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POTENTIAL SOIL COMPACTION FORTY YEARS AFTER LOGGING
IN NORTHEASTERN CALIFORNIA
Hohin

S. V'ora

—

Abstract.
Surface-bearing pressure in newer logging skid trails compared to the 40 + -year-old trails was approximately 60% greater as measured by a cone penetrometer. Sin-face soil compaction from tractor skidding may last 40
years or more, as evidenced by the fact that skid trails of that age were 20% more resistant to the penetrometer than
areas adjacent to trails. No relationship was found between dry-bulk density (measured with a balloon apparatus) and
surface-bearing pressure.
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numerous stands of timber
have been logged over the past 40 years.
Skid trails are prominent in both the older and
the more recent cuts; often relatively few
conifers are growing in the skid trails. Reasons
for this may include soil compaction from logging activity, seed periodicity and timing in
relation to ground disturbance associated with
fornia contains
that

that activity,

climatic factors, biotic factors
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slow recov-

ery of logging skid trails in the eastside pine
type of northeastern California.

Study Area

The Blacks Mountain Experimental

Forest,

located in the eastside pine txpe of northeast-

ern California (Fig. 1), contains experimental
units harvested under various cutting methods. Some units were cut about 40 years ago
(Hallin 1959), and others were cut and
thinned during the past 5-10 years. Four of
these units were studied, and these are hereafter designated by year of cutting and an
identifying number. Timber harvest on two of
them was undertaken in 1939 and 1942, with
80% of all trees larger than 30 cm diameterbreast-height (dbh) removed; there has been
no use of the skid trails in those units since
that time. In the other two units, all trees
larger than 46 cm dbh were removed in
1979-80. Elevations ranged between 1,750
and 1,875 m. Slopes were 0-15%, with northwest aspects. Mean annual precipitation
varied from 23 to 74 cm and averaged 46 cm
during the period 1935-53 (HalUn 1959).
Soils in the four units were similar. Storie et
al. (1940) described the soils as being a reddish brown loam with a granular siulace structure and neutral in reaction. The subsoil was
clay loam. The textine was stony loam, with

most of the

—

being shallow 15-45 cm
and possibly up to 90 cm deep
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lava bedrock,

to
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parts of one unit (39-6).
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Location of Blacks Mountain Experimental
Forest and the eastside Sierra suhregion in northern
Calilornia (Hallin 1959). (4)pied with pi'rniission ol the

U.S. Forest Service.
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for 24 hrs. The difference in weights was di\ ided b\' the dry weight to calculate moisture

The volume of the hole was estimated using a balloon filled with water. The
volume of water needed to fill the balloon was
recorded. Wet and dry in-place densities of
the soil were calculated.
( lone penetrometer readings were taken on
content.

Methods

A 30° cone penetrometer was used to estimate bearing pressure. The cone had a diameter of 2.715 cm and a height of 5.067 cm. The
penetrometer was pushed into the ground to
the base oi the cone and pressiue on the scale
was recorded. The scale reading was correlated with known weights on a cement floor in
a laboratory and the lollowing ecjuation was
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80T-1). Three points were located in skid
trails and three in adjacent, undisturbed areas

In-place soil bulk densit\ was measuicd
with a rubber-balloon apparatus (AASHTO
1978 Test Method T-20.5—density of soil inplace by rubber-balloon method). Soil was
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120- 150 m troin the landing (about one-third
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the field work was done. Correlations between penetrometer readings and bulk density estimates were analyzed with regression
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Effect of tractor skickliim on hfarinj; pres-

sure.

Analysis of variance (SAS 1982)
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1

7.3.5

0.04 (significant)
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1

3.02

0.14
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and provides the principal

impacts of tractor skidding
and time since skidding on bearing pressure,
bulk density, and soil moisture content were
examined bv an exploratory two-wav Analysis
of Variance (ANOVA) (SAS 1982). The independent yariables were bearing pressure,
bulk density, and soil moisture; and the dependent yariables were tractor skidding (on
and off skid trail), time since skidding activity
(40 or 5 yrs), and interaction between these

for several years

two yariables. The residuals were tested for
the null hypothesis that they were a random
sample from a normal population, using the
Shapiro- Wilk statistic, W. The probability <
ranged between 0.62 and 1.0 for the dependent yariables (i.e., they were normally

provided a basis for comparing bearing pressure (soil strength) with bulk density (H. A.

analysis. Potential

W

distributed).

The

interaction

between

tractor

skidding and time since skidding was insignificant for the three variables (P

=

.07-. 82).

Results and Discussion

No relationship was found between drybulk density (measured with a balloon apparatus) and surface-bearing pressure (measured
with a cone penetrometer); the coefficient of
determination (R") was calculated at 0.015 (P
= .63). The sample size of 17 was too small to
make any definite conclusions. The penetrometer was not measuring bulk density to
the same depth as the balloon apparatus; thus
it is likely that surface compaction, measured
by the penetrometer, may differ from that
measured when a portion of the subsurface is
included (balloon apparatus).
Mean bulk density on skid trails was 0.98
g/cm' (0.88-1.20 g/cm\ and 0.81 g/cm'
(0.77-0.85 g/cm') off skid trails. ANOVA did
not show these differences to be significant
(P = .25) for this small sample.
Froehlich et al. (1980) suggest that compaction should be measured as the average
change in density in the surface 20 cm when
the concern is for planted seedlings. That volume

of

soil

serves as their root environment

nutrient stores for feeder roots of older trees
as well.
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bulk density. The penetrometer
gives an approximate measure of soil-bearing
pressure, which is only partially a function of
in-place

soil

density.

Measurement of penetrometer
15-20 cm may have

resistance to a depth of

Froehlich, Oregon State University, personal
communication 21 November 1985).
There was no planting done in the experimental units. Surface compaction would impact natural establishment of plants from
seed, and this is perhaps better measured
with the penetrometer. Penetrometer resistance in the newer trails compared to the
40+ -year-old trails was approximately 60%
greater (5.01 vs. 3.06 kg/cm"). However, an

ANOVA test did not show this difference (age
of cut) to be significant (P

=

.

14), a result

of

having performed only two replications of
each main effect (Table 1).
ANOVA test results were significant only
for the effect of tractor skidding on bearing
pressure (P = .04, Table 1). Again, sample

were not large enough

sizes

confirmatory test. The
for bearing pressure
(Table

On

for this to

be a

95%

confidence limits
(kg/cm") overlapped

2):
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4.03 kg/cm'

±

2.04 kg/cm"

trail:

2.52 kg/cnr

±

0.22 kg/cnr

(1.99-6.07)

Off skid
(2.30-2.74)
It

also

remains

to

be shown whether an

increase in surface-bearing pressure from 2.5

kg/cm"

to 4.0

kg/cm"

is

significant

from the

standpoint of natural plant establishment.
Even after 40 years the older trails were ap-

proximately 20% more resistant to the penetrometer than areas adjacent to trails (Table
2, units 39-6 and 42-2).
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Bearing pressures based on penetrometer readings.
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