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ABSTRACT

Mechanical site preparation and its effects were studied on four volw
canic ash influenced forest soils. Changes in bulk density, soil porosity,
moisture characteristics, and volcanic ash thickness were evaluated at
three slash disposal and one brush disposal site.

Areal extent for both treatments averaged 43 percent of the total
areas studied. Bulk density increased an average of 20 percent in the
upper 18 c¢m (7 in) of the volcanic ash horizon and averaged 10 percent to
a depth of 38 cm (15 in) among all sites.

Soil displacement averaged 13 cm (5.1 in) within the brush disposal
site and 6.5 em (2.6 in) among the slash disposal sites. Soil displacement
due to brush removal resulted in a 40 percent reduction in available water.
Available water loss averaged 12 percent among the slash disposal sites.

Macro porosity was reduced 23 percent in the track rut disturbance class.



INTRODUCTION

Successful reforestation of harvested forest lands by mnatural or
artificial methods often depends upon the removal of competing vegetation
or physical obstacles hindering regeneration., Quite cften this is
accomplished through mechanical site preparation techniques, Observed
reductions in tree seedling establishment and growth has prompted an
interest among forest land managers to investigate and document soil
disturbances resulting from this practice.

The objectives of this study were to identify and evaluate altera-
tions in the physical properties of forest soils following mechanical site
preparation. The soils selected have a surface horizon of weathered
volcanic ash and are known to exhibit reforestation problems following
this treatment. The volcanic ash horizon uniformly covers extensive
forest lands in northern Idaho. Changes in the physical condition of this
horizon resulting from compaction, displacement, and profile mixing have
been suggested for the measured decline in seedling growth.

Historically, much of the literature documenting soil compaction,
soil displacement, and tree seedling growth losses has dealt with post-
harvest soil conditions, with limited information pertaining directly to
the effects of mechanical site preparation. This study describes and
documents the changes in the soil physical properties of four volcanic ash
influenced forest soils resulting from slash and brush disposal activities.

Four hypotheses were studied: First, mechanical site preparation
increases soil bulk density above the natural state. Second, the amount
of logging slash removed during disposal operations influences the magni-

tude of soil compaction. Third, alterations occur in soil pore space,



2

moisture retention and water availability. In addition, the redistribution
of top soil influences the magnitude of change in these parameters.
Fourth, it was hypothesized that the density of slash and brush would
determine the total area impacted.

The results of this study can be of use in the prediction of the
potential impacts of mechanical site preparation on other forest soil
types which are influenced by weathered volcanic ash. This study has also
established a data base which can aid future programs characterizing the
impacts of mechanical site preparation on the success of tree seedling

establishment, survival and growth.



LITERATURE REVIEW

Crawler tractors are widely used in mechanical site preparation
activities on forest lands in northern Idaho. Shubert and Adams (19753),
describe this form of site preparation as providing optimum conditions for
tree seedling establishment and early growth. Benefits include: increased
soil moisture, reduction of pest habitats, lowering of the fuel hazard, and
elimination of competing vegetation. The opportunity to dispose of volumes
of large woody material in which bark beetles might breed represents a
highly ilmportant advantage in terms of forest management (Smith, 1962). In
addition, the churning action by mechanized equipment creates a favorable
seedbed. Churning allows for the incorporation of surface organic materi-
als into the soil, speeding mineralization and nutrient availability
(Moehring, 1969).

The primary efforts of mechanical site preparation are directed at
the removal of physical obstacles to planting or natural regeneration
(slash disposal) and the destruction of competing vegetation (brush dis-
posal). Mechanical site preparation methods are chiefly used in situations
where prescribed burning or use of herbicides are unsafe or ineffective
(Smith, 1962),

Slash disposal reduces the potential fuel hazard and aids in the pre-
vention of forest fires. Mechanical slash disposal methods are associated
with partial cutting practices and involve the burning of piled slash.
Following timber harvest operations there is usually a high volume of fuel
distributed in such a way that it hampers the construction of fire lines
(8mith, 1962). Crawler tractors fitted with modified blades, push the

logging debris into windrows or individual piles which are later burned
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Figure 1. Crawler tractor equipped with modified blade used in
slash disposal operationms.

(Figure 1). This activity exposes the mineral soil providing a favorable
seedbed and a temporarily competition-free enviromment for seedling
establishment.

Brush disposal involves the uprooting and removal of vegetation by
crawler tractors equipped with a brush rake. The brush rake removes the
brush and roots from the soil profile without excessive displacement of the
surface horizon (Figure 2). Openings are created in the brush canopy by
removing the vegetation in strips. Cleared strips are typically 3-5 m (10-
15 ft) wide and spaced at 6-15 m (20-50 ft) intervals (Shubert and Adams,

1975).



Figure 2. Crawler tractor equipped with a brush rake.

Historically, much of the literature documenting soil compaction,
soil displacement, and timber growth losses has dealt with post-harvest
soil conditions. Therefore, only limited information is available as to
the additional soil disturbances that result from mechanical site prepara-
tion.

Garrison and Rummell (1951) have reported that crawler tractors cause
the most serious soil disturbances, with additional soil damage resulting
when blades are used for pushing soil, boulders and stumps. Bullard and
Burke (1957) found that the appearance of compacted soils indicated hori-
zontal slippage in addition to vertical compression. They observed that

hard brick-like cakes of soil formed to a depth of 10 cm (4 in) between the
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cleats of the crawler treads. Davies et al. (1973) support these observa-
tions and concluded that slippage strongly influenced soil compaction.

Studies evaluating the effects of repeated tractor trips on soil
physical properties have demonstrated that increased bulk density reduced
water infiltration rates and soil porosity. Steinbrenner (1955) found that
four trips with a crawler tractor (18 metric tons), reduced the macro pore
space of a soil from 26 to 17 percent in the upper 8 cm (3 in) and that
water infiltration rates were reduced from 80 to 10 cm (32 to 4 in) per
minute when the soil was dry. He noted that one trip had the same effect
when the soil was wet. Another study by Steinbrenner and Gessel (1955)
found that soils on tractor logged areas in southwestern Washington showed
a 22.7 percent increase in bulk density, a 35 percent loss in permeability
and a 10 percent decrease in macro pore space. Similar results have been
documented on forest soils throughout the United States (Lull, 1959;
flatchell et al.,, 1970; Froelich, 1979, 1980; Lenhard, 1979; Bruer, 1980;
and Dickerson, 1976).

Several studies have documented changes in soil physical properties
on volcanic ash influenced soils following timber harvest operations
(Dyrness, 1965; Froelich, 1979, 1980; Sidle and Drlica, 1981; Kuennen et
al., 1979; Cullen and Montagne, 1981; and Breuer, 1981—821). These studies
showed that bulk density seldom exceeded 0.90 gcm”B following compaction.
Although this value of bulk density would not hamper root penetration
directly, it has been suggested that the subsequent 40 percent reduction

in macro pore space and 30 percent reduction in permeability would influ=

1 . . .
Breuer, D. W. 1982. Personal Communication. Soil' Scientist, Potlatch
Corporation, Lewiston, ID.



ence seedling growth and survival. Froelich (1979) reported a 10 percent
reduction in tree growth with a 15 percent increase in bulk density on a
volcanic ash influenced soil in western Oregon. Breuer (1981) reported
that the volcanic ash horizon was more favorable to tree growth than many
of the underlying subsoils. He noted a 12 percent decrease in the height

growth of Pseudotsuga menziesii (Douglas fir) seedlings planted where the

volcanic ash horizon was less than 15 cm (6 in).

Additional studies have reported the biological significance of soil
loss on seedling growth as a result of mechanical site preparation. Most
of the nutrient capitol of forest soils is contained in the living and dead
organic materials of the first few cm of the surface horizon. As early as
1944, Lebaron found that although scarification enhanced the germination of

Picea banksiana (jack pine) and Picea mariana (black spruce), it caused the

seedlings to grow poorly and show signs of nutrient deficiencies. Adams
(1978) reported that inefficient windrowing caused the removal of 7.5 cm

(3 min) of topsoil, redistributing 2360 kgha™l (536 1bsac™l) of soil nitro-
gen. This was a 25 percent decrease in total soil nitrogen and a 15 per-
cent reduction in the total potential soil volume available for tree root=
ing. Brendermuehl (1969) found that the removal of 2.5 cm (1.0 in) or

more, reduced the weight yields of Pinus eliotii (slash pine) by correlat-

ing with the reduced nitrogen and organic matter content of the soil.
Moehring (1970) noted that soil displacement usually represented a perma~
nent reduction in site productivity because site recovery is limited by
factors of soil formation.

Other significant impacts on seedling growth and site productivity are
related to the microflora of the forest sites. Harvey (1980) reported that

the symbiotic fungi forming mychorrhizae are associated with downed woody
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materials., This woody material may then be removed or brought to the
surface during slash disposal coperations. The imbeded materials provide
optimum moisture and nutrient reservoirs and when brought to the surface
desiccation occurs and microbial activity declines.

Guild (1971) evaluated the practices of windrowing slash on forest
soils in New Zealand. He found that windrowing reduced the potential
plantable area and created an ideal habitat for rabbits, increasing the
damage to young crops. In addition, the large expanse of open country
would influence the wind~firmness of subsequent timber crops, increasing

the risk of stand collapse.
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METHODS AND PROCEDURES

Site Selection

Four study areas were located on the Clearwater National Forest in
northern Idaho (Figure 3). Site selection was limited to: 1) soils noted
for high timber production, 1.83 m3/ha/yr (160 ft3/ac/yr), 2) soils having
a surface horizon of weathered volcanic ash (Fosberg et al., 1982) and 3)
soils known to have reforestation problems following mechanical site prepar-
ation, A complete soil profile description, taxonomic classification,
physical analysis, and site descriptions are presented in Appendix 1.

Two mechanical site preparation practices were addressed in this
study; slash disposal and brush disposal. The slash disposal study areas,
Bovill, Nan Creek, and Bess Creek, are located on the Palouse and Pierce

ranger districts. These sites are Thuja plicata/Pachistima myrsinites

(western red cedar/pachistima) habitat types (Daubenmire, 1968) and had
been harvested in 1979 by partial cutting methods using crawler tractors.

The Bovill site on the Palouse district prior to harvest was a dense,

mixed, uneven-aged stand composed of Abies grandis (grand fir), Pseudo-

tsuga menziesii (Douglas fir), Thuja plicata (western red cedar), and

Larix occidentalis (western larch). Average bole diameters ranged 13 to

38 cm (5 to 15 in). In 1979 a salvage-release cut was applied to eliminate
inferior trees and improve stand conditions. This site occurs on gently

to moderately rolling upland hills at an elevation of 921 m (2800 ft). The
subsoil underlying the volcanic ash horizon has developed from alluvium
highly influenced by Palouse loess, Columbia River basalts and siltite

(Dechert, 1981). Slopes range 0 to 15 percent.



10

CANADA

PALOUSE

R.O.
. / LOCHSA
5 R.D.
2 ,
CLEARWATER NATIONAL FOREST
?D: MONTANA

ONIWOAM

IDAHO

NEVADA [ UTAH

Figure 3. Location of study sites, Clearwater Natiomal Forest. ) Bovill,
® Nan Creek, W Bess Creek, ¥ Canyon Meadows.
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The Nan Creek site on the Pierce district was shelterwood cut in

1979, This site was a mixed, even-aged stand of Abies grandis and Thuja

plicata with limited regeneration in the understory. Average bole diame-
ters ranged 50 to 76 cm (20-30 in) and ages 90 to 110 years. This site
occurs on moderate rolling upland hills at an elevation of 1121 m (3400
ft). The subsoil underlying the volcanic ash horizon has developed from
alluvium of unknown origin. Slopes range 10 to 20 percent,

The Bess Creek site on the Pierce district was an old growth stand of

Thuja plicata with no reproduction in the understory. This site was

shelterwood cut in 1979, The site occurs on a steep mountain slope at an
elevation of 1303 m (3900 £t). The subsoil underlying the volcanic ash had
developed in granitic parent materials of the Idaho Batholith formation.
Slopes range 20 to 40 percent.

Canyon Meadows, Lochsa district, was selected as the brush disposal
study area. It had been noted that severe reforestation problems were
associated with the granitic derived soils found in this area.- This site
was clearcut in 1966 and prescription burned in 1967. The habitat type is

Abies grandis/Pachistima myrsinites (Daubenmire, 1968). As a result of

the prescription burm in 1967 a dense canopy of Ceanothus velutinus (shiny

leaf ceanothus) had since developed and dominated the site. Prior to the
brush disposal activity the brush canopy attained a height of 2 m (6 ft)
and covered 80 percent of this site. Two attempts were made to regenerate
this site, the first in 1967 and the second in 1973. Both plantings failed

due in part to heavy brush competition. This site occurs on moderately

)
“Wilson, . 198l. Personal communication. Soil Scientist, USDA Forest
Service, Clearwater National Forest.
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rolling upland hills at an elevation of 1394 m (4250 ft). The subsoil
underlying the volcanic ash had developed from granitic parent material of
the Idaho Batholith formation. Slopes range 10 to 30 percent,

Tables 1 and 2 provide a brief summary of the physiographic conditions

and treatment history of each site.

Experimental Design

Slash Disposal

Sampling design

Three subsites, 1 ha (2.5 ac) in size, were located within each slash
disposal study area after the harvest operation but prior to the slash disg-
posal treatment. Fifty-five 1/120 ha (1/300 ac) plots were established

within each subsite at 8 m (25 ft) intervals along five predetermined tran-

Table 1. Description of study sites.
Canyon
Site Bovill Nan Creek Bess Creek Meadows
District Palouse Pierce Plerce Lachsa
Habitac I. plicata T. plicata T. plicata A. grandis
Type P. myrsinites P. myrsinites P. myrsinites P. myrsinites
Land Form rolling hills rolling hills mount. slope rolling hills
Elemation, m 921 1121 1303 1394
Aspect @ast south north north/south
Thickness of
Volcanic Ash
Horizon, cm 40 38 41 44
Underlying
Parent Material loess alluvium granite granite
Sodl Taxooowmy
USDA Textural
Class (Surfaca) silt loam silt loam loam sandy loam
Classification Andeptic Andeptic Typic Typic
Fragiboralf Glossoboralf Vitrandept Vitrandept
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Table 2. Summary of treatment history.
Canyon
site Bovill Nan Creek Besa Creek Meadows
Harvest Method Selection Shelterwood Sheltervwood Clearcut
(1979) (1979) (1979) (1966)

Machine Type

Crawler Traector

Crawley Tractor

Crawler Tractor

Crawler Tractor

Prior Site Prescribed burn
Preparation none none none (1967)

Recent $lash disposal 5lash disposal Slash disposal Brush disposal
Treatment (1980) (1980) (1980) (1981)

Machine Type Cat. D=4 JD 450-B Cat. D~4 Cat. D-6

Cat. D=4

Moisture Content

During Treatment 547 407 407 unknown

Fuel load strata

Each plot was stratified into one of three fuel load classes; low,
moderate, or high. The fuel load represents the amount of logging debris
distributed over the sample plot during the timber harvest operation, and
was determined by measuring the volume of each piece of downed woody ma-
terial in the plot (Brown, 1974, 19803;Anderson, 1978). The volume of
slash less than 8 cm (3 in) in diameter was determined by two 2 m (6 ft)
line tranmsects within the sample plot.

The fuel load class was the total

Table 3. Fuel load classes.

t/ha ton/ac
Low <22 <11
Moderate 23-109 11-50
High 110+ 50+

3
Brown, J. K. 1980, Personal Communication.

U.5.D.A. Forest Service,
Clearwater National Forest, Orofino, ID.
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volume of slash in the 1/120 (1/300 ac) plot. Fuel load classes used in
this study are presented in Table 3. Appendix 3 presents a sample calcu-

lation for determining the fuel load class.
Soil Physical Properties Measured

Thirty plots from each fuel load class were chosen at random and soil
physical properties evaluated. In addition, plots which showed no sign of
the harvest activity were selected to represent the natural soil state and
were categorized as undisturbed. Soil bulk density was chosen as the major
criterion for evaluating soil disturbances because it is a good indicator
of the extent of alterations of the soil enviromment. Additional soil pro-
perties measured were soil pore space, soil water retention, available soil

water, and thickness of the weathered volcanic ash horizon.

Bulk density

Five bulk density core samples were collected from each plot, one from
the surface, then at 9 c¢m (3.5 in) intervals to a depth of 38 em (15 in).
A cylindrical metal sampler was driven into the soil to the desired depth
and a 70.7 cc intact soil core extracted. The samples were dried at 105°C
(221°F) and weighed. The bulk density was calculated as the oven dried

s0il mass divided by the volume of the core (Blake, 1965).

Voleanic azh thicknes:

The thickness of the volcanic ash horizon was recorded before and
after the site preparation activity so that bulk density samples collected
following the operation could be taken at given depths measured from the
same reference point in the soil profile. This procedure allowed for
better evaluation of density changes and gave some insight as to the

amount and degree of soil displacement.
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Soil porosity

Total pore space was determined from the relationship between soil
density and particle density (Vomocil, 1965). Total pore space is defined
as the percentage of the bulk volume not occupied by solids and was calcu-
lated from the following equation:

Tp = 100 (1-Bd)

Pd
Where: Tp = total pore space
Bd = bulk density
Pd = particle density

Macro porosity was determined from the amount of the water—-free pore
space at the 60 cm tension obtained from moisture release curves (Vomocil,

1965).

Moisture characteristics

Moisture retention of triplicate samples of ground sieved soil from
the volcanic ash horizon of each site was determined at 1/60, 1/10, 1/3,
1, 5, and 15 bar tensions and at 1/3 and 15 bar tensions for each subsoil
horizon (U.S. Salinity Laboratory Staff, 1954). Samples were placed in
rubber retainer ri;gs, saturated for 24 hours and placed on a ceramic
plate. The ceramic plate was placed in a pressure apparatus and pressur-—
ized using Ny gas to the equivalent of the desired tension. The pressure
was maintained until hydraulic equilibrium was reached, then weighed, oven
dried atr 105°C (221°F) and weighed again. Percent moisture by volume was
calculated by multiplying the percent moisture by weight by the average
bulk density determined from the statistical model of each study area.

The amount of available soil water was estimated for the volcanic ash

and subsoil horizons. Available water was described as the difference in
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moisture content between the 1/3 and 15 bar tensions and was reported as a
depth value by multiplying each moisture volume by the thickness of each

horizon.

Areal Extent of Activity

The areal extent of the slash disposal activity was determined as the
ratio of the number of sample plots which had been treated compared to the
total number of plots. The overall area treated and that by fuel load
class were calculated from the following equations:

Overall area: number of plots treated
total number of plots

x 100

By Fuel Load Class: plots treated in Fuel Class
total number of plots

x 100

Slash Disposal Activity

Access roads and landings were not sampled because these features of
the harvest activity were purposely disturbed and compacted during the
timber harvest operations.

Following .sampling of the post-harvest and undisturbed soil condi-
tions, the slash at each site was piled by crawler tractors rated in the
8.2 metric ton (9.0 von) class exerting a track pressure of 51 kgum“z
(7.2 lbsin_z). Individual piles were constructed in a random manner at the

discretion of the operators.

Brush Disposal

sampling design

In 1980, a Caterpillar D~6 (18 metric tons) rated with a ground pres-

sure of 0.63 kgcm_2 (8.8 1bsin~2) and equipped with a 4 m (12 ft) brush rake,



17
uprooted vegetation in strips on a 75 ha (150 ac) clearcut harvest unit.
From this unit four ridge complexes were selected at random and served as
replicate subsites. Prior to sampling, the width, length, and slope of
each cleared strip was measured and recorded. Each cleared strip was

stratified into two classes: Slope position; ridge (R), upper 1/3 (U),

middle 1/3 (M), and lower 1/3 (L) and Disturbance Class; Track rut - path

of tractor tread, Inter—-track - area between track ruts, and Post-harvest -
area where brush remained. Paired classes, i.e. slope position—-disturbance
class, represented a plot where data was collected. A total of 130 plots

were established and sampled. Appendix 4 presents the sampling design and

plot locations.

Soil physical properties measured

Bulk density, thickness of the volcanic ash horizon, soil porosity,
and moisture retention properties were analyzed by the methods previously
discussed. Three bulk density samples were collected with an impact core
sampler, one from the surface, then at 9 cm (3.5 in) intervals to a depth
of 23 cm (9 in). Moisture retention was determined from intact 70.7 cc
so0il cores at 1/60, 1/10, 1/3, 1, 5, and 15 bar tensions. Ten soil cores
from bulk density classes of 0.60-0.70, 0.71-0.80, and 0.81-0.90 gcm_3 of
the volcanic ash horizon and ten from the subsoil horizons at soil densi-~
ties of 1.15 and 1.35 gcmf3 were collected with an impact core sampler.
Samples were saturated for 72 hours, placed on a ceramic plate and analyzed
by the methods previously discussed. Triplicate samples of ground sieved
soil from all horizons were analyzed and used for comparisons with undis-

turbed soil cores.
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Statistical Analysis

The data collected were analyzed by the Statistical Analysis Systems
package (Helwig et al., 1976). Statistical analysis of the slash disposal
activity was an Analysis of Variance for a split plot design (Snedecor and
Cochran, 1973; Tarng, l98f5. Response was blocked on the factor of time
of data collection.

Analysis of the brush disposal activity was an Analysis of Variance
for a complete randomized block (Snedecor and Cochran, 1973; Tarng4,198l).

Type IV sums of squares and significance levels at o = .05 and o = .10

were used to evaluate the main effects and variable interactions.

4
Tarng, 5. 198l. Personal Communication. Statistical Analyst, University
of Idaho, Moscow, ID,
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RESULTS AND DISCUSSION

Slash Disposal

Areal extent of activity

Although the slash disposal operation of each site was conducted by
different operators, the magnitude of the area affected was quite similar
(Table 4). An objective of this study was to evaluate the relationship
between fuel load concentrations and intensity of the slash disposal activ=~
ity. The hypothesis that higher fuel load concentrations would be subject
to more intensive treatment compared to lower fuel comcentrations was not
verified. Each fuel load class had a similar proportion of plots treated

within each site.

S0il displacement

The average amount of soil displaced was almost identical among all
sites. 8Soil displacement was determined as the difference between thick-

ness measurements of the volcanic ash horizon recorded prior to and follow-

Table 4. Summary of area treated and soil displacement,

Site Bess Creek Bovill Nan Creek

Percent of site

treated 38 44 46
Percent area by I- < 23 12 7 12
Fuel class M- 24-114 13 19 22
(mI/ha) H- >115 14 18 12

Soil displaced
(cm) 5.5 % 10.7 6.7 + 14.8 7.2 £ 12.7

*Contidence limits given at o = ,10 level.



Figure 4. Redistribution of soil due to vertical placement of the dozer
blade.

Figure 5. Soil displaced due to pivot turnm.
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ing the slash disposal activity. The average thickness of the volcanic ash
horizon was 36 # 2 cm (14 + .8 in) following timber harvest and an average
of 41 + 1.3 cm (16 * .5 in) in the undisturbed areas among all sites.
Following slash disposal 30 percent of the sample plots had a volcanic ash
thickness less than 27 cm (11 in). 8Soil was removed as well as deposited
at these sample points. A high degree of variability was found among post-
slash treatment measurements. Variability was attributed to horizontal
slippage of vehicle tracks, pivot turns, and vertical placement of the
dozer blade into the surface horizon. The redistribution of soil, as
depicted in Figures 4 and 5, was dependent upon the magnitude of these fac-
tors. The distances that soil was moved during site preparation were not
measured in this study. Since soil was not removed from the site, displace-
ment would be important at the microsite level. The importance of soil
displacement at the microsite level can be related to the impact on other
soil resources which would be associated with seedling growth. Specific-~
ally, these are nutrient availability (Adams, 1978), moisture retention and
availability (Ziemer, 1978), and a reduction in the total potential soil

volume available for tree rooting (Guild, 1971).

Bulk density

Changes in bulk density resulting from the slash disposal operations
were evaluated as a function of the time the samples were collected (before
or after the treatments), depth at which the samples were obtained, fuel
load class, and thickness of the volcanic ash horizon.

Undisturbed, post-harvest, and post-slash disposal bulk density pro-
files of each site are presented in Figures 6 through 8. Bulk density

values reported at the 27 cm (11 in) and 38 cm (15 in) depths are the
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Figure 6. Bulk density profiles for the Bovill slash disposal site. Points
with the same letter are not significantly different at the o =
.05 level.

combined average of the volcanic ash and subsoil horizons overlapping at
these points,

As a result of the timber harvest operations, bulk density increased
10 percent in the upper 18 cm (7 in) of the soil profiles at both the

Bovill and Nan Creek sites. No significant change in bulk density below 18
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cm was evident., The Bess Creek site exhibited no significant change in

bulk density as a result of timber harvest. Additional soil disturbances
resulting from the slash disposal treatments were found to compound exist-
ing levels of compaction. The average increase in bulk density among all

slten was 20 percent in the vpper 18 em (7 Ln) and 10 percent from 18 cm to
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Bulk density profiles for the Nan Creek slash disposal site.
Points with the same letter are not significantly different at
the o = .05 level.

38 em (15 in).

The Bovill and Bess Creek sites exhibited the greatest increases in

bulk density as a result of the slash disposal activity. Wet soil condi-

tions at Bovill and destruction of the strong granular structure at Bess

Creek are the probable causes. Slash disposal at the Bovill site occurred



25
in mid-September during a period of high rainfall. Soil moisture at that
time was 54 percent by volume, comparable to the 1/10 bar tension (Figure
12). Bulk density at the surface increased 44 percent as compared to that
of the undisturbed state and averaged 14 percent to the 38 cm depth.

At the Bess Creek site particle aggregation was better developed than
at either Bovill or Nan Creek. It was hypothesized that as the dozer
blade moved through and mixed the volcanic ash horizon, soill aggregation
was destroyed resulting in the densification of this horizon. In addition,
the ground pressures applied by the crawler tractors compounded the compac-
tion of the veolcanic ash. Bulk density increased 21 percent in the surface
of the volcanic ash horizon and averaged 11 percent to a depth of 27 ecm (11
in). Significant changes in bulk density were not found at the 38 cm (15
in) depth.

Nan Creek displayed similar trends as that of Bovill, with a progres-
sive increase in soil compaction after each treatment.

The magnitude of soil compaction was not influenced by the fgel load
concentration (Figure 9). Post-harvest bulk densities among the moderate
and high fuel load classes were significantly (o = .05) different from the
low fuel load class but not different from each other. The low fuel load
class wis commonly located on primary and secondary skid trails. This
would account for the higher initial densities of this class at .each site.
Evaluation of post-slash disposal bulk densities shows that all fuel load
classes responded similarly as a result of this activity. Bulk density
increased an average of 13 parcent above the post-harvest density for all
fuel classes among all sites. Significance levels are not provided for the
Bovill site because the statistical analysis showed this interaction was

not significant. However, it is apparent that this site responded similarly.
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Figure 10. Influence of the volcanic ash horizon thickness on the magni-
tude of soil density. Points with the same letter are not
different at o = .05 level.

An attempt was made to correlate the changes in bulk density with the
thickness of the volcanic ash horizon. This correlation was only found to
be significant at the Bovill site (Figure 10). Values reported in each
thickness c¢lass are the combined effects of the harvest and slash disposal

treatments, When the volcanic ash horizon was less than 27 cm (11 in),
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bulk density in the surface 18 cm (7 in) increased 30 percent above the un-
disturbed profile. Below 18 cm the apparent increase in bulk density was
the result of soil displacement where the more dense subsoil horizons were
closer to the surface. The Nan Creek site showed similar differences in

bulk density below 18 cm (7 in) (Figure 11). The Bess Creek site showed no
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Figure 11. Influence of the Volcanic ash horizon thickness on the magni-
tude of soil density, Nan Creek site. Points with the same
letter are not significantly different at « = ,05 level.
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significant correlation to volcanic ash thickness.

The general form of the dozer blade used in slash disposal activities
and its movement through the soil profile are illustrated in Figure ll.
As observed in the field numerous scour pans were formed (Figure 12, point
A; Figure 12a). It was felt that the scour pan was produced in the same
way a plow pan is formed in agricultural soils. Nichols et al. (1958)
showed that as a plow moves through the soil, soil is pushed ahead forming
a wedge or cone. The cone is compressed until the resistance to compres-
sion exceeds the shear value. A block of soil is then sheared off. The
resulting compacted area in the plowsole is caused by downward pressures
and is similar to that depicted at point A (Figure 12). Scourpan formation
would account for the bulk density increases at the 27 cm (11 in) and 38 cm
(15 in) depths found in the soil profiles of the Bovill and Nan Creek sites
(Figures 6-8). The level of formation within the soil profile would be
dependent upon depth of blade placement and thickness of the volcanic ash
horizon. The scourpan was only noted at the Bovill and Nan Creek sites
indicating formation was only prominent in fine textured soils. Continu-
ing, point B represents soil mixing caused by the angle and placement of

the blade; Point C shows the point of compressional forces.

Moisture characteristics

Moisture release characteristics of the volcanic ash horizon were
evaluated for each slash disposal site (Figure 13). Percent moisture by
volume was determined by multiplying the average bulk density of the
undigturbed ash horizon of each site by the respective moisture by weight
value. Bovill and Bess Creek are similar in their moisture retention

properties. In contrast, the Bess Creek site showed a reduced water reten-



Figure 12. General form of the dozer blade and movement through the soil
profile.

Figure 12a. Field observation of scour pan.
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tion capacity at low negative potentials, characterizing the coarse nature
(loam vs silt loam) of the volcanic ash horizon at this site. The volcanic
ash horizon at both Bovill and Nan Creek retained 23 percent more water by
volume at the 1/3 bar potential than that of the Bess Creek site. Compac-
tion would decrease the number and size of pores, increasing the retention
of water at higher potentials, reducing available soil water (Froelich et
al., 1980).

Estimation of available soil water for the volcanic ash and subsoil
horizons showed that the Bovill and Nan Creek sites had 4.7 times more
available water than that of Bess Creek site (Table 5). The volcanic ash
horizon of the Bess Creek site retains 65 percent of the available water in
the soil profile. It is apparent that soil displacement at the microsite
level would have a greater impact on the amount of available water at Bess
Creek than either Bovill or Nan Creek. Reductions in available soil water
resulting from soil displacement at the microsite level averaged 12 percent
among all sites (Table 6). Caution is advised when extrapolating these
values of water loss to actual field conditions. Available water at all
sites was based on laboratory analyses at a common reference moisture vol-
ume at the -1/3 bar potential. Therefore, water losses are theoretical
assuming that soil moisture levels among classes were the same. However,
compaction and s0il displacement create variations in infiltration, evapo-
ration and moisture redistribution, which influence the availability of

water under field conditions.

S0il Poresity

Total pore space was determined from the inverse relationship with

bulk density; subsequently, any change in bulk density results in a corre-
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Table 5. Theoretical amount of available water present in the soil pro-
files of the Bovill, Nan Creek and Bess Creek slash disposal
sites based on laboratory analysis.

GRaM!TE
Site Bovill Nan Creek Bess Creek

Volcanic ash
thickness (cm) 40.0 38.0 41.0
Bulk density

(gem™3) 0.83 0.78 0.73
Cm water 7.9 6.9 5.4
*Subsoil ot

,()ﬂ' - N
§7b\ peat }olla 50’3:’;’ besm o N demwfa(u(”,, R R

2EB & 2F (1 fomr S Joe i Joo

(cm) 45.0 2Btb 87.0 2Bw  16.0
Bulk density

(gem™3) 1.63 1.25 1.12
Cm water 14.0 31.7 2.0
2Bxt

(cm) 66.0 ———— 2C 17.0
Bulk density

(gem™3) 1.80 — 1.40
Cm water 16.9 -— 0.9
Total Profile
Thickness

{(cm) 151.0 125.0 74.0
Cm water 38.8 38.6 8.3

*Average thickness

within the soil profile.
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Table 6. Theoretical change in available soil water following the harvest
and slash disposal treatments.

Disturbance Class Undisturbed Post-harvest Slash Disposal

Percent Area

Bovill 35.0 44 .0
Nan Creek 31.0 46.0
Bess Creek 33.0 38.0

Volcanic Ash
Thickness (cm)

Bovill 39.5 33.0 30.5

Nan Creek 37.6 35.6 30.5

Bess Creek 41.0 41.0 35.5
Bulk Density

(gem~3)

Bovill 0.83 0.88 0.97

Nan Creek 0.78 0.81 0.86

Bess Creek 0.73 0.84 0.86
Cm Water

Bovill 7.9 7.0 7.1

Nan Creek 6.9 6.7 6.1

Bess Creek 5.4 5.4 4.7
Percent Loss

Bovill ———— 11.4 10.1

Nan Creek ———— 0.3 11.6

Bess Creek ——— 0.0 13.0

sponding change in pore space. Reductions in pore space averaged 5 percent
for all sites, with the highest reductions occurring at the 2 ¢m (surface)
depth of the Bovill and Bess Creek sites. These were 11 and 8 percent
reductions respectively (Appendix 5). Evaluation of macro pore space for
the volcanic ash horizon was obtained from the desorption data presented in

Figure 13, Macro pore space accounted for 22 percent of the total pore
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volume for both the Bovill and Nan Creek sites and 18 percent for that of
Bess Creek. Reductions in macro pore space was not determined for these
sites because ground sieved samples were used in the determination of
moisture release curves. Kuennen et al. (1979) reported a 40 percent re-
duction in macro pore space with a 20 percent increase in bulk density on
a volecanic ash soil in western Montana. The initial bulk density was 0.95
gcm"B. In addition, Froelich et al. (1980) reported a 43 percent reduction

in macro pore space in the surface 6 cm (2.5 in) of compacted soils in

northern California, Bulk densities averaged <l1.1 gcm‘"3 after compaction.
Brush Disposal

Areal extent of activity

Evaluation of the brush disposal activity showed that 57 percent of
the 75 ha (150 ac) study area remained untreated. Openings were created in
the brush canopy by removing the vegetation in strips. The typical cleared
strip was characterized by the following dimensions: 1length - 18 + 1.5 m
(55 = 5 ft), width - 4 £ .5 m (12 * 1.5 ft), with a slope average of 20
percent. The track rut disturbance class comprised 65 percent of the
cleared strip with the remaining area classified by the inter-track dis-

turbance class.

Soil displacement

Analyses among disturbance classes showed a significant (o = ,01)
reduction in the thickness of the volcanic ash horizon as a result of the
brush disposal activity (Figure 14). The post-harvest (brush) disturbance
class was used as the reference profile from which soil displacement was

compared. The thickness of the volcanic ash horizon was uniform within
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Figure 14. Thickness of the volcanic ash horizon in each disturbance class.
Points with the same letter are not significantly different at
the o = .05 level.

this class, 43.7 £ 2.2 em (17.2 £ .9 in), and was assumed to be close to
the natural state. Reconstruction of the brush disposal activity indicated
that as the brush rake uprooted vegetation in the downslope direction, soil
was displaced and redeposited along the sides and at the end of the cleared
strip (Figure 15). The greatest amount of soil displacement, 17.0 * 2.2 cm
(6.7 £ .9 in), occurred in the track rut disturbance class. An additional
7.5 # 2.3 cm (3.0 £ .9 in) of soil was displaced in the inter-track distur-
bance class. The average volume of soil displaced in the treated area was

9.8 + 1.6 m3 (299 *+ 49 £t3) per strip. Further, the cleared strips repre-
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Figure 15. View of typical cleared strip.

sented 43 percent of the study area. The impact of this soil displacement
can be related to the growth and survival of tree seedlings. Growth reduc-
tions have been correlated to the changes in nutrient availability

(Moehring, 1969; Adams, 1978), water retention and availability (Youngberg,
1959; Froelich et al., 1980), and soil volume available for rooting (Guild,

1971; Adams, 1978).
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Figure 16. Bulk density profiles by volcanic ash thickness classes,.

Points with the same letter are not significantly different at
o = .05 level.

Bulk density

The magnitude of soil compaction was correlated to the thickness of
the volcanic ash horizon (Figure 16). Although Figure 16 is a compilation
of all disturbance classes, it was inferred that soil losses resulting from
the brush disposal activity influence bulk density. Significant (a = .03)

increases in bulk density occurred as the volcanic ash horizon thickness

decreased. Sample collection depths were measured from the surface of the
existing soil profiles so bulk density comparisons were not made at the

same reference point in the soil profiles. Differences that were found may
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be inherent differences of the lower horizons as well as those of compac-
tion. The bulk density profile characterized by the 38 cm ash thickness
class was used as the reference soil profile. Therefore, point "g" (0.81 ¢
.02 gcm‘B) was assumed to be the highest natural bulk density of this soil
type. Comparisons among thickness classes indicate that as the thickness
of the volcanic ash decreased, bulk density increased correspondingly.

Evaluation among the disturbances classes showed that significant
(o = .05) increases in bulk density occur following treatment. The post-
harvest bulk density was 0.75 = 0.01 gcm’B when averaged over the surface
23 em (9 in). Post-brush disposal bulk densities were 0.90 = 0.01 gcm‘3
for the track rut and 0.83 * 0.02 gcm‘3 for the inter-track disturbance
classes. These were 20 and 11 percent increases respectively. Soil com-
paction was attributed to the ground pressures exerted by the crawler
tractor, since the natural bulk density was assumed not to exceed 0.81

gcm”3.

Moisture characteristics

Evaluation of the undisturbed moisture release data provided informa-
tion concerning changes in soil moisture respective to changes in bulk
density (Table 7). Analyseg among the bulk density classes showed that
moisture retention was affected at the soil moisture potentials of -1/60
and -1/10 bars. Comparisons among classes indicate that water movement
was influenced by the changes in pore space and pore continuity as bulk
density increased. Moisture retention at the -1/60 and -1/10 bar poten-—
tials increased an average of 7 percent above the moisture held in the
0.70 gcm"3 bulk density class. After the macro pores had drained (1/10

bar), moisture retention was similar and independent of bulk density
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Table 7. Comparison of moisture retention by volume among bulk density
classes and ground samples.

Wat(—lr —— gcm"' 3..._
Potential Ground
(bars) 0.60-0.70 0.71-0.80 0.81-0.90 Sample

- 7% Moisture

0 63.4 4.6% 62.7 4.6% 60.4 4.6 90.7
-1/60 45.0  5.4°T%  4g.0 5.45T  ugg 5.4°F 67.3
-1/10 375 3.087% 4002 3.0%T s0.7 3.0°7 58.5
~1/3 30.3 2.5t 32.0 2.5t 30.0 2.5° 27.1
-1 20.4  2.58 22.1  2.58 20.3 2.5 18.1
-5 6.3 2.30 17.9 23" 16.3  2.3P 16.2
-15 13.7  2.2% 14.3  2.2% 14.8 2.2% 15.2

* Significantly different from "b,d" at LSD o = .05.
+ Significantly different from "b,d" at LSD o = .10.

K

because of the relatively small difference in micro pore space between
density classes (Figure 17).

Comparisons among the undisturbed core samples and those of the ground
and sieved samples, showed differences ranging from zero to 30 percent.
The greatest differences occurred at the lower negative potentials. These
comparisons show that the moisture characteristics of the undisturbed soil
cores were more conservative in the estimation of soil water at low nega-
tive potentials than were the ground and sieved samples.

similar trends in moisture retention were found in the analyses of the
subsoil horizons. Moisture release curves for the 2B2 and 2C horizons are

presented in Appendix 6.
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Available soil water was evaluated over the soil profile thicknesses
remaining following the brush disposal activity (Table 8). The post-
harvest soil profile was used as the standard reference because it was

assumed to approximate the natural state. Two features of the data pre-

Table 8. Theoretical change in available water in the soil profiles of
the post-harvest, track rut and inter-track disturbance
classes based on laboratory analysis.

Disturbance Class Post-harvest Inter-track Track rut

Volecanic ash

thickness (cm) 43.7 36.2 26.6
Bulk density 0.75 0.83 0.90

(gem=3)
Cm water 7.3 6.0 4.4
*#Subsoil
2B2 10.2 10.2 20.2
Bulk dengity

(gem 7)) 1.12 1.12 1.12
Cm water 1.5 1.5 1.5
2C 20.3 20.3 20.3
Bulk density

(gem™3) 1.40 1.40 1.40
Cm water 1.8 1.8 1.8
Total Profile
Thickness (cm) 74.2 66.7 57.1
Cm water 10.6 9.3 7.7

* Average thickness within the soil profile.
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sented describe thé influence of the brush disposal activity on soil water
storage. First, the volcanic ash horizon retains 62 percent of the avail-
able water stored in the post-harvest soil profile. Secondly, soil loss
which occurred from the brush disposal activity resulted in significant
reductions in available water. Available soil water was reduced an average
of 22 percent in the treated areas. This was a net volume loss of 1.7 m3
(3.6 ft3) of water per cleared strip. The abrupt textural change between
genetic horizons has the potential to reduce or stop the redistribution of
water upward from lower horizons, indicating that the '"realized'" water loss
may be higher (Baver, Gardner, and Gardner, 1972). This condition would
then lower the overall effective water content within the soil profile,
placing more emphasis on the water supply of the volcanic ash horizon.

Caution should be used when extrapolating these values of water loss
to actual field conditions. Available water at all sites and disturbance
classes was based on a common reference moisture volume at the -1/3 bar
potential. Reductions in available water are theoretical, assuming that
801l moisture levels among disturbance classes in the field are the same.
Compaction and soil displacement create variations in infiltration, evapo-
ration and moisture redistribution within the soil profile of each dis-

turbance class.

Soil porosity

Soil porosity is inversely related to bulk density, any change in the
physical arrangement of soil particles through the alteration of soil
structure or by compaction results in a change in soil porosity. The
greatest reduction in pore space occurred in the thinnest volcanic ash

horizon and track rut disturbance class. Reductions in total pore space
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rarely exceeded 10 percent (Appendix 7).

Macro porosity in the surface 23 cm (9 in) was reduced an average of
23 percent in the track rut disturbance class (Table 9). Reduced porosity
results in decreased aeration. Cullen and Montagne (198l) evaluated com~—
pacted volcanic ash soils in western Montana. They suggested that a 19
percent reduction in pore space would reduce gaseous diffusion by 34 per-
cent. It was assumed that as water retention increased because of an
increase in micro pores, the amount of air~filled pore space (macro pore)
was reduced limiting gaseous diffusion. In addition, Froelich et al.
(1980) reported that altered pore size distribution resulting from compac-
tion was associated with a change in soil moisture release curves. Water
was held more tenaciously at greater negative potentials, so less water

would be available for tree growth.

Table 9. Percent soil porosity by disturbance class.

Disturbance

Class Total Macro pore Micro pore
Post~harvest 69.7 £ 1.0 16.3 53.4
Inter-track 66.4 = 1.0 13.1 53.3
Track rut 63.3 £ 1.0 12.5 50.8

Confidence limits at a = .05.
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SUMMARY AND CONCLUSILIONS

This study was designed to assess the changes in the physical proper-
ties of four forest soils having a surface horizon of weathered volcanic
ash and known regeneration problems following mechanical site preparation.

The s50il disturbances resulting from the slash and brush disposal
activities can be grouped into two classes. First, displacement of the
volcanic ash horizon resulted in reductions in the effective rooting volume,
important for nutrient and water storage properties. Secondly, alteration
of soil structure by compaction influenced changes in soil aeration, mois~
ture retention, and bulk density.

Slash and brush disposal treatments resulted in significant changes
in soil physical properties when compared to the undisturbed and post-
harvest soil conditions. Changes in the soil physical properties were
evaluated as a function of sample depth, thickness of the volcanic ash
horizon, and disturbance classes for the brush disposal site. Additional
variables of fuel load and time of sample collection (i.e. post-harvest
and post-slash disposal) enhanced the analysis of the slash disposal

treatment areas.

4.1 Summary of slash disposal treatment

1.) Area extent of activity

—High fuel load demnsities were not preferentially treated over
lower fuel concentrations.

-Total area treated averaged 43 percent among all sites.

2.) Soil displacement.

—Averaged 6.5 cm t 12.7 cm (2.6 in £ 5.0 in) among all sites.
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-Displacement occurred from vertical placement of the dozer blade,

pivot turns, and horizontal slippage of vehicle tracks.
3.) Soil bulk density.

~Magnitude of the resulting bulk densities were not dependent upon
fuel load concentration. All classes showed a significant 13
percent increase in bulk density above the post-harvest bulk
density, among all sites.

-Bulk density increases were highest at the surface of both Bovill
and Bess Creek, 26 and 21 percent respectively., Nan Creek density
increases were 7 percent to 27 em (11 in).

~Scour pans were observed at Bovill and Nan Creek, indicating for-
mation was prominent only in fine textured soils.

4.) Soil porosity.

-Reductions in total pore space averaged 5 percent among all sites.

~-Macro pore volume accounted for 22 percent of the total pore space
at the Bovill and Nan Creek sites, and 18 percent for that of Bess
Creek,

5.) Moisture characteristics.

-Moisture retention properties for the volcanic ash horizon of
Bovill and Nan Creek were the same.

~The volcanic ash horizon at Bess Creek retained 36 percent less
water below 1/3 bar tension than Bovill or Nan Creek. Character-—
ized coarse nature of the volcanic ash horizon at this site.

=501l displacement reduced the theoretical amount of available

water by 12 percent among all sites.

4.2 Summary of brush disposal treatment

1.) Area extent of activity.

-Cleared strips were characterized by the following dimensions;
length 18 m (55 ft), width 4 m (12 ft).

-Total area treated was 43 percent.
a. 57 percent untreated.
b. 28 percent in the track rut class.
c. 15 percent in the inter—track class.
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2.) Soil displacement.

-S0il was lost from the site, being piled at the end of the cleared
strip.

-A 39 percent reduction in the track rut and 17 percent reduction
in the inter-track disturbances were found following treatment.

~-The average volume of soil displaced was 9.8 % 1.6 m> (299 + 49
£ft3) per cleared strip.
3.) Bulk density.

~Increases were highest in the track rut disturbance class showing
a 20 percent increase above the post-harvest bulk density of 0.75

gem
~Bulk density increased as the thickness of the volcanic ash hori-
zon decreased.
4.) Soil porosity.
~Reductions in total pore space rarely exceeded 10 percent.
~The track rut disturbance class showed a 23 percent reduction in
macro pore space when compared to the post-harvest class, inter-
track area showed a 20 percent reduction in macro pore space.
5.) Moisture characteristics.,
-Comparisons among density classes showed that moisture retention
increased 7 percent above the soil density class of 0,70 gem™3
below a -1/10 bar potential. No significant differences were

evident above -1/10 bar potential.

—Available water decreased an average of 22 percent within the
treated area.

~The track rut disturbance class showed a 40 percent reduction in
available water.

Caution should be used when extrapolating these values of water loss

to actual field conditions. Available water at all sites and disturbances

classes were determined from the reported changes in soil physical proper-

ties and are based on a common reference moisture volume at the =1/3 bar
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potential. Reductions in available water are theoretical, assuming that
soil moisture levels among disturbance classes in the field are the same.
Compaction and soil displacement create variatioms in infiltration, evapo-

ration and moisture redistribution within the soil profile.
Conclusions

1.) Slash and brush disposal treatment resulted in significant soil den~
sity increases.

2.) Fuel load concentrations did not influence the magnitude of bulk
density.

3.) Scour pans were formed in fine—textured soils, as observed at Bovill
and Nan Creek.

4.) The volume of soil displaced during brush disposal activities is
greater than that of slash disposal treatments.

5.) Soil displacement and compaction result in the reduction of available

501l water.
Recommendations

Significant changes in soil physical properties were found following
the slash and brush disposal activities described in this study.
Further study is needed to determine:

-the influence of soil changes on tree seedling establishment and
growth,

-~moisture losses under field conditions,
~area extent and importance of scour pan formation,
—-the magnitude of operator-related soil disturbances and,

-effectiveness of treatments.
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APPENDIX 1

Soil Profile Descriptions and Physical Analysis
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Helmer Vapiant Silt Loas 80-1D-29430

Clessification: medial over loany, mixed Andeptic Paleboralf, frugipan phase.

feneral Site Characteristics

Location: Latch Coonty, Idahe; 2 miles west of Bovill, Idche

Ferest: Clearwater National Forest

Area: Palovse District

Described By/Date: Hal Collins on October 30, £981

Parent Rock/Material: Mazame velcanic ash ever loess mixed with alluvium overlying basalt

Habitat Type: {Theja plicata) western red cedar/(Pachistima mrysinities) pachistima
habitat type; ({Abies grandis) grend fir, {(Lerix eccidentalis) western
larch, (Pinus menticola) western pine; (Vaccinivm evatum) huckleberry,
{Asarum cavdatum) ginger, (Galium boreale) bedstraw, gelden thread,

Topography: meuntain/leess sheet, slope, single slopes-gently sloping, uniforn

Lendforn: nmovntain/loess sheet Climate: Frigid, wdic
Weathering: normal Precipitation: 41.5 ca
Forwation Name:[slumbia River Busalt, Palowse Leess Eresion: very slight
Slope: S Z, 150 m, upper §/3 Infiltration: slow
Aspect: eqst Permeability: low
Elevation: 921 u Sterage:

Seil Depth: olt ca Drainage: semewhat poorly
Eff. Rooting Depth: Air Temp: 8 deg, C
Litter Type: doff Soil Temp at 28 inches:
Surface Rock: none Salt/Alkal: nonsaline
Remarks:

Pedon Description

Bsi 0-20 ca. Dark brewn te brown (7.SYR 4/4) silt loam, dark brown
te brown (7.5YR 4/4) moist; wery fine granvlar structure; loese, very friable, slightly
sticky and nonplastic; no clay filas; many very Fine discontinvevs exped pores; many
very fine and fine, common medium, and few coarse roets; neneffervescent; no gravels,

Bs2 20-4f ca. Strong brown (7.5YR 9/8) silt leam, dark brown 1o
brown (7.5YR 4/4) moist; very fine granvlor structure; leose, very friable, slightly
sticky and nonplastic; ne clay films; many very fine discontinuews exped pores; many
very fine and fine, common mediva, and few coarse roots; neneffervesceat; krotovina J inches
in diameter; clear smooth boendary.
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30-1D-29430 (cont.)

2Bub 4{-53 cn. Very pale brown (10YR 7/3) silt loas, light yellowish
brown (10YR &/4) moist; weak subangwlar blocky structure; slightly hard, slightly
sticky ond nenplastic; ne clay filas; commen very fine discontinueos exped pores;
miny very fine and fine, conmsn medium, and few coarse roots; noneffervescent;  abrupt wovy
boundary.

2EBD 53~71{ ca. Brown (7.S5YR $/4) B material and very pale brown ({0YR 7/4) silt
loan, dark brown to brewn (7.5YR 474) B material, meist, and light pellowish brown (10YR 6/4)
satrix, meist; weck subangular blecky structere; slightly hord, friable, slightly sticky
and nonplastic; ne clay filas; many very fine, common fine discontinvovs exped pores;
nany very fine and fine, few medism roots; neneffervescent; clear wavy beundary,

b 74-86 cn. Brown (7.5YR S/4) B material and pink (7.5YR 7/4) matrix,
silt loam, dark brawn to brown (7.5YR 4/4) B material, moist, ond brown (7.5YR 5/4) motrix,
meist; weak subangular blocky strecture; slightly hard, friable, slightly sticky and nonplustic;
no cloy films; few very fine and fine discontinueus inped pores; many very fine,
commen fine, and few mediwm rosts; noneffervescent; clear wavy boundary.

2Btxbs 86~107 cm. Brown (7.5YR 5/4) matrix, silt loam, dark brown to brown
(7.5YR 4/4) matrix, moist; coearse anguvlar blocky structure; extremely hard, brittle,
slightly sticky and nonplastic; few moderately thick clay filas lining ped faces; few
fine discontinvovs inped pores; few very fine and fine roots; noneffervescent; reddish brown
(SYR 4/4) clay films and dark brown to brown (7.5YR 4/4) meist, clay films; pink (7,5WR 7/4)
5ilt coatings, brown (7.5YR S/4) moist, silt ceatings; abrupt smooth boundary.

2Btxb2 107-127 cn, Dark brown te brown (7.SYR 4/4) silt loam, dark brewn te
brown (7.5YR 4/4) meist; wery coarse angelar blocky structore; extremelp hard, brittle,
slightly sticky and slightly plastic; sany thick clay filas lining ped foces; few fine
discentinvous inped pores; no reots) organic matter staining; dark reddish brown
(SYR 3/8) clay films, dark brown to brown (7.5YR 4/4) meist; pinkish qray (7.5YR 7/2)
silt coatings, brown (7,5YR 5/4) moist; neneffervescent; black (7.5 2/8) orqenic
sotYer coatings; clear wavy boundary,

2Bt2bd 127-152 cn, Brown (7.5YR 5/4) silty clay loam, dark brown to brown
{7.S5YR 4/4) moist; coarse angular blecky structure; extremely hard, brittle, slightly sticky
und slightly plastic; continveus thick clay films lining ped faces; few fine dis-
continvevs inped pores; no roets; noneffervescent; thick organic matter stainings;
derk reddish brewn (SYR 3/4) cloy films, dark brown to brown (7.5YR 4/4) meist; black
(40YR 2/1) organic matter ceatings; clear wavy bewndary,



Pedon: Helmer Variant Silt Loom BO-1D-29130 Dote: Febryary 1982

. 3 _ Sesquioxides .
Sanple Horizon Depth pH ECKi0 I Water ot Available  --- -—~-~  BSpadic
Ne. paste Satwration P Di-Citrate Extract Pyrophesphate Extract
Fe Al Fe Al
cH mrhos/cn ppy i
i Bsi §- 20 b.36 .17 88 2.9
2 Bs2 el- Al b.4b 1.08 75 7.6
3 2fwb 41- 93 5.48 §.48 38 8.9
4 2ERb 8- S.25 0.i0 42 2.7
5 2Eb 7&- Bb 4,92 .20 ke 3q
b cBtxbi 85-107 5.04 .97 Y 4.5
7 eBtxb2 197-127 4.9 6.7 42 0.7
B 2Btxb3 127-152 S.26 6.08 44 7.1
Suﬁple Exchangeable Ions Ext, Acidity CEC Base oM o N CiN Goil
nl
) Ce Mg o K H Sateratien - ~ Fraction NaF pH
neg/i08 gas b4 X ratie
i 475 0.74 420 0.80 20,30 2b.7 24 4,40 2.5 ad - §.00 10.95
2 443 108 L2 0.0 7.8 £3.2 26 i.86 1.08 nd - 1.0 i1.01
3 2.75 1,08 ¢.20 8.1 b.28 2.4 4i §.55 2.32 nd -- 1K 8.97
4 3.06  20.50 420 6.20 7.50 i1.8 76 .79 0.46 nd - i.00 B8.48
9 379 2050 .20 0.20 ie.16 is.B " 8.53 1.3 nd - 1.00 8.75
b 3.88 12,25 424 1.2 4,20 i5.6 60 .44 8.24 nd - .00 .07
7 3.38 3.08 4.20 0.24 i8.30 3.9 40 1.40 0.23 nd -- i.18 8.62
B 6,86 450 0,30 9.2 8,80 6.5 1 B.40 0.23 nd - i.n 8.9
Renarks: CEC’s were leached with 10T ocidified NoCl. Anatysis byt A, Falen, D, Eisinger, H, Collins

CEC’s were run en the Technicen Avteanalyzer.
ng - net determined
Available P extracted with sodium acetate.
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Pedon: Helmer Variant Silt Loon B0-1D-29130 Dute: April 1982

IAS

Particle Size Distribution {am} Eravel & Stone
Depth yrs Cs ifS FS§ VFS 18 18i 1 12 an Texturgl
2-1.0  1-0.5 $.5-0.25 0.25-0.4  B.1-0.%5 2-0.85 0.05-2.002  (0.002 Wt, vol, flasses
c i X
0- 20 2b.80  64.54 B.6b 511t Lean
26- 41 24.7%  bb.92 8.3 Siit Loan
41- 53 27.45  b1.47 i1.48 Silt Loon
53- 7 21,89 53S9 14.72 Silt Loan
71- 8b i7.02 S%.24 20.94 Silt Loan
86-107 ci.bf  52.08 2h. 3¢ Silt Loon
{07-127 23.68  48.68 27,464 Cloy Loan
127-152 21,81 45,48 2.3 Clay Loaw
Silt Size Distribution (ma) Y¥ater Content Ligwid Plastic Plastic
Depth CoSi Hsi Fsi Bulk Density 173 5 Linit Linmit Indes
§.05-0.02 ©9.02-0.085  0.005-0.082 Clod  Core Bar Bar
L] X g/ec L x
0- 20 , 12.4
20- 44 i“ 0.8
4i- 53 i.64 4.8 S.6
S1- U {.62 25.6 S.9
74- 86 1.67 26.4 6.8
8e-107 1.8 26,5 it
107-127 i.80 22.4 ie.d
127-152 §.83 26.9 2.8
Remarks: Suntles were run by the pipette methed, Analysis by:  Debbie Eisinger
Bulk density were ren by Mike Humw.
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Unnumed Silt Loeam B0~ID-2515i (Nan Creek)
Classification: medinl over loamy, mived, frigid Andeptic Glassoberalf.
Genergl Site Characteristics

Lecation: Idahe County, Idahe; section 5, T. I3N., R, 6E., pheto ne 676-281,

Forest: Clearwater Mational Forest

Area: Pierce District

Described By/Date: Hal Collins on September 27, 1980,

Porent Rock/Material: Mazame ash/allovien

Habitat Type: (Thejo plicota) western red cedar/(Pachistime mrysinities) Pachistima
habitat type; (Pinus menticela) wvestern white pine, (Abies grandis)
grand fir, (Lorix eccidentalis) western larch, (Clintenia wniflera)
queencup beadlily, goldenthread, (Asarum cavdatum) ginger, (Adenscaulon
bicelor) trail plant, :

Topography: mowntain, slope, rolling-endvlating, uniform-smooth,

Landform: mountain Climate: Frigid, wdic
Weqthering: normal Precipitotion: 100 ca (snow)
Formation Name: Eresien: not eroded
Slope: 102, 150 m, center 1/3 Infiltration: slow
Aspect: south relling Permechbility: med. rapid
Elevation: 112{ n Storage:

Seil Depth: Drainage: well drained
Eff. Rooting Depth: Air Teap: 7 deg, C
Litter Type: duff Soil Temp ot 20 inches:
Serface Reck: class 1 Salt/Alkel: nene
Remarks:

Pedon Description

) 0-18 cn.  Dark brewn (7.5YR 3/4) silt loam , dark
reddish brown (SYR 2.5/2) meist; weak gronvler structure; friable, very friable, slightly
sticky and nonplastic; ne clay films; abendant wery fine discentinuess random exped peres;
comnen very fine and fine roots; noneffervescent,

Bs 18-48 cn. Strong brown {7.SYR S/6) silt loam , yellowish red (SYR 4/6)
moist; weak swbanqular blocky structore; friable, friable, slightly sticky and nonplastic;
abundant very fine discontinveus random exped pores; commen very fine und fine reots)
ne clay films; noneffervescent; abrupt smooth boundary.
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80-1D-25451 (cont,)

2Bthi 48~63 cm. Strong brewn (7.SYR S/4) silty clay, dark reddish brewn
(SYR 3/4) moist; medium svbangular blocky structure; slightly hard, firs, slightly
sticky and slightly plastic; commen thin clay filas lining ped foces; few very fine
discontingous ronden exped pores; few very fine ond mediem reots;  nsneffervescent; reddish
browm (SYR 4/4) clay skins, dark reddish brown (SYR 3/4) meist; abropt smooth boundary.

2Rth2 63-84 cn, Strong brown (7.5YR S/8) silty clay, reddish brown
(SYR 4/4) moist; medium swbangular blocky strectere; hard, firm, slightly sticky and
slightly plastic; common thin clay films lining ped faces; few fine discentinsous ronden
pores; few fine roots; noneffervescent; reddish brown (SYR 4/4) clay skins;
gradeal wavy boundary.

2Btb3 Bi-104 cm, Strong brown (7.5YR 5/6) silty clay, dark reddish brown
(SYR3/4) moist; medium subangeiar blocky structure; hord, very firm, slightly sticky and
sliohtly plastic; many moderately thick clay films lining ped faces; few fine discent-
invous random pores; few fine and mediom reots; noneffervescent; reddish brewn
(SYR 4/4) clay skins; gradeal irreqular bowndary,

2Bth4 104-135+ cn, TYellowish red (SR 5/b) clay, dark red (2.5YR 3/6) moist;
nedion swbangular blecky structure; hard, very firm, slightlp sticky and slightly
plastic; nmany moderately thick clay films lining ped faces; few fine discontinuows randon
pores; few fine roots; neneffervescent; ypellowish red (SYR 5/8) clay skins; gradeal
vavy bhewndary.



Pedon; Unnamed Silt Leam 80-ID-25iS% (Man Creek)

Date: February 1982

3 Sesquivxides _

Serﬂale Herizon Depth pH ECiD X Water ot Available ~——- Spadic

T paste Satoratien P Di-Citrate Extract Pyrophosphate Extroct

Fe Al Fe Al
4] nrhos/cH ppm 4

i A g- 48 *5.73 g.10 - 2.4

2 Bs 18- 48 b.i8 .34 18 i{.7

3 2B1hi 48- 83 5.08 .09 9 5.7

4 2htb2 63- 8§ 4,98 0.06 Sh 0.9

5 2Bth3 Bi-104 5. 0.04 EY 9.4

b 2ktb4 §04-135+ 4.98 §.06 56 5.6
50!'?18 Exchangeable Iens Ext. Acidity CEC Base o ot N Cik Seil

0.

Ca g Ho K H Saotyration Fractien HeF pH- _
neq/1R0 gus . 4 1 ratio

i 8.75 430 08.40 0.8 34.98 9.6 27 20.66  12.84 nd -- 1.00 9.53

2 3.79 0.84 9.20 0.20 23.78 28.4 i7 .68 3.30 ad -~ .40 {045

k! 2.0 143 9.40 0.M 13.088 17.3 22 1.00 §.58 nd - W1 B.bb

4 c.88 2.88 0,20 .30 i3.38 i4.4 12 0.65 .18 nd - 1.60 8.73
- 5 3.5 390 L4 000 i2.90 §9.5 37 9.78 0.4 nd -- {.40 B.&5

b 275 245 Lid L3 8.80 4.8 39 1.54 0.34 nd - {.00 8.7b
Remarks: CEC's were leached with 10 acidified NaCl, Analysis by: A, Falen, D. Eisinger, H. Collins

EC?s were ren on the Technicen Auteanalyzer.
nd - net determined
gvnilgblﬁ P extrocted vith sodivm acetote,
2P

T9



Pedon: Unnamed Silt Loom 80-1D-25451  {Man Creek) Date: April 1982

_ Porticle Size Distribution {ms) L travel & Stone
Depth VEs (s s 5 UFs 15 1581 1C 12 nn Texteral
2-4.0  1-0.5 0.9-0.2% 6.2%-0.4  0.1-9.05 2-8.95 0.05-0.H02 (0.002 Wi, vol, Clusses N
tn 1 ¢
B- 18 17.92 5.5 . Silt loam .
18- 48 10.72 i.Sg 59.2& Silt leam
48- 53 12,95 43,49 43,56 Silty Clay
b3- 81 i0.60 41,07 45,33 Silty Clay
Bi-104 £1.79 4.3 #u Silty Clay
104-135+ 19,53 3460 43.86 Llay
N Silt Size Distribution {mn} Water Centent Liguid Plastic Plastic
Bepth £0Si Hsi Fsi Bulk Density 173 15 Linit Limit Index
B.95-0.02 0.82-9.85  0.005-0.082 Ciod  Core Bar Bar
1] i - glee - I 1

e
o
e e o
(o T-al-- ot

Remarks: Samples were rum by the pipette methad, Analysis by:  Debbie Eisinger

9
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Unnamed Loan 80-1D-18124 (Bess Creek)
Clossification: medial over loany, mixed, frigid, Typic Vitrandept.
Benernl Site Characteristics

Location: Idahe County, Idaho; Bess Creek, section 8, T, 3&M., R. &E., photo

ne 676~182,

Forest: Clearwater National Forest

Area: Pierce District

Described By/Date: Hal Collins en September 5, 1980,

Parent Rock/Material: Hazama ash/granite (decomposed)

Habitat Type: (Thuja plicata) western red cedar/(Pachistina arysinities) Pachistima
habitat type; (Pinus monticola) western white pine, (Abies grandis)
grand fir, (Lariz occidentalis) western larch, (Psvedotsuga menziesii)
Douglas fir, (Clintonia wniflora) queencup beadlily, gqelden thread,
(Smilacina stellata) Solomen seal, {Acer) mountain maple, (Asarvm cauvdatun)
ginger, (Peramiun decipiens) rattlesnake plantain, (Galiuvm boreale)

bedstraw,
Topography: neuntain, slope, single slopes-steep, convex
Landfors: meuntain Climate: Frigid, wdic
Weathering: sermal Precipitation: {14 ca
Formation Name: Idaho Bathelith Eresion; slight
Slope: 32%, 300m, center §/3 Infiltration: slow
Aspect: nerth Permeability: med. rapid
Elevation: 1341 meters Storage:
S0il Depth: 74 cm Drainage: well drained
EFf. Rooting Depth: Air Temp: 7 deq. C
Litter Type: duff Soil Temp at 20 inches:
Surface Reck: very slight Salt/Alkal: none
Renarks:
Pedon Description
A 0-4S cn. Dark brewn to brown (10YR 4/3) silt loan, dark brown

{(7.5YR 3/2) meist; strong medium granuvlar structure; noncoherent, friable, slightly
sticky and nenplastic; ne clay films; common fine discontinvovs randem exped interstitial

pores; common very fine, few fine roots; noneffervescent;

Bsi {S-33 cm.  Brown (7.SYR 5/4) silt loan, dark brown (7.5YR 3/4)
moist; weak fine gronular strocture; noncoherent, very friable, slightly sticky and nonplastic;
no clay filns; commen fine discontinwous randem exped interstitiol pores; common
fine and mediv, few coarse roets; noneffervescent; abrupt wavy bewndary.
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80-1D-18124 (cont,)

Bs2 J3~4{ ca. Brown (7.5YR 5/4) silt loan, dark pellowish brown
(10YR 3/4) moist; weak fine granular structere; noncoherent, very friable, sensticky ond
nanplastic; ne clay filns; few fine, common very fine discontinvews random exped
interstitial pores; commen fine and medium, few coarse rosts; noneffervescent; 40 percent
coarse fragrents; abrupt wavy bewndary,

2Bwb 41-57 ca.  Yellowish brown (18YR ©/4) sandy leam, dark brown to brown
(40YR 4/3) meist; massive single grained structure; leose, loese, nonsticky and
nonplastic; no cloy filas; nony very fine discontinveus random exped interstitial peres;
few fine roots; noneffervescent; 40 percent coarse fragments; gradeal wavy beundary.

28Cb 57-74 ca. Very pale brown (10YR 7/4) coarse loamy sand, yellowish
brown {i0YR 5/4) moist; massive single grained structure; loose, losse, nensticky end
nonplastic; ne clay films; many very fine discontinvous randem exped interstitial peres;
few very fine roots; noneffervescent; Xrotovinio greater thon 2 inches;  discontinvows broken
boundary,

2Ch 74+ ca.  White (2.5Y 8/2) coarse sand, very pale brown (10YR 7/4)
MOist; massive single grained structure; loose, leese, nonsticky and nonplestic; ne clay
films; many very fine discentinveus random exped interstitial pores; few very fine
roots; krotovinia 2 inches; discontinvens braken boundary.



Pedon: Unnaned Loam BO-ID-1B124 {Bess Creek) Date: Febroary 1982

3 Sesquioyides .

Euﬂple Horizon Depth pH ECHiD T Moter ot Availoble - ----  bpdic

5. puste Sateratisn P Di-Citrate Extract Pyrephosphate Extroct

Fe Al Fe Al
cn mnhos/cH ppa !

{ A 2-1% o8 h.24 68 4.1

2 Bsi {5-33 S 0.22 57 4.6

3 Bs? 33-44 6.83 .09 44 i.6

4 2By 4§-57 6.04 619 44 3.4

5 2RC S7-74 S.78 §.0¢ 32 2.2

b 2C 744+ S.85 8.07 32 i.9
SnﬂPle Exchangesbls Tons Ext, Acidity CEC Base o oc N C:N Seil

a L] e

fa Mg Nea (4 H Sateratien Fractian HoF gH
neq/t00 gas X 4 ratio

{ 543 453 L1 040 ei.80 e7.9 22 5.7 3.9 nd - .00 i0.73

2 3.0 045 b8 £.30 18.1) 9.3 19 2.9 .69 nd - {.90 11.23

3 243 958 €20 6.3 9.90 0.0 27 §.47 0.68 nd - 1.8 19.18

4 2.25 856 0.20 0.30 6.70 9.3 3 .76 0.4 nd -- i.00 9.40

5 213 0.5 b0 p.20 3.0t 6.4 ] 6.3 §.24 nd - 1.0 8.48

b 2,25 0.6 049 9.20 0.90 5.5 78 0.4i 0.67 nd - 1,00 8.34
Remarks: CEC's were leached with 101 acidified NoCl, Analysis by: A, Falen, D. Eisinger, H. Cellins

CEC's yere run gn Jhe Technicon Avtoanalyzer,
ad - net determine

Available P extrected with sediom acetate,

99



Peden: Unpaned Loam 88-ID-18124 (Bess Creek) Date: #pril 1982

Perticle Size Distribution {mM) Gravel & Stone I
Depth ves s Hs S VFS 18 18} C 32 An Tertoral
2-4.0 1-0.% 9.5-8.25% 8.25-0.8  6.1-0.05 2-9.09 0.05-0.802  (0.0%92 Wi, vel. Closses
) 4 X
1-15 48.35 37.B4 13.84 Loan
15-33 43,25 49.87 7.6 Loos
33-44 S W12 g.63 Sandy Loan
41-57 2.4 H.N 9.84 Sandy Loon
%7-74 75.43  15.74 9.23 Sandy Lean
74+ a0.48  12.09 7.43 Loasy Sand
Silt Size Pistribution {(anm) Water Content Liguid Flostic Plastic
Depth oSi Ksi Fsi Bulk Density 173 15 Linit Linit Index
6.05-0.02 0.02-0.0065  0.00%-0.002 Llod  Core Rar Bor |
n 1 g/tc 1 p --
. i2.3
I X
27-1 12"
16.4 4.8
Gt' 4'1
7.7 3.7

Remarks: Somples were run by the pipette methed, Analysis by:  Debbie Eisinger

L9
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Unnomed S5ilt Loam 82-ID-18126 (Canyen Meadews)

Classification: medial over lpamy, mixed, frigid Typic Vitrandept.

General Site Characteristics

Lecation: Clearwater County, Idaho; one mile seuth of Canyon Meadows werk center
section 9, T, J4N., R. TE, photo 781-235,

Forest: Clearvater Nutienal Ferest

Area: Lochsa District ,

Described By/Date: Hal Collins en September 15, 1982,

Parent Rock/Material: weathered Mazama ash over decomposed granite.

Habitat Type: (Abies grandis) grand fir/(Pachistima mrysinities) Pachistime hebitat
type, (Psvedotsuga menziesii) Dewglas fir, (Larix eccidentalis) western
larch, (Pinus menticola) western white pine, {Vactinism ovatum) hockleberry,
(Sympharicarpus albus) snowberry, {Xerophyllom tenax) beargrass,

Tepography: nmountain, top, complex slopes-hilly, concave

Londforn: meuntain Climate: Frigid, udic
Weathering: normal Precipitation: 100 cm (snow)
Formation Name: Idahe Bathelith Erssion: slight

Slope: 20X,20m,brev Infiltration: slow
Aspect: southuest Perneability: moderate
Elevation: 1394 meters Storage:

Seil Depth: SB ca Broinage: well drained
Eff. Rooting Denth: Air Temp: 7 deg. C
Litter Type: duff Soil Temp at 2§ inches:
Surfoce Rock: very slight Salt/Alkal: none
Renarks:

Pedon Description

Bsi b-10 cn.Dark brown to brown (7.5YR 4/8) silt lean, dark reddish
brown (SYR 3/2) moist; weak very fine granvlar structure; leose, very friable, nensticky
and nenplastic; no clay films; commen very fine discontinuovs random exped pores; many
very fine, fine, and medium rsots; neneffervescent;

Bs2 10-25 ca. Dark brewn to brown (7.5YR 4/4) silt loean, dark reddish
brown (SYR 3/3) moist; weak.very fine granular structore; loose, very friable, nensticky
ond nenplastic; no clay films; commen fine discentinvevs randem exped pores; many very
fine, fine, ond medium reots; noneffervescent; g¢radval smesth boondary.
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82-1D~48126 (comt.)

Bs3 25-38 cn. Brown (7.5YR 5/4) sandy loam, dark brown (7.5YR 3/4) meist;
weak very fine gramular strectere; leose, very friable, nonsticky and nenplastic; no clay

films; few fine, common very fine discentinvous exped pores; comsen very fine, fine,
and medivm roets; neneffervescent; graduval smeoth bewndary.

2Bt 38-48 ca. Brown (7.5YR S/4) gravelly sandy lean, dark brown (7.5YR 3/4) meist;
weak very fine granelar strocture parting to single grained strocture;  loese, very frigble,
nensticky and nonplastic; ne clay films; many very fine discontinsevs random exped Peres;
tommen very fine, fine, and medium roots; noneffervescent; abrupt smeeth bewndary.

2BCh 48-58 cn, Very pale brown (10YR 7/3) gravelly sandy leam, yellowish brown (10YR S/4)
moist; massive single grained structere; leose, loose, nensticky and nemplastic; no
clay films; nany very fine discentinpous randes exped peres; few very fine and
fine roots; noneffervescent; abrupt smoeth boundary.

2Cb S8+ cn.  Uhite (2,5Y 8/2) gravelly loamy sand, very pale brown (40YR 7/4)
Moist; massive single grained structure; loose, leose, nonsticky and nenplastic; no clay

films; nany very fine discontinvovs random exped pores; few very fine nnd fine reots;
poneffervescent; abrupt smeoth boundary.



Pedon: Unnamed Silt Leam 82-ID-18126 (Canyon Meadews)

Date: DBctober 1982

3 Sesquicxides ]
Semple Herizon Depth pH 8 31 1 Water gt Available — Spedic
No. paste Satwration P Di-Citrate Extract Pyrophosphate Extract
Fe Al fe Al
ch nehos/ch Ppn I

H-4 Bs{ -1 5.4 i.10 i 3.3

2 Bs2 i0-25 54 ¢.07 78 4.7

3 Bs3 25-38 $.3 f.05 5 3.9

) 2hbu 38-48 4.9 .08 it 3.8

5 2BCh 48-58 o4 §.69 43 2.8

b b SB+ 5.2 .09 42 2.9

port
Suﬁp}e Exchangeable Jons £xt. Acidity CEC Base oK oc i C:N Sail
1,
Ca My Ha K H Sateratien Froctien Nof pH____
ne/t08 gas 4 X ratig

H-1 295 86 i BA i2.4 27.6 23 15.9 9.2 M - §.80 11.2

2 4 03 04 %2 1.3 25.0 i3 7.4 4.4 Nd - 0.81 1.5

3 0.4 8.2 &4 B4 nil 2.2 it i.4 0.9 Md - §.78 .14

4 0.3 6.2 0.4 0.4 nil 7.4 jt8 0.4 0.2 Hd - .72 9.9

S 0.3 4.2 11 0d nil 8.5 180 0.6 0.4 id - §.63 i0.9

b .2 04 8.1 0.4 nii 5.5 fod .2 b4 Nd - 0.58 9.6

Remarks: CEC’s were leached with 161 acidified NuCl
CEC's were ren en the Technicen Avteanalyzer
Extractable catiens were run sn the ICP
CatMg+Na+K / CatMytho+K+H times {80= B.S,
Hd-not deternined

Anglysis by:

Debbie Eisinger



Pedon: Unnamed Silt Lean 82-ID-18126 (Canyon Meadows)

Date: Octsher 1982

Particle Size Distribution {(am)

frovel & Stone

Textoral

Depth Vs s 5 F§ UFS 15 18i iC 12 an
2-1.0 1-0.5 0.5.85 1.25-0.0  &.0-0.85  2-0.85 6.95-0.802 (0,002 ut. vel, Closses
] 1 X
6-10 947 5. 8.62 2 Silt lean
10-25 44,05 51,47 4.28 19 Silt leam
25-38 S6.84  38.06 5.10 22 Sandy lean
18-48 1H.77 573 2.5¢ 28 Er. sandy loam
48-58 bi.1% . 4.74 37 Gr. sondy lean
58+ 80,5 17.98 i.46 42 Gr. loamy sond
§ilt Size Distribution (m) Nater Content Liguid Plestic Plastic L
Depth CeSi Msi Fsi Belk Density i/3. is Limit Linit Index
£.05-0.92 9,02-0.805  §.005-0.002 Clod  Core Bar Bar
m - 4 - g/t 1 -1
6-i0 S0.2 9.3
19-25 38.8 21.5
25-38 25.7 i4.0
J8-48 19.3 2.8
43-58 15 16 ? ] 7
58+ 12.9 5.0
Remarks: Analysis by:  Debbie Eisinger

echanicals were ren h! the centrifuge methed
ter content-Anita Falen

(44
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APPENDIX 2

Sampling Design, Slash Disposal
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Figure 18. Sampling Design, Slash Disposal.
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APPENDIX 3

Sample Calculation of Fuel Load Classes
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Sample Plot, Fuel Load Calculation:

Plot Size: 1/120 hectare

2
Fuel Volume = o+ 1 L
(m?) 2

Fuel Load = Fuel Volume X SpeC|es Wt. x Area
*(Tons/ha.) m3 kg /m3 ha.

*metric ton
® See Table 10.
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Table 10. Approximate Weights of Wood,

Species Green 12 7% Moisture
- Kg/m3—
Pinus monticola 560 (35) 430 (27)
Pinus ponderosa 720 (45) 450 (28)
Larix occidentalis 770 (48) 580 (36)
Pseudotsuga menziesii 610 (38) 500 (31)
Abies grandis 720 (45) 450 (28)
Picea englemannii 630 (39) 370 (23)
Thuja plicata 430 (27) 370 (23)
Tsuga heterophylla 660 (41) 460 (29)
Pinus contorta 630 (39) 460 (29)

Taken from the Foresters Field Handbook (1971). Values in parenthesis
are lbcuft~l,
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APPENDIX 4

Sampling Design, Brush Disposal
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Track rut ridge line

Track rut cleared strip
Inter-track
Post-harvest (brush)

0Oe % 3¢

Figure 20. Sampling design brush disposal sites.
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APPENDIX 5

Soil Porosity, Slash Disposal
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Table 11. Changes in soil porosity as a function of fuel load, volcanic
ash thickness and depth in the soil profile, slash disposal,

Depth and Time

Depth (cm) 2 9 18 27 36
Bovill P-H 70.2+2.3 64.9+2.3 63.3+2.3 58.4x2.3 51.3+2.3
P-8D 62.5+3.5 62.0+£2.3 61.6+2.3 55.1%2.3 47.9%2.3
Nan Creek P-H 72.2+2.0 69.4+2.0 65.7+x2.0 59,2+2.0 56.0%+2.0
P-S8D 70.24£3.7 67.8x3.1 64.5+2.0 57.1+2.,0 51.0£2.0
Bess Creek P-H 78.8+2.8 73.5x2.1 71.4*2.1 69.0+2.1 63.3%2.1
P-S8D 72.2+2.8 68.6%2.8 67.4+2.8 65.7+2.1 63.7+2.1
Volcanic Ash Thickness and Depth
Bovill +37 70.6%£3.5 66.1£3.0 63.7+t3.0 63.3%£3.0 60.0£3.0
28-36 69.0£3.0 64.9+2.3 63.3%2.3 59.6%2.3 45.7£2.3
<27 63.7£3.5 59.2%3.5 59.2+3.5 49.4x3.5 41.1%3.5
Nan Creek +37 70.2£5.0 68.6+4.3 68.2+3.7 66.,1£3.7 61.6%3,7
28-36 75.5£3.0 70.2x3.1 69.0+3.1 64.9%3.1 51.7%3.1
<27 70.613.7 68.2%£3.7 60.8x3.7 53.2+3.7 49.4#3.7
Bess Creek +37 76.7£2.8 71.0+2.8 69.8x2.8 69.4+2.8 65.7%£2.8
28-36 74.7+£4.2 71.8+4.2 68.6%4.2 65.3%4.2 59.2%4.2
Fuel Load and Time
Fuel Load Low Moderate High
Bovill P~-H 58.8£3.0 61.2%2.0 61.2+2.0
P-SD 53.9+2.3 56.3%£2.0 56,3+2.0
Nan Creek P-H 61.612.0 64.1£2.0 65.7+2.0
P-SD 58.4+2.,0 58.8+2.0 60.8£2.0
Bess Creek P-H 69.8+2.8 72.2%2.1 71.4%2.1
P-SD 67.4+2.8 67.0+2.8 67.4%2.1
P-H = Post-harvest, P-3D post-slash disposal.

Confidence limits given for the a

05 level.
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APPENDIX 6

Moisture Release Curves, Brush Disposal
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Figure 21. Comparison of moisture retention of the 2B2 horizon by soil

density class, intact core and standard laboratory method.
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density class, intact core and standard laboratory method.
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APPENDIX 7

Soil Porosity, Brush Disposal
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Table 12. Changes in soil porosity in relation to the thickness of the
volcanic ash and position in the soil profile, brush disposal.

Volcanic Ash Thickness Soil Porosity
(cm) Total Macro Micro
<13 59.4%2.0 10.7 48.7
14-25 62.321.0 11.2 51.1
26-38 66.1+1.0 13.1 ' 53.0
38+ 69.2£1.0 16.2 53.0

Volcanic Ash Thickness
(em) <13 14-25 26-38 38+

Depth (cm)

Total 62,0 65.0 67.8 70.2

2 Macro 11.2 12.8 16.0 16.5
Micro 50.8 52.2 51.8 53.7

Total 56.0 63.1 67.0 70.0

10 Macro 10.0 12.5 13.3 16.4
Miecro 46.0 50.6 53.7 53.6

Total - 58.0 63.7 67.2

20 Macro ——— 10.4 12.6 13.4

Micro o um s 47.6 51.1 53.8
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