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ABSTRACT. Logging activities cause significant compaction on skid trails in commercial aspen harvest
areas. Bulk density increases have persisted up to 12 yr following harvest. Compaction of the upper 0.2 m of
an undisturbed mineral soil profile increased with each succeeding pass of a tractor where later passes
contributed less to the total compaction effect. Compaction effects were similar under wet soil conditions. High
organic matter content in the upper mineral soil profile may have decreased the magnitude of compaction
effects. Root damage can occur without apparent disruption of the soil profile, especially to fine roots and those

in saturated soils. West. J. Appl. For. 8(2):62-66.

Aspen (Populus tremuloides) in the central Rocky Mountains
of Colorado and southern Wyoming is routinely regenerated by
coppice root sprouting following commercial clearfelling. In
most cases, trees are removed using rubber-tired skidders.
Schier et al. (1985) reported that concentrated skidding traffic
can reduce subsequent suckering of aspen. Aerial and ground
observations of aspen clearcuts over the past several years
clearly show that some landings and skid trails have not regen-
erated (Data on file, Rocky Mountain For. and Range Exp. Stn.,
Ft. Collins, CO).

Root damage undoubtedly occurs in situations where skid-
ding has resulted in deep ruts and major disturbance to the upper
soil profile, or at landings where skidder blades are used to clear
away logging debris. However, sucker regeneration is absent in
some situations where no soil disturbance is apparent. Reduced
suckering could be due to direct injury and death of roots, or to
soil compaction that indirectly results in root mortality or
prevents roots from suckering.

This study tested the hypothesis that soil compaction and
associated root damage can be associated with poor suckering
on skid trails and landings, even where no visible soil distur-
bance has occurred. One objective was to determine if differ-
ences in soil density and root development actually exist be-
tween nonstocked skid trails and regenerated portions of exist-
ing aspen harvest areas. Another objective was to identify the
amount of vehicle traffic necessary to cause compaction or root
injury in undisturbed wet and dry soil.
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Methods

Harvest Study

Six aspen harvest units from 1 to 12 yr old were sampled in
western Colorado to determine if compaction occurred as a
result of commercial harvest and if root biomass was affected by
vehicle activity. These areas had been logged by whole-tree
skidding with rubber-tired equipment toroadside landings along
a network of skid trails. Many of the skid trails were still
identifiable as open paths through otherwise dense aspen sucker
stands (Figure 1). At each site, a nonstocked skid trail was
selected in the interior of a uniformly stocked portion of the
cutover area. Although wheel tracks were sometimes present,
sections of the skid trail that were rutted, or had been bladed,
were not sampled. A series of 10 paired density/moisture
determinations were made at 3 m intervals along the skid trail.
One determination of each pair was taken within a tracked
portion of the skid trail, the other was taken in an adjoining
untracked area immediately outside the skid trail.

A CPN Corporation Model MC-3 Portaprobe nuclear den-
sity/moisture meter was used to obtain soil moisture and bulk
density data. To minimize soil dry bulk density error from
surface litter and moisture error from hydrogen-containing
compounds, all sample locations were carefully cleared of
vegetation and organic matter to a bare mineral soil surface.
One-minute gamma penetration and neutron backscatter counts
were taken at 0.2 m depth, and converted to density and percent
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Figure 1. A nonstocked skid trail passing through a 12-yr-old
aspen sucker population. The 3mroot trenchisin the foreground.
Note the lack of large near-surface aspen roots in this trench.

moisture content by the instrument’s software (CPN Corpora-
tion 1985).

A 3 m trench was excavated to 0.2 m depth within each
transect of density/moisture determinations, using a high-pres-
sure water jet (Figures 1 and 2). The depth and diameter of each
root larger than 4 mm intersecting a plane projected down the
center line of the trench was recorded. Root density, diameter,

Figure 2. A root trench excavated away from askid trail. Note the
pieces of large, near-surface aspen roots exposed by this trench.

and volume were estimated using equations derived by Van
Wagner (1968). All aspen suckers within 1 m of each root trench
were tallied and extrapolated to a ha basis.

Tractor Study

The effects of equipment traffic on aspen soils and root
systems were studied on the Fraser Experimental Forest in
central Colorado. A 70-yr-old aspen clone located on a deep,
mollic, Cryoboroll soil was used. This site is located at 2740 m
elevation on a 1-5% easterly sloping broad alluvial fan.

Corridors 5 m wide were cleared through a uniformly stocked
portion of the clone. Trees were felled by chainsaw, bucked, and
removed from the site by hand. Care was taken to minimize
walking in the cleared corridor and to avoid repeatedly stepping
in the same area when it was necessary to enter the corridor. Soil
pits were dug and moisture and bulk densities sampled at
random points along the corridors to verify uniform pretreat-
ment conditions.

A tractor with 0.43 m x 0.76 m rear tires, similar to those of
askidder, was weighted with4500 kg on the rear axle thendriven
repeatedly over the same wheel tracks in the corridors for
1,2,4,8,16, and 32 passes. Each tractor tire exerted a static
pressure nl'rnug;hly 37.5(}{'.'kgfn12 on the soil surfacc,)compured
10 4,500 kg/m* for an 80 kg person with a 0.018 m* footprint.
Two complete replications of the treatments were applied.
Treatments within each replication were accomplished within a
2-hr period to ensure uniform soil moisture conditions.

Soil moisture and bulk density determinations were taken
immediately following treatment using 1-min nuclear density/
moisture meter counts with the density probe set at 0.2 m depth.
Four paired determinations were made within the corridor
cleared for each treatment. In each case a sample taken in the
tractor wheel tracks was paired with one from an adjoining
untracked position less than a meter away. The treatment effect
was the difference in dry bulk density between each pair of
treated and untreated samples.

The effects of wet soils on compaction and root damage were
assessed by sprink!e-irrigaijjng additional sections of the corri-
dors at a rate of 29 liters/m= (29 mm precipitation equivalent)
prior to treatment. Wet soil effects were intended to be tested at
4- and 32-pass treatment levels; however, the latter treatment
was truncated at 24 passes to avoid miring the tractor,

Root collections were also made ateach sample cluster. A 0.4
m wide, 0.2 m deep, and 0.5 m long excavation was made in a
wheel track. Each aspen root found in the excavation was
carefully removed, washed, and examined for breakage, abra-
sions, or other injury.

Results

Harvest Study

Logging impacted soil density, root survival, and the number
of aspen suckers in skid trails compared to other areas in the
aspen clearcuts. Dry soil density under skid trails averaged
nearly 30% more than that of untracked areas. Skid trails
contained less than a third of the roots found in untracked areas,
with similardifferences in root volume. Consequently, aboutten
times as many aspen suckers were found in untracked areas
compared to skid trails (Table 1).
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Table 1. Mean values and standard errors of data obtained in skid
trails versus adjoining untracked areas of six aspen clearcuts in
western Colorado. T-tests of sample differences (unequal vari-
ance) were significant for all variables (P = 0.05).

Skid trails Untracked
Soil Dry Density (kg/) 1.37 1.08
(0.028) (£0.017)
Root density 7.64 25.36
(no./3m x 0.2m trench face) (£1.950) (+2.743)
Root volume (m3ha) 6.04 24.09
(2.046) (15.238)
Suckers (no./ha) 4,922 47,819
(+2,538) (+9,185)

Dry soil densities of skid trails differed among the six
clearcuts, but compaction did not appear to diminish with the
time that had elapsed since harvest (Figure 3). Variation among
the clearcuts was probably due to differences in soil type,
equipment, and logging techniques used, and conditions at the
time of harvest.

Too much time had elapsed to attempt any evaluation of root
damage in the clearcuts, or whether the scarcity of roots in the
skid trails was due to compaction or injury. However, it seems
reasonable to assume the differences in root biomass and aspen
sucker stocking were a result of harvest activities and not
preharvest stand conditions.

Tractor Study

Dry densities of untreated aspen soils in the two replications
ranged from 0.79 to 1.27 kg/l with mean of 1.098 kg/l and
standard error of 0.014 kg/1. Soil moisture content at the time of
treatment averaged 31.6% with a standard error of 1.19%.
Average dry density after treatment ranged from 1.136 kg/l (a
2.5% increase) after a single pass of the tractor to 1.30 kg/l (a
18.4% increase) following 16 or 32 passes. Average change in
soil dry density increased with each higher tractor-pass treat-
ment (Figure 4) from 2—16 tractor passes, but did not increase
further with the 32-pass treatment.

The observed change in density was quite variable in all
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Figure 3. Observed density increases in the skid trails of aspen
harvest units plotted against the number of years since logging.
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treatments (Figure 4). Part of this was due to variation in
hydrogen atom concentration measured by neutron backscatter
counts in adjoining treated and untreated sample pairs. This
effect may have been due to differences in soil moisture content,
or different amounts of hydrogen containing organic com-
pounds (roots, duff, charcoal etc.) in the soil profiles of the
adjoining sample plots. In either case, the percentage difference
in hydrogen atom concentration between treated and untreated
sample pairs (HDIFF ) was inversely related to the difference in
dry density observed between the samples (DRYDIFF). This
effect accounted for about 40% of the overall variation in
density:
DRYDIFF =0.1438 — 0.0131425*HDIFF

(r2=0.39, P < 0.00001)

Analysis of changes in soil dry density from the paired
measurements using HDIFF as a covariate indicated a highly
significant increase in density was produced by 32 passes of the
tractor. Average soil density had increased by nearly 25% at this
treatment level. Polynomial contrasts indicated a strong rela-
tionship between compaction and each increasing level of
treatment.

Regression analysis was used to quantify these effects. First,
the linear relationship between HDIFF and DRYDIFF was used
to calculate an adjusted change in dry density for each of the 48
paired samples. A nonlinear power function model was fitto the
resulting curvilinear pattern of the adjusted data yielding a
prediction of change in adjusted density given number of tractor
passes.

This model was still inadequate because it did not account for
possible interactive effects between HDIFF and the number of
tractor passes. To remedy this, parameters from both models
were algebraically combined and refit to estimate DRYDIFF
given HDIFF and the number of tractor passes (PASSES):

FRASER TRACTOR STUDY HARVEST UNITS

DRY DENSITY (kg/}

NO. TRACTOR PASSES TRAIL TRACKED

Figure 4. Average soil dry bulk density (with 95% confidence
intervals) of control and six tractor pass treatment levels in the
Fraser study plotted with similar data obtained from skid trails
and nontracked areas in existing aspen clearcuts. Densities of the
untreated control in the tractor study were similar to those
observed in untracked portions of the clearcuts. Although the
tractor was not loaded with logs, maximum densities in the
tractor treatments were similar to those observed in skid trails.






