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ABSTRACT

1a west-central Ldaho, the bulk densities of soil in major skid trails
were compared with those of adjacent undisturbed soil in order to
determine rates of recovery. Five study sites on each of two soils,
one formed from granitic material (mixed, frigid, Typic Xeropsam-
ments) and the other from volcanic material (fine-loamy, mixed Dys-
tric Cryochrepts), provided two chronosequences (five S-yr periods)
of time since logging. Bulk density was measured at 5.1-, 15.2-, and
30.5-cm depths. The percent increase in bulk density of soif on a
skid trail ever that en an adjacent undisturbed arca was greater in
‘the volcanic than the granitic soil, but recovery rates (slope of the
regression line) for the twe seoils were not significantly different.
Linear regression models showed a significant (p << (.05) recovery
trend for: all depths except.the 15.2-cm depth on the velcanic site.
Except for the surface 5.1 em of the granitic soil, noue of the bulk
densities in skid trails had returned to the undisturbed values in the
23yr since logging.

Add:twnal Inde.t Wordr Inceptisols, Entisols, forest soils, log-
ging, voleanic soils, gmmt;c soils, soil compaction.

Frochllch H.A.. D.W.R. Miles, and R.W. Robbins. [985. Seil bulk
density recovery.on compacied Skld trails in central Idaho. Smi Sci.
Soc Am. I. 4910151017

OMPACTION OF FOREST SOILS is a major effect of
ground-based timber harvesting. Undisturbed
forest soils typically have high porosity and low bulk
density and are easily compacted by logging equip-
ment. Compaction has been shown to have a long-
term negative mmpact on tree growth rates (Froehlich,
1979; Wert and Thomas, 1981} However, because

natural soil processes tend to slowly loosen compacted
soil, the effect does not persist.

The most rapid rate of complete recovery so far
reported (Mace, 1971) was 1 yr after tree-length. skid-
ding with rubber-tired skidders on relatively dry,
coarse-textured sotls in Minnesota. The low initial 7%
increase in bulk density in the 5.1- to 15.2cm layer
on medium-use skid trails was réeduced to undisturbed
levels in one winter. More heavily used trails showed
minimal improvment at the same depth.

Also in Minnesota, Thorud and Frissell (1976) traced
the recovery of mechanically compacted sandy foam
and loamy sand soils. The 0- to 7.6-cm depth re-
covered within 8.5 yr, but no change was detected in
the 15.2- to 22.9-cm soil layer. From regression-of data
taken within the first several years after logging, Dick-
erson {1976) estimated recovery of sandy soils com-
pacted by logging in northern Mississipi at 12 yr.

Hatchell and Ralston (1971) measured the densities
of compacted and undisturbed soils on 15 areas logged -
over a 19-yr period in the Virginia Coastal Plain and
concluded that surface soils on landings recover to
undisturbed densities in 18 yr. Data from primary skid -
trails had greater scatter, and no statistically signifi-
cant recovery {rend was found. Data were taken with
a surface nuclear density probe by the backscatter
technique; thus, the soil depth measured was probably
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Table 1. Mean and standard deviation of soil bulk .dénsity‘and the percent difference between values for skid trails

and undisturbed soils.
Granitic site Volcanic site
A ‘Siid trail Undisturbed Skid trail Undisturbed
£e
Depth class  x¥ s xt s Difference xt s xt s Difference
" em yr Mgm™ % Mgm™ - - %
51 0-5 1.41 0.18 1.12 017 0.29%* 259 1.29 0.16 0.89 0.10 0.40%* 4“5
5-10 1.42 0.19 1.28 . 013 0.20%* 16.3 0,98 0.17 6.73 0.14 0.25%* 4.7
10-15 . 1.26 0.14 119 0.13 0.08NS 6.5 0.86 0.13 0.68 0.08 0.18%* 258
15-20 1.30 0.12 1.21 0.10 0.09* 7.3 0.98 - 0.18 0.71 011 0.26%* 36.5
20-25 136 0.17 1.39 0.11 —0.04NS -3.0 0.93 0.11 0.81 Q.10 0.12¢ 154
o152 - 0-5 1.52 0.11 1.23 0.07 0.30%* 24.2 1.43 G.18 0498 0.12 0.45%+* 4162
5-10 1.52 0.13 1.30 0.08 0.25%* 195 _1.11 G.13 0.80 0.08 0.31%* 380
10-15 148 0.14 1.21 0.11 0.27%* 223 097 009 071 0.06 0,274+ 375
15-36 1.45 0.13 1.26 . 0.13 G.18%* 14.6 119 G20 0.82 0.08 0.36%* 441 -
20-25 1.54 0.08 1.37 0.09 0.18** 129 1.06 a1l 0.84 0.07 0.22%* 26.1
© 305 0-5 1.55 0.14 1.27 0.08 0.29*+ 22.7 L5l 0.13 1.06 o015 0.46%* 43.3
5-10 1.57 0.13 136. ~ 0.10 0.21** 15.1 - 118 0.15 0.93 0.14 0.25%* 26.9
10-15 1.52 0.12 1.28 0.19 0.24%* 18.7 i.11 0.12 0.80 0.13 0.32%* 396
15-20 153 Q.12 1.33 0.11 0.20%* 15.2 1.25 0.19 0.92 0.08 0.33%* 48
20-25 1.48 0.19 1.37 0.09 0.11%* 79 ios 0.11 1.03 015 -} 05NS8 4.8

* ** Significant at the 0.05 and 0.01 levels, respectively. NS = Nonsignificant.

1 n = 18 for all samples.

only the surface 10 to 15 cm. Perry (1964} pro;ected
recovery of skid trails at aboat 40 yr in the North
Carolina Piedmont. In the Oregon Coast Range, Wert
and Thomas (1981) found that the bulk density of skid
trails at 20- to 30-cm depths was significantly higher
than that of adjacent-undisturbed soils:32 yr after log-
ging. The surface several centimeters of soil had ap-
parently recovered to their original density.

Thé purpose of the present study was to determine
the extent and rate of natural recovery from compac- -
tion on skid trails on two soils in west.central Idaho. .
Bulk density of skid trails-was compared to that of

“undisturbed forest soil on s;tes logged'l to 23 yr bef‘ore
measurement.

METHODS

The project area near McCall in west central Idaho con-
tains soils formed on granitic and volcanic maferial. Five
study sites on each of two soil parent materials were selected,
one in each of the time since logging classes 0 to 5yr, 5 to
10 yr,-10to 15 yz, 15:to0 20 yr, and 20 to 25 yr- The granitic
sites are Jocated 24 km southeast of McCail in the Kennally
Creek: dramage and: the volcanic sites 32 km northwest of
the McCall in the Weiser River dramage Both are in ground-
skidded: partial-cut areas.

The granitic sites are on 10 to 45% slopes, elevation 1580
to 1620 m; underlain. by highly fractured and highly weath-
ered Idaho Batholith granite, The soils are a'mixed, frigid
Typlc X e’mpsammems Vegetat:on isa mxxed oomfer forest
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" The. volcamc sites are on 10 to 35% slopes elcvatmn 1280
to 1620' m, underain‘ by well-fractured .and - moderately
: Wm_th ted Columbla River Basalts. The sonls ar¢ a fine-

conif orest dommated by Douglas—ﬁr grand ﬁr and lodge-
pole pine (Pmus contorta Dougl.).

Six sample points were systematically located at 3.05-m
intervals along each of three skid trails selected within each
study site. Careful selection minimized differences in dis-
turbance level both within and among age-class sampling.
Areas with high surface rock content, buried organic maiter,
or evidence of excavation or piling were excluded.

Bulk density was measured within skid trails and in un-
disturbed areas. Mcasurements were taken with a double-
probe nuclear densimeter (Campbell Pacific Nuclear
stratagauge®} at three depths: 5.1 cm, 15.2 cm, and 30.5 cm.
Soil moisture samples collected at each measurement loca-
tion were ovendried at. 105°C for 24 h in order to determine
gravimetric waier content; readings were used 1o correct bullc
densities to a dry weight bas:s

Differences in-thie absolute bulk density of skid trails and
undisturbed areas were the criteria used to characterize soil
recovery. Paired t-tests were condiicted to detect these dift
ferences for both soils at gach depth. .

Regression analysis was used. 1o dctermme evidence of
recovery- “from compactlon over time. The percent increase
in bulk density of soil on a skid trail over that on the ad-
Jjacent undisturbed area was analyzed as a function of age
since logging. Linear models were tesied for each depth and
soil. ‘Analysis of variance was used to determine whether
volcanic and: granitic ‘sites showed different responses. to
compaction.

RESULTS AND DISC USSION

The percent dlﬁ'erence betwecn ‘bulk dcn51ty of so:ls
in skid trails and undisturbed areas varied among age’
classes and depths on both soils. The average -bulk
density values for each of the five age.classes are.shown'
in Table 1. Soil on the granitic site showed highly
significant differences (p < 0.01) for all age classes and
depths except ‘the. three oldest classes at 51 ¢cm. The .
volcanic site also showed highly significant differences
for nearly all ages-and depths. The chronological trend
in the percent difference (Fig. 1) shows that, despite
low R? values, time since Ioggmg is significantly (p <
0.05) related to difference in bulk density of both soils
at all depths except 15.2 cm in the volcanic site, for
which the slope of regression line was not significantly
different from zero. Curved and linear models were
tested for each depth and soil, but hnear models were
more 51gn1ﬁcant

Analysxs of variance showed that the difference in

* Mention .of trade names does not constitute endorsement by

- Oregon State University to the exclusmn o[ other preducts that may

be suitable.




FROEHLICH ET AL.: SOIL BULK DENISTY RECOVERY ON COMPACTED SKID TRAILS IN CENTRAL IDAHO

GRANITIC SITES

1017

VOLCANIC SITES

1 4 1 Fl 2

®A80 -23.48“.8 14 ysars
RA0ATY

-]
[~]
—

30.5 cm depth

RABD n44.93 i-l.!ﬂ"lcau
Lk .
r0.336

5.1 cm depth . )
60 B0 27 661-1:370 yuura L o RABD «44.319-1.225 ]"Il’:
o = St #ho3a2

a0 Q o
o [ e L/
= 20
w ]
2 . R ]
uw i 1 o I | I 3 ¥ | Il ] 'l i 3
o
~ %aBf1=45.201-0.65T .
: 60 . 9452 ecm depth R o.;;'::'
@ KABD x25.344-0.539 yeara °
z 0,380" a o
o 40t o
» 3
-4
320 ¢ 8

- o

z o 8
= [+]
i
Q
=
u
o
w
[
1
a

-
=]
T

N
o
i
2
[-3- -]

10 15 2 25

[ 10 15 20 25

TIME SINCE LOGGING {YEARS)

Fig. 1. The percentage difference in bulk density of seils (% BD) in skid trails and in undisturbed areas related to the number of years since
‘logging on granitic and volcanic sites (NS indicates nonsignificaat and * indicates significant at the 0.05 level).

density of skid-trail and undisturbed soil was signifi-
cantly greater (p << 0.01) in the loam-textured soil
formed on volcanic material than the loamy sand-tex-
tured soil formed on granitic material (Table 1).

The influence of soil type on rate of recovery from
compaction was also tested by comparing the regres-
sion equations developed for each combination of soil
and depth. Such comparisons provide a means to de-
termine differcnces between the initial compaction
level and recovery rates of the two soils. The initial
percentage difference in bulk density of skid-trail and
undisturbed soils was significantly greater for the vol-
canic site than for the granitic site. Initial percentage
increase in bulk density afier compaction on the voi-
canic site was nearly twice that found on the granitic
site; however, no significant differences were found
between recovery rates (slope of the regression lines)
of the two soils.

- Only the 5.1-cm depth on the granitic site recovered
within the time frame measured. The slopes of the
regression lines indicate that recovery of the surface
layer is faster than at the 15.2- and 30.5-cm depths.
Thorud and Frissell (1976), and Wert and Thomas
(1981} also reported earlier recovery at the soil surface
than at greater depths, The volcanic site is expected
to take longer than the granitic site to recover from
soil compaction because of greater initial level of com-
paction and nonsignificantly different rates of recov-
ery.

" Despite some differences in soil type and differences
between depths, the soils in this study clearly are very
slow to recover from soil compaction. Given the long-

term tree growth losses caused by soil compaction
(Froehlich, 1979; Wert and Thomas, 1981) and slow
natural recovery rates, a method of minimizing the
effect of soil compaction is appropriate. Minimizing
the areca covered by skid trails and tilling to loosen
the soil are possible alternatives for retaining or res-
toring forest soil productivity.
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