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Introduction
Organic matter removal and soil compaction are
two types of soil disturbance that occur during forest
harvesting activities. Both of these types of disturbance
have the potential to reduce the long-term productivity
of all vegetation which grows on the site. Quantifying
the effects of different levels or organic matter removal
and soil compaction is one of the objectives of the LongTerm Soil Productivity Study (LTSP). Over 62 research installations in North America are linked in the
LTSP network (Powers 1990, and http://
www.fs.fed.us/research/wfwasr/soils_brochure2.htm).
Previous extension notes have described the study design (Kabzems 1996), and initial trends for regeneration
responses (Kabzems 2000a) and vegetation responses
(Kabzems 2000b) to the treatments. In this note, the
growth responses of trembling aspen and white spruce
regeneration to different levels of organic matter removal
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Aspen regeneration on Plot 24, during the second growing season
(August 2000).
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and soil compaction are reported, according to statistical
tests of the main factors.

Methods
The Boreal Long-Term Productivity Site was established
in the Dawson Creek Forest District, beginning in 1995
(Kabzems 1996). The full experimental design of 27
replicate plots was established by the spring of 1999.
The experimental design included all nine combinations
of three levels of soil compaction and three levels of
organic matter removal. The three levels of soil
compaction were: 1) no compaction, 2) intermediate
compaction (2 cm impression in mineral soil), and 3)
heavy compaction (4 cm impression in mineral soil). The
three levels of organic matter removal were: 1) tree stem
removal only, 2) whole tree harvesting and woody debris removal, and 3) scalping (all slash and forest floor
removed to expose mineral soil). Each soil compaction
– organic matter removal combination was replicated
three times.
The research site is representative of mesic aspen
ecosystems in the Boreal White and Black Spruce biogeoclimatic zone (BWBS). Soils on the study site are
20 to 30 cm of silt loam over clay loam. The pretreatment forest floor averaged 7 cm in depth.
Less than three weeks after the organic matter removal and compaction treatments were applied, one half
(randomly selected) of each plot was planted to white
spruce seedlings. The other half of each plot was left for
aspen natural regeneration. On each plot, one hundred
white spruce seedlings were tagged for repeated measurements. Measured white 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) were randomly
selected to assess the amount of aspen regeneration,
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height, and damaging agents. From the nine aspen regeneration subplots, three were randomly selected for annual assessments. The same three subplots were used
for aspen measurements each year (Photo 1).
In the first aspen assessment, only average height of
aspen in the 0.005 ha subplot was recorded. Beginning
in the second year of the study, an additional measure of
aspen height was taken by recording the height of the
tallest aspen stem in each quarter of the subplot (aspen
maximum height).
All white spruce seedlings annually received a
manual brushing treatment, which removed competing
vegetation in a 1.25 m radius around the seedling
(Photo 2). This treatment was done to remove the influFigure 1. Changes in average number of aspen stems in the first and second
growing seasons at the Boreal LTSP site.

ence of competing vegetation from the observed results.
By September 2001, all 27 replicate plots had
achieved at least three growing seasons post-treatment.
Aspen regeneration measurements on the first nine replicate plots could not be completed in the third growing
season (1997). White spruce total height and height
increment for seedlings growing in 1997 were determined from measurements of internode height at the point
of bud scar formation in 1998.
Plot means were used as input terms for statistical
analyses using SYSTAT® (SPSS Inc.) For variables
which had been measured twice or more over all replicate plots, repeated measures ANOVA was used to
test for differences.

Results and Discussion
Organic Matter Removal

Aspen regeneration

Removal of the forest floor stimulated aspen sucker
production in the first growing season after treatment
(Figure 1). The scalping treatment had significantly more
aspen regeneration than the stem removal and whole
tree removal treatments in the first and second year (Figure 1). Even though greater aspen mortality occurred in
the scalping treatment (38% decline in aspen numbers
vs 32% –whole tree, 23% –stem only) total numbers
of aspen regeneration remained significantly greater on
the scalping treatments in year 2.
The B.C. results are similar to those found on U.S.
LTSP sites in the boreal forest. On silt loam and clay
textured soils, forest floor removal treatments had significantly greater numbers of aspen regeneration after
five growing seasons (Stone 2001). On a loamy sand
site in northern Minnesota, forest floor removal significantly increased first year sucker density (Alban et al.
1994). However, after five years, the differences between the forest floor removal and total tree harvest
treatments on the loamy sand site were no longer significant (Stone and Elioff 1998).
Aspen height growth

Scalping of forest floor significantly reduced aspen height
compared to the stem only and whole tree harvest treatments after the second year of growth (Figure 2). The
lowest mean heights for aspen were also found on the
forest floor removal treatments in the U.S. LTSP aspen
sites, regardless of soil texture (Stone 2001). Stem only
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harvest appeared to benefit aspen growth on sandy soils,
while on medium or fine textured soils, whole tree harvest treatments had the greatest average aspen heights
(Stone 2001).
The maximum heights of aspen regeneration (tallest
800 st/ha) in the second growing season were significantly lower for the scalping treatment at 83 cm, compared to the 137-138 cm heights for the stem only and
whole tree treatments (Figure 3). Average height of the
tallest 2000 st/ha of aspen in Minnesota on forest floor
removal plots were 227 cm, which was significantly
lower than the average aspen heights of 282 cm on the
‘no treatment’ plots (Alban et al. 1994). The smallest
mean diameters of aspen (measured at 15 cm) occurred
with forest floor removal on all soil textures in the U.S.
aspen LTSP sites (Stone 2001). To date, measurements
of aspen diameter have not been done at the B.C.LTSP.

Soil Compaction
Aspen

Compaction had no significant effect on numbers
of aspen regeneration (Figure 1) at the LTSP site. There
was no significant interaction effect between organic
matter removal and soil compaction for numbers of aspen regeneration in this analysis. These results are in
contrast to the U.S. LTSP aspen sites, where soil
compaction increased mean sucker density on the clay
and sand soils, and after five growing seasons differences were still significant on the clay soil (Stone 2001).
Decreased aspen sucker density on disturbed areas was
Figure 2. Average heights of aspen regeneration in the first and second growing
seasons at the Boreal LTSP site.

White spruce regeneration

Total heights of white spruce seedlings were significantly greater for the stem only treatment after three
growing seasons (Figure 4). There was no difference
between the whole tree removal and scalping treatments.
White spruce seedlings planted in 1998 and 1999 at
the site suffered highly variable damage from winter
desiccation following two consecutive winters with low
snow load and very mild temperatures. The top kill
and resulting variability in average total height would
explain why the whole tree plots decreased in average
total height from 35.2 to 34.1 cm over the first three
growing seasons (Figure 4).
Mean height increments of white spruce were significantly greater on the stem only treatment after three
growing seasons (Figure 5). Largest height increments
occurred in the first year, reflecting the nursery conditions, rather than response to conditions on the growing
site. The second year height increments of 3 to 6 cm on
average, reflected adjustment to the conditions created
at the growing site and resources directed to root expansion rather than height increment. By the third growing
season the white spruce begin to respond to conditions
created by the treatments, and height increment differences were statistically significant (Figure 5). The height
increments indicate a gradient of organic matter removal,
with white spruce on stem only treatments having the
greatest height increments, and scalping treatments having the lowest.
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recorded at least 12 years post harvesting in Colorado
(Shepperd 1993).
The no compaction treatment had the tallest aspen
on average (Figure 2, Figure 3), although this difference
was not statistically significant. The interaction between
compaction and organic matter removal for aspen height
was not statistically significant. In the U.S., compaction
tended to decrease mean height of aspen suckers on the
fine textured soils, but differences were only significant
on the clay soil after five years (Stone 2001). On loamy
sand soils, aspen heights were less on compacted treatments, but these differences were not significant after 5
years (Stone and Elioff 1998).

Figure 3. Average maximum heights of aspen regeneration after two growing
seasons at the Boreal LTSP site.

Reduced aspen density, height and diameter have
repeatedly been documented in heavily disturbed sites
in western Canada (Navratil 1991, Kabzems 1995),
the Lake States (Bates et al. 1990, Stone 2001), and
Colorado (Shepperd 1993). These examples of poor
aspen regeneration and growth would appear to have
been associated with more severe harvesting disturbance
than the conditions created by the LTSP treatments.
White spruce height growth

Total height of white spruce was not significantly
different between the levels of soil compaction treatments (Figure 4). After three growing seasons the no
compaction treatment had the greatest average total height
of 42 cm, compared to 39 cm for the intermediate and
heavy compaction treatments.
However, by the third growing season, the no
compaction treatment had significantly greater height
increments than the intermediate and heavy soil
compaction treatments (Figure 5). White spruce height
increments averaged 8.5 cm for the no compaction treatment, compared to 5.9 and 5.4 cm for the moderate, and
heavy compaction treatments, respectively.

Management Implications
Removing organic matter and compacting forest
soils had measurable and significant detrimental effects
on aspen and white spruce productivity, at these very
early stages of tree growth. Organic matter removal had
the most immediate impact for the species and variables
measured to date.
Removal of the forest floor by scalping the plots
stimulated the production of a large number of aspen
suckers, but height growth was significantly reduced.
The British Columbia aspen sites are demonstrating the
same pattern of response to these disturbances as those
in Minnesota, where increasing disturbance in aspen
stands decreased the five-year growth of potential crop
trees, delaying early stand development (Stone and Elioff
1998). With increasing levels of soil disturbance, features such as development of potential crop trees, and
canopy closure by crop trees are delayed, lowering the
productivity of the ecosystem (Stone and Elioff 1998).
Soil compaction and organic matter removal treatments can significantly affect aspen regeneration, but
the responses can differ dramatically by site conditions
such as soil texture. The responses of the B.C. aspen
LTSP study are most similar to the highly productive
silt loam site described by Stone (2001).
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Reduced aspen density, height and diameter have
repeatedly been documented in heavily disturbed sites.
Examples of poor aspen regeneration and growth after
operational harvesting (Stone 2002) appear to have been
associated with more severe harvesting disturbance than
the conditions created by the LTSP treatments.
Both the amount of aspen suckers and their height
growth are sensitive to changes in soil conditions,
whether induced by forest management activities or climatic factors (Greenway 1999). The most successful
route to regenerating productive aspen stands is to conduct all harvesting operations with minimal forest floor
disturbance when soils have sufficient bearing strength
for machine traffic. Pre-harvest planning to minimize
required areas of repeated machine traffic will minimize

the area affected during harvesting operations. The more
severe compaction that occurs on bladed surfaces and
heavily trafficked areas such as major skid trails or roadside processing areas severely reduces both aspen regeneration density and growth.
White spruce had significant reductions in measures of productivity for both organic matter removal
and soil compaction. The confounding effects of competing vegetation and soil disturbance often obscure responses of white spruce to these factors in operational
settings. Where the effect of vegetation competition is
removed, these results indicate that the most vigorous
and productive white spruce were growing on the least
disturbed sites.

Figure 4. Changes in average total height of white spruce seedlings
over the first three growing seasons at the Boreal LTSP site.

Figure 5. Changes in average height increment of white spruce
seedlings over the first three growing seasons at the Boreal LTSP site.
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Removal of competing vegetation from white spruce seedlings
(August 2000)

Ministry of Forests, 5th Floor, 1011 - 4th Avenue, Prince George, BC V2L 3H9 Telephone: (250) 565-6100 Fax: (250) 565-4349

