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Fourth Year Responses of Aspen and White
Spruce; The BWBS Long-Term Soil Productivity Study

Introduction

Maintaining the long term productivity of forest soils
is essential for future forest growth.  Organic matter losses
and decreases in aeration porosity (soil compaction) are con-
sidered to be the fundamental factors contributing to observed
declines in forest productivity (Powers et. al., 1990).  The
consequences of changes to these soil properties are not well
documented, particularly in boreal ecosystems.

Post-harvest reductions in both the quantity and pro-
ductivity of regenerated aspen have been observed on boreal
forest sites.  Particularly on the medium- and fine-textured
soils common in north-eastern British Columbia, sites with a
summer harvesting history commonly have reduced num-
bers of aspen regeneration, even where harvesting distur-
bance has not created ruts or excessive soil displacement.
Growth responses of white spruce to harvesting disturbance
are difficult to separate from the effects of competing vegeta-
tion (particularly Calamagrostis canadensis) and microsite
differences in soil drainage.

Quantifying the effects of different levels of organic
matter removal and soil compaction of the long-term produc-
tivity of forest soils is one of the objectives of the LTSP study.

In this note, the growth responses of trembling aspen and
white spruce regeneration four years after compaction and
organic matter removal treatments are described.

Methods

The Boreal Long-Term Productivity site was estab-
lished in the Dawson Creek Forest District, beginning in
1995 (Kabzems 1996).  The research site is representative of
mesic aspen ecosystems in the Boreal Black and White Spruce
zone (BWBS).  Soils on the study site are silt loam veneers,
20 - 30 cm thick, over clay loam.  The pre-treatment forest
floor averaged 7 cm in depth.

The area was harvested in January and February of
1995 (Kabzems 1996).  Winter harvest on frozen ground
ensured that no soil disturbance occurred during the harvest-
ing phase.  The first group of nine treatment plots (40 by 70
meters) was established in May, 1995.  The compaction treat-
ments were applied using a vibrating pad mounted on an ex-
cavator.
• The undisturbed plots (C0) did not receive any post-har-

vest compaction treatment
• The mineral soil was depressed 1 to 2 cm to achieve moder-

ate compaction (C1)
• The mineral soil was depressed 4 to 5 cm to achieve severe

compaction (C2)

Organic matter removal plots were treated as follows:

• For minimal organic matter removal (Merchantable Bole
Harvest, MBH), trees were delimbed in the forest and tops,
limbs and all woody debris were left on the forest floor

• All the woody  material was removed from the plot and
the forest floor was stripped to mineral soil with an exca-
vator to create the extreme organic matter removal condi-
tion (Forest Floor Removal, FFR)

Quantities of woody debris retained on each site
ranged from 17 to 50 tonnes/ha.  Over 70% of the retained
woody debris was coarse woody material (> 7 cm diameter),
usually from snags or woody debris present on the plot prior
to harvest.  By the fourth year post-treatment, most of this
material was in contact with the ground.

After the organic matter removal and compaction
treatments were applied, one half of each plot was randomly
selected for planting of white spruce seedlings, and the other

FIGURE 1.  Changes in mean numbers of aspen suckers from the first (1995),
second (1996) and fourth (1998) growing seasons at the Boreal LTSP site.
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half of each plot left for aspen natural regeneration.  On each
plot, one hundred white spruce seedlings were tagged for
repeated measurements.  Measured spruce seedlings were at
least five meters from plot boundaries to minimize potential
edge effects.   Within the aspen regeneration portion of the
plot, nine subplots (0.005 ha, 3.99 m radius) were randomly
selected to assess amount of aspen regeneration, height, and
damaging agents.  The same aspen subplots were used for
measurements each year.

All white spruce seedlings annually received a
manual brushing treatment,
which removed competing
vegetation in a 1.25 m radius
around the seedling.  This
was done to remove the in-
fluence of competing vegeta-
tion from the observed re-
sults.
The initial nine plots of the
study described in this note
are an incomplete set of the
treatment combinations.
There were three forest floor
removal plots (FFR), with
three different levels of delib-
erate soil compaction (C2 - 5
cm depression, C1 - 2 cm de-
pression, and C0 - no delib-
erate compaction).  The other
six plots had merchantable
bole removal (MBH) in com-
bination with three levels of
soil compaction (C2, C1,
C0).  No tests of statistical
significance can be done un-
til all 27 plots have reached
the same stage of develop-
ment post-treatment. Data
from the three FFR  plots
were averaged.  The MBH
treatments were separated by
the severity of the
compaction treatment (C0,
C1, C2).  Two plots were
present in each combination
(e.g. for MBHC1, n=2).

Results and Discussion

Aspen regeneration

Removal of forest floor (FFR) stimulated aspen
suckering in the first growing season after treatment (Fig. 1).
Aspen mortality has been greatest on the FFR treatment, with
sucker density declining from 202,830 st/ha in 1995 to
54,837 st/ha in 1998.  After four growing seasons the FFR
treatment still had greater numbers of aspen regeneration than
any of the MBH treatments which ranged between 27,800
and 30,222 st/ha.   After four growing seasons, there were
no obvious differences in aspen density among the MBH
treatments by level of compaction (Fig 1).

Heavily disturbed sites in Western Canada, Minne-
sota, and Colorado have been observed to have reduced as-
pen stocking rates, compared to adjacent undisturbed plots,
when measured 5 to 15 years after harvesting (Navratil 1991,
and Shepperd 1993).  The most severe compaction treatment
in this study (C2, 5 cm mineral soil depression) is only the
threshold for being rated as a detrimental disturbance under
the existing B.C. Ministry of Forests Soil Conservation
Guidelines.

Aspen density, height and basal diameter were sig-
nificantly lower in former skid trails within a cutblock in
the Dawson Creek Forest District (Kabzems 1995).  Aver-
age numbers of regeneration decreased from 48,000 st/ha
on undisturbed areas to 9,000 st/ha on former skid trails.
Aspen heights were 376 cm on undisturbed soils eight years
after harvest, compared to 87 cm on average within the
former skid trails.  The skid trails had significantly lower
aeration porosity and increased bulk density compared to
adjacent undisturbed areas.  This example of poor aspen re-
generation would appear to have been associated with more se-
vere harvesting disturbance than that created in the LTSP study.

Aspen Height Growth

Median height of the aspen regeneration on the FFR
(forest floor removal) treatment was lower than any of the
MBH treatments (Fig. 2).  Differences in median height be-
tween the MBH treatments should be interpreted with cau-
tion as ungulate browsing and incidence of Venturia
macularis (Aspen leaf and twig blight) had occurred on over
80% of aspen stems in each season since 1995.  The FFR
treatment plots had reduced levels of browse incidence, as
the stems tended to be under the snow during the winter
season when most of the ungulate browsing occurred.

In 1998, the tallest four aspen stems were measured
within each subplot (Fig. 3 and Photo 1).  These tallest indi-
vidual stems have escaped the majority of ungulate brows-
ing and disease effects over the first four years.  They may
better reflect the potential productivity of the site for aspen
than the median heights.  The FFR treatment clearly had the
smallest aspen regeneration of any treatment (Fig. 3 and
Photo2).  The MBH plots showed a gradient of decreasing
maximum heights with increasing level of compaction.

Aspen sites in Minnesota (Alban et al. 1994, Stone

FIGURE 2.  Median heights of aspen regeneration
in 1998 at the Boreal LTSP site.

FIGURE 3.  Mean maximum heights of aspen in
1998 at the Boreal LTSP site.

FIGURE 4.  Total height of white spruce
seedlings in 1998 at the Boreal LTSP site.
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and Elioff 1998) showed similar patterns to those described
in this study.  Removal of the forest floor stimulated the pro-
duction of a large number of aspen suckers, but height
growth was reduced.  The greatest number of large aspen
suckers (minimum 2.5 cm dbh) was found on the treatments
with the least disturbance of soil conditions (no compaction,
no organic matter removal (Stone and Elioff 1998).  In sum-
mary, disturbance in Minnesota aspen stands decreased the
five-year growth of potential crop trees, delaying early stand
development.

The results of this study are consistent with the di-
rect and indirect effects of harvesting equipment on aspen
regeneration summarized by Greenway (1999).  The regen-
erative capacity of aspen in heavily traveled areas can be re-
duced by a combination of loss of macropores, increased soil
water, and physical damage to the roots.  These factors all
contribute to limited root growth, reduced sucker initiation
and retarded height growth (Greenway 1999).

White spruce regeneration

Total heights of white spruce seedlings in 1998 were
lowest for the FFR treatment (Fig. 4).  Within the MBH treat-
ments, total heights of white spruce seedlings decreased as
the degree of compaction increased (Fig. 4).  The average to-
tal height was 84 cm for the MBHC0 treatment, compared
to 51 cm for the MBHC2 treatment.

The changes in height increment for the white spruce
seedlings (Figure 5) indicate that all treatments had similar
height increments in 1995, when the newly planted seed-
lings would reflect the nursery environment.  Height incre-
ments in 1998 show a clear pattern of less height growth
with increasing soil compaction.  If these trends continue,
differences between treatments will become even more dis-
tinct over time.

Diameter increments for white spruce seedlings (Ta-
ble 1) show a similar trend to those described for height in-
crements.  The treatments with the least amount of distur-
bance had the largest white spruce basal diameters in 1998,
and greater diameter increments after four growing seasons.

Mortality of white spruce seedlings

Mortality of white spruce seedlings varied dramati-
cally between the treatments.          By the fourth growing season
(1998), 5% of the white spruce had died on the MBHC0

plots.  In contrast, 28% of the planted seedlings had died on
the MBHC2 plots.  On the FFR plots, 23% of the planted
seedlings had died by the fourth growing season.

The dominant factor for white spruce mortality ap-
peared to be the creation of poorly drained and poorly aer-
ated soil conditions by the compaction treatments.  In the
1996 and 1997 growing seasons, all plots with compaction
treatments were observed to have had saturated soil mois-
ture conditions for much longer periods than adjacent plots
where treatments were less disruptive.

Mortality of white spruce seedlings would not have
been due to vegetation press or competition. Even through
Calamagrostis canadensis cover was over 55% by 1998, with

PHOTO 2.  Aspen regeneration in FFR plot, July 1999.

TABLE 1.  White spruce seedling basal diameters
in 1995 and 1998 at the Boreal LTSP site.

Treatment

MBHC0 7.6 13.5 5.9
MBHC1 7.4 11.5 4.1
MBHC2 7.0 8.2 1.2
FFR 7.4 8.5 1.1

Bas
al 

dia
mete

r

19
95 (m

m)

Bas
al 

dia
mete

r

19
98 (m

m)

Diam
ete

r in
cre

men
t

fro
m ‘9

5 - ‘
98 (m

m)

PHOTO 1.  Aspen regeneration in the MBHC0 plot, July 1999.
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FIGURE 5.  Changes in mean white spruce height increments for the first (1995),
second (1996) and fourth (1998) growing seasons at the Boreal LTSP site.

heights over 1.5 m on the MBHC2 plots, no vegetation press
of seedlings occurred.  Annual brushing removed compet-
ing vegetation for a 1.25 m radius around each seedling.

Frost heaving of white spruce seedlings did not oc-
cur on any of the plots, even on the FFR treatment where
the surface organic materials had been removed.

Summary and Conclusions

The results of the first four years of this study can be sum-
marized as follows:

• total tree harvest of mature aspen when soils were frozen
produced a fully stocked stand of aspen suckers

• to date, the compaction treatments applied in this experi-
ment have had no obvious effect on the numbers of aspen
suckers

• maximum heights of aspen decreased with increasing de-
grees of compaction, however ungulate browsing and dis-
ease effects may have obscured differences in aspen height
growth between treatments

• the most vigorous and productive white spruce were
growing on the least disturbed sites

• vegetation control applied around spruce seedlings has
created an ‘open-grown ‘ condition.  Thus, the observed
differences in white spruce growth and mortality between
treatments at this time reflect soil conditions.

On  similar boreal sites which have soils with high
or very high compaction hazards, levels of soil disturbance
which are presently not considered to be detrimental, may
result in losses of potential productivity.
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FIGURE 6.  Cumulative mortality of white spruce
seedlings by 1998 on the Boreal LTSP site.


