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ABSTRACT

The effects of forest harvesting i1mpacts on s0il
properties vere investigated at the old-grovtt Louglas~fir

{Pseudotsuga menziesiil forest in the Cascade mountains. To

clarify the mechmenisms of 801l change, so0i] rrofiles were

described and s0il chemical and physical properties were

analyzed at 5 cm depth. Landform units were classified

numerically. Direct impacts of forest harvest to the soil

vere evaluated wus tompaction, tillage, and daccumulatlion

and/or mixing of organic matier. Indirect impacts nf harvest

resulted in minerizetion of topsoil, deromposition of or-

fanic matter, repellancy revelation, and “resion., These

direct and indirect impacts caused changes 1n soil

properties that varjed aleng landform units. On the Terrace

landform unit, the saturated hydraulic CoONduCTIvity rates

decreased notably and bulk density increassd. The Seepage

Slope unit exhibited increased hardness of R hurizon and

decreased total POrosity. Fine porosity increased and

coarse porosity decreuased as 8 result of compactiion. The

Convex Creepslope (1}) experienced decreased exchangeable

cations and saturated hydraul jc conductivity by the repej -



lancy revelation after harvest. The Transportational
Midslope (I} showed the highest contents of organic carbon
and total nitrogen caused by mixing of organic matter. The
Colluvial Footslope indicated to decrease the thickness of A
and B horizon and increase the exchangeable cations A

horizon.

INTRODUCTION

Douglas-fir (Pseudotsuga menziesii) - western hemlock

{Isuga heterophylla) forests, generally 330 to 750 years

old, are commeon old-growth forests in the northwestern
United States. These forests contain valuable timber,
wildlife, and other resources. These old-grovth forests are
in increasingly short supply (Franklin et al.,1981).

Forest harvest affects forest ecosystems in various
ways. Concerns have been raised about harvest effects on
site productivity, water supply from the forest land and
soil loss. It has been aaid that tree growth rate has
decreased in the particular area, and vater supply for human
use has decreased, and soil losses by landslides have often
occurred after forest harvesting (Wert et al.,1981; Froeh-
lich et al.,1983; Miles et al.,1984).

Recently, scientific interest has focussed on effects
of clearcutting in a variety of soil factors, such as the
deterioration of soil physical properties {Dyrness, 19653,
1967; Wert et al.,1981; Froehlich et al.,1983; Gent et al.,
1983, 1984), nutrient loss (McCall,1978; Arimitsu et
al.,1981; Sollins et al.,1981; Mroz et al.,1985%), organic
matter decomposition (Qurgin,1980; Binkley,1984; Snider et
al., 1985 )}, and recovery of site productivity [(Snyder et
al.,1984; Froehlich et al.,1985},

Results of the studies vary with tree sSpecies, time of
cutting, tree removal methods, local precipitation patterns,
topography, soil characteristics, and the method of refores-
tation.

The purpose of this study was to clarify the mechanisms
of soil change after forest harvesting and to determine the

relationshipibetueen 501l changes and landform, because soil

changes do not occurr unitormly in the torest land. N

SITE _DESCRIPTION

The study site is located at

- TiIh
the H. J. Andrews Experimental LT P 7
: . v HER IR
Forest in the Cascade mountains } "+-T* f,{
st ei el e o el
about 80 km east ol Eugene, Oregon ?“L it _': !
) ) _-_;__L. .1 w_ e 1/.’!"_"‘_£
U.5.A.. The topography of this site s
|3|'ﬁ"zﬂ' ] ;1:;2
extends from a high terrace surflace L —:::;5’
e e R
down a colluvial slope and ranges “hl:b&;ﬁtl'*“””:;
from 733 m to 683 m above sea h}Lf&égéﬁ:Efﬁéz
levels. Eejfﬁ{ﬂﬁ&ﬂx#o =
This site is underlain by gla- x"'\\:_-.:.q;x,',‘];.'-‘fgf,—:;:;f
. . — T
cial deposits and is classified in -._.—1/ s oI AL
Cryumbrept soil groups. v ..t
The climate is mild with wet
winters and warm. dry summers. An- Figure 1. Study site

nual precipitation normally exceeds

2.500 mm and i1s concentrated in the winter. Little or no
rain falls during Jun, July, and August. Mean temperature in
January is 2 C, and July is 20 C,

Before harvest, the forest consisted of Douglas-fir,
western hemlock, and vestern red ceder ( Thuja plicata 1.
Douglas-fir vas dominant with 13 stems/ha :n density,
averaging 36 m in height, 120 cm in O0.B.H., and 490 vears in
age. western hemlockh vas 84 stemssha, 37 m in hei1ght, and 6%
cm in D.B.H.; and wesatern red ceder vas 49 stems/ha, 33 m in
height, and 75 cm in D.B.H. It vas estimated that the
forest fires occurred about 130, 310 and 3U0 vears ago at
this sijte..

This study site was clearcut harvested using tractor

and cable skyline yarding systems 1n June, 1983,

METHODS ANQ LANDFORM CLASSIFICATION

S50ils were surveyed in 54 pits im May, 1983 before har-

-vest and in August after harvest {(Fig.1). Morphologiral

properties of the soil profiles were examined and scils were

sampled from the surface to about 5 cm in depth for chemical

_33_



-
and physical analysis. So0il hardness was determined by
Yamanaka's hardness tlester (Penetrometer}. Soil pH was
measured on 1 : 2.5 soil-waler extract using a glass-
electrode pH meter. Organic carbon and total nitrogen were
analyzed by the dry-combustion method ( CX corder, Yanaco
MT500W }. Cation exchange capacity vas determined by a N
ammonium acetate solution procedure with Peech's method. Ex-
changeable cations vere extracted with a IN salution of am-
eocnium acetate (pH 7) and were determined using the atomic
sbsorption spectrometer. S0il physical properties were
determined for samples taken at the site with 100 cm? x 4 eom

cores by Mashimo's method (19601}.

Landform Classificarion

Nine+teen A zz
.
landform parameters 4
CINVEX -
!Tab.1} were measured C2ZZPSLOPTII) 3
{rom the topographic . CONVEX .
‘ ' CREEPSLOPS(II}
™
map for each 10 m x . 2+ & o
10 & unit areas cen- TESRACED oT ng -
t at each soil @ r. TRANSPORTATIONAL
ered P & &b a MIDSLOPE(:)
7it. Relief index was p“___igglo ] ; . $1:
-1 =i i 3
talculated as the sum o € {h; a
f CC OC-_l.. A
ifferences o A
of i SEZPAGESLOPE O & e orar
levation of the o TRARS TATIORAL
£le 3 ol ~21 MIDSLOPS(II)
eight points of each o7 ’;
. T -1
unit area (Kobavashi !.' ?i o [s]
. ta LD ll o) Ar e .
et a}i..1983). Prin- \_:n‘ .;: |l_.: -4+ COLLUVIAL FOOTSLOPE
-
cipa! Component jﬁﬂ"s
7

anelysis was used for
Figure 2. A: The score scatter diagrarm
of 1§ landform parameters,
ification of landform Eigen value: 21=8.77, 22:3.93
units based on these E?Tz;?:jvngggt.:;nt of total variance:
.19 parameters. B: The loading factor diagram,

: kumber refers to Table 1.

sumerical class-

The resuvlt indicated
*hat two components had significant eigen values {larger
than 1.00), and that these components explained 66.9 % of

ine total variamance (Fig.2)}. The first component regpresented
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Table 1. Characteristics of landform units
analyzed with P.C.A,
loposequence Landform . Landfors wR:-

TLhe main-

EaTemeter SEEF CONIT) TRAIZ) TRALIZ, eowiTed [«
parameters and -, * * v
1.Mek=" RS . S N 1.7
the second rep- zI.mpg SD 2900 9.l gk, 1E.2
J.Mcy W7 12.6 7.3 SE. 2.2
resented the 4.M:ci [N - PR SO T 1.2
5.mcs N £.6  jg.z  1s . 8.
umn it area 6.Ms Sy -2E,7 -it.3 -0 8L -15.%
z-ﬂL .2 . id.s -11.e 1.2 ~5.3
Fi . . -Use -7 -6 13§ 17.4 5.8
( g8-28 1. i 3 Toenlt Ll i
. 16.085Lz .2 .3 E.Z li.e 18
seven landform ;i [t 3 Ioo-dlE I
units were igjggé ey FE R N
H 3 i e
segmented: Ter- - ih i : f s
EE .9 4E.9
race, Seepsage 2.9 T
.9 LI P
slope, Convex 8¢ 2 i6¢
17 TteR: 7 ETZP:Seepage slome, COXIT)
creepslope t1 Jrai mids.cpe!T!, CcrLL

LGN, MQE:Dispersal ne
2l lengzs, MCS:Caze
tRelative lined:icy
slape zp lower, VELEZ:Slope f
=i area. reliel incex, U§ TR CurvazuTe
near-ty, UCL:Comtour l:inmea:z:t “CA:Unzz areer.
Cacciment pre:i, USA:Sizpersa e, 0RS:Pe 22y lope i
and {111, and oot 2 J.spe l ares,0Rs ) e slope, A

and {11,

Transportationa

1 midslope (1)

Colluvial footslope. Characteristics of these iandform units
are summarized in Table 1. The Terrace occuring at the top
of the study area, was gently convex, and had the smallest
catchment height and length. The Seepage slaope had straignt
slope, gently concavity, and the smallest surface curvatyre.
Convex creepslope (11 was the most convex and had the widest
dispersal area 8nd smallest catchment area. (Convevy
¢reepslope (T1} differed from (3) onm the point of Joswer
location of slope. Transportational midsloper were the
Steepest slope. Transportaticonai midslope (1) vus gent ! v
convex and (11} was gently concave. The Colluvial footslope
vas located at the Jowest part of thisc site, and was the

most concave and widest catchment area.

RESULTS

lechaniems of $Sgi) Changes

After forest harvest, direct impacts on soil
Properties were observed to he the effects of compactinn n
tractors and log skidding, the tiliage by log mouvement, mis-

ture of organic matter, slash accumulation, and removal i
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Table 2. Means and standard ceviations for soil

dec A, and B soil properties before ana after harvest.

horizons.

i ., So1l prapecrt.es Iefpte Adcwr?
Following (3:4:013% nagcvest narvesg
i.Thizxness of A, 4.5 - 4 la = 9.0 ea
forest har- ;] et A 4.6 I 12 N -t
. 1 s 3 .2 E 0.2 E 8.7 e -
vest, soil 4.3ardress of surface 9.9 + 0.4 * 0.1 Egsem:
L8 af 3 o 0.7 = 1.9 Xa,co”
properties 6.RoorL conzeats 1.2 - 2.8 - 2.2 YL
T.Gzave!l concencs §3.7 - I8.1 = 13.9 ¢, 4302
alsu changed iChes:cal crosernies)
LREY] E.l4 o« D.30 = 4.12
by the in- 9.lrgan:c Casden L Fo1.58 w
13.Toral Nizrogen 2.2} - 9.3% - Ogg )
d i - l1.C:N raz:o I - H -
lrect ef L2.c.z.¢. P IR & P s 12.3  nesilds
li.fxcrarngeacie & a - 3 T7.89 me/si204
fects of 4. ex. K a 3 0 5 0.4 rersldda
. 5. ex. Mg 5 <= 1 - 1.43 mes Ll 05
procvesser 16, ex. ¥a 15 e, 1 0.20  mesiflg
. (Phvs:cal orooeciies) -
such as SNt oiranTivd Isio. 15t - "9 gesaun.
i3.3ulk densizvd’ 5i.4 = E 2 - ollle 6/100¢
vhanges of L3.501:2 snase P .3 N - 2.9 1
. <C.Liquid phase .2 . 4.3 : 2 v.5 v
Soil en- Iilgiseaus phase 5.1 ¢ 6.3 4 LI Y
. il.Wace: maximua 4.5 = 3.3 1 = LI.3% Y
Vironment l.aic miaimuz MO N : So1e
Z4.Total porasity 7.5 ¢ M b - 3L )
and t h e :5.r:ne pecosizy N 23,90 = EP 2 B .7 )
I§.Coarse posasicyd’ 8.5 : 3.3 4 6.0 z

repellancy “eans - standard Jeviatrian

. f; Sd4cucaced Sydrauii¢ condycrivity Teasures wizh a 100 c:r.: x
revelation, * ("' Core and a I ém wacer nead.

acceleration i: ;;:::t:g;:::T:;nfsq:;:filLen: ta af I.7 teasion and/oc less.
of scil mineralization by organic matter decomposition, and
erosion caused by forest vegetation removal and direct rain
fall.

These direct and indirect impacts produced changes in
soil properties (Tab.2). Observations of soii profiles such
2% increased thickness of organic matter and decreased A and
B horizons indicated harvest impacts. These were caused by
slash accumulation more than normal litter fall and removal
¢f A or B horizons by tractors or skidding iogs. Surface
soil exhibited decreased hardness, but the hardness of B
norizon deeper than 5 cm increased clearly as a result of
tillage and compaction. Decreased root contents of the top-
s0il was caused by removal of surface soil during logging.

Concerning soil chemical properties, concentrations of
organic carbon, total nitrogen, and C/N increased. Cation
exchange capacity and exchangeable cations, such as ex.Ca,
ex.h, ex.Mg, and ex.Na also incremsed. These resulted from
mixing of undecomposed organic mattetr with soil and ac-

celerated the minerization of topsoil.

Compaction and
(v) lcc/min, )

tillage of topsoil,
including mixture of
o
organic matter inte S
E .
the topsnil, changed =
M
s0il physical P
properties., These g
=]
t«0 processes in- T 9 o a
o [
—_———————
creased bulk density 80 160 <40teesmin, )
) 20 40 50{%)
and ratio of solid Aftec Alcohol Treatment
phase. Total Figure 3. The inhibition of soi!

rhysical properties by the repellancy

orosity decreased .
P revelation after forest harvest.

slightly, because
coarse porosity was destroved and fine pPOTOS ity Increased.
Harvest impacts resulted to decrease the saturate
hydraulic conductivity rateg notably. The mycelia were ob
served commonly in the topsoil of Douglas-fir forests. Top
soil dries easily after forest vegetation cover is removed
and the irhibition of saturated hydraulic conductivity wa
arise by onset of the repellancy revelation of the topsoi
(Fig.3). Before and after alchohole treatment of cor
samples for elimirating the water repeliancy, soil air minij
mum, vater maximum, and saturated hydraulic conductivit
were clearly different. These differences were interprete:

to be caused by the repellancy reveiation of the topsoil.

Soi} Changes related with Landforms

Chenges of soil properties were not observed wuniforml.
everyvhere after harvest. Principal Component Analysis wa-
used to evaluate change in soil properties based on observa
tions of soil profiies and chemical and physical propertie:
(Fig.4). On the profiles (Fig.4a), three patterns of chang:
vere recognized. The first pattern vas a shift from right t:
left 1n Fig. 4A which represented increased hardness nf |
horizon and decreased thickness of A horizon caused by com
paction and removal of A horizon. The second pattern wa
from left to right and indicated the accumulation of slash

The third pattern wvas a downward change, indicating 1n-

_s?ﬁ_
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Figure 4. The scare scatter diagrams of A: Soil profiles,
£: Soil chemical properties, {: Soil physical properties,
enc the loading factor diagrams of O: Soil profiles, E:
Cherical progerties, F: Physical properties in which number
of circle refer in Table 2.

[« PER Before harvest, @ ----. After harvest
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creased thickness of B horizon.

For s0il chemical properties [Fig.4E), three patierns
were also recognized. The first moved from left to upper
right vhich ‘is explained as increased exchangeable catijons
and pH. The second changed from left 1o lower rjgh{ which
was interpretated as increased content of organic carbon,
total nitrogen, C/N, and cation exchange capacity caused b
mixing of organic mstter. The third was from right to left,
resulting from decreased soil organic matter and exchange-
able catioens caused by soil loss.

Changes of soil physical properties {Fig.4C} indicated
t¥pical trends., The first pattern was s dewnward shift
caused by increased gaseous phase and air minimum in
response to tillage and organic matter mixing. The second
changed from above to lower right because of increased bulk
density and solid phase caused by compaction. The other
showed minor changes which were undisturbed areas. An over-
all pattern indicated substantially decreased saturatecd
hydraulic cenductivitly caused by the compaction, distur-
bance, and the repellancy revelation.

Changes of soil properties revealed in the soijl pits
vere related with landforms. Therefore, soil properties are
summarized before and after harvest for each landform uniy
{Tab.3). The thickness of the organic matter layer decrease-
apparently at convex creepslepe (I} ancg transportationa:
midslope (I). Slash accumulated on terrare, seepage slope ,
and collovial, footslope landform units. The thickness of .4
horizon also clearly decreased on the transportationa)
midslope (11} and colluvial foot slope. Decreasing of the
thickness of B horizon seemed to be caused by log skiddincg
and erosion, particulary at the convex creepslope (1) and
colluvial footslope. The hardness of soil cecreased c¢n sites
disturbed by tillage, butL in the B hor)zon became high
natably st seepage slope, terrace and celluvial footslape,
On the soil chemicul propertitier, organic carbon and tota}
nitrcgen increased at all landform units except terrace and
colluvial footslope. The catjon exchange capacity 1NCreased

at Lhe seepage slope and exchangeables cations al50 increanes



Tabie 1. Relationship between Landform Units, Soil properties,
and Changing Rate before and after forest harvest. Landform

units are in order to the toposequence.
N Landfora Unic
temnt’  see? CINVII} IRAS(I} TRANCIZ) CONVIIT) €01l

1.8%/ gy 43 1.3 5.3 3. 6.0 0,2
(208, 0127018388 € F1.t1 (0 80.9) (121.61 (198.31 L184.3)
A 2.7 5.4 3.7 1.9 i 6.t

U 40043 (YU (3510 1 79,30 iA.41 ¢ 12.8)

30.0 165 30.8 36.% 8.0 19.9

( 83.9) 1 C6.91 1110.4) { 8S5.91 [ 89.%1 { 3t.3)

1.1 1.2 0.1 0.1 0.7 8.5

CA5.5% 1 ELOY (4291 L Tl.&) ( SI.L1 (120.0)
1k 1.5 L 5.9 1.0 1.0 9.6
€142.91 (225.70 ( "S.3F €100.9) (110.01 (190.01. (183.3)

$.21 .75 $.17 5.5 5,15
(101, 7 (107.11 [ 99.6) (l10L.¢» (106.01
.59 1.6% T.i0 681 &.07
{100.%) fL35.40 (128.81 4127.Yy (l07.0)
“:e1l N1z:oges 6.25 9,212 .22 9.2 9.23
{190.9) (118.2) (104.3y 11:18.2y (1.1 D
z TRILD 3% 35 11
s ¢ ¥T. ) tlie 3y (1194
- 47.0 3.2 53,6
{995 {113.3) {101.3)
anseanie Ca 6.1 i.2¢ 9.3
$101.0) (251.3) { 89.7)
ax, K 0.64 56 0.94
(117 (L3.%)  1s.5)
«x. ng o.n 0.12 1.44
{146.5) tlel.91 (10%.4)
a%. Na Q.06 . 0.21
(233. ) (733.3) (18%. %)
)
lity 4% 1) 342
[ Y ] 1 S5.9) 0 140
30.5 5.4 54,3
Lult.m (111.2) (111.
6.8 29.) 8.2
(111.61 1102.0) tloe.0)
25.3 .6, 29.8
6. C $7.8) (16,5
Tasesus Prase £7.3 L 42.1
(1068} 1130.7) (112.+)
wate:s MaxiMus 42.7 46.5 48.2
( B8.1} t9893.1) (90.]
30.% 4.1 13.7
{704.6y | (116.3y 11lz. ™
b ? 0.7 n.a
95,3 L 89,21 1 97,4,
2).3 . 6.5 5.0
t:03.41 1ll t 9811 tled.
Cza:zse pocrosity 49. 7 51.1 .2 446
€ 92,4y ( 88.3y {102.5) { 99.8) ( 95.9%1
1 TIRm: Terrace, SECP: Seepagesloce. CONVII): Convex Cfeepsiveli;., TRANII):
anszorcat:onal midslopeill, TAANIIDI): Transporzactional maidésglezetll),

Conves creepslopetIl), CTil:Callyvial footslove
Jefore haTvest.

i AfZzet narvesc } / ( 3efore harves: | x 100 (W), caanging sate.
Caz:on Zxchange capagiey
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notabiy on the transportational midslope (I). Exchangeable
cations seemed to have leached out at convex creepslope (I).
The saturated hydraulic conductivity decreased at all
landform units, most notably at the terrace ¥hich also had

*he greatest change in bulk densiiy. The inhibition of water

-~

permeability by the repellancy revelation was notable at
convex creepslope (1) where Scil water maximum decreased,
air minimum increased, and saturated hydraulic conductiVitY
decreased greatly. Decreasing total porosity was obﬁerved
at terrace and secepage slope which indicated increased fine

porosity and decreased coarse porosity.

DISCUSSION

Activities of forest harvest cause surface soil distur-

bance and socil properties vary directly with the degree of
disturbance caused by timber removal. Dyrness{ 19653} iden-
tified four classes of soil disturbance and four classes of
slash accumulation, based on the degree of removal of Ae, A,
B horizons, the mixing of organic matter, amount of slask
accumulation, and compaction. We considered these distur-
bances, which alsc included the tillage by timber transpor-
tation, as direct impacts toc the soil at the time of forest
harvest. Following forest harvest, indirect impacts ac-
celerated change in soil properties. These indirect impact:
trigger important scil changes in response to decompositior
of organic matter {Kobavashi,1982), scil mineralization,
erosion, and repellancy revelation. From this perspective,
long term monitoring of soil properties is an important par)
of evaluating long-term soil productivity and prediction ol
tree growth.

Decreased thickness of the As, A, and B horizons caus:
the changes of soil chemical and phyvsical properties
Kobayashi{1982) found that organic matter in the topsoi.
decomposed rapidly in the first six months after harvest
Binkley(1981} observed rapid decomposition at the interfac
of the humid layer and mineral soil in a clearcut site
using cellulose filled litterbags. Following harvest b
clearcutting, the concentraticens of organic carbon and tota
nitrogen increased in this study. This occured in scil mixe
with organic matter when there was little rainfall during
period of a month after harvest. hobayashif1982) and Mroz e
al.{1985) found that the exchangeable cations such as ex.k

ex.Ca, and ex.Mg, decreased in solum after harvest

—_3i —



MeCall 1878y and Arimitsu et al.(19B0) pointed aut that the
exchangeable cations in salution increased initially and
then rapidly decreesed follawing farest harvest. The results
‘of this study indicate increased exchangeable catians which
are presumably due to high mineralization of saj) initjia]lls
without Jeaching lasses. further work is required ta deter-
mine vhether massive lusses of exchangeable catians will oc-
curs during the rainy season (Mroz et al}.,1985) ar if a
iarge influx of exchangeable catians associated with surface
decomposition will he accumulated inta the mineral soil
[Snyder et al.,1983).

Many studies have examined forest harvesting impacts an
scil physical praperties le.g., Dyrness,1963,1967; Wert et
“..,198]: Froehlich et al.,1983; Gent et al.,1983,1984.
tnile the studies af the saturated hvdraulic canductivity,
bulk density, and porosity structure are valuasble indicatars
c{ huarvesting effects nn the farest soils and are useful in
j-redirting the delerioration af sail, thev max be insensi -
tive to change in sail] water canditions. Generally speaking,
the saturated hydraulic conductivily rate decreases, the
telk density inrreases, and total parasity decreases after
forest harvest, We ubserved these sail changes and interpret
ihem as resulting fram totk direct and indirect effects,

Changing s0il praperties as » result of forest harvest
Al depend on characteristics of Jandforms, sa we class-
ified landfoerm units and related them ta the sail changes in
this study. Pyrnesy (71965, 1967) discussed slope steepness,
Svilins er al. (1981 | aleo pointed aut the impartance af
riope pnsition, wod Pinhleyvi19849) suggested the elevatian
:ntluenced karvest imparts and sail changes. We tried to
laseify the landforms numerically and ta describe them ex-
#iteitls and objectivels, so changing sail patterns cauld be
deseanlen with landform units effectivels. Seepage slope,
rrties creepslupe, and transportatianal midslope are can-
~:f~rad 14, he the moust damaged wunits so that the forestry

Fractice will be paved mttentian ta these units.

CONCLUSION

1. After forest harvest, changes af s0il properties were

caused by direct influence of compaction, tillage, mixture
of organic matter, slash accumuletion, and the removal of
Ae, A, B horizans. Following forest harvest, soil propérties
also changed by indirect influence af repellancy revelation,
acceleratian of 8ail mineralizatian and Organic matter
decompositicn. and erosion. Organic matter decomposjtion
rate did not clearly increas~ in this study.

2. These impacts decreased the thickness af A and B horizons
and increased the hardness of B horizon, organic carbon, to-
tal nitrogen, C.E.C., and exchangeable catians. Changes af
soil physical pProperties were majinly represented by
decreased saturated hydraulic conductivity rate and tatal
porosity, and increased bulk density and fine porosity.

3. These changes af soil properties varied among the seven
humerically-classified landform units at this site.

1. Seepage slape, convex creepslope (1) and transportational
midslape (1) had the Ereatest change of soi] propertics and

“ere considered the mast damaged slope units.

The authors wish to thank Dr. Kazuto Arimitsu frr hys
valuable comments and also thank Dr, Sejichi Ohta for his
Cooperatian with labaratory analysis. This vorh vas SN
ported in part by tLhe foundation of the Mindsiry of ncienc
and Technical in Japan and by a Natianal Science Foundati.orn
Erant (BSR-8508B356) ip support of Long-Term Ecclogical he-
search &t the Andreus Forest.

REFERENCE

Arim%tsu. K.'and kato, M. t1980). Tensionfree lyvsimeter
ctudy of Lhe impact of clear-cutting to the site qualits.,

Forfsl Site, Classification-Analrsis-Human 1mpact, JUFRO,
;207-227.

BihkleN'_Di (1983, Does forest removal increase ratec nf
decompositian and nitrogen release ”. Farest Ecologs wnn

Management, B, 229.233. -

Durgin, P. B. (1880}, Organic matter content of =o;l nlter



logring of [ir and redwood forests. USDA Forest Service, Re-
search Note, PSw-346, 1-1.

Dvrness, C. T. (1965}. Soil surface condition folloxing
tractor and high-lead logging in the Oregzon (Cascades. Jour-
nal_of Foregtryv, 63, 272-275.

pPvrness, . T. (1867}). Soil surface conditions {olloxing
ckvline logging. USDA Forest Service, Research Note, PNwW-35,
1-8

Franklin, J.F., Cromack, K., Denison, w., Mchee, A., Maser,
., Sedel)l, J., Swanson, F.J., and Juday, G. (i981 ).
Ecological characteristics of old-growth Douglas-fir
forests. USDA Forest Service, General Technical Report, PNW-
118, 48pp.

Froehlich, H.A., and McXabb, D.H. {(1983i. Minimizing soil
compaction in Pacific Northwest forests. ted. Stone, E.L.)
Forest Soils and Treatment Jmpacts. Froc. of Sjxth xeorth
americs Forest soils Confference, 15%-192.

Froehlich, H.A., Miles, D.%.R., and Kebbins, R.W. (1985).
Soil bulk density recovery on compacted skid trails in
Central ldaho. Soil Science Society of America Journal, 49,
1015-1017.

Cent, J.A., Ballard, R., and Hassan, A.E. (1883). The im-
pact of harvesting and site preparation on the physical
rroperties of lover coastal plain forest soils. Soil Science

Sgciety of America Journal, 37, 595-59¢.
Gent, J.A., Ballard, R., Hassan, A.E., and Cassel, D.K.
{i984). lmpact of harvesiing and site preparation on physi-

cai rroperties of Piedomont forest soiis. Soi)l Science
Societx of America Journal, 48, 173-1%7.

hobavashi, S. (1962}. Changes in soil caused by forest
clear-cutting. Pedologist, 26, 150-163. ( In Japanese )

kobavashi, S., Morisada, )., Arimitsu, K., and OChsumi, Y.
11981). Relationship between landforms and soil properties

alonf to Norogawagoe-toposequence. hichirinron, 95, 198-202.
{ I Japanese | .

Mashimo, Y. (1960). Studies on the physical properties of
f?res} soils and their relation to :he growth of Sugi and
Hinoki. Forest Snils of Japan, Report “o.11, 1-182.

M;Coll. J.G. {197f)., Ionic composition of forest soil solu-
tions and effects of clearcutting. Soil Scjence Seciety of
america Journal, 4%, 3538-363.

Miles, D.W.R., Swanson, F.J., and Youngberg, C.T. (18B41.
Effects of landslide erosion on subsequent Douglas-fir
grovlh end stocking levels in the Western Cescades, Oregon.
Sril Science Societs of America Journal, 48, 667-671.

-— 44 —

Mruz, G.D., Jurgensen, M.F.. and Frederick, 1}.J. {485}
S¢il nutrient changes follewing whole tree harvesting on
three northern hardwood sites, Houil Science Sociely of

e ok ENL

America Journal, 49, 15532-i337.

Snicer, “.b., and Miller, R.F. (1985, Effects of tractor
logging on soils and vegetation in easlern Oregon.  S6jl
Science Society of America Journal, 19, 1280-1282. )
Snyder, h.E., and Harter, R.D. {1984%). Changes 1n solum
chemistry following ciear cutting of northern hardvaondg
stands. Scil Science_ Society of America Journai, 48, o=
228.

Sollins, P. and McCorison, F.®. (1981, Nitrogen and carbon

solution chemistry of an old growth coniferous forest
watershed before and after cutting., %water Resources HKe-
search, i7, 140%-1415.

wert, S. and Thomas, B.R. (198)). Effects of skid rovad: on
diarceter, height, and volume growth in Douglas-fir. Scil
Scirence Society of america Journal, 15, 62%9-632,




