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Abstract: Heterobasidion annosuminfects western €
hem ock (Tsuga heterophylla) and causes a root and €
butt-rot disease. A disease survey was initiated €

i n thinned Sout hwest ern Washi ngton henl ock stands €
to determ ne current disease incidence caused by €
H.__annosum €

El even stands were sel ected which had been €
pre-commercially thinned in the interval 5-11 €
years ago. Ten replicate 1/50th acre plots were €
establ i shed per stand and' all heml ock trees were €
cored with increnent borers. Core sanples were €
cultured to isolate decay fungi and to determne €
decay incidence and the occurrence of "wetwood". €

Level s of infection by H_ annosumin pre-€
commercially thinned western hem ock stands were €
| ow (0-8 percent). Merchantable volunme |oss from#€
decay ranged fromO-1 precent [sic]. Infection levels €
were not correlated with site characterisitics, [sic] €
"wet wood" incidence, cutstunp frequency or tree €
di aneter class. No control measures appear war-€
ranted for thinnings in hem ock stands where €
simlar lowinfection potentials exist. €

Het er obasi di on annosum (Fr.) Bref. infects €
western hem ock (Tsuga heterophylla (Rfn.) Sarg.) €
and causes a root and butt-rot di sease (Russell €
and others 1973, Driver and Ednonds 1970). Nearly €
two decades ago, it was recogni zed that thinning €
initiated root disease could be a potentially €
limting factor in intensive henl ock management €
(Morrison and Johnson 1970, Wallis and Reynolds €
1970, Driver and Ednonds 1970). Epi demiol ogical €
and di sease incidence studies were initiated be-€
cause of concern over this disease potential €
(Edrmonds and others 1989). €

'Presented at the Synposium on Research €
and Managenent of Annosus Root Disease in Wstern €
North America, April 18-21, 1989, Mnterey, €
California. €

’Pest Managenent Scientist and Pest €
Managenent Technician, respectively, Wyerhaeuser €
Conpany, Centralia Research Facility, Centralia, €
Washi ngton. €

USDA Forest Service Gen. Tech. Rep. PSW-116

Di sease incidence surveys conducted in non-€
t hi nned hem ock stands in Washi ngton and Oregon €
indicate that infection levels ranged from10 to €
67 percent (Schmidt 1979). Likew se, Goheen and €
others (1980) reported |l ower |levels of infection €
(0-30 percent) for a simlar hem ock stand series. €
At two non-thinned Washi ngton sites (Raynond and €
Snoqual mie), we determ ned that 0-15 percent of €
the residual western hem ock trees were infected. ™

More dramatic di sease increases have been €
reported followi ng hem ock thinning. Chavez and €
others (1980) reported significant disease in-€
creases at Clallam Bay, Washington, over infection €
level s reported a decade earlier by Ednonds €
(1968). Ten years after thinning, Chavez deter-€
m ned that some 85 to 95 percent of the residual €
stand was infected, in contrast to prethinning €
infection levels of 4 to 12 percent (Ednonds €
1968). €

Ednonds and others (1989) report that cur-€
rent (pct+20 years) infection levels on the same €
study site of Chavez (1980) fail to confirmthat a €
di sease increase occurred. This apparent conflict €
in disease incidence observations followi ng thin-€
ni ng has not been fully explai ned (Ednonds and €
others 1989). W feel that variation in wood in-€
cubation techniques and the mistaken identity of €
"wet wood" as incipient H_annosum root decay nmay €
have | ed to conclusions by Chavez and others €
(1980) that a disease increase had occurred, when €
in fact it had not. To better understand current €
annosus root disease levels and its inpact, a dis-€
ease survey was initiated in thinned coastal €
west ern hem ock stands in Washington. €

Qur hypot hesi s was: henl ock stands thinned €
fromhigh initial stocking densities (>3000 trees €
per acre [TPA]) and ol der age classes >20 years) €
have a hi gher incidence of annosus root disease, €
than younger stands thinned fromlower initial €
stocki ng densities. €

The specific study objectives were: €
(1) identify site and stand characteristics as-€
sociated with high disease incidence €
(2) determine current infection levels by H €
annosum i n thinned hem ock stands and €
(3) determine current disease inpact. €

®“Unpubl i shed data on file at Centralia Research €
Center Library, Centralia , Washington. €
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METHODS €

Site Descriptions€

Sanpl e sites were |located in southwest €
Washington in Pacific, Grays Harbor, and Lewis €
counties. Figure 1 shows the study site |oca-€
tions, relative to Aberdeen,
were identified by nane of nearest mmjor road €
system (nane-1ine) or by nearest access road num €
ber. The study included portions of the Falls €

Creek C-Line, Lund A-line,

Washi ngton. Stands €

Nemah X&Y-Lines, Palix €

A&D- Lines, and Trap Creek D-line (Figure 1). €

Herm ock soil site index values were 100 or €
110 feet at breast height age 50 years €
(Steinbrenner and Duncan 1969). This index refers €
to average height growth of western hem ock on a €

site at stand age 50 year

S.

The soils are of €

vol canic origin and are classified in the Bunker, €
Katul a, Knappton, or Vesta series (Table 1). €
Stand el evation varied from500 to 2500 feet, €
and sl opes ranged between 17 and 53 precent [sic]. €

& Legend
% % Major Cities
. Study Sites

* Seattle

Aberdeen % %
. ung ¥ Obmwia

Figure 1--Locations of western hem ock stands €
sanpl ed for infection by Heterobasidi on annosun€

in Washington State €

Table 1--Site characteristics of western hem ock stands in Washington State €
surveyed for Heterobasidion annosum inci dence €

St and name Soil site indexE Soil series? El evation Sl ope €
feet per cent
Fall's Creek C2600° 100 Bunker 2500 35
Falls Creek C6700 100 Bunker 2500 25
Falls Creek C6790 100 Bunker 2500 17
Lund A800 100 Bunker 500 24
Nermah X130 110 Knappt on- Vest a 550 53
Nermah Y1710 110 Knappt on 550 19
Pal i x A2100 110 Knappt on- Vest a 600 31
Pal i x A2710 110 Knappt on- Vest a 600 28
Pal i x D2000 100 Vest a 2200 23
Pal i x D2300 110 Knappt on- Vest a 2200 26
Trap Creek D920 100 Kat ul a 1750 47
*Soil site index - height in feet at breast height age 50 €

years (Steinbrenner and Duncan 1969). €

®Soi|l series classification (Steinbrenner and Duncan 1969). €

*Maj or access |ine and road number respectively. €
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Stand Age at Thinning (Yrs) €

15- 20 >20 €

TPA € Lund A800" Falls Creek C2600
pre-thin € Pal i x A2100 Falls Creek C5700
density € Pal i x A2710 Nemah X130

Nermah X1710

Trap Creek D920
<3000 €

NS* Falls Creek 6790

Pal i x D2000

Pal i x D2300
>3000 € Bi shop A450

* NS - no sanples present €

*stand nane designated by service road €
(name) and access road nunber (letter and nunber) €

Figure 2--Relative position of survey stands to €
sanpling nmatrix constructed using plot nmeasurenment €
data for pre-thin stand age density and stand age. €

Pl ot Design and Measurenent s€

Survey transects at 5-chain intervals were €
overlaid on stand maps. Ten circular 1/50th acre €
pl ots per stand were established at randomy €
sel ected points fromthis overlay. Tree dianeters €
were nmeasured for plot trees larger than 4.5 €
inches in diameter at breast height (dbh). Cut-€
stunps from previous thinning activities and all €
other simlar-aged tree stunps within a 3-foot €
radi us of each plot tree were tallied. Pre-€
thinning and current stocking |levels were cal cu-€
lated for each stand by using plot residuals and €
cutstunmp tallies. This plot data filled a sanpling €
matri x of stocking density by stand age conbi na-€
tions. Figure 2 shows the sanple natrix breakdown €
by density and age. €

Heml ocks on each plot were cored at stump €
hei ght (6 inches) with an increnent borer. Cores €
were extracted through the bole to the stempith €
regi on and perpendicular to an imaginary line €
through the stemto the nearest cutstunp. This €
was determ ned by experience to give the greatest €
probability of intersecting a decay colum, if €
present. Extracted cores were stored at the end €
of each day in a cold roomat 33°F, and plated €
within 2-3 days. €

Di sease Status €

Tree di sease status was visually determni ned €
fromthe cores and later confirmed by fungal €
isolations as: (1) infected with H__annosum (2) €
contai ning other decay fungi, or (3) having €
"wetwood" stain with or w thout other decay fungi. €
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Fungal |solations €

Cores were dipped in 70 percent ethanol and €
flame sterilized prior to fungal isolation. Cores €
partitioned into 2-inch long pieces were plated €
onto medi a selective for H__annosum (Kuhl nan and €
Hendrix 1962). Plates were incubated 3 weeks at €
25°C and exam ned for the Oedocephalum €

Spor ophore Cccurrence €

Fruiting bodies of H_ annosumwere collected €
fromsurvey plots and their age was estinated by €
counting successive hynenial surface |ayers. Mre €
than one hynenial |layer can be forned in a year, €
but a maxi mum potential age for the individual €
sporophores can be calculated in this manner. €

Anal ysis €

Study results were tested for significant €
differences (p = .05) between stand infection €
| evel s and various stand and site paraneters by €
usi ng ANOVA PC/ SAS Version 6 (SAS Institute Inc. €
1987). €

RESULTS/ DI SCUSSI ON €

Stand Characteristics€

Western hem ock was the predom nate com €
ponent (97 percent) in our study (Table 2), with €
m nor conponents of Douglas-fir (Pseudotsuga€
nenziesii Mrb. Franco.), silver-fir (Abies€
amabilis Dougl. Forb.), and Sitka spruce (Picea€
sitchensis Bong. Can.) present in sone stands. €
Qur study concentrated on henl ock stands currently €
26-39 years old (Table 2). Stand age was ex-€
pressed as the time since the previous harvest, €
and not actual tree age. W found that tree age €
and stand age could differ by as rmuch as 15 years, €
because some trees could be nonnerchant abl e€
carry-overs fromthe previous stand. €

Al'l stands had been regenerated naturally €
follow ng harvest. The Falls Creek sites were €
sl ash-burned, and the remaining sites were not €
(Table 2). Site preparation affected the occur-€
rence of henlock dwarf mstletoe (Arceuthobiunt
tsugense (Rosendahl) G N. Jones). This disease €
was common in nonburned stands,, but absent in €
sl ash-burned units. €

Stand density at thinning was calculated to €
range from 1485 to 4205 trees per acre (TPA) €
(Tabl e 2). These stands were subsequently precom €
nercially thinned with chai nsaws between 5 and 11 €
years ago. Cut-stunps were not treated with€
borax. Post-thinning stocking levels varied fromé€
260 TPA to 570 TPA. €
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Tabl e 2--Stand description of site preparation
current stand age, holding tine since pre-commercia
stocki ng density (TPA), and current stocking |evels.
acre plots per stand €

western hem ock conposition, €
t hi nning (PCT),
Dat a based on ten 1/50th-€

pre-thin €

Site Hem ock Current' Years Since St and densi ty*

St and name! prep conposi tion stand age Thinning Pre-thin Current €

Per cent Years TPA TPA
Falls Creek C2600 Bur ned 91 36 8 2380 335
Falls Creek C6700 Bur ned 99 36 6 1880 385
Falls Creek C6790 Bur ned 99 36 6 3000 350
Lund A800 None 96 26 8 1485 260
Nermah X130 None 100 29 5 2260 315
Nemah Y1710 None 100 29 5 2790 345
Pal i x A2100 None 99 30 11 2855 360
Pal i x A2710 None 86 30 11 2015 270
Pal i x D2000 None 100 31 10 4205 570
Pal i x D2300 None 100 30 9 3620 340
Trap Creek D920 None 95 32 6 2115 305

“The letter and nunber designations that follow the stand nanes €
identify the road line (letter) and secondary access road nunber. €

®Years since |ast harvest and not actua

*TPA - stand density in trees per acre. €

Di sease Survey Data€

The survey data were used to determne dis-€
ease incidence, decay levels, and to identify fac-€
tors related to infection levels. Disease status €
was based on exami nation of cultures from 769 hem€
|l ock tree cores. W distinguished between in-€
ci pient and advanced decay caused by H_annosun€
and "wetwood." The occurrence of sporophores of€
H.__annosum and cutstunp frequency were neasured €
as disease factors. €

Levels of Infection by Heterobasidi on annosun€

Level s of infection caused by H. annosun€
in precommercial thinned western hem ock stands €
t hroughout this study were low, they ranged from#€
0 to 8 percent (Table 3). The Lund A800 site had €
the highest infection level. Infection levels of €
0 to 2.9 percent were observed in the Falls Creek €
stands. At Trap Creek D920 3.4 percent of the €
trees were infected with H__annosum The fungus €
was not isolated fromplots of the Palix A2100, €
Falls Creek C2600, A2710, D2300 or Nemmh Y1710 €
stands. €

Qur results indicate that infection levels €
of H._annosumin pre-conmercially thinned west-€
ern hem ock stands are nmuch | ower than previously €
reported. Schm dt (1978) observed that stand €
el evati on and geographic |ocation had an effect €
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tree age. €

on stand infection levels. He found higher levels €
(40-50 percent) in Pacific County (Washington), €
and slightly lower levels (30-50 percent) in €
Washi ngton Cascade stands. In sinmilar |ocations, €
Coheen and others (1980) reported disease |levels €
to be from5-20 percent and 20-30 percent for non-€
thi nned and thinned stands, respectively. Chavez €
and others (1980) reported that 85 to 95 percent €
of hem ock residuals in a Callam Bay, Wshington
thinned stand were infected. New unpublished data €
obt ai ned by the authors and others (Ednonds and €
ot hers 1989) do not support these earlier study €
results. In contrast, we suggest that infection €
levels in the range of 0 to 15 percent may be €
typi cal for thinned or nonthinned western hem ock €
stands under 50 years of age. €

In our case, the post-thinning holding time €
period (5 to 11 years) shoul d have been |ong €
enough to allow for sufficient pathogen nmovenment €
fromcutstunps to residual trees based on pub-€
lished fungal growth rates -- 0.75myear (Wallis €
and Morrison 1975, Chavez and others 1980). W €
did not see a trend in our data for nore disease €
with |l onger holding period. Gther studies sanpled €
stands followi ng simlar post-thinning periods. €
For exanpl e, Goheen and others (1980) sanpled €
stands 12-21 years after thinning, while Chavez €
and others (1980) reported on a 10-year post-€
t hi nni ng hol ding period. €

€
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The distribution of hem ock trees infected €
by H. annosum by di aneter class has not been pre-€
viously reported in the literature. Table 4 €
illustrates that infected trees occurred throughout
the dianeter distribution of our study sites. €

Decay In Trees€

Decay frequency, including that caused by €
H._ annosum is shown in Table 3. H annosum was the
nmost frequent pathogenic root decay fungus iso-€
| ated. Earlier studies have shown H. annosum to€
be a maj or conponent of decay in western hem ock €
(Shea 1960, Goheen and others 1980, Wallis and €
Morrison 1975). €

Advanced bol e decay was observed in residua
hem ocks in all stands except Nemah Y1710. Decay €
may al so result fromother fungal species. Arml-€
laria sp. (ostoyae) was isolated from decayed €
cores of two trees. Perenniporia subacida and €
ot her fungal species were isolated infrequently. €

Fungi Inmperfecti and bacteria associated with €
decay were isolated but these were not iden-€
tified. €

Decay inmpact on a stand level was mniniml €
owing to the lowinfection levels. Merchantable €
| osses fromdecay were estimated to be |l ess than €

€

€

€

1 percent of stand volume. This is less than the €
2 to 3 percent nerchantable volunme | oss neasured €
by Goheen and others (1980). Decay devel opment €
over the remaining portion of the rotation (20 €
years or so) will add additional inpact, as the €
colum of decay continues to devel op. €

Wet wood St ai n€

Dar k- st ai ned, water-soaked core wood in €
west ern heml ock has been terned "wetwood" €
(Schroeder and Kozlik 1972). This type of wood €
has been associated with warping, annual ring €
separation (shake), and drying problems in western €
hem ock. €

In our study, 45 percent of sanpled trees €
contai ned "wetwood" stain at the stunp level €
(Table 3). "Wetwood" was npst prominent in the €
Pal i x D2000 unit, and it was | east common in an €
adj acent stand, Palix D2300 (57 percent versus 31 €

percent, respectively). €
"Wetwood" is believed to arise frombranch €
origin, but may al so be a by-product of wood-€

decayi ng m croorgani sns (Ednonds and ot hers 1989). €
Because of its appearance, "wetwood" has been €

Tabl e 3--Summary of disease data from sanpl ed stands of western henlock €

showi ng percent ages of

with bole decay, and "wetwood" occurrence
ten replicate 1/50th-acre plots per stand €

i nfection by Heterobasi dion annosum percent trees €
Dat a based on averages from€

St and nane* H. annosum i nfection?®

Decay trees’

"Wt wood" €

Per cent Per cent
Falls Creek C2600 0 a* 3.8 ab
Falls Creek C6700 1.3a 1.3 ab
Falls Creek C6790 2.9ab 4.4 ab
Lund A800 8.0 b 8.0 a
Nemah X130 4.8ab 6.0 ab
Nermah Y1710 0.0a 0.0 b
Pal i x A2100 0.0a 1.4 ab
Pal i x A2710 0.0a 0.1 ab
Pal i x D2000 0.9a 0.9 ab
Pal i x D2300 0.0a 4.4 ab
Trap Creek D920 3.4ab 6.9 ab

Per cent

49
45
31
46
54
48
37
47
57
31
53

abcd
abcd
cd
abcd
abc
abcd
bcd
abcd
ab
cd
abc

'The letter and number designations that follow the stand nanes €
identify the road line (letter) and secondary access road nunber. €

*Percent age of trees with H__annosum €

*Percent trees with incipient or advanced decay including those €

with H_annosum €

“Means followed by different letters are significantly different €
at P = 0.05 as determined by Duncan’s New Miultiple Range T-test. €
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m stakenly identified as a synptom caused by €
H._annosumin infected wood. Qur isolations €
confirmthat "wet-wood" is a poor indicator of €
incipient infection by H. annosum Bacteria and €
various Fungi |nperfecti (Trichoderma sp., etc.) €
were consistently isolated from"wetwood." €

Di sease Factors€

Spor ophore Cccurrence €

Frui ting bodi es (sporophores) are the source€
of airborne inoculumof H_annosumthat infects €
freshly cut stunps and wounded trees. The €
presence of sporophores has inmportant bearing on €
stand infection |evels, because sporophores con-€
firmthat the fungus is present and producing €
spores which could contribute to nore infections. €
We frequently observed active sporophores on €
stunps and | oggi ng slash fromthe previous stand, €
and | ess frequently on thinning-aged slash. The €
quantity of sporophores present on a area sanpling €
basis differed between stands (Table 5). €
Spor ophores could not be found in the slash burned €
stands at the Falls Creek sites (06700, C2600, and €
C6790). Slash burning nmight inhibit or delay €
fruiting through decreased initial infection €
rates, consum ng substrates where fruiting mght €
occur, or by changing the fruiting mcroenviron-£€
nment . The interactions between fire and€
H. annosum have been poorly studied (Russell and €
ot hers 1989). €

O her factors (such as elevation) could af-€
fect sporophore production. The Falls Creek €
sites, where no fruiting of H_ annosum was €
observed, were at the highest elevation (2500 €
feet) sanpled. Infection rates and fungal growh €
m ght be adversely affected at higher elevations, €
further contributing to delayed fruiting. €

Tabl e 4--Distribution of H annosuminfected trees €
and the percent of trees infected in each 1 inch €
DBH di ameter class. €

DBH Di anet er No. trees No. infected Percent €
cl ass trees i nfection€
4.5 - 5.0 16 0 0
5.5 - 6.0 30 3 10
6.5 -7.0 64 1 1.6
7.5 - 8.0 116 2 1.7
8.5 - 9.0 133 4 3
9.5 - 10.0 117 2 1.7
10.5 - 11.0 110 2 1.8
11.5 - 12.0 73 0 0
12.5 - 13.0 47 1 2.1
13.5 - 14.0 34 0 0
14.5 - 15.0 18 0 0
15.5 - 16.0 9 0 0
16.5 - 17.0 4 0 0
17.5 - 18.0 1 0 0
18.5 - 19.0 1 0 0
19.5 - 20.0 1 0 0
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In contrast to the Falls Creek site, non-€
burned stands had varyi ng popul ati ons of active €
spor ocar ps. Spor ophores were observed on 20 €
percent of the plots in four stands (Trap Creek. €
D920, Palix D2300, D2000; and Lund A800), while €
hi gher sporophore concentrations (40 percent of €
the sanple area) occurred in the Nemah X130 and €
Pal i x A2710 units. The greatest nunbers of €
sporophores were observed in the Nenah Y1710 unit €
where 90 percent of the plots had active €
sporophores. The availability of suitable woody €
substrates (stunps and | ogs) appeared related to €
fruiting abundance, but this was not quantified in €
this study. €

Sporophore age ranged from3 to 6 years old €
in nmost units, with occasional ol der "conks" being €
from1ll to 16 years old. These data indicated €
that peak sporophore occurrence did not coincide €
wi th stand thinning date. Thinning was done when €
relatively few active sporophores were present in €
these stands. This could explain the | ow correl a-€
tion between current sporophore density and stand €
infection levels. €

Previ ous researchers reported high levels €
of stunp infection, but gave no clue as to in-€
ocul um source (Driver and Ednonds 1970). W sug-€
gest that in our study, stands were thinned when €
| ow background | evel s of inoculumwere present. €
The source of this inoculumcould be fromthe €
rel atively few sporophores present in the stand €
and from sources outside the stand. Ri sk of €
tree infection within a stand could be augnented €
i f greater sporophore density coincided with thin-€
ni ng, since spore sources and suitable fresh cut-€
stunps would be in close proximty. €

QO her fungi mght successfully conpete with €
H._annosum for avail able substrates, resulting in €
low infection rates. We observed nunerous €
sporophores of Perenniporia subaci da, Ganoderma€
oregonensi s, Neamatol oma capnoi des, Pholiota sp., €
and Fomi topsis pinicola on stunps and | ogging €
debris, and on thinning slash. The beneficial €
role that these conpeting fungi may play in dis-€
ease reduction in hem ock stands has not been €
quantified. €

Cutstunp Distribution €

Cutstunmps are a primary infection court for €
H._annosum al t hough wounds and ani mal danege al so €
provide infection counts (Chavez and others 1980). €
Qur initial hypothesis stated that stands thinned €
froma higher stand stocking density would €
devel op higher |evels of disease than those €
thinned fromlower initial stand stocking den-€
sities. This hypothesis assuned that greater €
cutstunmp frequencies around individual trees would €
create greater infection potential. €

The average cutstump frequency for our €

stands is shown in Table 5. Falls Creek C6700 was €
characterized as a stand with | ow cutstunp density €
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(0.7 stunps/per tree). In contrast, the Palix €
units D2300 and D2000 averaged 3.8 cutstunps per €
residual tree. Overall, some 30 percent of the €
study trees did not have a cutstunp within a€
3-foot radius. Figure 3 displays a histogramof €
the varying nunber of trees with increasing num#€
bers of cutstunps. The frequency of trees €
decreased rapidly with increasing cutstunp €

cl asses. The maxi mum nunber of cutstunps sur-€
rounding a single tree was 17 (Palix D2000). €

We found no significant relationship (P = €
0. 05) between cutstunp frequency within 3 feet of €
residual trees and the tree's risk of infection by€
H._annosum This is due to the fact that probabil-€
ity of infection did not increase with increasing €
nunbers of cutstunps (Table 6). The average in-€
fection probability in cutstunp classes up to five €
stunps per tree was (P = 0.022). No infected €
trees were encountered in cutstunp frequency €
cl asses greater than six stunps per residual. €

These findings do not support the initial €
hypot hesi s that disease initiation increased with €
hi gher cutstunp frequencies. They indicate that €
cutstunps may not be the rate-limting infection €
factor. This places greater inportance on spore €
loads as a limting infection factor in our survey €
stands. Theoretically, infection rates should in-€
crease linearly if both spores and cutstunps are €
not limting. This is not shown by the data in €
Table 6. €

Fi gure 3--Frequency distribution showing the €
nunber of pre-comercially cutstunps within €
three feet of individual residual western hem ock €
trees,
Washi ngton State. €

in stands surveyed for

Tabl e 5--Summary of disease factors associated with Heterobasidi on annosunt
in survey stands of western heml ock, including sporophore occurrence, and €
mean pre-commercial thinning (PCT) cutstunp density around stand residuals €

St and name’ Spor ophore Cccurrence’

Cut -stunp density®*

Percent of area

Falls Creek C2600 0
Falls Creek C6700 0
Falls Creek C6790 0
Lund A800 0
Nermah X130 40
Nermah Y1710 90
Pal i x A2100 40
Pal i x A2710 40
Pal i x D2000 20
Pal i x D2300 20
Trap Creek D920 20

Mean

PRWOWNNNNEEROR
DOOONOWNWON©

'The letter and number designations that follow the stand nanes €
identify the road line (letter) and secondary access road nunber. €

?Percent of sanple plots with sporophores of H annosum €

®Mean number of PCT-stumps in a 3-foot radius of plot residuals €

based on ten 1/50th acre plots per stand. €
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Tabl e 6--The probability of a residual western
hem ock in different cutstunp' classes becoming €
i nfected by Heterobasidi on annosum fol | owi ng
pre-conmerci al thinning (PCT)

Cut st unps* No. of I nfection
per residual trees I nf ect ed’ probability

no. t ot al no. percent €

None 230 5 2.2

1 147 5 34

2 115 1 0.9

3 93 2 2.2

4 60 0 0

5 a7 2 4.3

6-17 7 0 0

Totals (trees) 769 15 Average 2.0 €

* Nunber of PCT-stunps within 3-foot €
radi us of individual residual western hem ock. €

* Nunber of confirmed H. annosuminfected €
trees. €

We suggest that |ack of significance between €
cutstunp frequency and infection by H. annosumin €
this study might be explained by: (1) variable in-€
fection rates for different sized stunps, (2) low €
infection rates under |ow incident spore |oads, €
and (3) changes in root grafting frequency at dif-€
ferent stocking levels, or conbinations of the €
above. The role these variables play in the in-€
fection process needs to be quantified. €

CONCLUSI ONS AND DI SEASE MANAGEMENT CONSI DERATI ONS €

Sout hwest ern Washington currently contains €
many overstocked stands of western heml ock. €
Present pre-commercial thinning practices reduce €
stand stocking to optimize residual tree growh €
and | og size. The increase of root disease caused €
by H. annosum after thinning has been €
denponstrated, but its nagnitude and inpact are €
still being debated (Ednonds and others 1989). €

Currently, no disease-control neasures, such €
as borax-stunp treatnment, are practiced, as has €
been advocated in earlier studies (Russell and €
others 1973). Qur results indicate that no con-€
trol measures are warranted in henl ock stands €
thinned in the 15 to 20-year-old age class (or €
younger), and under low infection potential (low €
sporophore incidence). €

Results of this study denpnstrated that: €

1). Level s of infection caused by H annosumin €
residual trees in thinned coastal Washington €
western hem ock stands are low (0O to 8 €
percent). Current nerchantable volume in €
decay ranges fromO to 1 percent. H annosun€
was the nost frequent cause of root decay in €
the western hem ock trees in this study. €

2). Infection levels were not correlated with €
sl ope, elevation, or other stand charac-€
teristics. €

3). No correl ation was found between the fre-€
quency of cutstunps and increased in-€
dividual tree risk to infection by €
H. annosum €

4). Trees infected by H annosumoccur across a €
wi de variety of dianeter classes. €

5). No sporocarps of H. annosumwere observed in €
sl ash-burned units. Fruiting in non-burned €
units varied from20 to 90 percent of sanple €
area. No relationship was found between €
current fruiting occurrence and current €
level s of infection by H annosum €

6). "\Wet wood" occurred in some 45 percent of the €
sanpl ed trees and it was not indicative of €
incipient infection by H annosum €

7). No di sease control neasures are warranted €
for hem ock stands thinned under simlar |ow €
infection potentials. €
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