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ABSTRACT
In 1978 and 1979, the 195-ha Black Rock
Forest in the Coast Range of Oregon was
surveyed for laminated root rot caused by
Phellinus weirii. The survey revealed 47
separate Infection centers occupying nearly
5 percent of the Forest. Forty of these
centers contained areas out of conifer
production; these areas totaled 1.9 ha or
about 1 percent of the Forest area.

INTRODUCTION
Laminated root rot, caused by Phellinus
weirii (Murr. Gilbertson), is the most
destructive root rot of Douglas-fir
[Pseudotsuga menziesil (Mirb.) Franco]
(Childs and Nelson 1971). It has been
estimated to cause an annual loss of almost
1 million m3 of wood In Douglas-fir forests
west of the Cascade Mountains in Oregon and
Washington (Childs and Shea 1967). Thus,
in a region highly dependent on Douglas-fir,
the threat of this disease inevitably influ-
ences plans for forest management.

In 1978, 286 Douglas-fir with a combined
volume of 457.8 m3 were killed by P. weirii.
Records from salvage operations and two
special plots showed variation in the inten-
sity of damage from 1957 to 1978. The infec-
tion centers did not expand uniformly each
year. Instead, mortality was erratic, with
a cumulative loss of 5,671 m3 in the
65-year-old stand.

Phellinus weirii is considered a disease of
the site. The fungus grows vegetatively along
root surfaces and spreads to new trees as
living roots contact infected roots (Childs
1963). Damage occurs In localized Infection
centers, which range in size from a single
tree to more than half a hectare. Loss occurs
as mortality, windthrow, or declining growth
of live, infected trees.

Although much is known about the biology of
the fungus and the types of damage it causes,
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its actual impact on timber volume in managed
stands is largely undetermined. Accordingly,
in the summer of 1978 and the spring of 1979,
two field surveys were conducted on Black
Rock Forest Management Research Area, a

STUDY AREA
The 195-ha Black Rock Forest Management
Research Area (Black Rock Forest) is
part of the State of Oregon's Gerlinger
Experimental Forest in Polk County. It lies
on the eastern slopes of the Coast Range and
receives about 200 cm of precipitation
annually, mostly as rain.' Slopes vary from
nearly level to grades of 60 percent, and
elevations range from 212 to 606 m.

LYoungberg, C.T. 1964. Soils of the Black Rock Forest.
Unpublished report on file at Department of Soil Science,
College of Agricultural Sciences, Oregon State University,
Corvallis.

METHODS

PERIODIC MORTALITY
Each year since 1957, mortality has been
salvaged on the Black Rock Forest. The num-
ber of trees killed each year, their diame-
ters, and cause of death have been recorded.

In 1961, two plots--the Upper and Lower
Phellinus Plots--were established on the
Forest so that the increase in damage over
time could be observed. The plots, located to
surround infection centers, were 1.1 and 0.9
ha in area. All trees, living and dead, were
numbered and located on stem maps of the
plots, and all tree diameters were measured.
Subsequent examinations were made in 1967,
1972, and 1978, and mortality was noted on the
original maps.

CUMULATIVE LOSS: AREA AND
VOLUME CALCULATIONS
I n 1978 and 1979, all infection centers on
the Forest were located by looking for
openings in the canopy, windthrown trees or
stumps of salvaged trees, and Douglas-fir

managed forest of Douglas-fir containing
numerous centers infected with laminated
root rot. This Note presents the results of
those surveys, as well as 20-year observa-
tions on periodic mortality and cumulative
damage caused by this disease in the Forest.

The current stand on the Black Rock Forest
originated from natural seeding after logging
and is 60 to 70 years old. Douglas-fir pre-
dominates and is associated with western
hemlock [Tsuga heterophyl la (Raf.) Sarg. ] ,
grand fir [Abies grandis (Doug'. ex D. Don]
Lindl.), bitter cherry (Prunus emarginata
Dougi. ex Eaton), bigleaf maple (Acer
macrophyllum Pursh), Pacific dogwood
(Cornus nuttallii Audubon), and red alder
(Alnus rubra Bong.). The stand can be
classed as an Acer circinatum/Gaultherla
shallon forest type (Franklin and Dyrness
1973). In 1978-79, site indices ranged from
II to IV.

with thin or yellowish crowns. Phellinus
weirii was identified in dead trees by the
distinctive decay it caused and on live trees
by surface mycelium with. seta) hyphae on the
roots (Wallis and Reynolds 1962). P. weirii
is a poor competitor against other fungi
(Childs 1970). Therefore, if it was present
in dead trees, it was considered the primary
cause of death.

Two different procedures were used to map
Infection centers on Black Rock Forest. In
the southern part of the Forest where damage
was high, locations of dead trees and sur-
rounding live trees were determined by staff
compass and optical range finder. In this
15-ha area, individual trees were not
measured. On the rest of the Forest, where
infection centers were smaller and more scat-
tered, all trees in each Infection center
were examined, mapped by plane table, and
recorded by diameter, until a band of unin-
fected trees was located around the infection
center. Infection of live trees was deter-
mined by scraping the soil from major roots
within 0.5 m of the trunk and examining for
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surface mycelium. Within these centers,
standing dead and windthrown trees infected
by P. weirii were tallied as killed in 1978
if they had tight bark and retained branches
and needles.

For the southern part of the Forest where
infection was heavy, the area of infection on
each map was approximated by a line con-
necting the boles of the living trees that
surrounded the dead trees. For other parts of
the Forest, it was approximated by lines on
the maps halfway between the outermost band
of infected trees and the adjacent uninfected
trees surrounding a mortality center. Areas
of infection were measured by planimeter.

Areas out of conifer production, in which
Douglas-fir had been replaced by brush and
hardwoods, were indicated on the maps by
lines surrounding each group of dead trees.
These lines were located 3.6 m Inside the
band of live trees on the margins of mor-
tality centers (3.6 m is half the desirable
spacing for Douglas-fir at age 60 on Black
Rock Forest).

RESULTS

PERIODIC MORTALITY

Records from salvage operations showed that
mortality varied from year to year on the
Forest (Table 1). Damage was minimal in 1958,
1972, and 1974 and extensive in 1962, 1968,
and 1978. From 1957 through 1978, killed
trees increased in both average diameter and
average volume.

Figure 1 illustrates the sequence of mor-
tality from 1960 through 1978 on part of the
Lower Phellinus Plot. Mortality was erratic
over the 18-year period, with living Douglas-
fir scattered around old killed trees. Few
patterns of expansion were evident, although
the area In the upper left corner of the
Figure appeared to be expanding to the east
and south, but not to the north or west. In
other portions of the Phellinus Plots, there
was no mortality after 1961. This variation
in mortality was also observed on infection
centers throughout the Forest.

Records of the number and volumes of trees
killed on the Upper and Lower Phellinus

Estimates of volume lost in infection centers
were made by comparing their residual volumes
with those in nine control plots established
for thinning studies in the 1950's on Black
Rock Forest. These control plots had received
no silvicultural treatment and provided a

standard for volume production in natural
Douglas-fir stands. Each infection center was
compared with an uninfected control plot on a
similar site nearby, and the volume it would
have produced by 1978 had It not been
infected was determined. Cubic meter volumes
were determined from local volume tables de-
veloped for Black Rock Forest. 2 Volume loss
on the 15-ha area where trees were not
measured was assumed to be proportional to
losses on infected areas in the rest of the
Forest.

2 Berg, A.B. 1967. Local volume tables for Black Rock Forest.
Unpublished report on file at Department of Forest Science,
School of Forestry, Oregon State University, Corvallis.

TABLE 1.
NUMBER AND VOLUME OF DOUGLAS-FIR KILLED BY P.
WEIRII AND SALVAGED FROM 1957 THROUGH 1978 ON
BLACK ROCK FOREST.1

Year
No. trees Total Volume

killed volume per tree

- - - - - - - - - - m3 - - - - - - - - - -
1957 24 34.6 1.4

1958 15 17.5 1.2

1959 84 102.7 1.2

1960 24 25.3 1.1

1961 118 108.2 0.9

1962 180 196.0 1.1

1963 30 27.2 0.9

1964 52 81.3 1.6

1965 95 84.0 1.0

1966 26 33.9 1.3

1967

1968 171 224.2 1.3

1969 68 116.5 1.7

1970 27 42.0 1.8

1971 92 136.8 1.5

1972 20 42.5 2.1

1973 31 45.7 1.5

1974 13 28.4 2.2

1975 46 104.7 2.3

1976 57 145.5 2.6

1977
1978 140 282.6 2.0

Total 1,303 1,879.4
tFrom: Berg, A.B. 1979. Salvage records for Black Rock
Forest. Unpublished report on file at Department of Forest
Science, School of Forestry, Oregon State University.
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TABLE 2.

Trees killed
before 1960

A between 1960 and 1961
between 1962 and 1967

0 between 1968 and 1972
A between 1973 and 1978

N

0 10(m)

MORTALITY RESULTING FROM P. WEIRII FROM 1962 TO
1978 ON THE UPPER AND LOWEW PELLINUS PLOTS OF
BLACK ROCK FOREST.

Avg. Volume
Plot and No. volume loss

time trees Avg. per Total per
period killed d.b.h. tree volume year

Upper Plot
cm - - _ - 3 _ _ _ _ _

1962-1967 16 23.7 0.7 11.8 2.0
1968-1972 7 29.0 1.1 7.4 1.5

1973-1978

Lower Plot

8 31.1 1.5 11.7 2.0

1962-1967 14 31.3 1.2 16.2 2.7
1968-1972 6 33.8 1.5 9.0 1.8
1973-1978 15 33.2 1.6 24.3 4.1

CUMULATIVE LOBS
Forty-eight separate infection centers,
ranging from a 0.02-ha area containing 5

trees to a 0.7-ha area containing 148 trees,
were mapped in 1978 and 1979 (Fig. 2).
Together, they comprised 9.6 ha or 4.9 per-
cent of the land area of the Black Rock
Forest.

T

0 Trees living in 1978

FIGURE 1.

LOCATION OF LIVING TREES AND THOSE
KILLED BY P. WEIRII FROM 1960 TO
1978 ON A 0.4-HA AREA OF THE LOWER
PHELLINUS PLOT.

Plots from 1962 through 1978 provide examples
of the variability of mortality over 16
years. As shown in Table 2, mortality dif-
fered in intensity from year to year on the
two Plots. On the Upper Plot, the number of
trees killed between 1968 and 1978 was almost
equal to the number killed between 1962 and
1967. On the Lower Plot, the number of trees
killed from 1968 through 1978 was 1.5 times
that recorded from 1961 through 1967, and the
volume lost in the earlier period was 2 times
that recorded in the later period.

N

0 200(m)

FIGURE 2.

CENTERS INFECTED WITH P. WEIRII ON
BLACK ROCK FOREST IN 1978.
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Sixteen infection centers containing 151 dead
Douglas-fir and another 64 trees displaying
symptoms of the disease occurred in the
southernmost 15 ha of the Forest, where
disease was most concentrated. These centers
totaled 2.7 ha or 18 percent of the area.
Thirty-two separate infection centers were
located on the remaining 180 ha, occupying
4 percent of the area.

Forty of the 48 infection centers were large
enough to have areas out of conifer produc-
tion. Such areas totaled 1.9 ha, or 1 percent
of the area.

The intensity of damage varied greatly on the
Forest. Most centers were small, with few
killed trees. These centers contained many
infected trees with mycelium of P. weirii on
their roots, but the crowns of most of these
trees appeared healthy.

In 1978, P. weirii was found on 286 recently
killed Douglas-fir whose volume totaled
457.8 m3 (Table 3). While most of these
trees were windthrown, 30 percent of them
were standing at the time of the inventory.

DISCUSSION

Damage caused by P. weirii on Black Rock
Forest occurred in the form of mortality of
growing stock and removal of forest land from
conifer production. Although trees were
infected on only 4.9 percent of the land
area, 286 Douglas-fir with a combined volume
of 457.8 m3 were lost in 1978 alone. Much of
this volume has been salvaged (282 m3 in
1978); however, because the final scheduled
thinning was in 1979, subsequent mortality
will be lost and the anticipated final har-
vest will be reduced.

Loss resulting from P. weirii is cumulative
over the life of a forest. P. weirii does not
attack like bark beetles or fire, which cause
heavy mortality in one or a few growing
seasons. Instead, it causes a continual
reduction of the growing stock over many
years. Sixty-five years were required to
reach a cumulative loss of 5,671 m3 on Black
Rock Forest. Trees that were lost have not
been replaced by conifer reproduction. By
1978, the openings and brush fields resulting
from the disease totaled 1.9 ha, about 1 per-
cent of the land area.

On the basis of the volumetric standards pro-
vided by the nine control plots, the infec-
tion centers should have had a volume of
9,760 m3 in 1978. However, tree measurements
(and volumetric estimates in the south 15 ha)
In 1978 Indicated a total volume of only
4,089 m3 on these centers. Thus, over a
65-year rotation, P. weirii caused a net loss
of 5,671 m3 of Douglas-fir on Black Rock
Forest.

TABLE 3.

INVENTORY OF 32 INFECTION CENTERS SURVEYED IN THE
SUMMER OF 1978 ON BLACK ROCK FOREST.

Condition of
Douglas-fir

No.
trees Volume

m3

Killed by P. weirii
In 1978:

Windthrown 195 371.9
Standing dead 91 85.9

286 457.8

Living but infected
by P. weiril 1,732 2,924.9

Total 2,018 3,382.6

The threat to the next generation of trees
will be greater. Infested stumps left after
harvest are the inoculum source from which
the disease will spread in a new stand. By
1978, Infected trees already occupied almost
5 percent of the area of Black Rock Forest.

Mortality on the Forest varied from year to
year. Both salvage records and the Phellinus
Plots showed that mortality was high for
1-year periods and then low for the next few
years. Such variability can be explained by
weather conditions (especially the occurrence
of wind storms) and movement of the fungus
along root surfaces.

Mortality also varied from site to site on
the Forest. Most infection centers had little
mortality in 1978, while others, especially
in the southern tip of the Forest, were
heavily damaged.

The erratic spread of laminated root rot
makes it undesirable to select crop trees in
the vicinity of infection centers. Marking
guides for thinning must be modified
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according to the frequency of salvage

opportunities. The disease Is not spread
uniformly over large forest areas; most
damage at Black Rock Forest was concentrated
in 15 ha, where at least 18 percent of the
area was affected. If locations of infection
centers are known, salvage efforts can be
guided and control efforts concentrated In

the areas of greatest loss.

The impact of P. weirii differs with the
level of management of infected stands. An
unmanaged stand tends to lose more volume
over time because mortality is not salvaged.
I n managed stands, salvage operations recover
much of the mortality. Though P. weirii Is
estimated to have caused the loss of 5,671 m3
of Douglas-fir over 65 years in Black Rock
Forest; salvage operations have recovered
1,879 m3 or 33 percent of that estimated loss
in 21 years.
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METRIC/BRITISH CONVERSIONS

't hectare (ha) = 2.471 acres
it cubic meter (m3) = 212 board feet
'T centimeter (cm) = 0.3937 inch
1 meter (m) = 39.37 inches
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