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SUMMARY

In the Oregon subalpine zone, extensive dieback occurs in relatively pure stands of 150
to 250-year-old mountain hemlock growing on very infertile soils. Tree death is caused
by a root-rot fungus, Phellinus weirii. Young trees that become established following
death of the original forest are apparently not reinfected by the pathogen until 80-140
years later, whereon mortality occurs again. We examined the effects of this natural
disturbance and subsequent regrowth on a number of ecosystem characteristics.

Decomposition rates and nitrogen availability measured by in situ exchange resins
increased in the zones of young regrowth, but dropped to values common for old
growth as the forest aged and the canopy closed. Phosphorus and potassium
accumulation on exchange resins showed trends opposite to nitrogen, and may have
been associated with changes in biomass. Increased nitrogen concentrations and
decreased lignin concentrations in fine roots in the zone of young regrowth suggested
improved tree nutrition under conditions of higher N availability and lower leaf area
index. Tree vigour, estimated as wood production per unit leaf area, also was
significantly increased in the zones where young forests grew. Circumstantial evidence
suggests that increases in nutrient availability and light following death of the mature
forest improved photosynthesis leading to increased resistance of young trees against
infection by the pathogen.

INTRODUCTION

In the subalpine zone of the Cascade Mountains in Oregon, United States of
America, the pathogen Phellinus (Poria) weirii (Murr.) Gilbertson causes the
death of old-growth mountain hemlock (Tsuga mertensiana (Bong.) Carr.)
forests as root infection progresses radially from a central point, often causing
death of essentially all vegetation, including tree saplings. Young trees,

! Present address: Ecosystem Science and Technology Branch, NASA-Ames Research
Center, Moffett Field, CA 94035, USA.

2 Present address: Department of Forestry and Wildlife Management, University of
Massachusetts, Amherst, Mass. 01003, USA.

Forestry, Vol. 60, No. 2, 1987



220 Forestry

however, quickly become established on the bare soil and grow without
apparent infection until they reach the age of 80-140 years, whereafter
mortality begins again, providing a cyclic pattern of vegetation development
(McCauley and Cook, 1980).

We were intrigued with the apparent resistance of young trees growing in
an area filled with old stumps still supporting ample amounts of inoculum
(Hansen, 1979; Bloomberg and Reynolds, 1981; Hadfield, 1985). In an earlier
study, Matson and Waring (1984) conducted a growth room study with
mountain hemlock seedlings lifted from the residual soil and later replanted *
in the same. Following improvement in the availability of light or nitrogen,
the transplanted seedlings increased their carbohydrate reserves and became
significantly more resistant to infection to Phellinus than shaded or
unfertilized seedlings.

In this paper we report changes in ecosystem characteristics observed
across a gradient from mature 250 year-old mountain hemlock forest infected
by P. weirii through three stages of regrowth. We associate changes in
decomposition and nutrient availability with canopy leaf area, tree vigour,
and fine-root chemistry that are symptomatic of changes in physiology likely
to affect the resistance of trees to infection by Phellinus (McLaughlin and
Shriner, 1980).

METHODS

The study site was in the Oak Ridge Ranger District of the Willamette
National Forest in central Oregon (43° 30'N, 122° W), at 1770 m elevation.
Snowpack in this area often remains from November until June or early July.
The soil is an Entic Cryorthod (spodosol) derived from volcanic ash and
pumice deposited ca 6600 years ago. The study site was described in detail in
Matson and Boone (1984).

From three previously established transects, 70 m long, located about 500
m apart, we had data on stand age classes, July soil temperatures and
moisture contents, and in situ and laboratory nitrogen mineralization (Boone,
1982; Matson and Boone, 1984). These same transects were used to assess
alterations in canopy leaf area index, decomposition, nutrient availability,
and root chemistry. We also measured an index of tree vigor found useful in
predicting resistance against bark beetle attack (Waring and Pitman, 1985).

Decomposition and nutrient availability

Along each 70 m transect ten points were identified, three in the old-growth
forests and the other 7 randomly placed to sample a nearly bare zone, where
the only old trees were standing dead or fallen, a young regrowth area where
saplings were established, and an older regrowth area where trees had made a
fairly closed canopy.
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Decomposition rates were estimated from weight loss of three Whatman
No. 5 cellulose filter papers placed in nylon bags with | mm mesh. Bags were
placed beneath the 02 horizon at a random distance within 5 m of either side
of each transect point. The bags were installed immediately after snowmelt in
early July 1982, and separate collections were made 2, 12, and 14 months
later. Following collection, bags were dried at 70°C for 24hr, brushed free of
adhering litter, and weighed. The filter papers were analyzed for total
nitrogen using a semi-micro Kjeldahl method.

A nylon bag containing 10 g of mixed cation and anion resin beads (J. T.
Baker M-614) was buried near the filter papers and collected at the same
times (Binkley and Matson, 1983). Within 48 hr following collection, ions
were extracted with 1 N NaCl. Ammonium, nitrate, and phosphate were
determined using a Technicon Autoanalyzer. Potassium, calcium, and
magnesium were analyzed using atomic absorption spectrophotometry.

Vegetation assessments

Along each of the three transects, wood cores were extracted at breast height
from three trees nearest to each of the 10 sampling points. Sapwood area was
determined, and leaf area estimated by assuming 0.16 m? of projected foliage
area for each square cm of sapwood (a relationship derived during a previous
study (Waring er al., 1982). Where the sampled trees were not mountain
hemlock (less than 5%), other appropriate constants were used (Waring et
al., 1982). Projected leaf-area index (LAI) was estimated for an area within 2
m of the transect through each of the four vegetation units by extrapolating
locally determined sapwood area: total basal area relationships to all the trees
found within each unit of the transect (Boone, 1982). Growth in diameter
during the previous year was measured on each of the increment cores, and
wood production was estimated using allometric relationships (Gholz et al. ,
1979). The ratio of wood production per unit of leaf area was calculated as an
index of vigour, as in earlier studies of host-insect interactions (Larsson et al.,
1983; Waring and Pitman, 1985).

Tree roots (< 5 mm diameter) were collected from the 0-15 cm soil depth
at each of 10 points along the transects. Roots were dried, ground through a
40-mesh screen and analyzed for total N using semi-micro Kjeldahl and for
total carbon with a LECO 12 carbon analyzer. Lignin was analyzed following
the procedures of Van Soest (1963).

Statistical analyses

Sampling points along the transects were grouped into four classes based on
location relative to stand age. Points 1, 2 and 3 represented old-growth; 4 and
5 the nearly bare areas with some seedlings; 6, 7 and 8 the young regrowth;
and points 9 and 10 the older regrowth. These four areas were defined as
treatments for analysis of variance. The three transects, located about 500 m






