 
infected seedlings after out-planting may also be adversely affected (6). 
 
Damage in nurseries is most severe in fields with heavy soil or topography that favors water 
accumulation. Although phytophthora root rot can be effectively controlled with fungicides (2), 
an integrated control program is recommended to ease the selection pressure on the fungi that 
results in development of resistant strains (1). One aspect of an integrated program involves 
planting tolerant tree species in the Phytophthora-infested nursery soils.  
  

By considering the relative susceptibility 
of different conifer species to 
Phytophthora, nursery managers can 
select tolerant species for problem areas 
of the nursery. 
 

Previous work (4, 7) showed western red cedar (Thuja plicata) to be immune to infection by 
Phytophthora species; white fir (Abies concolor), sugar pine (Pinus lambertiana) and ponderosa 
pine (Pinus ponderosa) to be tolerant; and Douglas-fir (Psuedotsuga menziesii), western 
hemlock (Tsuga heterophylla), noble fir (A. procera), Pacific silver fir (A. amabilis), and 
California red fir (A. magnifica) to be susceptible. 
  
Several important western conifers have not yet been tested. A more complete knowledge of the 
relative susceptibility of the majority of conifer species grown in Pacific Northwest nurseries to 
Phytophthora would give nursery managers a greater selection of tolerant tree species for 
problem areas in their nurseries. 
 
In this research, we evaluated the susceptibility of 11 conifer species (including 9 that had not 
been tested previously) to the more common species of Phytophthora found in bareroot nurseries 
in the Pacific Northwest. 
 
 
 



• Methods 
 
One-year-old bareroot seedlings of the following species were tested: mountain hemlock (Tsuga 
mertensiana), incense cedar (Libocedrus decurrens), east-side Douglas-fir, west-side Douglas-
fir, Sitka spruce (Picea sitchensis), Engelmann spruce (P. engelmannii), ponderosa pine, 
lodgepole pine (Pinus contorta), western white pine (P. monticola), western larch (Larix 
occidentalis), grand fir (Abies grandis), and California red fir. East-side and westside refer to 
seed sources originating on the east and west sides of the Cascade Mountains. Douglas-fir, 
ponderosa pine, and California red fir had been previously tested (4) and were used as reference 
points to allow for comparisons with previous studies. 
 
The five most commonly isolated species of Phytophthora were used: P. cactorum, P. cryptogea, 
P. drechsleri, P. megasperma, and P. pseudotsugae. All were originally isolated from conifers 
grown in Pacific Northwest nurseries or seed orchards. Seedlings were transplanted into the 
inoculum-soil mix. Potted seedlings were placed on a greenhouse bench and watered to 
saturation daily. 
 
Seedlings were observed daily for development of symptoms of Phytophthora infection. Above-
ground symptoms included chlorosis, wilting, and mortality. Root symptoms included reddish-
brown discoloration of cambium and missing or rotted fine roots. 
 
• Results and Discussion 
 
The percentage of killed seedlings for each host species pooled over all five Phytophthora 
species and the percentage of seedlings from which inoculated Phytophthora was recovered are 
presented in Table 1. 

 
Mountain hemlock and California red fir 
suffered the highest mortality. 
 

No mortality occurred in lodgepole and ponderosa pine and western larch. Other host species 
showed intermediate mortality. Over twice as many Douglas-fir seedlings from the east-side seed 
source were killed compared to those of west-side origin. Generally, the highest reisolation rates 
were obtained from seedling species showing the highest mortality. 
 
Table 1 - Mortality and reisolation of  Phytophthora spp. for each of 11 
inoculated conifer species 

conifer species % killed % 
Ponderosa pine 0.0 4.0 
Lodgepole pine 0.0 8.0 
Western larch 0.0 55.0 
Western white pine 2.0 29.2 
West-side Douglas-fir 6.0 12.5 
Incense' cedar 6.0 20.0 
Sitka spruce 6.0 20.0 
Englemann spruce 12.5 50.0 



East-side Douglas-fir 14.0 46.2 
Grand fir 17.5 35.0 
California red fir 22.0 56.0 
Mountain hemlock 27.5 57.1 

 
*Percent of seedlings from which inoculated Phytophthora was reisolated. 
 
The average root rot rating for each host-fungus combination is presented in Table 2. The 
amount of root rot was greatest in California red fir and least in lodgepole and ponderosa pine. 
Mountain hemlock and Douglas-fir showed relatively severe root rot, with average root rot 
ratings greater than 1 (over 25% of root system killed). 
 

The amount of root rot was greatest in 
California red fir and least in lodgepole and 
ponderosa pine. 
 

Western larch, Engelmann and Sitka spruce, incense cedar, grand fir, and the pines all showed 
relatively low amounts of root rot, with average root rot ratings of less than 1. East-side and 
west-side Douglas-fir showed similar amounts of root rot overall even though percent mortality 
was different (Table 1). A more extensive study is needed to determine if differences in 
susceptibility between Douglasfir seed sources are significant. 
 

Phytophthora cryptogea and Phytophthora 
cactorum were the most aggressive species 
tested. 
 

Phytophthora cryptogea and Phytophthora cactorum were the most aggressive of the 5 
Phytophthora species tested. They caused the most mortality and the most severe root rot. 
Phytophthora megasperma Group 2 and Phytophthora drechsleri were the least pathogenic. 
Phytophthora pseudotsugae was intermediate. 
 
Table 2 - Average root rot ratings for 11 conifer species from the Pacific Northwest 
inoculated with species of Phytophthora 

Conifer species     Control 
P. mega- 
sperma 

P. drechs-
leri 

; P. pseudo- 
tsugae 

P. cact- 
orum 

P. crypt 
ogea average 

Lodgepole pine 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 
Ponderosa pine 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0
Western larch 0.0 a 0.0 a 0.0 a - 0.2 a 0.4 a 0.12
Western white pine      0.1 a 0.0 a 0.1 a 0.3 a 0.8 a 0.3 a 0.27
Sitka spruce 0.0 a 0.0 a 0.0a 0.0 a 1.5 a 0.9 ab 0.40
Engelmann spruce      0.0 a 0.1 a 0.1a 0.0 a 1.5 ab 2.1 b 0.63
Incense cedar 0.8 ab 1.0 ab 0.6 ab 0.0 a 0.2 ab 1.9 b 0.75
Grand fir 0.5 a 1.2 a 0.8 a - 0.0 a 2.1 a 0.92
Douglas-fir (west-side)0.0 a 0.6 ab 1.4 abc 2.6 c 2.2 c 2.0 bc 1.47
Mountain hemlock    0.0 a 0.5 ab 2 .3  c - 1.9 bc 4.0 d 1.74
Douglas-fir (East-side) 03 a 0.9 a 0.6 a 43 b 3.1 b 1.8 a 1.83
California red fir 1.8 ab 1.9 ab 0.5 a 3.5 b 3.0 b 3.6 b 2.38 



Mean root rot rating 0.29  0.52 0.58 1.19 1.46 1.59  

Root rot ratings: 0 = 0 to 10%, 1 = 11 to 25%, 2 = 26 to 50%, 3 = 51 to 75%, and 4 = 76 to 100% 
root rot. Ratings in each horizontal row followed by the same letter do not differ significantly 
according to Duncan's new multiple range test (P.05). 
  
• Conclusions 
 
Based on results from this and previous tests and field observations (4, 7), the relative 
susceptibility of various conifers to Phytophthora species found in nurseries in the Pacific 
Northwest can be listed as follows: 
 

Highly tolerant: western red cedar, lodgepole pine, 
ponderosa pine, western larch 
 
Tolerant: incense cedar, Sitka spruce, Engelmann 
spruce, western white pine, sugar pine 
 
Susceptible: white fir, grand fir, Pacific silver fir,  
Douglas-fir 
 
Highly susceptible: mountain hemlock, western 
hemlock, noble fir, California red fir 

  
• Recommendations 
 
Knowledge of relative susceptibility of hosts and pathogenicity of various Phytophthora species 
should be useful to northwest nursery managers when they plan sowing and transplanting 
locations. Highly susceptible species should never be placed in disease-conducive areas. Tolerant 
or susceptible species, if placed in disease-conducive areas, should be given cultural or chemical 
treatments to reduce the likelihood or severity of disease. Highly tolerant species can be put in 
disease-conducive areas with relatively little risk. 
 
Some caution should be exercised, though, when predicting field outcome from greenhouse 
results. Changes in the pathogen population characteristics, the existence of different, more 
aggressive isolates in nursery fields than those used in greenhouse tests, or ideal field 
environments may result in severe disease in hosts previously thought tolerant. An integrated 
control program, incorporating both cultural and chemical practices, is recommended (1). Such a 
program would include: 
 
1. Proper soil management, ensuring adequate drainage through and over the soil. 
  
2. Irrigation practices that avoid constantly saturated soils. 
 
3. Removal of chronic wet areas from production. 
 
4. Use of tolerant tree species in diseased or disease-conducive areas. 



 
5. Good sanitation practices to insure that diseased seedlings or soil do not contaminate 
disease-free areas. 
 
6. Pre-sowing fumigation, if economically, socially, and environmentally feasible. 
 
7. Fungicide applications for high-risk seedlings (very susceptible seedlings and seedlings 
planted in diseased areas or disease-conducive areas). 
 
The authors thank Ellen Michaels Goheen for assistance with the seedling inoculations and the 
Wind River and J. Herbert Stone Nurseries for the seedlings used in this study. 
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1Excerpted from: Tree Planters' Notes 40(1):15-18, 1989 
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