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Stream Monitoring for Detection of Phytophthora ramorum  
in Oregon Tanoak Forests 

W. Sutton, E. M. Hansen, and P. W. Reeser, Department of Botany and Plant Pathology, Oregon State University, 
Corvallis 97331; and A. Kanaskie, Oregon Department of Forestry, Salem 

Phytophthora ramorum Werres, De-
Cock, & Man in’t Veld (24) is a recently 
described invasive pathogen causing sud-
den oak death (SOD) in some forests in the 
western United States. In Oregon, an ongo-
ing early detection, local eradication, and 
area containment program (16) seeks to 
limit the further spread of the pathogen. 
Stream monitoring for P. ramorum using 
leaf baits is an important part of the early 
detection effort. 

P. ramorum is established in mixed 
hardwood forests of coastal California 
(21,22) and southwest Oregon (8,12). It is 
also present in plant nurseries on the West 
Coast of North America (1,14). Although 
the pathogen has been distributed widely 
across the United States and Canada on 
infected nursery stock, to date it has not 
been detected in forests except in Califor-
nia and Oregon. In Europe, P. ramorum is 
present in the horticulture trade and in 
some landscape situations (2). 

P. ramorum is a pathogen of aerial parts 
of woody plants, forming deciduous spo-
rangia on infected leaf and twig tissue 
(22). It is regularly recovered from rain 
water beneath infected trees (4,12). In 
Oregon, P. ramorum kills tanoak (Litho-

carpus densiflorus) and may infect wild 
rhododendron (Rhododendron macrophyl-
lum), evergreen huckleberry (Vaccinium 
ovatum), myrtlewood (Umbellularia cali-
fornica), and other native plants growing 
in close association with tanoak (12,13). 
The host list (http://www.aphis.usda.gov/
plant_health/plant_pest_info/pram/) in-
cludes at least 40 species of native forest 
plants that are infected in nature in Cali-
fornia and Oregon. 

P. ramorum is subject to state, federal, 
and international quarantines, and there is 
concern that it may spread to the large 
areas of known hosts beyond the current 
distribution in coastal forests in California 
and Oregon, as well as to forests in other 
parts of North America and around the 
world where susceptible plants grow. In 
2001, P. ramorum was found in southwest 
Oregon near the town of Brookings (8; 
Fig. 1), and it is still confined to tanoak 
forests within 15 km of Brookings (12). 
Here the pathogen is subject to intensive 
detection monitoring using aerial and 
ground surveys and stream monitoring, 
quarantine to prevent transport of infected 
plant materials, and local eradication based 
on cutting and burning diseased tanoak 
trees and associated host plants as they are 
found (9,16). The effort has slowed the 
spread of P. ramorum in Oregon (10), but 
new infections are found each year. Dis-
ease patches covering a total of about 67 
ha were treated from 2001 through 2007 
(16). 

Baiting or filtering irrigation water for 
pathogenic Phytophthora species is a use-

ful monitoring tool in several agricultural 
crop systems, including horticultural nurs-
eries (15). Continuous monitoring of forest 
streams for the early detection of P. 
ramorum has become an important part of 
the Oregon SOD detection and eradication 
program (23). Similar stream monitoring 
programs for P. ramorum are underway in 
Washington and California (18). Our ex-
perience contributed to the national stream 
monitoring protocol recently implemented 
by the USDA Forest Service to support 
early detection of P. ramorum in other 
states (19). Here we describe the methods 
and results of our stream monitoring ef-
forts in Oregon. 

MATERIALS AND METHODS 
Description of the forest. The climate 

in the P. ramorum–infested area of south-
west Oregon is wet and mild in the winter 
and relatively dry and warm in the summer 
with frequent fog. The forest is part of the 
Mixed-Evergreen (Pseudotsuga-sclero-
phyll) Zone (7). Tanoak, often with Doug-
las-fir (Pseudotsuga menziesii), dominates 
the infested sites. Red alder (Alnus rubra) 
is also common and Oregon myrtlewood is 
scattered throughout the area (12). The 
terrain is steep and strongly dissected. 
Elevations range from sea level to about 
500 m. 

The forest is a mosaic of different vege-
tation types and ages. About 20% of the 
area is Douglas-fir plantations <40 years 
old, and another 20% is dominated by 
tanoak stands that succeeded Douglas-fir 
forests after wildfires and the first timber 
harvests in the early 1900s. The remaining 
area is covered by mixed stands of tanoak, 
mature Douglas-fir, red alder, and bigleaf 
maple (Acer macrophyllum) (12). 

Stream baiting. Streams were selected 
for monitoring in and around the SOD 
quarantine area established by the Oregon 
Department of Agriculture in southwestern 
Curry County (Fig. 1). Streams were se-
lected for monitoring in areas considered 
to be at high risk for future infestation, 
including watersheds with concentrations 
of tanoak and near the perimeter of the 
infested area. Most baiting was in the up-
per reaches of perennial streams. Water-
sheds upstream from baiting stations 
ranged in area from 8 to 3,634 ha and av-
eraged 503 ha. Bait stations on streams 
were often upstream from road crossings 
for accessibility. Some streams could not 
be sampled during prolonged summer 
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droughts or during winter storm rain 
events. 

Many baiting stations were moved be-
tween years as priorities shifted and new 
streams were added to the sampling net-
work. Two or three baiting stations were 
sometimes placed along a single stream to 
localize the source of P. ramorum. A total 
of 84 streams have been monitored since 
2002 (Fig. 1). In 2008, 64 streams were 
baited. Thirty-two streams were baited 
continuously from March 2004 through 
February 2008. One set of stream monitor-
ing stations was established in streams 
draining infested sites identified in 2001. 
All host plants within 20 to 40 m of symp-
tomatic plants on these sites had been cut 
and burned in that year as part of the 
eradication effort. Five of these streams 
were baited continuously from 2003 
through 2007. 

Blemish-free leaves of wild rhododen-
dron and tanoak were collected at each 
sample time from outside the quarantine 
area. Two leaves of each species were 
placed in open weave nylon mesh bags, 
and bags were floated in relatively quiet 
water anchored to a stake or streamside 
tree. Stream temperature near the sample 
bag was monitored continuously in 2006 in 
seven streams using water temperature 
recorders (Hobo Water Temp Pro U22-001; 
Onset Computer Corp, Bourne, MA). Bags 
and leaves were exchanged every 2 weeks 
throughout the year. Leaves were sent by 
overnight delivery to Oregon State Univer-
sity for diagnostic testing. 

Identification of P. ramorum. Two di-
agnostic techniques were used: (i) isolation 
on selective medium; and (ii) multiplex 
polymerase chain reaction (PCR) diagnosis 
using the Winton and Hansen primers (25). 
Rhododendron and tanoak leaf baits were 
rinsed in tap water and examined for ne-
crotic areas. Petioles and symptomatic 
tissues were excised, and portions about 2 
by 2 mm were placed on agar for isolation 
or in a 2-ml screw-cap vial for DNA ex-
traction with a DNeasy Tissue Extraction 
Kit (Qiagen Inc., Valencia, CA). 

When selecting leaf pieces for isolation 
and PCR, necrotic areas were favored, but 
the petiole, whether necrotic or not, always 
was included. Leaf pieces were plated on 
CARP+ selective medium (12; cornmeal 
agar with natamycin, ampicillin, rifamy-
cin, benomyl, and hymexazol). Isolation 
plates were placed at 20°C in the dark. 
Plates were examined at approximately 3 
and 7 days for P. ramorum and other Phy-
tophthora species. P. ramorum was ini-
tially identified on the isolation plates by 
its distinctive growth form and abundant 
production of chlamydospores and cadu-
cous, semi-papillate sporangia. Phy-
tophthora species were transferred to 
CARP medium (CARP+ without benomyl 
and hymexazol) for further purification 
and eventually to cornmeal agar with 20 
ppm β-sitosterol for confirmation. 

The multiplex PCR assay has one set of 
primers that amplifies plant DNA as a 
check on reaction conditions and a second 
set for the target Phytophthora species. 
The assay was performed in 15 µl reac-
tions of 1× enzyme buffer, 200 µM dNTP, 
0.4 µM PLITS87F and PLITS786R (Phy-
tophthora primers), 0.07 µM NS1 and NS2 
(universal primers), 0.15 µl 5% blocking 
powder (Schleicher and Schuell, Keene, 
NH), 0.8 Units RedTaq DNA polymerase, 
and 2 µl DNA template. The thermal cycler 
conditions were 2 min at 94°C, 35 cycles 
of 94°C for 30 s, 52°C for 30 s, and 72°C 
for 1 min, followed by 72°C for 4 min and 
24°C for 1 min. The products were visual-
ized with ethidium bromide under UV 
light in a 1.5% agarose gel. 

RESULTS 
Comparing diagnostic methods. Re-

sults from isolation and multiplex PCR 
were compared for stream bait samples 

collected at 2-week intervals during 4 
years of monitoring (n = 1,804) (Table 1). 
P. ramorum was detected by one or both 
tests in 18% of the samples (6.1% by 
isolation, 17.1% by PCR, 5.3% by both 
methods). The results from isolation and 
PCR agreed unambiguously for 87% of 
samples. Because of its distinctive mor-
phology, P. ramorum could often be iden-
tified on isolation plates even when grow-
ing among other microorganisms. PCR 
reliably detected P. ramorum in baits 
when it was visible in culture but could 
not be separated from competing organ-
isms. The rate of false negative results for 
PCR was 0.8%. Species of Phytophthora 
other than P. ramorum were cultured from 
71% of all samples (data not shown). In 
11.8% of all samples, results from the 
PCR assay were positive, but P. ramorum 
was not identified in culture, perhaps due 
to overgrowth by other Phytophthora 
species. 

Fig. 1. Phytophthora ramorum stream monitoring sites in southwest Oregon. Primary sites include 32 
monitored continuously from 2004 to 2008 and three others highlighted in the text (WA 38, WA 39, 
and WA 65). Thirty-six secondary sites were monitored for various lengths of time during this period. 
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Phytophthora species, including P. 
ramorum, usually were associated with 
black necrotic areas on bait leaves. Lesions 
caused by P. ramorum did not have a 
unique appearance, and we did occasion-
ally recover P. ramorum from green tis-
sues, especially from leaf petioles. P. 
ramorum was regularly recovered from 
both tanoak and rhododendron leaf baits, 
but a quantitative comparison was not 
made. In general, symptoms were more 
visible on rhododendron leaves, and the 
leaves were easier to handle. In late winter 
and early spring, however, old rhododen-
dron leaves had started to senesce, and the 
new growth was tender and often disinte-
grated in the streams. The stiff leaves of 
tanoak were an advantage at these times. 

Persistence of P. ramorum in streams. 
In 2007, P. ramorum was detected in five 
streams draining sites where infected tan-
oaks and other host plants had been cut 
and burned as part of eradication treat-

ments in 2001. Tanoak stump sprouts in-
fected by P. ramorum were present on 
some of these sites in 2003, but these were 
destroyed in that year. Infected plants were 
not located during repeated monitoring 
surveys of the sites in subsequent years. P. 
ramorum persisted in the soil, although 
recovery was low (<10%) in repeated test-
ing (12). Overall detection rate by multi-
plex PCR declined from 63% of 2-week 
sample intervals in 2003 (range for the five 
streams was 27 to 87%), the first year of 
stream baiting, to 41% in 2007 (range was 
25 to 67%). Recovery of P. ramorum was 
lowest in 2005 (27%, with a range of 5 to 
50%). 

Seasonal detection. P. ramorum was 
detected in leaf baits from the five streams 
draining old eradication sites by both isola-
tion and multiplex PCR during all seasons 
of the year (Table 2). Uneven sample sizes 
resulted because baiting sometimes was 
impossible in late fall and winter due to 
fluctuating water levels associated with 
winter storms. In streams where P. 
ramorum was isolated less frequently, 
however, a seasonal trend was evident. 
Detection of P. ramorum was usually low-
est from December through April, with 
peak recovery rates from July through 
October (Fig. 2). Periods of low recovery 
frequency corresponded with cooler water 
temperatures (data shown for 2006 only) 
and high winter flow rates in the streams 
(data not shown). 

Early detection tool. Stream baits from 
27 baiting stations representing 23 differ-

ent streams (or stream segments) have 
tested positive for P. ramorum by isolation 
(and multiplex PCR). Eleven streams with 
P. ramorum confirmed by isolation drained 
known infested areas, and baiting stations 
in these streams were monitored as posi-
tive controls. Twelve streams that tested 
positive for P. ramorum by isolation 
drained watersheds that appeared to be free 
of SOD. Follow-up ground surveys in 
seven of these led to discovery of infected 
tanoaks. Positive isolations were obtained 
from an additional five bait stations on 
four different streams, but ground surveys 
failed to locate a source of inoculum 
within the drainage area. 

Stream baits from 39 baiting stations 
tested positive one or more times by multi-
plex PCR, but the pathogen could not be 
isolated. In 15 of these sites, P. ramorum 
was detected only once by PCR throughout 
the entire survey period, and infected 
plants were found near only four of these 
streams. The remaining 24 bait stations 
had multiple positive results from the mul-
tiplex PCR assay but without successful 
isolation. In eight of these cases, infected 
trees were found by ground survey. 

Stream WA 65 flows directly into the 
Chetco River and illustrates the utility of 
stream baiting for early detection of P. 
ramorum in tanoak forests. WA 65 drains a 
200-ha watershed including an old-growth 
redwood-tanoak-Douglas-fir stand on state 
and federal land (Fig. 1). This area was 
covered by aerial survey flights conducted 
twice a year starting in 2001, with no de-
tections of SOD. Baiting for P. ramorum 
started in May 2004, and the first positive 
isolation and PCR detections were in Oc-
tober 2005 (Table 3). Ground searches 
were conducted, but infected plants (un-
derstory tanoaks) were not located until 
April 2006. The site received eradication 
treatments that year. Leaf baits from WA 
65 continued to test positive for P. 
ramorum for over a year after all host 
plants on the site were destroyed. At the 
time, WA 65 represented the most eastern 
SOD infestation in Curry County, which 
led to expansion of the quarantine area. In 
May 2006, two additional baiting stations 

 

Fig. 2. Seasonal variation in detection of Phytophthora ramorum by multiplex polymerase chain reaction (PCR) from leaf baits in 32 streams monitored 
from March 2004 to February 2008 in southwest Oregon and monthly mean water temperatures for those streams in 2006. No samples were collected in
September 2004. 

Table 1. Detection of Phytophthora ramorum
by isolation on selective medium and multiplex
polymerase chain reaction (PCR) in rhododen-
dron and tanoak leaves used to bait 82 forest
streams in southwest Oregon over 5 years from
2003 through 2007 

Detection of P. ramorum 

Isolation PCR 
Percent samples  

(n = 1,804) 

Positive Positive 5.3 
Positive  Negative 0.8 
Negative Positive 11.8 
Negative  Negative 82.2 

Table 2. Numbers and percentages of 2-week intervals by season over 5 years, from January 2003 to
December 2007, in which Phytophthora ramorum was detected by isolation on selective medium or by
multiplex polymerase chain reaction (PCR) in five streams (WA 1, 5, 6, 9, 12) draining infested eradi-
cation sites in southwest Oregon 

 Isolation PCR 

 
Seasona 

Intervals  
sampled 

% Positive  
intervals 

Intervals  
sampled 

% Positive  
intervals 

Winter 66 32 109 35 
Spring 54 33 119 49 
Summer 36 25 104 48 
Fall 44 30 109 36 

a Winter: Jan, Feb, Mar; Spring: Apr, May, June; Summer: Jul, Aug, Sep; and Fall: Oct, Nov, Dec. 
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(WA 67 and WA 68) were established in 
the same drainage but upstream of the 
eradication area around WA 65. They have 
been periodically positive for P. ramorum 
by both isolation and PCR, but despite 
repeated surveys, additional infected trees 
have not yet been found. 

The nearest infected trees within the up-
stream drainage area of 29 streams positive 
for P. ramorum by isolation or PCR were 
determined from detailed area maps, and 
stream distances from tree to bait station 
were measured using ArcGIS. The mean 
distance was 994 m; maximum distance was 
5,435 m. The mean distance in streams 
where P. ramorum initially was detected by 
PCR only was 2,525 m (max 5,435 m); in 
streams where P. ramorum was isolated 
from baits, the mean distance was 306 m 
(max 1,091 m). In three additional drain-
ages, P. ramorum first was detected by ae-
rial survey, while downstream bait stations 
remained negative. In these cases where 
baiting failed to give early warning, the 
mean stream distance from infected trees to 
the bait station was 3,322 m. 

DISCUSSION 
Stream baiting has proved to be a valu-

able tool for early detection of P. ramorum 
in the Oregon eradication effort. We recov-
ered P. ramorum from baits in streams of 
all sizes, from the main stem of the Chetco 
River to ephemeral streams draining only a 
few hectares. To locate newly infected 
trees in a larger area already known to be 
infested, we focused on smaller streams in 
small watersheds that could be searched on 
foot. Aerial survey, the core of the moni-
toring effort in Oregon, has only been able 
to detect tanoaks that are symptomatic in 
the upper canopy, and only after symptoms 
have progressed to affect the entire crown. 
This may be one or more years after initial 
infection, and the pathogen may already 
have spread to additional trees (12,17). 
Several new SOD infection sites located 
beyond the boundaries of the main infected 
area were first indicated by isolation from 
stream baits. It typically has taken repeated 

ground visits to find the source of inocu-
lum. Infected tanoak sprouts, often beneath 
a mature tree with early symptoms of SOD 
or not visible to aerial surveyors, usually 
were found first. Infection sites first found 
from stream monitoring typically had only 
one or two infected trees, and these were 
often still living or in the understory. In 
comparison, sites first detected from the 
air had at least one dead tree as well as 
nearby infected trees that were still alive. 

Our methods have evolved with time. 
Initially all samples were subjected to both 
isolation and multiplex PCR diagnosis. 
PCR indicated a higher frequency of infes-
tation by P. ramorum than we could con-
firm by isolation, although the methods 
generally gave congruent results (Table 1). 
Now we routinely rely on PCR without 
isolation for detection in leaf bait samples 
from streams that have not tested positive 
in the past. If a positive PCR result is ob-
tained, we isolate from bait leaves in sub-
sequent samples to confirm the presence of 
P. ramorum in the stream. If there are no 
further positive samples, then the diagnos-
tic assay for that stream reverts to multi-
plex PCR only. Any positive isolation re-
sult, as well as repeat positive PCR results, 
triggers a ground search for symptomatic 
plants. All regulatory decisions in Oregon 
are based on isolation of P. ramorum from 
diseased plants. 

The reliability of molecular diagnostic 
tests is always subject to question. In our 
work, false negative PCR results were rare, 
and presumably came from sampling non-
infected tissues on the original leaf baits. 
PCR positive, isolation negative results are 
more frequent, and have additional possi-
ble explanations. 

The primers used for our multiplex PCR 
detection of P. ramorum were first devel-
oped for identification of P. lateralis (25). 
Because of the close phylogenetic relation-
ship between P. lateralis and P. ramorum 
and, therefore, the similarity of DNA se-
quences in the target areas of the internal 
transcribed spacer (ITS) region, the P. 
lateralis primers also consistently amplify 

P. ramorum ITS DNA (25). While P. later-
alis is present on Port-Orford-cedar in 
southwest Oregon forests, it has not been 
found within the P. ramorum quarantine 
area, and the two Phytophthora species are 
readily distinguished in culture based on 
growth characters. The multiplex PCR 
assay also cross-reacts with the closely 
related P. hibernalis (data not shown). 
Sequencing the complete PCR product 
distinguished these species from P. 
ramorum. False PCR positive results due 
to probable cross reactions with P. lateralis 
and P. hibernalis occurred only once for 
each species. 

Streams WA 38 and WA 39 illustrated 
the diagnostic problem. Since March 2004, 
leaf baits from both streams consistently 
tested positive by multiplex PCR but nega-
tive by isolation, and no infected trees 
were found in repeated aerial and ground 
surveys. The streams are well north of the 
known area of SOD infestation (Fig. 1). 
The PCR products from samples from each 
stream were sequenced. The product from 
WA 38 matched P. lateralis, not P. 
ramorum. It is likely that P. lateralis was 
present in this stream, despite our failure to 
culture this pathogen or to locate cedar 
trees in the watershed. The product from 
WA 39 matched P. hibernalis, but again, no 
source of inoculum was identified. Detec-
tion surveys stemming from stream moni-
toring in forests are guided by multiplex 
PCR, but sudden oak death regulatory 
actions in Oregon are normally based only 
on isolation results, and stands in these 
watersheds are intensively monitored, but 
remain untreated. 

There are other species of Phytophthora 
in forest streams, including the very abun-
dant P. gonapodyides (3,11), and species of 
Phytophthora other than P. ramorum were 
recovered regularly during our monitoring 
efforts. Most failures to isolate P. ramorum 
from bait leaves when PCR results indi-
cated its presence probably resulted from 
competition between P. ramorum and these 
other more abundant and faster growing 
Phytophthora species. 

Table 3. Monthly detection over 4 years of Phytophthora ramorum and other species of Phytophthora by isolation on selective medium and by multiplex 
polymerase chain reaction (PCR) in leaves used to bait stream WA 65 in Curry County, ORa 

Year Method Detectedb Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2004 PCR P. ramorum - - - - neg neg neg neg - - neg neg 
 Isolation P. ramorum - - - - neg neg neg NP - - NP neg 
  Phytophthora spp. - - - - pos pos pos NP - - NP pos 
2005 PCR P. ramorum neg neg neg neg neg neg neg neg neg POS neg neg 
 Isolation P. ramorum neg neg neg neg neg neg NP NP NP POS NP NP 
  Phytophthora spp. neg neg neg neg pos pos NP NP NP pos NP NP 
2006 PCR P. ramorum neg neg neg neg POS neg neg POS neg POS neg neg 
 Isolation P. ramorum NP NP NP NP NP NP NP NP neg neg neg neg 
  Phytophthora spp. NP NP NP NP NP NP NP NP pos pos pos neg 
2007 PCR P. ramorum neg POS neg neg POS POS POS POS neg neg neg neg 
 Isolation P. ramorum neg POS neg neg neg neg POS neg neg NP NP NP 
  Phytophthora spp. neg pos neg pos pos pos pos pos pos NP NP NP 

a In most months, two sample intervals are combined. neg = negative, no species of Phytophthora was detected; POS = P. ramorum was detected; pos = 
another Phytophthora species was detected; NP = not plated, isolation not attempted; - = no sample was tested. 

b Species of Phytophthora detected by PCR or isolation on selective medium. 
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Occasionally streams tested positive for 
P. ramorum by PCR one time, and then 
never again. Rarely, the pathogen was 
isolated once, and then not again. These 
results triggered an initial ground search of 
the watershed for infected plants, but if 
that proved negative, then stream monitor-
ing continued. The anomalous results may 
represent false positive PCR results or 
perhaps ephemeral airborne inoculum 
entering the stream directly. 

Where P. ramorum was relatively abun-
dant, as in streams draining former eradi-
cation sites where the pathogen was once 
well established, it was recovered at all 
times of the year, even though recovery 
rates were highest in the summer. In newly 
detected infested streams, on sites where 
inoculum remained low, the seasonal effect 
was stronger. More frequent detection in 
summer months corresponded with 
warmer water temperatures, and with low 
flow rates in these streams. Most streams 
monitored in Oregon have a steep topog-
raphic gradient and drain forested water-
sheds. Air temperatures are moderate year-
round, and average water temperatures in 
baited streams range from about 8°C in 
winter to 15°C in summer, which is well 
within the range for active growth of P. 
ramorum (5). However, stream flow rates 
vary more dramatically between seasons. 
Flow was not measured on individual 
streams, but seasonal changes were obvi-
ous. Flows dropped dramatically in the dry 
summer months and increased rapidly 
during winter rainstorms. The flow of the 
Chetco River, which passes through the 
quarantine area, is monitored continuously 
by the U.S. Geological Survey (site no. 
14400000; http://waterdata.usgs.gov/or/
nwis/) and illustrated the seasonal varia-
tion in stream flow in this part of Oregon. 
Monthly mean flow of the Chetco (1970 to 
2008) varied about 50-fold, from 3.3 m3s-1 
in August to 153 m3s-1 in December. It 
seems likely that the higher recovery of P. 
ramorum in the summer than in the winter 
from these mountain streams with moder-
ate temperatures year-round resulted from 
low stream flow in summer. Rain events 
and sporulation occur in all months in this 
wet coastal environment (data not shown). 
Perhaps inoculum is diluted by the greater 
volume of water during high winter flows, 
thus reducing the probability of baiting 
success. 

The source of inoculum entering 
streams in areas receiving eradication 
treatments remains unknown. Infected 
plants have not been found on these sites 
since 2003, despite repeated surveys (12), 
but the pathogen can be recovered from the 
soil at a low frequency. Perhaps persistent 
soilborne inoculum (6), including infected 
roots (20), maintains the population and 
provides continuous input to the streams. It 
is important to note that new infection sites 

in Oregon have not been traced to inocu-
lum in stream water. 

In summary, stream baiting continues to be 
a useful part of the SOD detection and eradi-
cation effort in Oregon. When supported by 
intensive follow-up ground survey, it can lead 
to early detection of new areas of infestation. 
At very early stages of infestation in a tanoak 
stand, detections from stream baits are infre-
quent. Continuous sampling increases the 
chances of very early detection, and therefore 
of successful eradication. When inoculum is 
relatively abundant, as in the five streams 
draining old eradication sites (Table 2), sam-
pling at longer intervals may be adequate for 
detection. 
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