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Physical properties of surface soils at intensive
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Abstract

The physical properties of the surface soil were investigated by comparing adjacent intensive thinning and
control plots in hinoki cypress plantations (OKU and KRK) in Kochi Prefecture, Shikoku Island. The percentage
s of thinning in OKU and KRK were 64 and 57 %, respectively. Surface soil samples at a depth of 0—4 cm were
collected using a 400 mL cylindrical sampler after almost 1 year of intensive thinning. Bulk density, total porosity,
coarse and fine porosities were not significantly different between the control and intensive thinning plots in OKU
and KRK. This result suggests that the influence of intensive thinning under this condition (the non-commercial
thinning without extracting and brown forest soil) to bulk density, total porosity, coarse and fine porosities is not
as large as that of clear cutting. This may be because the influence of operation was not so strong and the soil type
was different from easily eroded one like black soil originated from volcanic ash. The large porosity (0 ~ -0.4
kPa) was significantly lower and medium porosity (-0.4 ~ -6.2 kPa) and maximum water holding capacity were
significantly higher in the intensive thinning than in the control. These results would show that soil water condition
in surface soils extends to humid after intensive thinning, which may result in the elevation of available water for
the remaining trees and for the water conservation function.
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AR, ARMAIAE DK IE T 7T DOARE & v o Tt
SRR D T2 8 BRIAYT 3 A MR AT e R E
AL LT, AETA0% ZHEZ 2 8EMEDTEHE
NTW3 (ZEH 2006, 1315 2008, #iH 5 2010), X7z
[FIRHC AR Z B YNCE R L, KERP HEORERED
ZHMEEZHET S22 M ROENTWVD, ZDT
. ERED HEOFLBRAHRIC IE T B i, R
HrdsZ &ick->T, BT ISR EER A TH
JEZE DK IR AR IC N T 2 AR TEZ A B MIC 9 % 008
MH 5,

BB KL T REZDILRZEL. 2D 5 B,
FLALBRIG K72 — IR IS B 9 2 B O, 2 O BIF 7553
IKTEIC KO TEAKZE REIE K72 U, FALBRO BN
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RS RMICKFIHERRER M EXR2 EIONTE
0. IKIIHERRENO BT 5 1 DML T -
TV (A 1987, /MADS 1991, A« ARES 2002 7 & ).
KAOE D/ F N T TERMEED Y PEIC KIE T
EICDWT, BRI HALBR DB A AR E P E R
DN ENREETNTWVS (EHS 1965, Mk 1982,
TR - B 1984, /NEF 2005), T 9 L7z bidhE RO
FHAERKRIHEZIEEL TV R AEEMENH %, smE Rk
TREREDIEIRELLIEEWVD, @EOMMKEK D IZ
ICRIFTENRENAREEE H D . ZOMAEDHET
H2, MERROMEE /) F NI THET L6 T
F. R ZEDERD & N o 2358 (it 1986, 7t
AR5 2002) &, FEKEOIK M (EH D 1992) AL
BROWBAMED S NTGE (1FE S5 2011) K L. KR
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B2 THO—TOMENIZHALNZV, KB, AFAL
MICBO TR OK R, LEOMALEROM N (/MAS
1991), £ HIEICH T 2 BREOMKT - FHILERDOHE M
(A 1992) HHRTE S, RIMRIC K B ARAA L D 7K
HREEDOIN L2 RS 25 RMEONT VS, 2N E
A0, 4 ORI BHE - Lk & oarigk
HEER - W75 & DZESBDEVDEE L L
THEIN, SRR HISAEROME ST IG U A
Bz EHT 208N H 5, HlAEE., BRERLIC RO PR
IKERORENREINZGEDH S, ©/FATHOR
RUTHIRIK « K S5 0E X 0D 2% g 1 HE D FLIR AR Ak 7 Lk
LiceTh, HEWIREDOLNTRZOERIC X2 EE L
BOFLBHRADOZZEI RN EPHREEINTVD (R
AR5 2005), AT, BEOHKENIMTEE /FA
THRIC BV THBEERIMR 220 U 71, smEERIIRIX (RS
DFZBO IRV ) « WX D EE B Yyt 7z bk
T35 T, WERMKIE /) FANTHORERE-HEOY
IS R IE IS DWW TG L,

2. WHE )5tk

A AL SR B ARt (R AR O MY B g ) L=
AR LU TOKUY ), ¢ E B (o= ik
FNLEA M, LU TKRK] ) O 2 Ffidk / FHT
fTo 7z (Table 1), &, %R OKU T 2948
mm, 9.8 °C. KRK T 2964mm, 14.1°C T dH - 7z (X
KT 2002), wiFlERH & B LI By B (£ U & 5B
1976), db~dtphia & OEERF 35° OFREHENICH D |

Table 1. FRBRHIODHEE

Summary of study sites

HEEB N THOKRBICHTEMRENTZEDTH S,
OKU £ &#) 900m, KRK & 320m IcfiiiE L, ZNZ
NP REATE, BB IR 9% (Noguchi et al. 2011)s
OKU D HEMKIRFIC 31T % bRl 31 4F4:  KRK & 34 44,
B 1X OKU WA, KRK BHERIS TH - foo Wik
B TSR, BEE VR G B8, FRKE, TS
R AN, R, MRS IR CTH - 7z (Miyamoto
et al. FTRIIH ),

OKU T & 40m x40 m @ ik ik X A 12 & Ar. KRK
T 20mX20 m DX M6 BIRES N TV S
(Miyamoto et al. FIJilF1 ), Z D5 BD LAY NEHHE
DEBRWMZIEEFL <, B rdRm e Bbh 2 B
D H DX % 2 fEFTEE L, — 4 Z g kX,
TR OMIEX & Uiz, OKU Tld, AKX -
X DNF NI W TEBRATO FEMA I IERIC
Dizin o7z (Table 1) KRK TlEWFNOREBRKICE 25
TFOTEMENREDON, ZTOBELEMEIaN/ AT
Y Z ¥ (Arachniodes sporadosora), 2Y <./ aAFV) VX
(Diplazium mettenianum) T & - 7z, OKU & 2008 4 5
Hic. KRK & 2008 4 1 Hic. KETH 60% Dum
X729 L7z (Table 2), MMRISEMERMKZEARL L, #
FEARPIEERRARZHR.OE T S TERKE., @SR
ZHERT 2 T DEREARDORENRNIFIC A SRV K S i
ELDODY A XDOKEHMEAROMIKE L., KR
EBURISGLEVIREE & 7o Tz [RERARIG IS 0E L
Too MMRFEH D 2009 4 6 H (HROKEA 15 7 H#%)
IS, AR - s MR TER M (EE 11.3em, & &

B KT Okuohno )1l Karakawa

(OKU) (KRK)
#&EE Latitude N33° 41/ N32° 50" 20”
#% Longitude E133° 15/ E132° 52" 21”7
% Elevation (m) 890 320
47K £ Annual precipitation (mm) 2948 2964
HFIEHJZIE Annual mean air temprature (°C) 9.8 14.1
{7} Slope € ) 35 37
#4i )77 Slope aspect N10°W N40°W
3% Soil type Bp Bp

ERE HeRE

+3 44 Parent material

Metamorphic rock Sedimentary rock

Hrtin ([E{%FE) Stand age in thinning 31 34
#eE (Mfkam) = xtE X Control 2 21
Vegetation cover before thinnning (%) MEERIAIX Intensive thinning 1 45

THBL 72 X COMES AU RE O W % B R LI

* Vegetation cover summed up for all observed vascular plant species
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Table 2. FHAEMIIC I B R AT
Summary of thinning in the study sites

37 NAZK Tree number E M 15 Stem volume
FHERX (F/ha) (m’/ha)
Plot FRIR A Rtk Rk E & L0} Rtk FkE&
Before After Percentage Before After Percentage
thinning thinning of cutting(%) thinning thinning of cutting(%)
OKU »tH&X Control 2050 - 0 337 - 0
OKU &M {% X Intensive thinning 2125 775 63.5 365 185 493
KRK 588X Control 1775 - 0 326 - 0
KRK 38X X Intensive thinning 1700 725 57.4 394 201 49.1
AL
dom, 5 400mL) EMT AL Az oMoEE 0 PRES ST T e
~ dem O LHE ST ORRL I BEMEKTAE gy T % By e ew
RO - MOBBEOMOBITE DRI LTz, sgs KT | i | ' T
|

BREICHRBIRD . WH - /NG (1979) B8 X AR IER
HIFREZ AR (1999) ICHER L TAME. 2fLERE,
FLFLBRE, MIFLERR, RAAKE. R hAKE. fRE
IKREUS 2 PIE Utz FLBRRHTIZIIIERGEIC K D175
Too FLBRXPICDWT, BHEDS (1995). #iA (2002) 7
ExRBEICFig | DXL, KILBRRIZITH -
NE(1979) DEVNAESKmEZHY T Bz, R MG
IKILEE S 2 BX, Wk 70 Tl o 7z 14 3k (OKU
SHHEEK 5 . OKU 5 B XX 3 i, KRK X HEEX 3 f#,
KRK 78RR X 3 il ) IS DWW T H i (TR 2
EWERES 1999) ICHERLL TR REDNES £ T
Va—)y (R /—=)V:iKk=1 "' 11AK) ZWHEL =,
FEHRNTIZY 7 R 7 (JMP6.0. SAS Institute) 7 fH
W, akBRHE (OKU, KRK) & QL (GREERIRIX, R
X)IC &% R ED DI ZTT - Tz

AR MR UE 5

TR R ET D 2007 4E 7 ~ 9 HICHE (A 100mL,
n=5) TR L 7= KE TBOARE (M £ AR )
& OKU O 38 J& B8 X, 5 HE X T 0.494+0.16 Mg m™,
0.45+0.03 Mg m”, KRK Tl 0.65+0.04 Mg m®, 0.67
+0.12 Mg m” T, ZNZNORERH CRIKATOREE
ICRISEWEE A D NIZ o T (FdE, RAER ). REE
DOfEHR, OKU & KRK & b BREED#E <. LR,
FALBR R, NMLBRRE @D > 72, RAB/KEIZ OKU,
KRK & &I & O 50 ERRK TH 10%., HfLERR
&5 ~T%EM> e RALBRFRIEHIRX K O gl R X
THERQ 8% /NE > 7z (Table 3)o 7 HTORER.,
FLBRHR & fIALE KRR CHBUE) I3 EED R - T2
M. AREE, 2fLEER, MR, NMLBREIC
OKU & KRK IZ X 2 HEAN, mARKER, KILERER,
LRI RS RR D H IS K 2 AREADRED SN
(Table 4),
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Fig. 1. fLBRFEDOHHH
Classification of porosity

SEDt /FNTHROBERIRIC K > TEELEOR
FE, LB MABRE. MARBREIZL LD >
Teo ¥/ FNLTMOEELR (VK 1982, 5K « HOE 1984,
/NEF 2005) > —FROEERIK (=S5 2011) T, XK/E
TIROAEEDLT., LRI & MLERDO B & v
SBDRDEN TS, OKU, KRK T [FFEE DR
JERMRZ A LN S 2 b EN G > T2 BK & LT,
BICHESEIC L S RTINS o Tz T eI 5N
%, B/ FNTHMOBERK T A S NI H (15
HS o 2011) Tld, BEARIZZERIC K D EM - il hn
TWVW5DIIH L, OKU, KRK Tlfkv#EClkTd o
Too BTIC R BBEIE. REIRDEHR7E & DR 20 Ry
IKIEEZDNZD., PHEEEN RO THEERD LW
THEICHEILE NIRRT/ N E WV, 06, Hhko
HELEREMN ThH ol EZ BND, H I THRIDE
WHBIFENG, b/ F ANTHROEERK TR H S
N=ER (H=5 2011 OHERERO+TH-7ZD
XL, OKU. KRK & & ictgtafitktTcdh -7, B
TR TAREEDRN 2D, HESELMHIC X 6L kx
EDWEEZIRTNVEeEZILNDS,  /FANTLHKE
FGIC AT R 40% 7z 2 2 8 E R ERE LD
TP IR RIF T R B e Bt U e R O (it
1986 : AL 2002 ; =S 2011) TH. MHiEHLD—
EOBERROENTVWERVWEFHID KT THB T L,
O E OB LD 10% letaHMm LN 5T &
(Morisada et al. 2004) 5. t ./ F N LHROGEER{KIC
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Table 3. +HEFRIED I HTAS R
Soil physical properties of each study site

OKU KRK
X REREX > REREX
Control Intensive thinning Control Intensive thinnin,
BHE Bulk density (Mg m™) 038 035 075 067
(0.10) (0.06) (0.05) (0.07)
27gE Total porosity (%) 80.8 825 69.2 720
(4.0) (1.7) (1.6) (3.3)
HrLpE Coarse porosity (%) 33:5 332 41.6 423
(3.2) (6.2) 2.9) 5.1)
WILIaE Fine porosity (%) 273 29.3 27.6 29.7
4.9) (4.6) 2.6) (4.3)
HABKE Maximum water holding capacity (%) 475 565 413 322
(10.7) 4.8) 8.7 2.7
KR (FPERE) Large porosity (Air minimum) (%) 33.3 26.1 278 199
(10.4) (6.4) (8.2) (3.4)
R Medium porosity (%) 136 18.5 8.7 164
(7.1) (3.1) (4.9) (7.0)
INFLIRER Small porosity (%) 6.6 8.6 31 6.1
(1.6) (1.5) 2.1 (1.9)
fafnBE KR E Saturated hydraulic conductivity (m shHP 2.0x10™ 1.0x10* 1.0x10* 1.1x10*
BREEFEKE Volumetric water content of fresh soil (%) 238 321 27.0 307
(5.0) (6.8) 4.9) (7.1)
L¥E Volumetric gravel content (%) 29 2.8 95 8.4
(1.2) (1.0) (2.3) (2.8)
! 4] 1 geometric mean
D) NOBIEIFIELERE  The numbers in parentheses represent the standard deviation
Table 4. 73HIHT DFER
The result of two-way analysis of variance
F it pla
F -value p -value
AT E Bulk density (Mg m™) 43 Operation 3.1 0.10
HEHh Site 105.0 0.0001>
R E{EA Interaction 0.6 0.45
£ FLIER Total porosity (%) SLIB Operation 33 0.09
BB Site 76.3 0.0001>
R E{EA Interaction 0.2 0.66
HFLIEE Coarse porosity (%) SLIE Operation 0.0 0.90
B Site 315 0.0001>
R E £ Interaction 0.1 0.81
HFLISER Fine porosity (%) L8 Operation 12 0.30
HERHE Site 0.0 0.86
R E{EHA Interaction 0.0 0.97
B KRAIKE Maximum water holding capacity (%) ALIR Operation 8.8 0.01>
BB Site 2.5 0.13
R EAEA Interaction 0.1 0.78
KFLIEE Large porosity (%) JLEE Operation 5.0 0.05>
HEH Site 2.9 0.11
R E £ Interaction 0.0 0.91
7L EE Medium porosity (%) L8 Operation 6.0 0.05>
HEHh Site 1.9 0.17
R E{EA Interaction 0.3 0.60
INFLEREE Small porosity (%) JLIE Operation 3.5 0.08
BB Site 6.4 0.05>
R E{EA Interaction 0.4 0.53
BB KR EL HEUE) Logarithm of saturated hydraulic conductivity L Operation 0.9 0.37
B Site 1.4 0.25
R E & Interaction 1.6 0.23
R E 7K Volumetric water content of fresh soil (%) HALIE Operation 4.8 0.05>
HEHh Site 0.1 0.75
R E{EA Interaction 0.7 0.41

PR BB M 55 11 %3 5, 2012]
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KO R EOYEIMEICE(EAE U B ATREM IR E { X
WEWA B, BN ET B EEEN D 2 DX, b - i
IR DR TELOE AW ROV G, BELICT 2 851
HWNSWEETH I LB R ENEZ SN, MK
B BEMBEOBIREEETH %,

A EFIFF U E - WIETLTESNIAR (
HeE s 2011) A, WERGD S DO/ FANTH
D LA « o IRIX TR T O KLBRH, LR
ORAKAKEZHR LU (Fig. 2). TORR. HIRX
X 0 BRI X TRILBRRI N W ER), LR N T
RAKBKENKEZVEIND OKU, KRK, FMY O 3 &
FricH@ L cH BNz (Fig. 2)s ThH XD, B /FA
THMO5RE MK TRE L EORILBRFEN A, hfLk
R RKAKENEINT2H5ENH 5 LHAREBIN
7zo OKU., KRK., FMY @ 3 o f@iih 5, kAL
B D—HOZIFEamRMR LI T 5 /F AL
PRTHIR O EELAYINE VB LR ESE 217 5 7o &k
TORTNEEZLNS, TNEDELH R E T HIA &
UC, SEERMRZFhE L7z, B AZZR DALY
A ZIMKRENWTZDITK T T2 E NI 0FLER GRbk LB
%22, 1982) MBITIC X B BEIE, (KEIRDIER, Math
SOEPMNICKZHEE DR ETYHEMIcZ Lz
ENEZBND, IZi2L. TN 5 OYMI 2 bIE
EVIHKORFNTH S eI nNs s, fLBRHE
T T Wk ENSEE LIz WS rlEEE Z 2 BN
%, OKU., KRK T7)Va— )V % Uz it R o
MRX & O RIRXTZ < R OKU OHHIRX X 5 5tk
ETCTCHEBZE LT LMD, SEEMKX X O GHX THIK
PEMNFEE U2 WEMN B S Nz, FTHRX DR D —E
T, 7Va—)ViEE LT RUKEERE LN TR
IKTERD TP EE L TR E Z 5N
%, 7x¥. TNG OKFLE#IE OKU, KRK., FMY & [H
BRICHIRIX K 0 SRR X T/ E WA, T UE TS
ERIC K BMBRELORELEZ SN TS (BEDH
2011), KRALBRFR DA, HALEAHE « mARA/KEDOHN
Mo, #ETHEEXOEMEKDREZRLPT 7G>
FEEHREING, EBICERIIFEKRIT IR X D i#
JERIfRX T 4 ~ 8% 1E EARICE > 7z (Table 3, Table
4), T OHEAZYE S OO e/ F N THICI T 258
FERMRX « X O XE B TEHEI N TV 5 (Fig
2)e TOULRZICEH L, KEEH THERICE > 725
BOBHRMOEEHRD 1 DL LTHEMSIEHE N TV S,
BN TR ME T U2Ea. Lkyz LR S8
EZECOICEKZZFIAT2 2 EAMEEN TV
(Wallentin and Nilsson 2011), F7z. —fRICE E/KED
19 BRI R E VDT, HIRISE L T2mKkD L E
NRZELRT x5 EHRING, 2D LiFHERD
FAERMEIL, LE~ MY 7 ANNKEEE, 200D
> DT % T & TKIHEREEICE T 2 ATREMEN &
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Comparisons of physical properties of surface soils
between intensive thinning and control plots in five
Hinoki cypress plantations in Shikoku district

%o MRICHEOIARALDN AT % EMI BT D2EFE
AR AT D RIR, MHKEMEZ 2 L FRAENTY

%7 (OKH « ARES 2002, /M 2010), &/ F NTHTIE
To Lzt (RELBEOWKEDUE ) L5 L T
% Al ReME 72 faHi C & 72,

PLE&O, v/ FATHICHT ZmErRiE, B
WKL AH S NToAERE, LR, MflR e v o 7zt
OYIFRIEICBI U T e RIF 9 T Lin L KRB
FERD RIS R U THRNHIK ) 72 8809 AT REME AV RIE &
Nz o Fta. RHEEZ LS mERKOFFZ E, T X
ERBEREEICDOVWTENSA L / F N LD+
BICKIFTRBOEEZAS ML T T EDRET
H%

EE S

AR DRMICH 20, WMEBEKEMN > 2 —RT
VU SME RS S X UK SR G O FikIc
Kz nwiciiniz, B AEWIFERTR B S K.
IRBUARICIERICE SR S & TERZ W20
Teo UEDFRICESIEMOEZERL £9, AT
MERESTIRANEE BN T ny 7 b ERUKEECR
N LHRDBEREN b0 72 8 Dul R i SE B Al DBHFE ) 1
Ko THfiE Nz,
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