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Researches for development of the cultivation of ‘matsutake’ ,
a prized mushroom produced by the ectomycorrhizal
basidiomycete Tricholoma matsutake

Takashi YAMANAKA V*

Abstract

‘Matsutake’ (Tricholoma matsutake) is one of the most economically important edible ectomycorrhizal
mushrooms in the world. Fruit bodies of 7 matsutake develop on shiros which are mycelial aggregations in
association with mycorrhizal roots and soil particles in well-drained and nutrient-poor forest soil. In spite of many
attempts to cultivate ‘matsutake’, none has succeeded. Therefore, commercial demand is met by harvesting fruit
bodies that grow in ectomycorrhizal coniferous forests, mainly under Pinus densiflora trees. In the early 1940s
about 12,000 tons of ‘matsutake’ were harvested in Japan, but production has since drastically decreased to less
than 100 tons per year. Possible causes are pine wilt disease and modern forestry management practices, which
might have damaged the symbiotic association between 7. matsutake and pine trees. Recently, 7. matsutake
and its allied species were specified by the application of new techniques of molecular biology, which enabled to
specify the origins of Asian ‘matsukakes’, and to clarify mosaic structures of shiro. Furthermore, researches on
the mycorrhizal association between 7. matsutake and pine trees have been advanced. In this paper I described
researches on 7. matsutake, to prepare the information necessary for improving the production of ‘matsutake’ in
pine forests and establishing an artificial cultivation system.

Key words : Tricholoma matsutake, ectomycorrhiza, edible mushroom, cultivation

"HE

< 21 (Tricholoma matsutake) &, AR THRE GiEZBRAEEOO—ETH S, ¥V XTIE,
vabkny, THESERICENZ WAz THPICHES ST, 262D EHEIES, T
NET, NLREEMOMILICHF IO HADNZ L BEEINTE N, RIOPIE—HEE0, 0
oY RO, THAIVREYROHEBMMKICIE O THRREETSZEDRINIET 5D H
THb, VETIF 1940 FARFTFITIE, 12,000 S Y OINEEDDH > 7=, TFEK. B+ hUIcE
THIRLTWVWS, ZORNEL TR YMBHRFNOFREICXZ YKL, VKBTI E
HENTICIY AT ey EORBLENRADbNTE I EAEZIOND, EF., BREARICE
B EESR Y O REEY DM ER I NS X 511x 0, £m EfE OV TR (BERANDEE)
MFHENTE /2, £/, DNA ZHWTHEHMKOFBAIMNAIGEL A0 FEENEZICHHITE, &
OOBEEYHIRE R EMIHINTE R, Fh, VT VOREBERZRICETAMAEELNT
W5, AT TIE, I, BERENZ<Y 27O ZHBMA LT, ZD%, XV ET A
THRRBICET 24 IO AT DV THIINT T B,

F—U—F VAT, FHIR., TEAK SBHE. 0O

1.1 U®»IC

<Y 21 (Tricholoma matsutake (S. Ito & Imai) Sing.)
F. MOBKEE LT, H<hoEAEORAZIRD
LTETWVS, ¥YETE, TAXYMEREICB
T, yaEnd, HERERICED 2 FERMZ L
WCHESR T, 2ThbEDT (FHEK) ZRESYE
b0 ZTDIH, BKENIRER EDFEEZT TENX
DEDZELNWT EEH D, ZEMR N TRRES B O

JRRERZA R 22 4E 7 A 29 H Received 29 July 2010

VMNRDBENT VWS, LML, THNE TITHRIDHNIE—
DEIEL, XUETIE, ARRET S EDORINET S
DHTH B, VR 1940 FEHTHIT . 12,000
N OIMERDND > Teh, EEZ. BTN ICE T
BLTHED (Fig. 1), ZHUctlE-> Tlifgd K& EH
LTW%, ZTOFEKD—DE LT, IYMKN+IIC
BEHEINELZD, VA< YL OEBHAENE
TbhilzT b Fbonsd, BEICHEZEZHOTY

RS2 2k 24 4 5 1 2 H Accepted 2 May 2012

1) FRMFR S TLAT AR AR FE 3, Department of Forest Microbiology, Forestry and Forest Products Research Institute (FFPRI)
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Fig. 1. W 2 LR LATRS DR 7T — 272 6 LIT/FX,

Annual production and price of Tricholoma matsutake.

I, REEBR S OEBERE DMARKRZ L
YDA E N TN, AR DRI X >
T, XYMREFHEINZLS G, IVDEFICH LTz
RENHER SN R Aok, £, I UMBEBED
B8 & K E W (Iwase 1997), A E. M, JejE, 5
MOV RTEMTIE, SUYMBLEICXD <
VHITERN A HEZZITTED, bl T4
ERIEIRL TV, 25 ENOUE RO I
W, NSOV X ORANEML TEO., ik
TiE, EAHEEED 94 — 99% WS H 5 Dy Al &
%o FixWm A tid. 2011 FE O AR (1,215Mg)
ZWIEIC, HE (72% ). AT X (12% ). 7 AU AE
RE (8.2%). MV (5.3%). AF T a (1.4%), #[E
(0.9%). 7—%> (0.06%). ETv I (0.01%) L74%->
TV (MIBEEEAMHET o

WA, Y R OGBS TEMFEOH L
TEOEAICKIODERELTETWVS, —T. kD
oEic kD, Y 2T OFRMENHLMCEN TV 5,
ZFTTARBHITEOVTER, ThETOIY ZXTHED
BRI DOWTHANT %,

2.0 - Hin e

<Y 27 (T matsutake) . T ZTHF AT
BFEoAVBORBTDH S, FITT XY KA
FIFRETZH, EhICrTaxy NIV VA,
ARAVH, VALYV RTLYYHKRICEO T
WKHRET 2 (5B - A 1987), & 1M o Rk
HicET 2568055, FREVETE, vV &
FOEBEE LTI, Y EXTERE (T robustum
(Alb & Schw.: Fr.) Ricken s. Imazeki), =t <V &
7 (T. fulvocastaneum Hongo) B R UINH <Y 27 (T
bakamastutake Hongo) H'& % (Photo 1),

ENTEIY A2 TrBXUZolBENMNTISNTY
b, TNHOM, BN, MO, BX
CHEEBRICEDOTRAICEEINDDH %, HH
REEICREETSEDIE. HALFAMBEEINTWVS
M. hEO3F F @B FICE T zangii Z. M Cao, Y.
J. Yao & Pegler 349 % (Cao et al. 2003), I—1

Photo 1.A : XY X B:/NAXY R
A . T matsutake B . T. bakamatsutake

woS, FICHIHPIEIRRICHEETEZY Y25 HELT
. T caligatum (Viv.) Ricken *° T. anatolicum H. H.
Dogan & Intini D & T N TV % (Kytdvuori 1989,
Intini et al. 2003), JLR-> I — 1w ISHIEEO (17 4l
WO I—1 w87 <Y (Pinus sylvestris L.) KT
T. nauseosum (Blytt) Kytév. ", £/ R4 Y vt
(Picea abies (L.) Karst.) ¥ I & T. dulciolens Kytov.
WFEET % (Kytovuori 1989), TD S5 B T, nauseosum
EHADY Y 27 EIEREICEELLL CHB O R—MTdH
% LA E N (Kytdovuori 1989), % 7z rDNA @ ITS 8
ORI OLRIC K > TEAE—FTH S T &HH
HEIN TS (Bergius and Danell 2000, Matsushita et
al. 2005), LK TiE, BHARDSY 27 XD & HB A
U7z T. magnivelare (Peck) Redhead HV< Y % - D3
i LTHS5NTWS (Hosford et al. 1997),

3. AR
VAT RETBEEE LTI, midlizko %k
T VEOEHER TH 5, M L TiE, 30 F4EHE
MHEFRELIZITLD T, 50 ~ 60 £ EIC R EIHZ M 2
5 —RICEDONTVS (HH 2004), ¥ 27 RHE

TR BB M 55 11 %3 5, 2012]
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Wi L7z B DOV T, BEREDOZ VTS S,
LS. R, o, 528, EFotLErzHZ e A
E LT, fEmA. Miilia. BE. Fy—b, 5k E
DEEMELTENHELTVWEEEA 5, £, AF Tk,
BRI HERAORE TETOREALNS, TDIED.
RAECEHDLDZHRRERE LT, HE. Bk, R
(Hi) BTSN, HEBXUTREKIZDWTIE,
FERII= Y 2 OFEEICH U CTHB R B ME SN T
Wiz (K 1964), THEHPTO YT DFEEICIE,
—EDWENRETH 5720, —TROMFKIIHNET
BB, ULh L., EEWEREKICX <Y 27 FHEEK
NDFBFEDEN TR (K] 1964), HiiEE D
BfRIE. FEBIC BV TIE, BIUCHITED 19CICTA S &
<Y 2T RIS 2 (K] 1964), Hisfic &
D, FTOMIZRZZ EEbND (FHR 2004),

4. gt p

YR OHEKIE, TDOOZEOMMEL AT E
STVWEVWOERDLEET 20, e XITERE NIz
far (HTHT) 28 FIECENERM FToRYEX
BTHZHFEICEKS (Murata et al. 2005), —J7. >
DHERNSHEHEDEET S L& FETH % (Yamada et
al. 2001a), TNHPEEINIZEHOWHRMEHM & LT
. SV — Ltk LIcEERREI YD, &
o, WEICEZHAEEDH D (EH 1964, BE 1979),
BEMEE RT3, 18 0.5-4.5um DFEHR T, @ XE %
T ovSaxyyarEEko, KihekIRic
fERL., EEtLTWaCdHD (HEH 1964, B
1979, 1L - S¥lE 1998, Yamada et al. 2001a),

(1) BFRF

YR OETRTOREHFICE. T A YEHEOH
HRICBWT, RN BIFRREFNR SN TV S (A
7% 1960, Ohta 1986) — /5. 0.005% O (n-) W& %= &
M TOE TR TFHEENBIFTH o 72D, (n-) BEIE
F. HHEREYICIEZE TN TWAD 5 72 (Ohta 1986),
CTHUTHEDNO T, KH (2006) 1. 1 ORI FIC kT
% 1RO (HN 770 8wk ) OMSZA ATz H,
ZLDEDM2HKOERTHY ., | BKOERZIFZE A
E18B T EMTEiEMoT, [EERIC, EH - B (2004)
. B TR R AT, R TOR B 2 #%
Tho, P2t THEAEEZEMLTV S,
TOZORMERRICE., BIFORHCX>T1ROK
REBT, TNERHB LT, HRLZ2EEAEST,
WECE LRk BINT 2 PR ETH B, 7V
ZTICBOTE, B0 BRI O IE, BRI
KB 0FME L TEETH S,

2) EREE
SV RT OREEHICONTE. JIIE D DX K

|Bulletin of FFPRI, Vol.11, No.3, 2012

M (Ohta 1990) IC K> TEEDHENT VDB, IXVERT
DRBLERICH UM pH X S AR TH - 72 (1EH
1964, Ohta 1990), 7z, EARAEEIWCHEH LU 2 E X,
20 ~25°CIcH % (1L -<FIE 1998), RZF|PFE LTk,
HpEgio, 7 RolE BESKIUO~YY/—X, 2
WHEOZFFENENTH D, EHOFEBHEKELHR
HBHEDTEEWY (JIE - B 1976), £/zo 7T FY
W BMEZ T 2 ERRIEREV, EBRFEE LTI,
O—YRAT 4 =TV h—, WgEEERL AV JBOR
URT R UBEV, 72 /BICOWTIEHMTIE M
D7 I/EHNBEIFTH >z, HEREEIZTE T VEZ
U LEEEMTH > 2h, MEERBEFMHTE RN, B
AIVHIZ, FTIVEZOFUVBOMENKE L,
KT HC L TOMBMEDED SN (JIIH -
SFH 1976) BIEA A V&, B (Fe) b TRy L
A 4> (Mg?) OFRNKEY, Elo. KBRYOPTIE,
TAHAIIEOT VAT R — )V, £z
AVIRE D D EEE NTRIRFA ORI EYC, FETM
WHNRT, AT 25 GOy X7 EE R ENRE
SRR D SNz (NI NS 1976), S iE AT
% Tween 80 AV —T 7z, LERRITLEEN
—IFa T4 T ARVRBIEMERZEGLETA
WKL a, JERIMCLEXTRAT IS EOKE
TEHENERD 5N TV % (Guerin-Laguette et al. 2003),
DX, V2T EARKEICHE U RE51
WRICHENTE TS, TEERERICE—ERDH
RAPRBETHZT eh D, IVETEHOERKEIS
LT OMEHIRETH B,

(3) FE158E S

EWRMETH DY 2 7rid, REZFITHLEERICH S
BIRDHEEMZRZ N L CHEET S0, V7=
U ba— R EORY) R O AN A Y
ORI BEENNIZEVE SN TER, LML, i+
BhTyazREIEBITIE. BARDEEREYTZY
T, HEPOEEY 2 0 L TRFRERZ S
LTWAAREREH D, VX TDEMEESIICDNT
DHFRBITHDN TV D, B ZFT TVt Y D
B RZRIM LIz T A, V2T ORERNEN
Lz ehmEEIN, IVRTHBEERERELT
FIAHLTWACZ EARENT WS (Vaario et al. 2002),
Fle, VETREIVO—A BT BEEIFKVE
DD, TORMREY THS Lt —Ata b4
—RAWLHBB-1,4 7V aY FEEZRHT 5 B- 71U
VH—VDREIDENT ENRE SN TS (Kusuda
et al. 2008, Vaario et al. in press), S HIZ, IV X7
NDREZBFR LTIV —REZFHTERZ LD
. 74 YT ROI—a w7 AIY, AV Y
ERBXUA T a7y T h Y NEZSHMNIIERE N
vaficsn TR, FrayX—PEErmnc s
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5, XVRTEHAENICERZHB L THWMT2ED
D, BEMTREDZERTSLETERT LR
L TW3 (Vaario et al.), TD X KIEERENIZ, It
EHTLEOENMEEZ I R NCHEET 268 EE
THILERTEDTHD., BERICHB T FILICK
BNILEHEOEEICHHNBEDE LT, SHEOWMIED
EENMHFEINS,

5.>nm

Y RTIE R ERICE R EBRIBORGKRTH ST
O] ZHA68, Z22hodF/azgE3E5, M
(1975) Ic&kB iy, XY RTDORET HGA
FHTEDELTHEDLDNTERLEETHL, ZLDEH
TH] EWHBFBEMNTENS, TN, T TH 1
HMZIENZERICE>THLS A2 TWBH T EIic Kb,
TOED, TR R Ty EVnsFEMNLTEATY
5, YubfiEld, BETZF/a0ME, SRE X
N, ThITEDWT, YOooRERENEE 1 £ 7T 10
~15em THZ EHEIN TS (/NI 1975), F/
IOFEF OO, S NHICE 10 cm D& T AIC
AL SHIZFONMIEF S/ anRET S EIRFEE
AEEEL TV eMdns, Yok, ok, F/
OB FLEHEHTFIETFORIFICKZ BHRERD RS
L. EIELEFRSRADIMMRELTERE NS, TDC
s —D0vuld, BEMNIZE—-DY Ry FTH
HLEZONTE, UL, XV ZT7EDFIKZ G
RIRTRE k4 i in T~ — A —hD V5, Y aDF¥
HICHD DA G ZR S NIRRTV E, &
DICRET BV R FREBIUTZINLHEEL
EROBETHZ, Lo I VARV VEETRR
AT TIA OB ERHRET A, ZlDTH
M2DOLUEDY 232y LKL LTWD T Wb
> 7z (Murata et al. 2005, Lian et al. 2006), & 51C,
YHNEOI Y X ERD 5 REE I DOWT
ErE2MOfiiztEd i A, YODFEFEICE-T
RYZTEOY 3%y POLZEEREE>TIF<T L
N -7z (Amend et al. 2009), TDZ i kD, &
Oe U THKEZBGLIEERIEDOEREICE N TIE,
AT ORFIC K 2 HKE R DOREL (XA E R
Bl IC KB BEETHBADBEOEREINTVWE I LR
(Murata et al. 2005) %, #HEO>OOEEFICELH 1D
DIUEEKT % T EARME S Nz (/NI 1975, Lian
et al. 2006),

EpE~ Y 27 ON#EROHD> L LEic, #HHELD,
ZLDIYEZTHMAINTVSH, FEMSIE, 2
WMARD 2% WHEETH S, ZTDRHHEESY
R BEMNICERE LR 2200y 27 o ad%
ERRRICB T 20980, HEES Y 27 OFl#E (Cao
et al. 2003) P HiIHRIZH (Matsushita et al. 2005, Bao
et al. 2007, Murata et al. 2008, Xu et al. 2010, Wan et

al. 2012) % EICBT st L bicEDH ENTE T
bo —BIETZRDMEHIC X > T~ 2 (A2 L
Lz T A, FRBEROMEOREZ, AR OD
FREE7ZZ 75K, HIRIC K 28 E 2T TW5E T &N
HEMICHESTED, Y X T EAEREOE KIS IE 7D
M EENEETH ST EMNRENT (Amend et al.
2010), & 5, Hi=w 2 EAREOZE BIZ BN T
L TE REVT EAME TN TS, HIEKANOD
ZHROKZEE., WFHRTIVADERENTVS L
EBIT, TOFEICE L BICHER FHEBZ ZROIEK L
TR 2R LTWVWS, iz, HBHOERDOK
X, HARFIEZENZ EAEPICIEREL Tk
WZeZRLTWS, EDT s, Hioxy X2
AR R T B I, XY R Tk R FREL
TEHE, ETCOTEEELE NS BICHINT 2D TlEk
. —HZOFEFOREICL THEHTFRTFZREEES
D, IVRTOFREFELEZHRTZDICEHET
5% EIRXRTWVS (Xu et al. 2008),

RV RTHRAET S IBIEKRETHD . MW, EHRE,
EHlcvmicid, TIICRRNISFEET 2MHEICIST
TR BWMEMDFEHELTED., Y 27 L OBFEMN
HHXEMN %, Ohara and Hamada (1967) . #REAK
B K-> T, &Moozt LT A,
YR uDF /) ANREET ZEMICBO T, M
BV OIBM LD BN &S, Y X T HIR
KXBPEEHANDZ 2L M Uiz, TOWEME
DOEVER (WEMEER) I X2 PIEERE. HEEY
BHOSMBICKZEEN, ZORTORENED SN
(#H - JIIE 1979). ZORSR, #HKZ D 1 DN a-
EXTHd T ENFRES N, FLHIEER DS i
ToTWab, LML, MEREEHZAET 2WEIIRE
INTVERL,

—J. TERhSEEZICGEEFEMEIL T, 2T
LWMEMOMZRET 2 TFEICK> T, YaiBfiio
MAEMBHEDNFANS &0 HRTFRIEIC &> TEME
MNHENEDh oy aiii THhH > TH Sphinogomonas
& ¥ & U Acidobacterium J& 75 £ DMFE M & iz
(Kataoka et al. 2012), /2O FFEICK D, vk
UZ D LEtBIci, Piloderma J&= Tomentelloppsis
JE 7% & T, Thermomonosporaceae J&> Nocardia
JE DRI I & T Streptomyces J& D BARE HVFE FRAYICTE
£ L Tz (Vaario et al. 2011), T 5o
BRIBADBEIGRR, Y X T HEEANDOFEICIOWV
T, BHoO~Y 275 onOREREZIET % ET
L EBELERTDH %,

6. WHILE
SYRTHERIETH 2 id, HHoTvoicsny
TV EDARMMTORERBRIEK ZBIST 2 L.
KICEDBEEL T~y 277 W72 BRI HRE U TR i

R ORI ARRIZE S 55 11 %3 5, 2012]
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EBRTLCLICKDIERT B,

HARE AR IE, EADMBROEXER ZE Y (HEE I
HE LW S), OB OMRMBRICE AP E AL
THIMZERO AT, NLVTF v« 2w keSS
BT B z2ifEE T2 N THS
(Photo 2),

T I BIT B <Y 2 EEOGERKIC DOV T,
CNETHL DL DOWEND %, Masui (1927) &, 7
ARVICTERENTEHRICOWT, BONIZE S
REZOFOREYT, XU VERMMIEORE L &
REEOMICH/HTZT &, EHARDMBERMERICERA
LTWBZEEHRELTVED, NV T vk - 2w
FDERICIEER L TWHWERY, E5IC, —HOERD
MlEBENIIcE TRALTVWE ZEERRTVWS, F
KEDSERANEDENZHE R, BHEICDOENS T
EDBRNT D SHTHEEFNGERE TH D L LTV
%o HEMEEABRIC BV T FMRRE SR DR AR EISE
TN, X7 AYREDES IEEEO K DR G
THHDICHLT, #ELKELELS &>, TNhH
DIERN S, =Y 2T IEHFEEOBOETH S & IR
Uzo RIS, /DI (1975) &, 7 1= ORI K
ENZEARIZBOEXMZEBDT . . NIV T v
T M ZERE S, FEARDMIMERZ G TR <. Mg
NICERALTWIEZ NS, HELORWRMZ A
LTW3 ERBRXRTWNS, — 4. Yamada et al. (1999a)
. VAT FREDSDENBEARDDIEK I NI
WiRZEK Lz A, ROBMAZES FRENIL
Tawvk Xy hOERNE, UV XTIFHMAT T

NERZIEKT 5 & Z2#ME L TW5, Yamada et al.
(1999a) B fEfii L T3 X 5 Ic, Masui (1927) HiEfE
MBICHWEZEHED Y 2T HTH-> D, F iz,
AINI1975) 1BV TR, FRORRIE. W OFE
RN THZMBZTTHRL, EREEFHTED,
BEENIDN R > TWB T &, A% R T HEL
THAMBENEAFERDY ZTEHTH %O MO HE
THZ2ONPERTERVT LR END, FEMRER
DIIGNHETDH %,

Y RTOERERREE S FiElE, BNFHEERT,
75 ARG ERIE EDHEHARBNTEHRK LI REO
HICY Y X W2 % 750, BHOHICKHZ
BT 2 HE0DRFICH ZMA % HiEND .
Mg (1990) 13, %HARBTIBHERIT1EE
TAYVBEAENYY X TR 2B LA Y
2T EARMRO KM 28, WOMARKERNZ A L7z
TEEME Lz, ZD%. TNOLZHICBMLTET
T & T A RIBOMR U T w8, 3 &5 H BRI D )5 HY,
IEMBREIDEEZ N NS, MWEAY 4 XHE
WOMFHCEHEETH S LMY Lize £, Bt~k
(7T V) OFRINC XD ERKE & BIRG D M
F U7 (i 1999), & 5iC, ®V X IBEFHRZK
HANZDFE L, FFBREANE T TS LIHEIc,
ERIL & —EIC Y O RFEER DO R Z B T\ 5 (i
2001), TN HICBITZERILE, O OIcBWL
THHEENZ2 BOFEBOE R EEEE LT WD (H#Hk
1999, 2001), % 7z. Vaario et al. (2000) {3 FE K& -
WKAMEB N EICEEO 7 Ay RENEPEE, 7

Photo 2. 77 1Y FHENT Y 27 Bk R L O & N2 AVERT

A M BEBOESR CRAD @b T b,

Fet MEBICERMRZA L TVVT k2w k (HN) ZIERL T 5,

Ectomycorrhizae formed by 7. matsutake on roots of Pinus densiflora.
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TARYRTEEHEMT S L, 20 2 MR VT
vk s 2y POEREI NN, BE%4EE TS
STHLHEDERIIRD N EN o & ZMELT
W%, Yamada et al. (1999b) &, WE L7z/N\—ZF 2
T4 M, BIFVEMEHOEE T AV FHEZEA,
FRFCSY X T EZHBBLTECRECT A, Z0DHK3
FHHEXTIC, 2T o vk - 2v FEREEDERE
NTWVWETeERELTVS, TORIDBYDT, <
W R NI T VR AR 2 TE RS B T & 2 SEERIIC AT
HLZEDTHD, TOLE, WORLEICKD, FE
DREF., WEERLEZD -G EEXRTIEIEFRT
M. bIhicm ELzEdBXRTED, KENHE
7L, VAT EHEERZRIHERICITEZ > TV
Vo XY RTOEMICED., TARYFEEDRENH
Bfic i kU7 C i, Guerin-Laguette et al. (2004) 1
Ko THEEINTVED, TOEEENLVT VL -
v FOEKIZERD S NH, AR EEDOE I
BENTOEV, TORK, WETEZ Vi, VX
TRERIC K B EBABGEABRICB VT, Y aEROER
ML E N7z (Yamada et al. 2006, /MRS 2007, #4
T 2008) DL DR A IR T, M7 2Kk
WELTOBERF ST, EETHZHOWIZER
BRTHZN., RAZHOWESY ZTEERMICKD,
WZEBILEE2 T EEEEICHE > TV 3 (Guerin-
Laguette et al. 2005), XY X7 O Ok EZHERIT %
DI TR HRBEOESDRHET 272DICE, —ETA
AL EDOBANRETH S EEZ SN, WARZERL
THEBLEIMEIAENTH 5, £, Y EHROEREDIE
K E N4 (Yamada et al. 2006, /MAS 2007) I35
WTIE, BRI Y 27 OFEMO T2 E LT
AouTwac s, HEICK2ERERICE, EY
DFEREEFEETH %,
ENDEIY R T BEXCZOREBENIREENBIC
DNT. TNE DFREGMNMEIHEINTE e, The
i, NTAREFRARICEE U 72 5 D BE Kk D 72 DI & i
SEDTEKZ AW FHBEEEBEN RN TV
%, Vaario et al. (2009) 1. HAMES Y X7 FHkkE 7
YTV RERY RTEKE. MINT IRV BT R
AV MY CICHEM U, 710 T Y RESY XTI
MRS LT, VT v e s ko B RIEK LU .
—Ji. HARMESY 27 EBMNT AV ICDHINVT o
ke 3w MEER L, TOEEDRY 27 RG]
K BV RENDE R, HARESY 2713, §<
ﬁm\ﬁﬁ@®%jm\?&$5\%%%iUﬁi
i UTHIfIMICER LT, 740 VIV RES
Vﬁﬁ.ﬁ MEEOERZEZETEE., FAY b
T DWBRERPE RIEOATH S, liEkkIE R
AROWEICH L TORENREFEBD NG > Te, B
BRIC K > THARNTDEZRZ LN NCE - T
N HREBIUC T4 VS Y RELZNFN—HEHIKT

HBH, MBEORERTHZ WS TE RV, X
7z Yamada et al. (2009) (&, KON S5H T

2T BXCZOMGME 1 Ftkz 7 <V IcHEEL T,
HARTE R MENDEE 2 @i Uiz, ZORER, 7+
BLEBMKRTRET ZNARY X T BTV X
USRI, &TT A< FEAEICIHB AR EEZ K
L7zh, RENOREICIE, V2T BXUZDiL%
TR, AR EEEO O NEh o7z, —77. BA
FEY ZTEMZ, TNETIY X NRET 26
EENTVBRYESHBIUC MY vE 2 HoAIC
BERELEZECA, OVTNOHEBRICEERNMERE N
(Yamada and Murata 2001), £/, 7—&X <XV T,
BHABRIC L > T Y X T EROERNRD SN T
% (Photo 3)s U ED XS, HHhS5HEDEIY X
THICDWTIE, #ERBRICBN TR, xVES MY
gk EDXYROBETHNIEHERIERAEETH %
N, T LEHEBERICE > TEARDEEMEES N
ZDTRZENTEMNRENTVS, THUE. BHEBA

Photo 3. 7‘—57 RN 2 EE L PR S I IVERIR
SR Ao RRICEDN TV (KD,
CARBBRICEARADRAL TNV T s 2w b

(HN) ZIEH LT3,
Ectomycorrhizae on P, faeda inoculated with 7. matsutake.
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EOHDOMAGHLRIC K ZHEDIE D, ARG KGR
THO I LEDEK MR, BRICH V@A
DEBTBAT—VOWELEZA SN,

7. NITARESIC T T2 00 0 fl A

CNET, IURXTONLEHEREME LU THLIN
DAV, BIRETHZ <Y 27O N TEEOM
EEIN2ZEREE LT, OFNAMiticWT~YY 277
RSB N QBLERETHEZ LT R2TrvL ./ F
ZTOX S BEKRRBICBNT, BRESEZHEND
%, TNHD2 FHIZDV TR T B,

OHFNCBIT BV X TrONTRFICONTIE, —
DI, BHEREP, NMERDOKIRA EDMEZEIC K
STIRYRTDHEELRTVHEMEEZD %8 DN
BB, THUIIY RTWERIN LIRS M, HIERT
FREBIC K > TIBENZE D (EAFE 1964) TH
D, ZTOMERDBEDONTRFANHENEATNS (Y
R e BER 2 1983, JI1E - KK 1989, A 2004, %
DIFHEDOTUE (KETHR ) MEZE S 2005),
e, MR TR, Yakihrsilo HEEEO A
Be A EBRRELT., ZAMHF30cm ML R+ 5
EFRLLEECTA, YODEENEE 2T &EHHE
ENTWVAS (FII1980)

—Ji. WHICBW T, B2 AN LHICHERET 2 h G
ARZRREL T, IV RT BREIEZEMTOVTIE,
fa+. B%R. B azi#EfEie L TASN TV S,
faroEaid. A LKLY 27 ZHRIKICKEL T,
fATZEEEZE FSE2E00, UTHBREKERGT S
Hitix Wb s, TOHG, RFREFRENROD 2
FgE . Mol R HEYE 2 BRE T 2 72 DI iR
HLELDOEENAARASNT WD ( SRR
2004), WO, WAEKEICK > THHEEEH
RAR (ERRR 2006) ZEREIC, i3 LEICBNT
B X T2k, BT %, ZOEG. BHET S LHEM
EMZRET BT DI EA &P 9 57716 (k-
21 2000), YT H2MAEY LIRS THEET 2 55D
HAENTWD, T/, YHOBICEK> T, Y10
TR G EBERFEFICEVTEHRALNTWVS (K
MR R BRSS 2001), L LA S, BLED IEI
BT, REMNEZICKZEEOERNRD 5N
HEE BB, YADERICTIZE> TV,

Y RTDERAEHOERAICDOVTIE, HA
ZWHN OO L T, ARERIEZEA
R, BEMNICHEIF S RAEWEICHEZEE L TERL
SR ZRACS FENKA DN, RERICBNT
. YT aoNINCHIRR Yy M ANET AT
YHAZRRL T, ZORIENZ D OIC K> TR X
BlHAERY T, Y ET KRR L 2
ETA, FD6HFERKIC, TOWALIKIYRATDT
AN I HEERE LT EZREL TS (KA -
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F1985), chHE5FECT, VY ERTFHATMITHEL
TEENTOME—DHRHIE LTHIBNTWVWES, TDLE,
TUOFEGEFRA T AR Z R E LT, AR E T o & P
WKCHEET BT AYDNEMET AIRICEELRLTL
oo LA L. HREARDORRIE, Ky FAEBANEIE L
AEFEGELTWIEM o Toe TIFEAE LT 7RO RS
SRV RATHEHEBLENICHA—THENE S DI
ERTETOWAEV, FEROFEZHWT, B Z1E
MLUTZENZBMU B TREREFRE L EA®RE
WKBWTH|MEEI N (Ka et al. 2010, 2011), T T
&, RAELEFRED, BREHIES LTV Y X
THEHRTHZ2DOMIEDRETH 5, A)IIRICEBN
TH, B OICERS BT A Y HEAREBML -
BN EiE N, CDEE, BRLUIZEKRDOSK LD
ST, YabMEN S C L3N - 2 (FEZA 1983),
—H. WEOT AV REHIIIY X T EZHEREL T
TukkiG a5 EEIEEE (/MRS 2007) AMEH
TN, INZEHHMHICHER L2 L T A, W% 2
HT. YOREROBRFIEWNIRCHERTE N, vu
DPERIFHERTE TR (U - vk 2008), T D
Kok, BHOI O TRERBETERIGE, £MEEIC
NYRTEZEB LU ETHoTE, HINTHIR L
ey DIENMERICED NIRRT EV, ¥
O OER & FEEICIE, HAEHTDN S OES ISR,
TP TAR T B A S WAEY) & OB GR ORI w2
THO. TNHEBIZEOWMOMAANRLETH S,
<Y 2 U OEREEHEIC DWW T & BT
DN TAES Fffi o SZRABIC | 72 22 DV EL D FHL £ 1
TETHED, WRERREHOMKRE., FEHE (R
T ER) ORiFA®%IC, FRENBELI LN, ¥
AaVHBRUTR YV AYTREESNT VS, ¥Y3uH
IZDWTiE, REFREROB (Fh 1991) . HiR
LT 2 g ISR AR (K 2008) L7z ic 1924k
WREUE, . RV ATIRDVTIE, HBEREA
MR UIcgic, FRENFEAE L (FWE 1999, 7K
?2006), A ZVTRTT VAT, BNV T (Tuber
melanosporum) OFEAEMIC AR Z R Z T, H IR
SHTEEHARZHWERE N 7JOAEMENMTONT VS
(Wang and Hall 2004), %7z, #Riicha 7z LT
BRE R AZHCE VY TEESITTDNTVS,
TOXK DI/ R EBIG L)V TORAE L)
LTWaRW0A, FEERIIC A IS Z2 80 U TR
LT TETCREBICFEERDFEELZE VS |
W, BATIE, VAT EEUCFVATIBEBDF T A
V. IRVAVBIUCVETIIVRAY, FETHNY
KBV THE TN TS (Yamada et al. 2001b, 2007),
FEICHENTIE, 7VRARXTRFF X TED—
(Lactarius deliciosus). *F+ F Y 22X 0T Hh T
Y27 @O —F (Hebeloma cylindrosporum) 13T
e TN T3 (Danell and Camacho 1997, Guerin-
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Laguette et al. 2000, Debaud and Gay 1987, Godbout
and Fortin 1990),

—Ji. @QREIKRIFICBWN T, BAEMIC TR ZIE K
ERBH LR, EETEAREOHLEMBENEFICA
AR EENBZHBEDOSY 27 OEHIEIEHEICKEET
BB, TNFET. KREDZBRMURELEIC, <V
ATWEEELEE &, FREREMER SN L
MMESNTVBED, TOK, BHOFFRIRICHEL
TR (NI -\l 1975, )1 - /NI 1976), Ly
L. XY ETOMT, FERMEDOEDEENICTEIkZ
B LIzFHpliE, K> A (Ohta 1994), U A 74
27 J@1E (Ohta 1998), 4 =4 7 FE K+ (K 2008)
THILNTED, ZDHI BRI AIICBWTIEEH
ftEnNTWw3d, TNEHEBOFREERDRELMZ T
99 2 2 LIc K> T, IV RT OEKKE: %
SRS AN D B,

8. I

DTEVERNTFILEOERE, B XTI O MERED
m B v, Y Z TR ED DT, RSO
ANCHB W TR EATNS, ZHIC K D L&
SEDEANIA TN DB <Y & OO F R A R FEIC
o TWVWa (RHEEIIZERT 2008), £z, ¥ uidiH
BINICEY A 7RZ L TEDL, ZHUciE i ria ik
DOHEOEARDOETELIRE TNz (Fl 21X, Murata
et al. 2005, Amend et al. 2010), F D78, AL
B ORAFEIC T T, BERHARDEEFR A ZH WS
ELTh, EVAI7HSOHEAZERLTHEDZ L
WEETHZ, TOHIE,. HARFICHKT 2 H
BEROESEMENEETH S, EREEARDESL
Hefrid, BHC B 2 YA 7SO EE S
SRFTHEL, KBEICERBFHHKOIFINICEETH %,
— 7. WA TO aEERERICEL T, HiEhov
VAT ERZ, ML CERT S A1 (LD
2009) ZHWAZ & T, HRABRINODHAONEZ 175
HROHE TR, KO BRVEEETHS T & BTEEIC
ol SHONTAI I TE. ¥ a T8RS
R & DERIL AR OMIHZ HINIC, BERETT
<L MEMAB RS BB R & BRI R TS O HE
ENRETH S,

A EE
EINKRLUEBIRE - ILHHRE LB X UCHRMR G
AT A i R S R A R - FEE e iR 7o R AR
BAR5TIKERED LML, ARFICHL THZL
DHMEECERZIHE, REHH W LET, FEO
R D —ERIE, R EWRFZZN BTy 2o b (
S 1 200813) ICBWVWTHRIEEDTH S,
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Characteristics of sediment disasters by
The Iwate-Miyagi Nairiku Earthquake in 2008

Toshiaki SAMMORI ‘)3 Yasuyuki TADA 2)3 Hiromu DAIMARU?,
Wataru MURAKAMI”, Yukio YASUDA * and Shoji NOGUCHI

(Review article)

Abstract

The Iwate-Miyagi Nairiku Earthquake in 2008, which occurred at 8:43 JST, 14, May, 2008 inland of Tohoku
region, caused a lot of landslides on mountain hill slopes near the epicenter. We analyzed the influences of
geology, topography etc. on occurrence of landslides with Geographical Information System (GIS) in this report.
We extracted and plotted the landslides with aerial photographs and satellite visible light images of ALOS which
are taken after the earthquake. The numbers and area of landslides were 10,751 and 13.576 square kilometers,
respectively. We obtain conclusions as follows; 1. Most of landslides occurred on hanging walls within fifteen
kilometers from the seismogenic reverse fault; 2. fragile strata of volcanic deposits strongly affected the landslide
occurrence; 3. The landslides occurred near the geological boundaries; 4. A cap rock type of landslides, with
strata combination of welded tuff in upper and lacustrine deposit in lower, is conspicuous on steep rim slopes of
calderas in southern foot of Mt. Kurikoma; 5. A lateral spread is the main cause of large landslides on gentle slopes.

Key words : 2008 Iwate-Miyagi Nairiku Earthquake, sediment disaster, volcanic area, geological boundary, cap
rock type of landslide, caldera, geographical information system
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B, HERPRKEOFBICKODMERKERZE D
LTWa, 2011 43 A 11 HICHAE LTz i HARIE X
CTOMMNERTH S, Thid., KFEETL—bHa—
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ZHZT05, HILERILHGEEE T4 L F i ihE
% Table 1 ICHEHIT %, 2008 4£5T « E AN FEE X,
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and Disaster Prevention.
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PP R LASY CUd. 1962 4R 4 F1 30 H & IR EOK AR
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83 70) ZEIRET 5, HERILMHE (v 7 =F
12— R 65 NHO., EH3 K. HIHEKE 369 7 O
FHaUic, TOEM, 1996 £ 8 H 11 HRKH RN
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F5.9) OMENFEE L, B 16 . E5EE 28 75,
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F 7z, 2003 7 H 26 HICIE =R IEHS (JbHE 38
24.1 77 RAE 141 £ 10.4 70, BIHROEE 12 km) 252
BREdTEIT=Fa—F65DHENEEL, TO
WETE, Wi (X7 =Fa2—F56). RE(YT=
Fa—F55) REHBICHERELTED (01 0:13, RE
16:56). 3 HIOHIEZEDE T, AKHE 675t X
21,276 F. P 3809 F. —EEE 10975 F &
DHEFZE T TS (IIEEKARE 2003), FHE,
AFE. BWREAHT TCOFRILMAETE, M ED

Photo 1. E?gﬁgﬂﬁﬁﬂﬁ@"\‘@ DFKEEOFEEE I BN 7z

An old fa;ult observed on the bank of cut-off channel at
the foot of Ichinonohara landslide.

oI, RURUEMIMBICHEDNTED, TO
WHEBREW,

2. 2008 FEF - BRAEMEDEIE

SBIT (2008) HERIC K A2 BTN O R KEEZ
Table 212, F7z. B SERHAEAMHZERT (2008) I K5
RARNGEE 24 % Fig. 21, TNTIURT, TNHIC
K, BT =, KO ZIRICE 7 B )LV HER
T, BESBIOBOWIENABIIENTVS, EBHEOD
HERH8km, BEIE~Y T =ZF 2 — R 72 DLEMN
HOWMIE 2 A 7 OB T, MR 2R 25T (2008)
I KB M T, TEI0TE — B SR 77 1A IS #i il 72 £F
OWWIERHOERAHNZAL] IKXBELTWVS, T
OHIEZ R E S WX, WP LROHEEZ LI E
O E IS ED RMEROWE & X, K" o pgHIn
O ENBENE (& EWE) THd, TOke L
OIS TN ELBMIREL, HEOZREE -
5L, CoOERZE S LEENE (7 km —MlER
G ALES O KRG DOIE W E (£ 5 2008)) D1
L—RAEARHOXETH 2H, EBEMTICEHOETE
i (Photo 1) & R 6N, i< DS DIFEEMN S b
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Table 1. HULAEZRLMGIEE THAE LT TaMEE & 2 OHEH

Earthquakes in Tohoku mountain region.
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AR NS EdE
A H s Epicenter ﬂﬂféﬁlﬁ Human loss Damaged house T ﬂhﬁ‘ﬁ.@
year/date Earthquake b st %, Magnitude W pUEE g g Landslide
Latitude Longitude Place Dead Injured Complete Half Partial
o418 D . LR - SRR I3
1896/8/31 b 3057 14077 WA B PRSEURILERL 72200 779 5792 3,045 27430 9,899
RIS » . ! o gqr ERIREORAANT T
1962/4/30 Miyagi ken hokubu" 387444 1417 83" Lo ty 6.5 3 369
A FH BEL A 53 == 1) N .  F ELELY B [
1996/8/11 FKIRMBERIEBINES | 5g 5y 51140 350 AR RILAAL 59 16 28185
Akita ken nairiku nanbu" Mt. Torageyama
BT R [EL P = 2) 4R (EL \ L R +
2003/7/26 EILEIEIEY g0 5 g0 41 0.4 EBUSHARESTTIGHIT AL 6.5 675 1276  3.809 10,975
Miyagi ken hokubu Matsushima city
P e 2 3) LT IR BN ]S
2008/6/14 1 * EIRPIBEALE 39° 017 140° 528 L1 TURAMITERALINGE 72 23 426 30 146 2,521

Iwate-Miyagi nairiku®

Mt. Matsurube

1): 4432 (2003), 2): A E X XS5 (2003), 3): P (2011) _
1): Usami (2003), 2): Sendai District Meteorology Observatory (2003), 3): Cabinet office, Government of Japan (2011)

Table 2. S filiI A DI AEERE (2 5 5RLLE )

Maximum seismic intensity (More than 5-plus)

RNER It TS
Max. intensity Prefecture Municipalities
F=E ) BN
Iwate Oshu
iy 6 4
6-plus
B SR
Miyagi Kurihara
R 6 35 FHUL A
6-minus Miyagi Osaki
IR b b, —BA. <o IHT, S RAT
Iwate Kitakami, Ichinoseki, Kanegasaki, Horaizumi
T 50 FBUR INSENT, AT, tokd, SEENT, RO, (LA, R
S-plus Miyagi Kami, Wakuya, Tome, Misato, Natori, Sendai, Rifu
BOHR iR, Sl
Akita Yuzawa, Higashinaruse

SRIT (2008)
Japan Meteorological Agency (2008)
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3. HEOHME
S OHEBIC K % #E & Table 3 IC/RT, AREET
DIEFH - ﬁ?'iTEH%@A%ﬂi HTH->eh, 2D
55, 21 AW ERHEFEIC o HIHIFEFEIC DUV T,
AL B ME MR (2008) 75‘ Table 4R K oI
TEIENZIT> TV, &HH D ORI HhEE
Wit OMEEEDAZIIEDNTED, M EBHE &
BZRLLEOTCHE LD, Table 4 L3R EZ T L
WK BRI Nz, Table 4 1T XAUE, )17,
EJIFRE, 38R, =5a)IRE T 3 % 2 A 55w
FEHERTH o Too FRiC, FER) IIJ:‘?J’ﬁ (EEHE ).
El“lJ:ﬁﬁ'j\ SOEJNARG CHEIR - R - B X))
3T, 5% Z/A 2 mMBERZRL, HEMNT
®3Yﬁbﬁf¢ﬂkﬁ%b‘jﬁu}_’_%fbflﬂé ARIHT
. deA S pEL EFRE. a1 - =5E )R e
ENIRBICK 2 U, SR TO LK EICDONTRT,

1) EL RS (ZHF)ImRE)

BIRISE WL B3R (AR ) T, T4
BRI X CRBBEI R X0 MWFEAE L, g LD A E 2
FAZE L 721&» (Photo 2). [EiE 342 S HRICH D 2 I
(FD23N) KENEBLAEENINTNEE L ZEED

SAMMORI, T. et al.

Nize U U, (hoBEMgd (A L5 2009, 2010)
IKEniF, tgoBEE DA  ENERR TR L
TV EFT, BRI IR BN R SNZ R b
ZLRVWEEN, BHEEFEOWEFICEZES XD o T2h,
ME D O/ CTIANEIC K DI N TS &
ATEV, AFEKTIE, ThEDS BRICHEFDOKRE

Mo Fe iy 42 X O XD ZH ) EiF %,

N N N fofss i v Jo \I .
WEDRE LR, COMEICRFERE-RomaE o002 BRSSO R0, HNoRA
. Ichinonohara landslide. The right block of the landslide
L K ENBLZILE - BICED ML HIKRH O dam up the river. The photo \%as taken by Aero Asahi
B 58l =8)IREIC o fmd 2HERE KO &l Corporation.
BAERNE V. MEEEICK 25 T, FEENLREH
R L BN TS DR K S Il E
Table 3. AHY « F2#FDIRR
Numbers of casualties and damaged houses.
N () A5 (B
Casualties (number) Damaged houses (number)
TSEVETR AgHE
Prefecture seE 1R Injured K Yot —i K
Fatalities ~ Missing e (40 Complete Half Partial Fire
Serious Slightly
aFR 2 9 28 2 4 778 2
Iwate
E.ﬁ’% 14 4 54 311 28 141 1,733 1
Miyagi
R
Akita 2 5 16 1 9 1
HIEIR
Yamagata ! ! !
fia b | |
Hukushima
At
Total 17 6 70 356 30 146 2,521 4
NI (2011)

Cabinet office, Government of Japan (2011)

TR BB M 55 11 %3 5, 2012]
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() HHFLRE (TN
BRI WO 5 BHE 4 FlK Tk, K
HIA g RO N FEE Ui 2 BA%E U 7z (BALARME
HfE 2008) o CTOHITRDICKZBE LY EIE 384 /7
micEL, TDO5B, MEZHZELHRSO L EE
131 intic F5, A LTWO®BRE TIE, REOEZD
Eﬁm%mcb\%@%ﬁﬁ°&ﬁﬁﬁﬁéﬂktb\
FEEEIC & 0 BRI EME Nz, Alid XD

dﬂﬁ TWWICHi S 3 DTy Ih5K%, TDHH
REME EFRICMNBET S Tay 7R KEL, cnhE

ICiE 72 PA%E U Tz, TP 4 JRUH X & R BRIC AR Y& L adic
&%?ﬂiﬁﬂﬁ%bi\ BAFEE - BROZHRETRELT

. et 15 ETOMGEAZEMRE SN TV S (Hk
MM%@FJ 2008), HHBHHEERFIC BT [RIBRIC A E
PHEEM ZFE LT T L5, 2008 DY) & THAE L 7K
JIHMBEBIC B W THEAENE LR L 3D, BE
DOHEXEMNEEET S L. IR TOREICTNT
&, A EIIC X B IEPAE 2 RIRDBIRELTE DS
ABREND B, Bifid 25 WVIRBMEIC X 2 L1
ZLOPRBEE NS "R K ERZIET 58, HH
XIS ETH S,

2) il - = )llmE

IR T, RIKIREROIRTHh B 7
FTIRICB W TREE IR N0 DFAE U KIRO X L
N —EOLWMMRAT S5 E. AR TIEZ < DR
e g ROMNFEE Lz, iz, AR OILICiiE S
5 ZE)IREKICB W TE, FRREMX OMmIN - iR, T
WOITE DRI TE KRB AR - #id XD N4
BB, AERRYIIRTEAHEMBEL TEH
DGR ZERLUKE S E LR, TTTRRE
7T E L UT, smiRMd X0 fF X miR
O, RV IR AFZERD L5,

(1) FAER# g )

IR A LR FiiEe 7 > 7 FIRICB W T,
MH:900 m, EX 1300 m, %120 m, & ABH)ERHEE:
300 m. [fifE:98 ha, 9\ O mER IZIFEAKT (1 ~ 2 &,
st BEB A 3L TUEAE IS A AL ). O KB XD 73
F¢4E U7z (Photo 3), WHEEDE T 150 m I d T,
JERIEFRBE D R Uz, Hg XD ARIRIZ, HEORE
HIZHT20EIELTHED . F0ICE X LIHAND KHH
BEANFET Sl olz, TOHT RO E, FAERIC
H®ENBO, ZOGEINE, HENS 2071F 8
DI T D e, FRihSmLICHRmEICHN > T
WHME LI EWSREENELN TV 5,

MRS N D i, RHIEETHRAE L HIT XD DOHh
TRRLHBENLKEL HEZOBELEENT END,
TTIELOMERNND S, 7oL ZIFTHARRT DA
ZTIE. 2010 FRICHEE & U T TRIRBG XD D FEHE

Photo 3. JfiliRHg N\ b LIRAGR A L, Hﬁ:tﬂ)'é“’\*)ﬁﬁciﬂ

W@%$ELLI'LJ7'J")TU‘% T KD X LIANDZEA -
ELa/ R AYS) ﬁ@$aﬁci1&” 5 ’hto

Aratozawa landslide and Aratozawa dam. A worst
situation of debris thrust into the dam lake was avoided,
because the landslide debris drifted toward the ridge of
opposite bank.

ZEO B, HRES (2010). KEFS (2010) B ZEN 7
PURHGR S XD OFEBHEIC DOV THE ZT> TV
%, )2 (2010) 5iF, FRMKIRH 9 X0 HDEOTEFTIC
HE 2R - T N OHEIEETH D, B HFEAEICR
LU HIE ORI E LT, R AR5 D IR DFGE,
B B F v oy Tay ZIRO K LMEHERE Y 0V E 5 T
WiHTE, IROENEHORET LS - IV M
BAEICHYT S &, RNVBOAERIT XD DORIRE
HLTWB T &, #ig XD GEHD BRI 78 L
TWVWaZE, OD5/EHT TS, KBS (2010) 1F.
IS B BT IC & 2 BUERT R Z 1TV, 300 m O H)
BEELCITEZITE 100 m TWEBRKENRETH %
EHELTWD, £, FS (2012) BB O &
TEZ)—=THEITLT VB T EERE L., ik
BERAREE LTV,

W g XD HIOHERIRE G (X, NEIC AR E IR O 1%
AEEIKEZ T T 2R OHERS (/NEFRIRE )
FAE L. BEBIE AR B IS (JL)IAERR IS ) DR
CHERET 5. Wb BF vy oy 7l (=%
2009, 2010b) &7 > T\ % (Photo 4), Hiid XD
FENLFERE A VTS (R 2000) &b LA 47 &
LTEO., WIVT T DIFEN KB T XD OER T
HBEDIERM (MES 2008) EENTWV5, £z, H
JEARME RS (2008) D R—1 > FIc 3D  FHAE RS HE
KX NE, Y% XD DI XD mIFIZIEKETH
D, IXRDEFVDWL2ENBHHNCIZ2EDEEEZD
N, WMk X3R5 E ( =4%5 2009, 2010a, b)
HBHWVIEAT Ly R (Varnes 1978) Zfth D E K & % 2
RUNE, BEZERIETE AN XL OA PN
DVHEL WV MR T 2222 2008 AR5 T+ 0 3 P4 [0 i 72 5%
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Photo 4. “B@(*‘l’*ﬁ =R N 1)

A=V 2 T DR,

TR N D OVEEE,

ﬁﬂfﬁi e DERNE->EDHA
T KT R Eb‘(ﬁﬂﬁk%qﬂ ﬁ/ﬁﬁéﬁflﬂ% &

73‘4" THU 720 IRRSREDCE D vy 70y 7 & UCHED

INE fﬁﬁﬁfﬂzfﬁﬁ%k HEDR# DR L Edin®z 5
ATAER, AT Ly R2A TOHT RO BFRE S8z,
Aratozawa landshde cliff. A boundary between Upper
welded tuff and lower lacustrine sediment is quite
obvious. Horizontal slip plane exist in the lacustrine
sediment layer with test borings. The welded tuff with
actmg as cap rock cyclically had loaded to lacustrine

during the earthquake, and led a spread type of
landslide.

ERERES 2010) I KB WMEHFICBNTE, FHEX
A= ALICBOTHE OB GEERE CIEFIAT =
Tk L, S%F vy Iay 7K OE
fRIAO EE M Z4EH L T\ %,

TCTT, MAmE & &, e 2, HIER O HIT
THTHL R O HCIRIB ISR L A5 IR E b T 5 K
SEBG IR L. MERW X ZIE )V Mg AT
FIRIBRKE DFEEIC K O BRI AT 2R BRI T
ZMERRCH %, Varnes (1978) &, Hid XD D45
BWT, AT Ly RE—DDX AT LTI EiFi,
EHIE, ATy RZEBEHEEICED 2DICHHLT
W5, —DHIE, DEEL T EANHARRT XD EZTE
KT B BN ZE2ATTHD, HELEZTDLDT
BOLWELTWS, —DHIE. REMEORME IR
HBVIIEERENT B2 AT T, HEDOHENR AT
LTW3, TOXK3ic, HIAHEED AT Ly RDOJ
MINOEMZRD, S0, iR, s 4L
JeESIE, Vames I KB AT Ly ROEED S BHEH
DORHME—BLTWVS, BEDAT LY Fid, Bige
LTI REER—Ths L, UBATRTEZIOX
372 A T ORISR TRTRE) (XL B &9 %,

T DK D T KK 75 3R 8 (X7°I/‘7 F) iR
RRCIc BT HEL S BT &%, DR EIR
DK H 2 HBEIC 7 %%3‘5%%7’3‘&3%8%%%@%
Z_%) ZLIGE BB A RE (A7 Ly R) BRAEL

G, TOBE LI - SRS X LMICZEAL, BX
E?ﬁ%%%t%@‘T REMEDND 5, . AKFICHT
5, WIVTo, Frv oy IEEORE, BXUH

|Bulletin of FFPRI, Vol.11, No.3, 2012

Photo 5. HHEHIKIHIROspEKI
HHE) ‘BT(* ( B L) iR L ’Cb\%o i
ZUNRIEL TOZHE A DM D, BHT, FEE
CRUMD Tk | B0 PR Rl (%@Iﬁ?) i<
HFICBE L, HHEICIIEIARD YR > T %, Photo 7
& OHEOM ETHIE LTV 3
Devastation of Hlyasawa Valley in Koei area. The
Photo was taken from the upstream by Aero Asahi
r}i')x oration. The whole valley of Hiyasawa fluidized
e eartth uake. The spreading toward to the stream
emerged at t

(WA HATE ‘g HE ) ) L

¢ upper part which is the downstream of
Hiyasawa valley. Rotated trees remained on the flat
ridge of right bank.

FHHmE (R Ly R) iIcDo0nTld, MIETHRT 5,

(2) #EHX (BR)
SRR X O DL (7 9 2 HE Il X o Hun s
ERNZWBIRICHBEONTE, KREETRENREAE L,

MR E O IE, KR XY & [ERIC, AR
EROBAHEER G Z T T HMROHRESETHO.
RUF D EEICIARERICE DT 2 F v v ey T
BTHD, TOLEOIBHERERIEDES 1, FHIKIRIC
XD iz DN, TOHIRKICI T S IR O M
75 EEOFHE T Ty 7RIS N, RO MEE TN
DKL B KD EIEEEL > T 5 (Photo 5) » AAIEIE,
FIFRBEIC R T, KERHEEZ 5 TWS, Photo
6ICHEND KT, Frv Ty T THDEMEIX
AOHEHTORAOEZINDHmE L THFICEEHLTH
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g S_Ilp plane ‘Tff

~Knickooint

Photo 6. *#%iﬁ!E(ﬂYR@JILg&?“IkY%o {E'Jﬁ{ﬁib% PRV ke e Yl
Eﬁ/ﬂ:h‘ﬁfﬁ W RE IR D2k ﬁfﬁé@%
DINHON %o {tﬁbWEIJEY*EJJ@@“I\D i & Hbh
The upstream devastation of Hiyasawa in Koei area
Whole slope along the stream fluidized. A Knickpoint
on the slope is obvious in the lacustrine sediment layer.
The point coincides with the position of slip plane.

Photo 7. i#%ﬂﬂl:/ﬁﬁk%b‘éﬂﬁj:f‘[ﬁ@m%%ﬂo R 7 3R
REENTOw I TREIL TV, BIRIEETICH
ﬁz: UTh3,
The devastation on uphill of Hiyasawa in Koei area.
Longitudinally layered small blocks with trees moved
and slanted backward.

Photo 8. F'WiRfiifl. FERICIIFEN SN, s

E NG T o 12 C & oM B, HiE 5l 14
LUk CH O fIFZRELED S F LTV,
Dozouzawa debris flow. The outbreak point covered
with snow beds indicates a wet ground condition at
the earthquake. A landslide fluidized immediately.
The debris flowed downstream at high velocity with
eroding the stream bank.

0. IKFISECHERIRE S 2 s L, EESA RS ic B
FLTWBETHDL B, ELHOBEEITZTD
HOERIDNFE N &2 ML TR <, s g ¢
&, Photo 7IC/RT X HIc, RO AZ Tz %
F70y ZRITGRAICBEH L TWVS, mikiRiig N
D EBIBIIRE S EEZH, FRRICHIEROHIRIEIC
XM AFS (ATLw R) Z30hHbE3EELZR
LTW5, %ihd 28l W 723l B R 5 1.
WX TOWRIIC K205 RE (AT Ly F) 2K
WIS RS 5, ad, HHEHIX FRafE Tk, HEER
CEBWTHHMEOHERRELELTCEL, MHAS (2012)
. APV TH O —EN T — A7 a—{L L
Tl Z®ME LTV,

R iRt A
KFEOHIT D (
TPASE LTz L T A

DR %ﬁﬁbto
Komanoyu hot spring inn at the center of the photo
was hit directly by the Dozouzawa debris flow shown
in Photo 8. The landslide of the opposite bank clogged
thg stream, before the debris flowed from the right hand
side.

0K L
R T . KOS N
N SRR EODiEﬁb‘ﬁﬁﬁE (GiPS

Photo 9. TeBI DGR (TPR) &

D 7 E

(3) Y TR (XER)

SRSEE L TEA S O AR NS B W THA U 7o
(Photo 8) WAL L. RYIIRICIE> TH 4 km i
TLT, BIOGRREZEEL ., BOGRROMRHE
Mok, HENS 6 ~9 N TLAWMMNEEL K & DFE
SMESNTEO, MIEBRHCHRAE L zp#EN—KIc L
Aarfklizs Dt Ebnd, TOLAHRICED 78D
AMNTEL Gb NI, BIOGRRATIE T 0iid XD i
EZzR2LTED, TNXTOHIXOFEICKSHT
T, T CIKIREMEL TV, ThIiCi., ®E (&
FEA) ORTAHERICHELIZC S, LT
Ktz LATROMEE NG T S AN B - T8 D5
RONREE - ik % E% L7z (Photo 9) »

BRI SITSSFIIZEI 5 11 %3 5, 2012]
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COEHFEAEFRE SO R EERLICIES
HMDLA > TH O, HERAERICHELEZE R DB
WThoTzT EWHRINDE, TORYTIRTHEL
e AmoEhic, @IEEICBT 2SI RARD M H
REFICHONZD, BEHEEZRTT2 X5 60
RO TRV, SRIOKET, it h ik T 5
EFREBLELAORIE RV IIROBTH S, TN, X
DTDODERICEZ EEZIT V5,

F—ic, BRNTH 2 RICHBRNZHE - HIEERK T
BB, KILHOWLWEMEZARNATH D, Uk
U UM EARICHEA LGS, Lamibled
WD D %, U Uy SEENLTEJE 32 0 152 3 P s 8 4+
EOME L, EH DS EHIEIT T TOHRLWIES
(PEXERRR S A ER ARG > %2 — 2004) T
R ETH B, DT D, FEELTEERAIC
FHRZFEOIRESEFOALNT., RV TIRUNTIE,
REPHEFBREIC L2 ZHEOZT TRV E
WO HTEREAH %, KALS (2010) 1. RY IR
DIFRIEGBDOFFEEA DLETIC R4 U 7z i B o $15 K i 138
THHEEBLTWS, TOkH, AWM o LTEEN
ML BANT L2 RBER 2 9 % RV IR TO R 7
ELEER S,

5, BRTH B RIS B R A A T 0K
YINEKRTH %, TFI15 (2010, 2012) 1. 2008 FED
HEMFER DR, HIZ, 5H20 0B HESH
¥ CHBENOMMAME L TH 0 EEUTER DS
FH 2B < & MR R A R & LRSI R L 72 IR IRREIC &
STEMELTWVWDS, THIC, ZHB5 (2012) &, %
EORAE LT, chETaRoHE X O
IKEDZWEMZIRR L TV 5, B, L0
BN AICBNT 2008 FAHOMI/RNAE >/ &
AL, BEELTEEZ O 1000 m ML EOEEEICE
WTHIERERICEW TR T efim Lz, £
oo KIS (2010) (&, HIEROFRAE R(TIEOHFHT
2008 4E 4 H DIF% 4000 mm D@L /KB H - 72 L #HEE
L. HUEFRAERICE AR D LEMEN T, BERKkE
MERICMENTOREEZ#REL TS, Th
5OMEF, HIERAEMICB O TESLOEZEMAHLT
. MERER TR EENPBRNARATH > 72IcE »
oo, MBI LEINEDIBMTH > 2K
MEREIN S,

DLEMS, HHERAERORRK TH 5 Y - HiEH
PR, FRTHZ/KXNERO ZDOHERICKD, F
VIOROAKTH ENEREERE Lz LRI A
%,

3) —@a)llRE
B S LW BN 72 E L B o —a) 1T
& RGERRANE X D ERET, B - EONZHL
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Teo TOLWE—IE, RIGRER T MEELETRE S
WTFZ 1 NICH D, FEROMIR DA ERIKS (/N
MIRIE ) O L2 HiBlOFRE Uik RICS « ZILaE»
o, Frvy oy sfEEZE L TWV5, WGRRED

5 BRI T I > TIRO MDA, RED 5 B EE
FHETCOLENRLICEL KD, ThICHEDET,
W, by VYT EFryy Ty I XRDAL T
WBIOENZILL TV, TTTE, KGRt
e, FUNRIRDI « 35/ giR LRic DOV TH] D &
%,

(1) BHARME

— BRI O FL G RIRIC AL E 3 2 IR IR ST T
DHEFEE., by TV ITNEKRTH > 72 (Photo 10),
by VTR, AERMRREO /T, SAEYE
B FEAEEEE LEIN S HS 20 5, G ERA
W, B SER R RE R &2 T4 L T2 i A O R il
WKHizb, MR D> TZFEIROBEMN RSN S &
TRICHT%, LIBT3 &, FRICK 2 M4
BHEORELTHELT., ABECDVWTHERN LD
LEE MR JIBED AT B 2 LR B VA 55 RS
DETICHU, THICHZWEHEDHEHDOE XD LIk
MEoEN, by 7Y UKD, ARSI
MHIMZRRE UTHNE b 2 RGEETH 5, G
BEMST S RO, AHRDOREICED S HED M DG
LT, 2%DAED Ry T T K BHHEICEKD
Tl AEbNi, BRMIICEEWEAZERT ESOHE
BAALN, Daih SHBEIC sy T T X 5%
MREELTWEEDE DN S,

BEREE LT A, TOMETE FERORE S
HFICHREBICIEE D TWVWIRED TN NREL TV 5H
e dH 0. IXDAEOMEBHIRICH D> T ERE &,
WEHOTARD LIFEAE % (Photo 11D, TDIEMITE.
AT PRASE S TS VI B A0 TR oD J8 it 4 dh DV 5 &
Nico IREBHBENT EERTH 2 C &0, BRE TR
IR SRR M AN R E 7z (RS 2011).
NGB Fryw IOy Ik BNL—NLT VT (R
JEDFELIC K 5 IS FEOR#MTH O, HEL
A&k DENICKZEBER 22 T REENELHH L
TWksDEEZLNS (KALS 2010),

2 BNBRDIE - 5/ BRRLER

FUNEIR I « 35/ B il R AT 3 T - NS O i
HEMNZFE LTz (Photo 12). &/ BiRRE T TIEAHE T
I &k > THEMNPAZE L, FHRRA KRS 5 #HE 7z 4%
C7z (Photo 13), TN & H TSI EFICHMN I ITHES
T, RN EHERKEDILEDIE L o T,
R RO 2R T, 8RN TR
KB g N e 4 U, i 2 PA%E LU 7z (Photo 14),
Photo 14 I KN, T DAL T DA B S D HEREHE
Ao EL, WEE LK ERHEREBEDS R TN
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Photo 10.

mwﬁﬁkﬁ%h%b/7u/7(kuﬁ%@mﬁ$
DHEIFOHFATEIC X 5 )

Toppling failures occurred along Ichihazama river,
because perpendicular joints are well developed in
Kitagawa welded tuff. The photo was taken near
Nuruyu hot spring.

Photo 12.

A SZHRBUINEIR O T D/ NI D I A 7
LT3,

Devastation in the catchment of Harakoya tributary of
Ichihazama river. Many landslide occurred along the
stream.

Photo 14.

SRR DIICFEE L 7o KB (81470,
C ORAEIC K D0l imEZEN I E LT, f‘ FEHREIK
%g%%uiﬁ®¥%mmﬁbamOhTE<&of
W3,

A large landslide occurred at the left bank of
Ichihazama river near the Yunohama pass. The
landslide debris dammed up the Ichihazama river. The
welded tuff becomes thicker in accordance with coming
upstream to Mt. Kurikoma.

Photo 11. REOMEE CNEFFIRE) PIcH 5N 29X 1,
MR IICEIE D EmETH 5, IXDMmGRERZ
TFTVRNC & BHIEIRICE Ul LEZBND,
Slip plane at the left bank of Ichihazama river appeared
in the Onomatsuzawa stratum of lacustrine sediment.
The dip of the plane rises toward to the stream. The
movement occurred at the earthquake, because the slip
plane is fresh, and not eroded.

Photo 13. ¥/ ATIRAHILOULIARTE, BUC LA 2 iEIC & O it
KU, IRROEPIMGRIT L T2
A landshde dam lake at Yunokura hot spring. A hot
spring inn was carried away into the dam lake.

%o

RE (2010) (&, %/ AR ERICALE S 2 AHE IR
Mgt 55T Ml ER I 0D MR B AT 2 1T o TR IR, TR
DI EE I O HUR IS B AT & TRl RR IS . Lk D AR A 3
TIBENEED@mWEFA DR LN E LTV D, &
IRV B2 S9TARKS L SRIARS O TEICK D LIcET
I O TR AR 513 597845 (ARSRIE) &
SEUARS (FAE) O BESUN I C Ml s BT oD B4 WS SR A
BFonfcceZMEL TS, TOWMEIF. Frv 7
0y 7R R L T B ORI & —Ed %,
e - NEEDZE

4. FEORHMEMEE - HoFz -

BFHEDIE, FHOMBEORE . FIEFEENDHME-
WP - EDOREZAS NI HT EZHMNELT,

JERRRIEI 55 11 %3 5, 2012]
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(2004) Ic &% THRREI R RFBEFEIC K 2 AR
B, ZNTNMEHLTGIS DL A Y —%/ER L., T
wiiote, URICZFDMEERT,

1) MEWE S FFEOUE
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Wi R, 13150 m FBEEOFEMEE —HLTHBD.
S VUAC DARE 0 30 W e 1R B 1S K B B S & oD BE S A i <
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2) #WE - MEOTE

(1) fHEDE - HAZ DR

R OB MK IE, FILF RO S - SE AL
HI DO FGRICALE LTV B, I E, Fic, 8
Sl orna. KLIKIC X 5 HERE D EIRICE < 2
MLTHD., Eemificid, w3k, REEE, e,
WEDEANVT I oML, FEICEEEN DM LT
W5,

AT, W - ERT—Zz2o0ic, PRt
BB A1V T Z T R LARE O SAE A B2 Lt oD i1 933
MO M TIEERLS, TDD7 T AR —%=1/F> Tidi
LTWaZ EMWEMIcE NI (KRE - £k 1989, T
5 1989), TDTDEIE, b5, Rl
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Fig. 3. HuEWrE & Ot & FEORE R, FilEo2 ISEEWEO LARA 15 km LA THRAEL TV S, HERTEIE RIS A
EHESERE 2008 R T« EINAREIERE B L — 7 (2008) IC & B,

Relationshifénll)etween the distance the from seismo%enic fault and landslides. Most of landslides are located on the hal%ing wall

he seismogenic fault is reported by the research group of Tohoku University

with in 15
(2008).

from the seismogenic reverse fault.
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Areal landslide percentage and rate of each geological rock
type.
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symbol geology symbol  geology

PPw Kitgawa welded tuff PEg, Pet marine/continental sediment
PM, P1, P3 lacustrine sediment GM, S metamorphic rock

M1, M2, M3 marine sediment R2g upper terrace deposit

DO, Qd, Qp, Sp, Gr plutonic/hypabyssal rock  Trl, Trd rhyolite

PMw Torageyama tuff PLc, PLp lacustrine/continental sediment
Qal, Ta andesite Tbl, Tbd basalt

Rlg alluvium Al landslide

Fig. 5. )l - 281 » =8)FIO fAIE & METORGR, HEIBEAR, RRICIu) [TafGRpCs (DSB8 (D OB i
T B NS, MR PSRRI 2EATIC & 5 BB BB P 2 1 U o . .
Relationships between landslides and geology in Ichihazama river, Nihazama river, Sanhazama river basins. There are a lot of
landslides near the geological boundaries, especially, the boundary of Kitagawa welded tuff and lacustrine sediment. We use the
Geological map of Kurikoma geothermal area by The National Institute of Advanced Industrial Science and Technology.

BRI SITSSFIIZEI 5 11 %3 5, 2012]
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Relationship among slope classification, areal percentage of

slope and landslide, and landslide rate.

® eSS

Landslide rate (%)

Fig. 7. SBILEEATIOHIY & i, AR AIE T ‘
Topographic features and landslides at the southern slope of Mt. Kurikoma.
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Relationship between Bouguer anomaly and landslides. The map of Bouguer anomaly is reprinted from
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Fig. 9. SBLMRIC I 27— —RE L A)V7F 1, 2), Bl & OBIR, X, i, SImE, #oE. Ello& VT I 2 &KL LT,
FIVT FEEDJENCHIEDN I L T, 1) KB - ek (1989), 2): %5 (1989)
Relationship of bouguer anomaly, calderasl, 2), and landslides in the southern slope of Mt. Kurikoma. Calderas of Onikobe,
Kurikoma nanroku, Genbi, and Hanayama were confirmed. Landslides were observed on peripheries of calderas.

1) Amano, K. and Sato, H (1989), 2): Tto, T. et al. (1989)
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Map of landslide location and geological classification. Geological classifications are same as Fig. 5. A yellow cross is the epicenter,
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Relationship between vegetation type and landslide.
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Strength properties of Japanese cypress (Chamaecyparis obtusa) pithless

lumber and small clear specimens sawn from a large diameter log '

Hirofumi IDO ", Hirofumi NAGAO " and Hideo KATO "

Abstract

The purpose of this study was to determine the strength properties of Japanese cypress logs (Chamaecyparis
obtusa) and pithless lumber sawn from the same. The result of measuring Young’s modulus for 433 large diameter
logs by using a longitudinal vibration method revealed that these logs did not show high Young’s modulus values
compared with those of common medium and small diameter logs. Strength tests were conducted on 30 regular
square (120 X 120 mm) and 30 square (120 X 180 mm) pithless lumber specimens sawn from large diameter logs,
for which a machine grade of E90 or higher under the “Japanese agricultural standards for lumber” is targeted.
Following a bending test, the bending strength of lumber used in this study showed relatively smaller values
compared with common Japanese cypress lumber having a Young’s modulus equivalent to those covered by this
study. In terms of compressive strength parallel to the grain, the strength values of both regular square and square
lumber were equivalent to those of common Japanese cypress lumber. In terms of shear strength and compressive
strength—parallel and perpendicular to the grain, respectively—the strength values of lumber in this study were
smaller than those recorded in literature for boxed lumber. However, it was considered to be one of the reasons that
density that has large influence on both strengths was lower in this study than in other literature. The strength tests
conducted on small clear specimens revealed higher density and strength properties for specimens taken from the
pith side of lumber than those of specimens taken from the bark side. However, in terms of comparing specific
levels of strength, virtually no differences were found between specimens taken from the bark side and those
taken from the pith side.

Key words : Japanese cypress, large diameter log, pithless, strength property
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Compressive test perpendicular to the grain of regular
square lumber

(T J5161) X 400mm (L /510 ) & UZzo SRkl
ED 1458 Uiz, MAICIZA VL v MR BB (
Al ELERT, RAREE 1D ZHWVZ, ilBR AT
JREIC AN G (RETHIERWTZEAT. CDP-50) Z &% iE L
T, WEEZSVRDEBDTzb R EHE Uz, HEHEHG
FRERIADSTIEIE 25mm (R A1) X25mm (T 5[ ) X
75mm (L 751 ) & Uz, Witk HimOHREICT —2
EMN20mm OV T AT — Y (WA #EH 25T, PFL-
20-11) ZRE(F L, MEEOTHEHE Lz, ¥ A
B, AWmEEZRHEBSIOCMEED 2HE L, &
AT O~ 51 25mm (R £72& T 1A ) X25mm (L
F) & U, & 0ARRBOMN TR, FETT M
BXUERAmO 2 FmE U, Bk~ 41 25mm
(R /71A) X25mm (T 51 ) X75mm (L /51 ) & Uiz,
AR O Wi v i 280t (R ESNER TS8R, CDP-50) %
P Uy 8 & 0 Ml ik D 286 2 E U Tz HE T A
MR, BAWEE. »0AARRBOMAKCE. At
VAT RERA AR (ARAABRBERUER, RARA R | 5t) &
HWizce &3, FEEimiEidih a5k & R
WTHE L. S AMEERA, & DIABIER KD T4
e, th iRk e/ —DETh 2 /AL, i
i, RIEIC X 0 FRBRADO TR ZHE LT,

[Bulletin of FFPRI, Vol.11, No.3, 2012

3R LB
30 B/ FHRAKDMIRENEICK BV IV RBE LU
MDD BRERX D

HLK 433 AR DO IEWE G ERAG R 2 Table 1 ISR 9, R
. MEO M (/Mi~RmKM) EZThZh
49¢m (35cm~82cm) .4.9m (2.1m~11.6m) ThH > 7=,
HERENIEIC K B Y > Z RO E X 9.14kN/mm® T
HD. 529kN/mm* 5 13.0kN/mm’ DHEIPHICH > 7z,
—ED e  FEMEORHIRBIEIC X 2V 2 TR DT
P90 11.81 kKN/mm* (38 PERERFZE 22, 2005) TH D .
HANEMTHZ T LZzERBICANTE, &/ FRE
KDY VT RBIEZNEESVEDTHRENVT EHb
Nolz,

Bk U7z BB KA LT, T80 H A B
Bk OFFERGER 1 OHHERK D EITo . TD
MR, EEICBIA2SHo&E, EA TR, THIED
1A (3.3%). 2 fhY 674 (20.0%). 3 A9 A (30%).
FEHLDY 14 K (46.7%) TH o7z FEMA TR, 1 A 44K
(13.3%). 28 H 74 (23.3%). 3 #H 11 & (36.7%).
KN 8 K (26.7%) TH o1z, [IEFA, P L &IFITH
BRI X O HERHPEDF BN, HHEERNIC X 28D
BENETN1RTOORTH Tz,

3.2 BIM DR EMEE
3.2.1 B S SRE M RE

HRF O MR EBR DA B % Table 2 1IC/R:9, IEf, F
fil & BITERRDOFEED 20% & LA > Tz, iR
BICHIE LT KB O Eid, IEMA D 473kg/m’,
WY 488 kg/m® TH o o, FHERIEE, ot
JFEMBICK S T-RMBOREMNREICET ST —4%
N—=R] T—=2HE<T> (LT, 7—2HELHT) (&
JEPERERFZE 22, 2005) & LEigd B & ARk DY
i 2.00mm ((EFA). 2.15mm CEA) BT —XEDF
918 3.3mm D 60 ~ 65% I TdH - Fzo KEALICHE
I EIEOW A L EZ 5N S,

S E IR 20% B Z T, MEREhEI
XYV % RhFoiidyy 7@k Eot
Y T REL PR E %2 ASTM D2915-98 (ASTM
International, 1998) IZft > T & /K= 15% W D fE I 4l
EU7, f%7%Z Table 3IC/RT & & BT, FKEMIE
BORENTOWMT Y TR T EE e OMGRE
Fig. 2 1Z/R T, AT DY > F%REH E90 O R EME T
H% 78N/mMmM* % Ful> 728 D TAD 1 HKDHT
BHolee BIKFMEZLOMIRENEIC K2V > JHREEB
KURDPFOMTY > TRz T — 2EDMHEE LG L
feo Tof2 U, AGBRAE E90 L EOMEIZE LD
DTHH, T—RERFERKX D ZIT> TRV 1274
KOFEETH D, £l T—XEDOMTY > T HRE
O fE &, ASTM D2915-98 12 fit - T &K% 15%
REDEICHIIE L, DD, faf BN, AR & [ —
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Table 1. FLAD IR ERAS H
Results of non-destructive tests for logs
n=433 ME RO TOITER R O MHRENEIC X %V > J1RE
Length Diameter of top end Diameter of bottom end Apparent density E,
(mm) (mm) (mm) (kg/m?) (KN/mm?2)
Mean 4865 487 566 598 9.14
C.V.(%) 29.2 15.6 16.5 15.5 16.3

n: iR AEL Number of specimens, C.V.: Z#j{%% Coefficient of variation, Ej;: Young’s modulus by longitudinal vibration method

Table 2. 8GO T AEROAE R

Results of bending tests for lumber
Prest MC ARW E fir E b-app E b-true gbp Oy
(kg/m?) (%) (mm)  (kN/mm?)  (kN/mm?)  (kN/mm?) (N/mm?)  (N/mm?)

A (2alBRik )

Regular square lumber Mean 507 22.8 2.00 10.9 9.59 10.4 30.9 43.8
(All specimens) C.V.(%) 7.53 7.14 11.3 9.02 8.66 12.2 14.0 13.5
n=30

IEf (OREFE )

Regular square lumber Mean 507 234 198 10.9 9.65 10.5 30.2 44.7
(Loading on inner surface) ~ C.V.(%) 7.24 5.42 10.7 8.95 9.33 12.6 15.2 13.9
n=10

1Ef (OREME )

Regular square lumber Mean 509 22.7 1.99 10.9 9.61 10.4 32.6 44.8
(Loading on outer surface) C.V.(%) 8.64 8.21 11.7 8.66 7.09 11.9 12.0 11.8
n=10

e (HEE T )

Regular square lumber Mean 504 223 2.02 11.0 9.51 10.4 29.8 41.7
(Loading on radial surface) C.V.(%) 7.43 7.35 12.7 10.3 10.2 13.4 14.3 15.1
n=10

T (AidBRiA )

Square lumber Mean 518 272 2.15 11.3 9.65 11.2 28.5 38.5
(All specimens) C.V.(%) 8.04 124 12.3 9.50 10.0 14.2 19.4 19.1
n=30

n: ikBRAE Number of specimens, C.V.: Z#{%%k Coefficient of variation, p,.: sBRIRF D% E Density at testing, MC: %7Kk Moisture
content, ARW: “F-YJ4F il Average annual ring width, Ey: #EHREIE DV > 7 {% 4 Young’s modulus by longitudinal vibration method,
Epoppt WMT DT Y > 7155 Apparent Young’s modulus in static bending, Ey, y,.: ELOHIFY > 7 %% True Young’s modulus in static
bending,ay,: #IFLEFIBRE NS /] Bending stress at the proportional limit, oy,: #iF58% Bending strength

Table 3. ASTM D2915-98 1T & > TEIKHE 15% KEDAEICHHIE L 7o O fi T i M RE
Results of strength properties of bending for lumber adjusted to 15% moisture content by
ASTM D2915-98

E E, E, 4

f-15% b-app-15% b-true-15% b-15%

(kKN/mm?) (kKN/mm?) (kN/mm?) (N/mm?)
1Efg Regular square lumber Mean 12.4 10.9 11.8 533
n=230 C.V.(%) 9.20 8.88 12.4 13.4
“Fff Square lumber Mean 12.8 11.0 12.7 472
n=30 C.V.(%) 9.51 9.93 14.3 19.1

n: sl B A% Number of specimens, C.V.: Z @) {%%( Coefficient of variation, Ep.s,,: T 7K 15% RF O I ffi
1E U2 HHRBE DY > 7' %5 Young’s modulus by longitudinal vibration method adjusted to 15% moisture
content, Ey oy 150: 137K% 15% RFOMEICHHIE UTe JANT Ol Y > 7' {741 Apparent Young’s modulus in static
bending adjusted to 15% moisture content, Ey .15y 2 7K% 15% REOAEICHHE L 72 EORRT Y > Z 123 True
Young’s modulus in static bending adjusted to 15% moisture content, 6,sy,: 2 7K% 15% RO EICHLE L7z ih
3% Bending strength adjusted to 15% moisture content

PR G HIZATRIZE M 5 11 %3 5, 2012]
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D, ANVEMBOD 18 M5E U 3557 4 fifE
FRIC K BMHICHIE L7 ( HAREES%S | 2003) DT
HB, WMIRINEIC X BV VT REOEHEMEE,. 7—X%
H#0 11.81kN/mm* IZ K L. IEAH 12.4 kKN/mm®, “Ff
N 12.8 KN/mm®> TH D, WInE F—xELIZIFRAS
T B foo BT O Y > R8O
F— 24D 11.01kN/mm? 1<% L, [EAA 10.9kN/mm?,
FAMN11.0 kKN/mm> THO, WIThET—RELIFEFE
FASDMHETHo 7, ThbDE, KEAKLSEM LT
BV ZEEIE, B0 LL EERME L MBI TH
2LVHRDIEHZH, T S T8 L X
TIRIEIAETHZ T Lo iz,

O: IEA Regular square lumber

y =4.55x + 3.84, R2=0.38, p = 0.00
<: A Square lumber

y =5.10x — 8.88, R = 0.38, p = 0.00

< 80
IS
£
£
< 60
()]
&
o 40
£
g
" 20
@ N Eo0% FE-1-HE
iy Specimen below E90
# 0 ‘ .
0 5 10 15

BATOBITFY LS % E (KN/mm?2)
Apparent bending Young’s modulus

SR S O FIKERAER O WS Ol v > FRE iy
% & DR

Relation between apparent bending Young’s modulus
and bending strength of lumber adjusted to 15% moisture
content

Fig. 2.

Table 4. B4 G DMEFERRRAERODAS
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PR EZIC DN Tk, BKEMEZRDOEAB XU
O Z N ZF N 53.3N/mm’, 47.2N/mm’ & 7%
D, MEWVWIC KB TEIRPRED NI, T— 2%
O MF I DAL TRES FAM O5RIEEERTE ) I
P THMEWVWZ 150mm ICHiIELTMETH B, G/KHE
fili IE# O ARGRERR D FIGE & R D /7L THIIET %
&L M EOEMIE EM . A TENEN ST.ON/
mm®, 49.1 N/'mm* £7& 0, 7—%HED 56.9 N/mm* %
WIENE Moz, bbb, Rk 7—2ED
R oy >y T BREOFEEHEITZERAETHE L LT
BRI 2 Lk g 2 &, ARB R —lnae / F 43
Mi& o s, thiFmEns HRnwT Ehbh o, 2
72U, Aoy > R8N E90 O EUE FERME T
% 7.8kN/mm’ % FEl > 72 - 1 K% BRW 72 ik Bk ik
IZ DWW, E90 I wHis U 7z K UETR T 30.6N/mm? ( 3%
#H,2000) LT B L, TH 1 IEZRWZTNTO
FBR R DY Bl DILHERR S 2 blnl o 7z, £z, IEMA DL
WHRIZIC DWW T E S IS K 2 iR A2 ERED 5Nk
Mol

3.2.2 Mt EHERE M

SLRE i D HE I i AR O G SR 72 Table 4 17”9, Tk
BN 20% Z2 Lol - il Bk, FABIU¥EATH
1 & DH > 7M. ZNUNDORBKIT T R TH KR
M20% LA FTH o e, MIFTRIE LMD IET. it
J K 0 7 KR 15% FE DRI MEICHIET 5 &, IE
13 X UM OFEEIE &SI 33.4N/mm’ & 75 - Tz,
HHUTHRIE & (3B % D fEEMRE O E RIEFED 51
T o Tee T — R OKET MEsRE O E I 33.1 N/
mm’ TH % DT, RakBRIKDHEEMRE X, — 7%
b /M EZEAFEOMEZ R LTz, 3T O
RIC I 2 BB IEB ORI EMmmE. Ehd ol
Y 2 TRE E90 & Rlal- 72 F A4 1 K& &8, E90
I RHIE U T2 FE i O FEHESR E 24 6N/mm” 7% A - 7z,

BB IEZITTDRVIREETO, A DOHEEMEY >

Results of compressive tests parallel to the grain for lumber

MC Prest E, E, o, a,

(%) (kg/m?) (KN/mm?) (KN/mm?) (N/mm?2) (N/mm?)
iEff Regular square lumber Mean 18.7 498 10.9 10.4 15.5 26.5
n=30 C.V.(%) 5.34 7.53 9.38 17.0 27.5 10.3
I Square lumber Mean 16.9 487 11.5 29.9
n=30 C.V.(%) 5.46 8.66 13.8 12.5

n: atBRA%L Number of specimens, C.V.: Z@{&%{ Coefficient of variation, MC: & 7KkZ Moisture content, py.,: akBRRFOEE Density
at testing, Ey: ft4R 1% D ¥ > 7422 Young’s modulus by longitudinal vibration method, E.: i [T 5 ¥ > 7 %% Compressive
Young’s modulus parallel to the grain, o,,: it H i Lt i B & Ji& /) Compressive stress at the proportional limit, o,: # H: #iff 58 /£

Compressive strength parallel to the grain
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O: IEA Regular square lumber
p = 0.0538

40

30

20

10

0

HtEMERE (N/mm?)
Compressive strength parallel to the grain

0 5 10 15 20

HtEMEY T RE (KN/mm?)
Compressive Young’s modulus parallel to the grain

Fig. 3. IEfA DREEAEY > 7B L HEERTRE & DBIfR
Relation between compressive Young’s modulus parallel
to the grain and compressive strength parallel to the grain

TRELE MEE AR S & DR % Fig. 31CRT, —ikm
IR HEEREY > 7 (R B & MEFE MR & O R I AH R BY
BAEHEND T EDBLV, KRBT, Bk
95% I BT, HEESEY > Z B & Mt ERGRIE & O’
IIEHBIBRIEERO 5 NS, BKBHIEZTT> A
& FRRICHBABIRIZERD B Niah o Tz,

B AEIT DI, BB DO D 2 IERa A &
IRE LT, BKEGIEZIT > T2 #h 35 K UHEL s =
DWW TEHEKAE 75% 1810 % 5% FIRMEAERH L
7= (ASTM International, 2010) , Eff. ‘FAZNFN
I DWW THEERETRZ D 5% NERAE / th P58 D 5% T
[RiEx2BEHT 2 &, £ T 26.6/39.9=0.67. FfA T
1% 26.2/30.4=0.86 L x>z, AFIEMMERSRE LT
[FFREDLE 0.84 (FRH:, 1988) Ik LT, AikER{AD
EATERATNEL, FATRHEERFOMTH - T

323 BAMGRE R

BR OB AW BR O K5 R 7% Table 51279, DA
DOMIC KB ARBBOFEREZLFBIEAICKS L/ F0D
KRG AW OFR (HIES , 2006; L5 ,
2010, 2011) & LR#E U7z, SCHR O A WTIE FE O -5 fiE
37 N F N 8.74N/mm’, 6.79N/mm*. 6.68N/mm’ T
HO. RRBAKD P 6.14N/mm* 1k, ch 5%z R
blo 7z, 7ef2L, SAWREIEEOEEZKEL
ZU 5 (HRHED, 2006), 4G A D% FE O 15l
491kg/m’ 72 DI K L T, XEKOHEE O FHEIZZ 1
ZFh 515 kg/m®, 513 kg/m’. 529 kg/m’ THH., VT
NOEEDEE L ARBOKEL D KENT AT

O: IEA Regular square lumber
p=0.261

10

O

6 @%8“0

2

HABBRE (N/mm?2)

Shear strength parallel to the grain

0
300 400 500 600

# E Density (kg/m?)

700

Fig. 4. (EAOEE & ¥ AWHRIY & ORfFR
Relation between density and shear strength parallel to the
grain

AWBRIEDEVICHEL TWVWEEEZONS, EMAD
BIE L AWIRE & OMGRE Fig. 4 1ICR77 . AT
I, AEIKEIS% I BV THBIBEZRIERES 5 ik h
ST, BEDK 550kg/m® DL EORERIAZE R &
BENRKELZZICONTEANRE S KEL G 5HE
mCH - 7z,

BB, B/ FOFAWOHAERE X, SR (8
WA, 2000) . H GRS RIbE B A X 50 b
EHIC 2.IN/mm* TH B H. TR TOREBRIKD 1 AW
JEHERR T A F A5 7z,

3.24 &Y IAHIEEMRE

SR DB 0 A FH IR DR & Table 6 IC/RT, [
MDD AHDEAE®E | ([FELA8EE , 2001) O/
F O FHESRE 1 7.8N/mm® TH B A, T Dlid AR ER
CBTEB KUK EOBE L T iEN RS20 (B
F&,2010) . HAliCZbTE ARV, £ T, Kk
ARk DR T IETITo TR BIEMICE S /FD 8
DAFEER (1LHES |, 2010, 2011) OFEREZHWTH D
IAFGRIE A LIS U Tzo ARFRBRD 8 0 3A B8 [ 0 -2 i
9.8IN/mm” iZ %t U T, ik O F ¥ i 10.18N/mm’,
11.8IN/mm* TH b, RekBO FHHEIE HkE X O &
INE o Tz, T2 L, BAWERE L FEEE. & DIAHK
EEBEEORE R RELRZITS (FHRS, 2000; #&
5, 2003; HiE 5 , 2004b, 2010), Ak B& 0D 25 i Y
499kg/m’® TH % DITH LT, SCHRAE D 5 5 O - 1 il
FZNZNn S51kg/m’, 517kg/m’ TH b, Xkl D%
EMRZENCLEDDAABMEDORZTIICHEL T

BB HIRTEES 565 11 %3 2, 2012]
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Table 5. B O A WERBROFE R

Results of shear tests parallel to the grain for lumber

MC P T

(%) (kg/m?) (N/mm?)
1Ef4 Regular square lumber Mean 17.0 491 6.14
n=30 CV.(%)  4.09 9.70 10.3

n: akERIAZL Number of specimens, C.V.: Z#{%%{ Coefficient of variation, MC: &7k
AR Moisture content, p: X¥Z# [ Density, : & A Wi Shear strength parallel to the
grain

Table 6. & D& D IAFHFABEROAGR
Results of compressive tests perpendicular to the grain for lumber

MC P Jeso Seooy L

(%) (kg/m?) (N/mm?) (N/mm?) (N/mm?)
1Eff Regular square lumber Mean 18.5 499 9.81 6.00 4.52
n=30 CV.(%) 489 8.06 26.5 22.7 22.6

n: akBRIAEL Number of specimens, C.V.: ZEB){&% Coefficient of variation, MC: %7K Moisture content, p: Xz
[ Density, fig: 8 D ABHRE Compressive strength perpendicular to the grain, fio,: 8 DA BB RERT Yield

strength perpendicular to the grain, K. o: & 0 3AFI1: Compression perpendicular to the grain stiffness

5LEZBEND, T, THM DD D AH D FHERE
T/ FELREUEBEROATSY (FES, 2005) B
KT (FHARS, 2006) D& D AZIRE D FEHHEIL.
FNZFN9.28N/mm’ 11.IN/mm> TH 0. KD
4 4E 9.8 1N/mm’ 13 T DOHIPHICH - Tz,

3.3 ER NI DR MERE

TR NI BR IR D - HEIEAE - B AW - D DIAA
RO R A, TN Table 7~ 10 1279
R O Y > 75804 X O 58 o iE
ZNFN 10.7kN/mm’, 82.4N/mm’ TH b, [ A# T
¥NY RT w7 (BREREIIZERT, 2004) O/ F0
Bl 9.0kN/mm?, 75N/mm?’ % F[al > Tz, £
R Ul D FRER A & B D FRER 1A & D F R A 2 Lk B
&L MHEBNEIC K B YU IR Rhdoryy s
fREL M LEBIBR SIS, B X Ok, Ak
B 9S%ICHE VT (L FIARTHEBE) . &Il
AR ER A D EE D R OB A D Z N K b KEHh 5
Too —MDEIEERIM T, BIRRPER T I B D £
NS A - TEE DA L 2 R I & E D %
ET B RAMEBNEAE L, BEHEOM X 0 &8I
WM O YIEE - IEEESEATVW S TN
TWa, LU, JEHE ORRECIEED S8R m
STHEEN ERALTWL —F, AF, b/ FTlE, #
HEDBwEAE L. WEICHD > TR F L, B TE
BB (N, 2007 %8 ) T DBV, ARBIKICH
WTH, BRI OREREK & B OB A & Tl HE
DI Z N Z N 449kg/m’, 506kg/m® TH b, Fit
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AL O B ORBIADOBEDIZ S BERICKED
oize Tz, MFLIAN OMEIEHEGRE, € AWITREICD
W FRIBEDE D H S Nz, BRIS/NRBIEICENT
. BEDRZICRITTREBIIREL BEAIKD B
Bl OBENKED > Tz &M, BRMNK D & EEM O
FRENKEN S LFERNTHB EEABNS, £ T,
FIREMED DEEOREZRE LI ZNETNO LR
(9P /%8 ) % Table 11 1<R”9, TXTODLHGREIC
DV, B MO & R OBk L O TIZIE
AZRIIBDHOLNT, FEFELWHTH - 7z, §iNHED
BEEMNEHC X ICEWVAFTIE., BT b TR
flotsmENE W=D, 2., ELS (1964) &k
BEAMER & KM & DR 2 RD BT DiEEE L
THCHEY > TIREC LEREEfE s 2 BRI L, Z OBR
ZHHHILL TW5b, —77. AKH (1972) &, FHkD 7T
BT/ FORKBME & BT & DR Z G L
e, AFEURTHADODK W RN#ETHS T &7
B L TWVW3d, RIFFROKREI L /FDI DX S Ak
MERFELTVELD RTINS,

FAWEERORE R, B AMREOEfEIE, KEH ik
KU H EE AW TZNZF N 9.29N/mm?, 10.1N/mm’
THb, AW AW OFIIEMHEH S AW DZEN
KOHEICKEN ST,

DOIAFHREDIER, LED 5% B DAHGHEIX,
BB LR Ttz nZE N, 10.9N/mm’,
9.98N/mm’ TH b . VAR LLHIBRE G & &1 2P 1%
Hrhn &AM OMICEERZ G EMoTz,
DIABGREVEBEIC DWW T B EE L OMHBMNENT &N
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MoNTHO HHS (1982) 1. M 11 FEICDOVT,
LbEE & AEH (T M) i B0 B LRI FE IS
BERU 5% D ORARBEEICDONTOHRBKRAZRL T
%
, =-44.8+211 R, (1)
05, =-91.3 + 415 R, ()
TTT. 0, 3O DABRLLBIREISI]. o5, IFHLED
5% HDIARKIEE, RIILETH S, TNEDORITAK
RBOBEMT M TOLEOFHERAT S &,
0,= 54.6kgf/cm’ = 5.35N/mm’, o5, = 104kgf/cm’
102N/mm* & 7% %, TN 5 Ol & A G B o 1 ¥ .
5.84N/mm?, 9.98N/mm’ ICJEHITITVETH 0. AR

o. =

Table 7. B s/ NGRBR A D i B DA R

Results of bending tests for small clear specimens

IDO, H. et al.

BRCH UlcidBik Tt 3IEC o BRI T e
bhote,

FEREABRE & FEREER R &\l — DB R 5 $REL
U 72 R /INRBR KIS DWW T, Bl b (SERGEBR R D
R/ MR RUNRER IR OsR &) ZRH Lz, BB, 1
EDFRM M S5 ERIL L 7o R SUNRER IR D E D %
LD, MR EUNABKIRE 2 P LT, Z O
B i HEEME, BAKOMEIEZENZE N 0.53,
0.65. 0.64 L7z > Tc, MEHEKM (E@HEH ) I
S, MEEREOMIEIZZNZE N 0.45, 0.62 TH D
( HAREER 22, 2010) DT, A/ FO5sEkbid. Mt
LR ORI HENT #I AR E S HEE A

MC P ARW E, E\ oo Oy o,
(%) (kg/m?) (mm) (kKN/mm?) (KN/mm?) (N/mm?) (N/mm?)
EEEL Ui
. Mean 11.5 471 2.06 12.0 10.7 439 82.4
All specimens
CV.(%) 497 11.8 27.5 11.9 11.5 14.3 12.4
n=49
Rt R JURABR A
. . Mean 11.4 449 1.69 11.3 10.1 41.4 76.7
Specimens on the bark side
CV.(%)  4.70 9.69 22.6 11.9 11.8 15.7 9.67
n=25
HHERER A
. o Mean 11.5 506 2.44 12.8 11.3 46.5 88.4
Specimens on the pith side
24 CV.(%) 532 10.7 19.2 8.83 8.21 10.7 10.6
n=

n: akBR{AEL Number of specimens, C.V.: 8% Coefficient of variation, MC: 7k Moisture content, p: %57 % /% Density, ARW: £
AFiE Average annual ring width, Eg: #HREREDY > 71%%( Young’s modulus by longitudinal vibration method, Ey,,: 52 O v >
%4 Apparent Young’s modulus in static bending, a,,: {117 U ESS )] Bending stress at the proportional limit, oy,: {#137%/% Bending

strength

Table 8. R s/ N BRIA DHE EAFAERDOHER

Results of compressive tests parallel to the grain for small clear specimens

MC P ARW E, o, o,
(%) (kg/m?) (mm) (KN/mm?) (N/mm?) (N/mm?)
iRk
. Mean 12.7 468 2.07 12.0 30.0 40.6
All specimens
C.V.(%) 1.97 11.3 273 13.4 26.1 11.3
n=50
Rt B fRIABR
, ‘ Mean 128 446 1.70 11.2 27.8 38.4
Specimens on the bark side
C.V.(%) 1.85 10.2 223 13.0 20.4 8.61
n=25
EIERRES
. o Mean 12.7 490 243 12.9 322 42.7
Specimens on the pith side
” CV.(%)  2.09 10.4 19.8 9.89 28.3 11.0
n=

n: Ak BRAA%L Number of specimens, C.V.: Z @ {%%( Coefficient of variation, MC: % 7K3 Moisture content, p: %2 % [
Density, ARW: T4 iiilig Average annual ring width, E.: M4V > 7' %% Compressive Young’s modulus parallel to the
grain, o,,: HEFEAELLBIRRIE NS /7 Compressive stress parallel to the grain at the proportional limit, o,: fEEAERE Compressive

strength parallel to the grain
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Table 9. JER s/ NBR A DB A WRLEROKGIR
Results of shear tests parallel to the grain for small clear specimens
MC P T
(%) (kgm’)  (N/mm?)

HEH T Gt i
. . Mean 11.9 462 9.29
Radial surface All specimens
C.V.(%) 1.77 11.4 14.7
n=49
TR IR BR O
. . Mean 12.0 438 8.77
Specimens on the bark side
C.V.(%) 1.59 9.82 12.4
n=25
BliIRER A
. o Mean 11.9 486 9.84
Specimens on the pith side
C.V.(%) 1.91 10.7 14.5
n=24
M H i Sl ik
. ) Mean 11.9 463 10.1
Tangential surface All specimens
C.V.(%) 1.87 10.8 159
n=49
Rt R fRIRBR K
. . Mean 11.9 441 9.35
Specimens on the bark side
C.V.(%) 1.70 10.2 13.1
n=25
[EIERETIES
. o Mean 11.8 486 10.8
Specimens on the pith side
o4 CV.(%)  2.05 9.42 15.0
n=

n: AlBAEL Number of specimens, C.V.: ZEH1{2%L Coefficient of variation, MC: 7Kk Moisture content, p: 4
7251 Density, - ¥ AW Shear strength parallel to the grain

Table 10. &R 5UNAERIED D O SAFRGHERODAGH
Results of compressive tests perpendicular to the grain for small clear specimens
MC p o o

ep 5%
(%) (kg/m?) (N/mm?) (N/mm?)
R0Vl
o o Mean 12.4 464 5.52 10.9
Loading in the radial direction
CV.(%)  2.02 11.2 28.5 223
n=25
EoTmn
o o Mean 12.4 471 5.84 9.98
Loading in the tangential direction
55 CV.(%)  2.12 10.2 19.9 19.1
n=

n: ARERIAZL Number of specimens, C.V.: Z#j{%4( Coefficient of variation, MC: 7K Moisture content, p:
KU Density, 6., & 03ARUBIBRIENG /] Compressive stress perpendicular to the grain at the proportional
limit, o.s,,; YIED 5% 8 03AFEEE Compressive strength when compressed to 5% of side length

Table 11. F5RALIC 35U & it e MIRABR (A & BEMIRASR (A & DLLSRIE (501 / S ) D LLiE (~FfE)

Comparison of average specific strength between specimens on the bark and pith sides, respectively, at each

strength
iiil>g e AT (HEH T ) A (B H T )
Bending Compression Shear parallel Shear parallel
parallel to the grain to the grain
to the grain (Radial surface) (Tangential surface)

ot R SRR A

. . 0.171 0.0865 0.0200 0.0212
Specimens on the bark side
[ HUEREGES

0.175 0.0876 0.0202 0.0222

Specimens on the pith side
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Weather conditions and distribution of snow water equivalent around the
mountainous disaster area of the 2008 Iwate-Miyagi Nairiku earthquake

Yukio YASUDA ", Shoji NOGUCHI ” and Toshiaki SAMMORI”

Abstract

The 2008 Iwate-Miyagi Nairiku earthquake caused many sediment-related disasters in the mountainous
region of Mt. Kurikoma. In this study, we analyze the evolution of weather in the disaster area using
meteorological mesh data estimated from Automated Meteorological Data Acquisition System (AMeDAS)
weather station data, and describe weather conditions before, during and after the earthquake. Although annual
mean air temperature in 2008 was almost the same as the quasi-normal value (the normal for the 10 years from
1998-2007), air temperatures from January to February and from March to April were lower and higher than this
value, respectively. Precipitation was extremely low around the day of the earthquake (June 14). The period of
low precipitation continued for a month after June 14. There were no heavy rainfall events for a month before the
earthquake; however, average total precipitation exceeded 200 mm in this period, higher than the quasi-normal
value in the same period. From observational data of Radar/Raingauge-Analyzed Precipitation, the tendency of
precipitation distribution in the disaster area was such that the local maximum value was frequently found in that
area, and accumulated precipitation was greater than that in the surrounding area. Estimated calculations showed
snow water equivalent in winter 2008 was greater than that in 2007, especially at altitudes over 1000 m. Although
the higher air temperature from March to April 2008 accelerated snow melt in the area, snow cover remained
locally at high altitude until just before the earthquake. Consequently, at the time of the earthquake, soil moisture
in that region remained high, owing to snowmelt and rainfall.

Key words : AMeDAS mesh data, distribution of precipitation, distribution of snow water equivalent, Iwate-
Miyagi Nairiku earthquake, radar/raingauge-analyzed precipitation, weather condition
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24 ERT7T—2 LKA

TARZAT—=RZD Ay a{bld 1998 £H 5 2008 4F
FTITo7z, T2 EKRTHRELET AKX R
FHHEHE (1998 ~ 2004 4 ), 7 A X Z4EH (2005 ~
2008 4 ) TH B, MM ET —ZEF L KRITHE
O RN N EEH (2007 ~ 2008 4£) ZHA Wiz, W
NOT—2% (M) KEEHBLIRL 2 —DERITE
nTtVs

AMETIE. 7—2OEFAM & L TEAZMERH L
TW2H, BFHHEARTASBHME OfEE (K5
J7°,2005) IC L7e> TiED Tz, HHICIIEH ¥ H 2z
Ao, FAZ1ANMS SACEIKKY - TH 1A h
SHe6aE Uiz, 22l o6 Lz Hh 5%
DADAKHETE LTz,

KEHICB T 2 PN RKREZM 2R ST, &
AwyallBWTHAT LI, 1998 £ 5 2007 £
ETO 10 EMFEEEZRD Iz, T OIFIHE 7 HEEAE
i (Quasi-normal) & U, ¥UEEAEA{H & O 7 72 UESLAE 72
(Quasi-anormaly) L FERT &9 %,

CTNLIBE DRI Tk, 2 B OEKE T — X % F
LTW5DT, TTTHERZLTHEL, 3.1 HOK%R

PO T, R LY FOHIMDTEHT XXX
Ay albT—2ORKEZMEHR Uz, £723.2 Hi
DA Tld. RE/KE PR K & 010 DREH 72 1
B2 5Ot T — 22 LTk,

3 ORIREER

3.1 KEMICHIT S 2008 EDOTREFEB

Fig. 2IC7 A XA Ay ¥ afbT— 2 5RD Tz 55
BT % 2008 FOXKR P2 ETFHEADLET
P T EITR Uiz, &R & HIREFRE A P E, %
IKEIZPHBEEMETHD, 77— X EIFTXTEERD
HECEHETEIN TV S (BKEDOEE X HEEEY
BB E 55 ), 2008 i B % K F M D F KR
X 8.7°CT. LM (8.7C) MU TH -z, FEME
Kl 1672.0 mm T, EFEAE (1996.9 mm) DFY 84
% Td > 7z, T H IR E 3.7h T, 4 T4 E (3.7h)
ERUCTH> T, FRMETHS &, 2008 4l XU -
FIEEER & & HESEAEN T H o 7o b, BkEA 007k
HDIEEo Tz,

Sum

HEFEERE (6 HEB 3 1A ) O SFE D 5 I HE
FAEME KX D & 0.8CIE EKh - 7z (Fig. 2a,b)s ZF D14,
6 AFIFRNMMEDO X EHE T HD, 7THICAS LHE
S5 ECHIRENTH o7z, 8 AL E @ik & KR
ZROIERTH, L<IC8 A S FAOKIRKTAKNE
Mole, TOEEDPHRIMIE 15.0°C T, HEPAEHE X
DES56CEELS, A FTRHUADIHLE TH>7, 8
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Weather conditions and distribution of snow water equivalent around the
mountainous disaster area of the 2008 Iwate-Miyagi Nairiku earthquake
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Fig2. 7 A X ARy & 2 b7 — 2 53RO I SEFHMICT I B 2008 4FDLURR I & HEPARAH
(@) &, (b) SUROAEPER, (c) Rkit, (d) AR Gk & HIRERRIEE R e, R
KA RAED)
Weather conditions obtained from 2008 AMeDAS mesh data, and quasi-normal values in the disaster
area: (a) Air temperature, (b) quasi-anomaly of air temperature, (c¢) precipitation, (d) sunshine
duration. Calculated data are pentad-mean values for air temperature and sunshine duration, and
pentad-integrated values for precipitation.
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HH S5 AL 2008 ETIREMME N> IR TH D
(Fig. 2¢). S$FEHIC L > TTOFHiE LTRETZWVA
W&E-oiz,

B ERT O SR AE TR ZZRE. 1THE2H
DR E 3A L4 HDEIRMNEF 5N, DM,
Fig. 2b OUEPLEZDRME A B LD DTV, 1 A
F3PAA D 3 AE 1A TR O IREED
L., ESEgEfEZ LRIZ Z Lidhh otz LAMALZED
%, 3 HE 25 5 AW 1 BT T ERO
HMREZ >l &Wbhd, 3 AND 4 AR FIIC
BUZMENEELS, COBHPOKENEGEVENS
Tehb, KEHICBI2MENEELD BEES N
e DEEZS,

Mk E

[k EORGE Tk, SEFEMTIHEREDEREZ
WKIEFEAEMDES T2 EhVbh 5 (Fig. 2¢).
HiERAEIZ 6 H 14 AADT6 A3 FHD%KIICY
DM, 6 ADE I PAB X UCE 4 KIS BT 5 K HE
MoOBEKRKEFZZNZNO01 £ 0.7mm TH > 7z,
2008 FEDSEERICBNT, 2 A ORAERKKED 1
mm A R7Zo7r =23 Mical, EbDTHD DI
Mol BICHIENFELEEWVWZ B, HIERERE
FEKED DI WVIRD OV TED, 8 HE4NM5H6
PO T TE oMM S £ T, HEPEMZ
Mo7z0E 17T TH-7 (T AE S FH ), &<,
6 AS 3 EN 5 THE 2 FHAETO—r AR ORKIK
mE DR, BERKERZ 4.1 mm Tholz, TOE
3. 2008 FFD 6 FAMER/KETERNTH > 2,
HIEERAEFORIKEDORB L H D L, HEFEFID
EXAOREKENDNZ O DR e hbh B, 1
A5 3 HFE TORBEMKKRIZHEFEMT 344.2mm
TH2H. 2008 FiF 197.6mm TH > 1z, IMIEEXE
FHEICENIEE 2008 FLDHAM FIEDVETH - 72 (
BB XARE , 2008), ILEHEZ 2 < S K EFHIC
BOWTCERAMTH- N EI DI ARHTHZH, £
ORgEkEN DI ol S, FEXD EEEND
Thottl@bnd,
MEREERTO— 7 A (5 HSE 3 a5 6 HH2
HAD 6 A ) ORFRKEIZ, 200 mm 2B X TV
7z (Fig. 2¢)s TOHEIE, 2008 FETH B L FHiFDVix»
KR TRV, S HREOF L oMz BT HM
ZERIE, 2008 FEIC BT B 6 PHIFEAKRKEE LT
WBRAKTH- T2 (TXRTZEFL L 720 6 FHEE
[EkmD S B L 8&H ), HETFEMTIE, 7THE
T 6 LARERKEDN 200 mm 2R % T 134k <.
CORHE L TREKAEBKEDNZ > EMbH
%, W5 (2010) (dHEFEERT 30 H M 017 s
BOMNT S, HIEEFRAE A O LK IR E N T

Bholzb#WELTWad, ThiE. —RIORKENZ
NEFEERELGEDNDTZTER92.0 mm OFEEF/KEZ
RoEk L7 AR (5 HEE 4 #4A)) DHEREH KD & 25
ARm7Z->7C EIER LTV,

=L

HIGRER O Z B, TS FICEEEEZ NIFT C
ERBENVWEEZDDN, 2008 EOKEOF LD ELT
Fig. 2d ICZ DB ERL TH L, FTHIEFREMEZ
(6 HEE 2 PRI B 4 14 ) FHEFAMEE AN TEIR
TholeT b, WE %D THE 8 HIZR/KE
Ol U THEAEE K O & RO MW Z o 72 h5,
9 ALIRE G RS Z RO MMM E x> To, HIZERTD
iz H s L. 3 HRETFHELD & B S KD
2, AHEUETE 2% Z EHREMPED > T2, 4
HIEZE#FHDRKE NN, AFETIIEEFEIATH > 7z,
3HEAHOHBY VIl kot ik, T ORI
DEiREm E AbE T, KFEMO@EEEICHE L 725
oz vz b,

32 KEMICHBIFAHERENEOBRKEDH
HIER AR ZORER A XY MMDOWT, KEHICE
U B Bk RN EEAE 2 B D AN R 20 < DEL
D B, SEMELORIKED 2PN, BkET
— ZIC X 2008 FEREMTR TR Z AWz, LD Lz
[Er N> Mld 2008 4E 5 A 4 H), 6 HEE 1~
2 k), 8 A4~ 5 O3 MTHS (Fig. 20).
BB RO KEDMK (Fig. 3a~ 3c) Tld. k&
DAHOBKZHH LT TR, T—XHEDX
T=IVHK T EICH > T3,

2008 £ 5 HE 4 ¥ ADMEKENTH

Fig. 3a I S M8 0 2008 4F 5 A5 4 4 (5 H
16 ~20H) KB MERKES MR Z RS, TO
BERN AN RE S H20 HOBERAETH - 72, KR
AL LT, miboREICHE x5 /P H 3
MR& O &M CRFEERN) TRKEDZ < 7% 3 m b
Bolee KEM (BRRN) KBTI, ZEFRKT
70 mm DL FOREKEDNEIE Nz, FEKE O MK I
B ER E FIE T S 728, 100 mm DL O Rk
EZhoT, ELICHET - E - BAHREDSRL TOR
IKEMERLTEZL, 200 mm ZBZX T, TOR
BEEOEWIREMTIE T 5 IEKkENZ <, 300 mm %
ABAY Y a2 bR TE R, SEMICHT 2 RAMIE
309.8 mm Tdh o 7z,

2008 6 HE 1 ~F2HEDMEKEDTH
Fig. 3b i 2008 £ 6 H &5 1 KA h 55 2 4 (6 F
1 ~10H) ¥ TOBEEAMKEDHKERT, TOEN
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Weather conditions and distribution of snow water equivalent around the
mountainous disaster area of the 2008 Iwate-Miyagi Nairiku earthquake
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<@ T TR Precipitation (mm)
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140.4°E 140.8°E 141.2°E
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140.4°E 140.8°E 141.2°E

Precipitation(mm)
100 150 200 250 300

Fig. 3. fANT & 5 & & &7 SEEHE A DK =73 A
(a) 200845 A 44 (5 H 16 ~20 H) B 2 REEKIK R
(b) 2008 46 HES 1 A 5H 244 (6 1~ 10 H) & TORER/KEIN
(c) 2008 4F 8 HH 4 FHMBEH 5 A (8 H 16 ~25 H) X TOMERKE/I
T—2MHD A —)b & (a)0 ~ 300mm. (b) 10 ~ 110mm. (¢) 100 ~ 300mm.
BN K E 2
Distributions of precipitation around disaster area: (a) Total precipitation in 4th-pentad in May 2008,
(b) 1st — 2nd-pentad in June 2008, (c) 4th — 5th-pentad in August 2008. Scales of calculated data are
(a) 0-300mm, (b) 10-110mm, (c) 100-300mm. Area within yellow line is disaster area.
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ARV KMEZ6HSHAND 6 HICHT TORERAFLD
ARV ETHO, MBRLEEOBN AN N TH B
(Fig. 2¢). FHEHAMIAD 10 HEH 2 M, KFEHICEH I 3
FFERKEIE S A4 k0 e Diahote, KHEH
JEAT DR KEDOM A IE, AT « =ik - R RBI
e ZzomEicBNnz, BERKE 60 mm Z#BA 2
HiEIE B & 5 . KRB - g XD « LHFED
AUz, EIWRMAB I, SRR 2 L, —8)l - =
W - S8 B, 7 U CE FRMELR - )0
it (RIEARME LS , 2009) ICJAD > Tz, 5
HE 4 Fa0EA LU, ZIROEEMNTE Z DR
fihc & < ICHEWEKEZAAH O, 100 mm Z#H 2 %
Ay a IFEE LTz, KEMICH T S AT 144.0
mm THH, TDHOAYaTD6H6HDOHEKERZ
94.8 mm TH - /=,

2008 FF 8 BHE 4 ~F 5 ¥HADMEKEDT

Fig. 3c I 2008 4 8 [ 55 4 L 40/ 535 5 14 (8
16 ~25H) ETOBEBEMKEDHXZRT, TOH
X 2008 F Tib KERMEN ANV P ZFTATVS
(Fig. 2¢)o 8 FI45 4 FA1m B 6 141 £ THKRN S
WA, B4 BRUE S PHOUEFEEZN L ICKE D
Slfed, TO2PAFMEMZIND LS, T DOREN
ARNVHMESHI9H~21 HB XU 24 HORERAH
DTH o Tz, KEMEI T, 200 mm ZH 2 3 kK
HODAED . B LARE M 3 X O L R AEERIC LD
ST\, KFEHICBL T, & ITEBIRMT 250
mm %82 5 MRS MEDN N, TG TIRAT
. SRFEHOILER I X CHEAIC, JRHATIC 250 mm %z
25K BEKEDMEDEELTZ, AF - B -
R VR AS 3 36 K OB i UR 0 55 5 3t & 5 = DR 558 5 3t
JEEBICTEBEKED 300 mm Z T A v a8 H0. A
FPHIC D> T KN EE S LIEARNY FThH o T,
SEEH T DR ARERFKE X 419.6 mm T = IR Eith
HOWEHO IR TET TV, i, KEHDOS
TFIRIEES & SR N T2 R AT R o Ak KRIRA
IS SO X O D & o F s (IR B e
—BIH T 4 X ) (Tl LTWvwad (B
EHE, 2009),

b, 3DDBEMANY McHBELTWA ST ik,
KEMATE TIEEFEKRBEOMKIBNTERESND Z ENE
<L ERICAT - B - REREAHE (ZEELTAESE )
O KEMEEET (HIKIEM) BT BEKENZ N
. Thad, & UHIEFRLBERICHELEMZ 165 X
IBEBERANY R FEL TV 6, SEEICE
WA K O & KERBKESTRENEC TN D
LNaw, MEBERKIC, WEAESTZOE TR LI
KB I FORBENIEFICE T > T iah, %

P A B XD R ER AN LT T
Lld, REBRZREENRE LG RBINDO—DT
HbBLEZD,

—J5. MR — 4 HM 0K ERICE D 3 BKkE
WBHEEAEM K D B2 < (Fig. 2¢). F /KB DAtk H
KRIARSE T & &5 5 728 (Fig. 3a, b)., THDHIEIIC
XIS EDIRKIC DN > Al H %, K&
i Hh g O HERERE G 1, MO EIRIKG 2 3 &3 5K
OHEREA D FEBZISHERIKEDE S F vy Ty 7 H
ETHBT N2V (ZFH5, 2010), @A (2008) I
FhiE, EEEECHEORELLF Yy oy 7
B RKERDRT L, NPT XD DOFFH L 7%
%, WERAEROMRKED, ILWHSEFEOILKIC E DR
BRI LIEONIHS DT AEWD, BER
MOBERICH T TOMBELIERIMZKEGDE o
THIRKALZ ERE 8, HiEE)ic K % pi - #thd XD
EHEIELAGEELHZ EEZ S,

33 KEMICHSITBILMBESKED RO

AT - EHAREHZ ORI, (LE o &
EIC B AMEOMBE RN L L EL > TWVWBTo,
HEmANDOKMIEBIIWZT Th{MB/KEEET S
BN DB, AT TR /NI - B (1994) DI
X2 LMWK DOIEREHIH] (NEHH) I &> TRHK
BEZHEL, AR T 7)) — « T X > Tl
IKEDHEEZTT-> 72 (WSS, 2002; 15, 2010)
S A & <L LIS 351 B 2008 4 0 LA
FBIKEDTHORBERAXRS DI, 77— 2Tk
2007 & 2008 FDOFTKEN T DL 21T > 720

3B 1 HICEIF5 2007 F£& 2008 FOREKEDH
Fig. 4a & 4b1C 2007 4 & 2008 £ 3 H 1 HE ST
DOKFEHH A B BFEHKED A2 R U, L
WIS B 2 AN ERIE I 3 AL S FaICihE
50T, 3A1HEMBHmOMI/KkENMZLL T
EDTHB, KMED, 2008 EDEE/KEIF 2007 £ X
DENITDEN ST DB, KEHICEIT B
HREEKERE A D L, 2007 4£1X 253.2 mm. 2008 4F
1 440.7 mm TH > 7z, 2007 FEDOREHFIZIRER VDI
I ICEP L THE D EE OO EH /KR
Wiz o Tz (Fig. 4a). 2008 41 BB LR vu 4] ( H A
) TORIFKREN 2007 4£ L IR THS McZ»
TEND, KENDOFEHADEEDN 2007 FX0D &
REhoT=T ehbhd (Fig. 4b). HARMHDES D
SARERE . BOPIARZ B Z CTZORME TILN > TH
D, TORDSEEMICEHIT S 2008 4 DRI E K E IS H
i,

2008 I ER I K 0 & bloiIc R e K E
BEREBKEDGEEDEE LD, T I EED
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Weather conditions and distribution of snow water equivalent around the 143
mountainous disaster area of the 2008 Iwate-Miyagi Nairiku earthquake
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DI E—
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140.4°E

" — g
500 1000 1500

140.3°E 141.2°E
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Fig. 4.3 A 1 HIC BT 2 KHHALORZ /KR (a) 2007 4, (b) 2008 4.
BURT— ZIIREE /KR 100mm B F. SRR NI S E 2 R T
Distributions of snow water equivalent around disaster area on March 1: (a) 2007, (b) 2008. Calculated data are
for more than or equal to 100 mm. Area within yellow line is disaster area.

Ho. KEMIHBIZOMBICDH TS, SKEFHME
NTIZ DI & AT« Bk - A RBEOTEMHI D i
HTHEEKEDOE—=IHAHLN, 1000 mm A 5 1700
mm OFEF/KEZRT Ay ¥abAhbNiz, 2008 FED
SEMIC BT B EBZKEFMORHO—DIF, Hm
EHBICHEEKRENENT 2 2 EXFEF 5N S (Fig. 5).
Aw ¥ akEEZ 500 mBICKY) S &, K0 ik
FKkE1Z 500 m Al TIE 264.6 mm, 500 m LL_E 1000
m ATl 607.5 mm. 1000 m L FTi& 839.5 mm T
o Tee 2007 Hid. T O ERFEDELES O & Wi
HTtZUlLL<, TNFN97.0 mm. 419.4 mm. 453.9
mm Toh o7,

4 B 20 HITH T3 2007 F£& 2008 EDEEKEN
Fig. 6a & 6b I 2007 4 & 2008 ££ D 4 F 20 H K s
TOXKEMEDICBT 2MEKkEfHZR LIz, 3H
1S —» HYLLERE U, SEEMELORE D72
WSREARK T ZR LD TH S, FEKBEODTH
MNE, BELE T ORI /2 % & L s o A v i
IKHEBENKRD T Db h B, K& D &L Tl @
WENZSH, 3H1 HOREELEZDO%RDOMEEIC
Ko THBKENEZLL A>TV RHEEH L, 2008
EOKFHTRAETF - B - RAHESIHE T 1400 mm
A BAY Y abFEE L,

FEKEDHO@PAZH S L, 2007 FEX D H 2008
FEOFPHNEL o> TV, MEBHRTOREKEIZ
2008 SEDIE S NEN - T-T M5, 2008 EDFLE D
WAL T EHZERELT WS, 4 H 20 HEF OS5 EH
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Fig. 5. #EMT/KEO @ KA. KURT — 2138 500m
DX P,
Dependence of snow water equivalent on altitude in 2007
and 2008. Calculated data are averages within 500 m
altitude intervals.

IS 2 TS KR, £ 500 m DLE 1000 m A&
iifi T 2007 £ A 234.7 mm, 2008 A 107.0 mm T
Hoteo LML 2008 FDRIEHKENZ DTz &
5. #& 1000 m LA 1T 2007 448 563.0 mm, 2008
M T711.5 mm & 2008 FDIE 5 W 26% 2> Tz,

KEHICHBIT2BEKELRTKEOETHEIL
Fig. 7a-d 1, S$EHIC KT 2R TE/KE LTk E
DOFMHEAL DR T2 B AHEIC R Uiz, KR Uz BRI
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Fig. 6. 4 H 20 HIC 3B 2 SEFH L ORIZ /KRS0 (a) 2007 /F, (b) 2008 4F.
BURT— 2 I3REE KR 100mm DL L. SRR S E 2R T
Distributions of snow water equivalent around disaster area on April 20: (a) 2007, (b) 2008. Calculated data
are for more than or equal to 100 mm. Area within yellow line is disaster area.
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Seasonal variations of snow water equivalent and snowmelt rate in 2006/07 and 2007/08 winters. (a) and (b)
show averages in disaster area; (c) and (d) show averages in a high-altitude (over 1000 m) region in disaster
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Weather conditions and distribution of snow water equivalent around the 145
mountainous disaster area of the 2008 Iwate-Miyagi Nairiku earthquake

2006 & 10 H ~ 2007 4 6 A & 2007 4 10 A ~ 2008
%6 HOAWT. Fig.7a & 7 b ZHKD P,
7 c &7 diFAEE 1000 mPL o @ o E T
»Hs

K& D, 2008 Fid 2007 £ X D & RAKDEF/KED
2, FEABNEENSE ORBRHAN RN o722 &
bhd, KEHMAEAE L TiE (Fig.7a, b) . 2008 1
3HOHE 1 PAICKHB/KENRKEZD, 3 AHE 3
MICAEEKREDNZE L T W, —7 T 2007 Fid.
FIKEDOE—TH 2008 FE X D BBV 3 A 4 14T,
MEKBEDOZEE 3 AE 6 A Z>THhETH -T2,
COfEmIE, 1000 m ML EOEEEEIC BV T E A
725 T h, nﬁaé@FﬁE]ﬁ“Li“‘ii{E@?ﬁ]JZD% A
FEEED > 7= (Fig. Tc, d)o 2008 4F 4 H O LT K i
2007 F XD B PHFICE L, @ESEICBWVTE 2008
EORNE DT RN Tz Ehbh S

CTOHEERERTIE, 2008 FDOEETXI AL 4 H
WK T OmRMEBIC X o THREE X Nz (Fig. 2a, b).
HEEHOBMERBHE SIRFAMMA b & 5 EEHR -
7z, 1000 m AR O S I I B % 2008 4 3
HORBEKE 2007 £ 3 HDO 2.2 %, 1000 m 2L LD
EREIEEIC B B 2008 F 4 H O@iZR ke id 2007 4 4
AD23{ETHoze v HEEMREE,

IBE XA SEE (2007) I XN, 2006/07 FEELHHD
B A D& TRiaEi - VE] ThoTz, %
OB 2k E LT, £<IZ20074E 1 AL b5 2
HoOBEEEND T b (2008 F L DL T 65
% ) AV, 2008 L HERTHE LTS FK EHETE
7zo Fiz. 2006 4 11 H~ 2007 4 2 H O (i H 4
FEEOEEL 1L AN 1 AORKDEFS B X h
BEGMEN -T2 e DBEO—KTH >z (FIAIR,
SEHO 1 AT 2007 4 : 79%. 2008 4F : 100% ).
LU 2007 3 AmD 4 AlChF TIE—#5 L T
FHEXOEMEEEo/d Fig. 7T TRENE XS I
AL AN T2 (2007 £E O SISRRE KNI AT ).

2007/08 EX MO EREFRIELI D EEZh o7, &
<1 1000 mLL F o @ kR & T ik, 2007 £ 11 Ab S
2008 4E2 HETOMERIX., IXTOHTHiERE -
il > TWiz, 722008 1 AN S 2 HOSIERMNMEL |
3HMS 4 HORKIRPE, -2 &h 5 (Fig. 2a, b),
INSDHEFREOEINE @S OMEHEIC DR D - Tz,
KEHNC BN T, 2008 AR LTAIC T WS F - =k
ME%PEHE@%%ﬁ%%E#ok&ﬁiéhko
HE T, KEHARA Y 20FXRTOBH/KENE
Oicxo7zH (HEH) 6 HTHTH O, HIERAE
DT HANCHEZ LT &Ik %,

5 (2010) W&, AT - SHAREHE ki%iﬁﬁ
&L SBR[k & OBEMERE TR S 78I %
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Wi & MTKEZHAG DR et LiRIEE (ASD =
REL, BEHGEHEDO T A X AT — 2 72 {i > THIER]
Bofetr LRz, 73 ASI (HAL: mm) &, &
BOWEY OREZLTIHHUT, UFOXNSKD B,

n

ASI, = Z](M,. +P)fi (6)

CCTildNBRETEIHLLEIDNDIE>TZHE. M,
EPIEIRNGEETZALD i HaiO HENSE & & AN =
(mm day"), n 3EHDIEZHBTH D, AWETIE.
F15 (2010) &Rk =30 HE LT, HZEREH
(2008 £ 6 A 14 H ) I BT 17 LiEHEE (ASL,) D
ZE o An OHEE 2 ik B T

% 9 Fig. 8alc, HIZEFRAERTO 30 HM (5 H 15H
N5 6 H 13 EI) KB ZEMEEMBKED S %
thEXmANDOKMHGE (RBEKE) £ LT, ZONMHK
ZRY (CREMMBEZILRU TRR L), S
Bl 5 HERT 30 HE ORBE /K, (2T 150
mm Z 2 Tz, SFRBIEED S BRI AN i
T 200 mm Zid MmN D 2H. T NIEFKEDE
hd %L & EHx D (Fig. 3a, b). 2008 BT S
H 15 B TRE N > T EAT . S5 L TET
& GEEMALERICAIE T DA ERED A v ¥ 2 56
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Seasonal variation of antecedent soil moisture in and around the
disaster area of the Iwate-Miyagi Nairiku earthquake in 2008

Shoji NOGUCHI V", Yukio YASUDA ", Yasuyuki TADA ? and Toshiaki SAMMORI ?

Abstract

The seasonal variation of an antecedent soil moisture index (ASIy,) in and around the disaster area of the
Iwate-Miyagi Nairiku earthquake in 2008 was investigated using AMeDAS data spanning 27 years. The ASI;,
values ranged from 0 to 378.3 mm with an average (=SD) of 22.5 mm (4-22.0) at the Matsurube site (320 m asl.).
The average ASIy, value for the 10 days following the earthquake continued at a low value (ASI,, <20 mm) which
was rare for this season. The maximum ASI;, value each month was more than 100 mm except in February. The
frequency of values higher than this was greatest in August. The minimum average ASI;, value each month was
6.9 mm and this occurred in February. The highest average ASI;, each month was in April (34.9 mm) during
snow melt season, followed by September (34.5 mm) and July (31.9 mm). ASI;, in the high mountain zone (1,300
m asl.) was estimated from 4.0 to 320.0 mm with an average of 50.0+64.9 mm from November 2007 to October
2008. The results were higher than the ASI;, at the Matsurube site where values ranged from 3.1 to 136.4 mm
with an average of 19.6118.3 mm. This was because more than 50 mm of rainfall was added to the melting snow
water continuously at the 1,300 m point so the ASI;, was higher during snow melt season. On July 142008,
when the earthquake occurred, the ASI;, at the 1,300 m point and at the Matsurube site were 245.1 mm and 18.0
mm, respectively. The ASI;, after the earthquake did not reach the result recorded at heavy rain and snow years.
Therefore, continued monitoring of the antecedent soil moisture in and around the disaster area in the future is
necessary.

Key words : Snowy region, antecedent soil moisture index, snow melt, a high mountain zone, heavy rainfall
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ffHTN TS (HHE, 2007), FHE (2006) &, C
DOWERIFEZ AWV THBMER O/ IT NI DV TH
MM LT. ZORfEDNRNEDE s>z Lz L
TWb, —J. EEHMB TR, ZRHOBEKIEZEE &
ULC—RIcHRICE £ 0, AIBZHICREKEE LT
KEICHRICE 53 ND 0, EEREZEET S
RENDH S, UL, WMH (2006) O TlEElE
DB OV THE TN TWARY, 5 (2010) 1.
FEATRRKIBBUC RN B /K & 72 B U T e iT LR iz 18
Z U, 2008 fF 5T - HUKABEE OZERMEHED T
AZAT =R N TSR L FEDOME RO T
TIRICDWTIR L, HIEEFT# O et 1R A LR Ay ez
LizRETh - ke, ZDHB LTS HELR
EENMERINIC &R L, —H. TORITIIZRIE.
HIFEDNRAE Ui OE L ZHERDEFE L OKIT T
MoltiDH T, frLiEom - BHNERSE - FEHZA
fLiconTHRicMEE N TRy, £/, HHLE
T AR ABMATONME T B E I, EIEERT A X
ABIMATD 850m Wit &I TdH D . &l B
0T HEOIREBIC OV THEMD AR L TV iz,

AFETIE FROBEIIONTHEHL, K027
FEMOEHTF— 2D EHRITLEOE - FHiZ (bE
BHEMCT 2% &L dic, a0 eiT o RiEz
2 LT, aF - HAREEIC X 2 SEEFME O
FEBICOW TR Z N A T2,

2. ik

21 HRSEDHE

HAlSZBOHC I UBET 7Y —- 7=k G5
IR, 2008) ICHEC To, T OJTIEIZENE R H ORE
I 72 b LR D FD-index (First Discharge Index) %
AET S

FD:ZE ....................... (1)

CCTC LBHPEAHE (C) 9%, 2L, H
THRIRD Y A FADEER T,=0 & L THW». 3 HH
HifE U CHEHSGRN Y A F ADHEIE FD EZ 0 1
R o AR TIE MENMBENS FDEZ3 & LT,

Hal%&E M (mm) &, XA K> TR !

k
M:E(TaerZn)Jra ................... (2)

CTTC, T4V —F—+T7 5% k(mm/C/
day), #Ed 2 HOMHOH R T, HESERZ
HEE T 2 M H O H AR T, FHHIRZEKE a(mm/
day) & U7z, 723, a OWIHHEIZRKE (1989) Ik
BEHE 1.0(mm/day) & Lz,

TATY—
X H6RDT -
k:OO39x+23 .................... (3)
CTTC. x 3ABMBEHZLY Y AHBOIERETE
Lz DTH 5,

T — 777 % — k(mm/C /day) X

22 11 £ 8 18 # (antecedent soil moisture index:
ASI)

WEOHBEWNEOEARAM THBAMTIEI N
% Mosley(1979) D 8 /8 L T W % J¢ 17 [% /i i #«
(antecedent precipitation index: APD) &, 04 #% 1 i
KD DHE T ERVIEEOLEIKS DEEE L TIEL
WIFFE IR E N TH D (Bl 21X, Kosugi et al.,
2007; Negishi et al., 2007). XXH 5RO S :

APL, =Y. P/i (4)
i-1

TTT, il T2HNEIHDIE>ZHEL P,
BRRETZANS i HETOHBEKE, n 3T HhDIF
LZHETH B, AW TIERRE T 2 AT S Hiw
Diz®, FEHORRKITEA E U THIRIC—RFNIC
MED, MEHICHENEIRET S, £ T, L
(2010) HMHERT % St LB FEHE (ASI) &R %

ASL, = X (M, +P)/i (5)
i-1
HLGB)DP DEICDODNTHEEHWMETNZLEIX0 L

L. W& ENBEKIZZOHDONICHIZENREET
BEME LTz, £, BTBHHMMICHEE UZEiE 20
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FRANE T E R S NI BEKREORIIEFE LN EREL
T, ZOREHEHMBRICHCTHIELZ, KB,
APIL ®© n D fEiIC B L CT. Negishi ef al. (2007) 1 n=7
& LU THIZkE DR ZfEN L. Kosugi et al. (2007) 1
n=60 & L C LM & OBIRICHBENSD 5 2 & 2R
Lo EE50n DEERITHRTIRELTED., n
DIFIC DN TIE R RETIHEOHMIC K > THREE S
EEZLBND, AW TEZEHA(LIC DOV THRET %
TEMNH, n=30 &L L7, 7, API & L <& ASIiZ
AT X 2 W78 - Z8FEECCFHIC K 5 2858 K7 >
VXY IWDRKNOEERZTBEEZLENDEN, TTT
BTN OWERZEERL TR,

23 W - EHER

W ORI E . NI BB (1994) 1 KB H5R
ZBRMUTHW UZce /NI - BB (1994) &, FEKAD
50% DR TlAEREK (FFE) ELTEI5EINSER
DOHh AR 2 NS ORI & L. HAZ 15 O g
WX U T IC &7 6 1 HI D& H Ol &R 2
FHLUTWS, EEMEIRIERICHEL, £0
HHARIE 1.4 ~2.6CTH > T,

24 BEHRELEERSHOXRD

SEMEIFEEIN Oz, 1 E£M7Zz 11 A SR
EAAZEBEN. SAMD 10 HZEEBHE LTK
5Lz,

25 FERULETALZRAT—%4

AW T, S E A TR G O B A R HA R 52
i E NTVEETFIRERED T A X ZOERIMEZ LI
M U7, 2L, tEERIC SR OB &
FEOREMNEC TBMMMEIL L7z, HIHT2XT
D [k I 2 U3 il S 0D 8 1T T 0D 5 = IR i 5 C D 18 A 72 fek
MU, £, RSBV TEIEN RGOS, A
FR—-BEIICBT2EET— X1 0.6°C7 100 mD KR
BBz O THEE U, HIE O Z LI TRk &Y
DG, EEOAEFRKNOME» SHEE Uz, &l
HORKEEBBEROHEICDHZD ., —B. B =
SRR SRS 5 K O IR S S L O BME Z R U 7o &
LT O SR O HEE (3. E IR I IC B0 2 Kl T —
2120.6°C7 100 mDXUREEZ AW THE Lz (K
7, 2010), A LT —2OEHHE LHHBICDWT
Table 1 1C, (i@ I DUV T Table 1 & Fig.1 IZmR9,

Fig. 1. 2008 fA T BN REHIEZIC 3500 2 ittt (M) JELADME 5 KO/ L7z 7 A 2 A8
T (@) wdBRzRY =&%5 (2012) 2o
Topographic features and AMeDAS points ( @ ) around the disaster area ( l ) of the 2008
Iwate-Miyagi Nairiku earthquake. The star is the epicenter of the earthquake. Adapted

from Sammori et al. (submitted).
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Table 1. LT ARXAT—XR
Used AMeDAS data
T A A AR (VA= £ (m) HAR {FHEHEH
HT IS N39° 0" 36" , E 140° 51’ 54" 350 1983.11. — 2010.10. Mk, VR
HFR— N38° 56’ 0" ,El41° 7' 30" 32 1983.11. — 2010.4. Rk, &R, R
TR N38° 59' 0" ,E140° 54' 42" 230 2008.6.19-2008.9.2. Kok i
ATRKN N39° 3" 0" ,El41° 2" 42" 75 SRR DN R IR Rkt
BRI N38° 56" 24" |E140° 49" 0" 850 1983.11.-1997.4. IR
RIS L N38° 56" 42" ,E140° 48" 12" 1,100 1976.6.-1979.10. Rk &
EBRR 38 N38° 44’ 36" ,E140° 45 36" 170 2007.11.-2008.10. S
26 BLUMEORKE - BEFROHTE
300 . T I I ' S EF ORIk E EMEROHEICHZD, HE
y=23.9+0.202x, R=0.920 ) BLTEE S ZRE L CHEET 5B Z2 1,300 m & L
= 20 RS Feo BEEITIEUC, BOKRRREKRAMT 5 T
:;_’/ bt EREHEN TS (BZE., KES ,1978; 1HH 5,
2 200 — 1978;1979), 12 fEL IR (1984-1996 4F ) O — (1@
E o32m). M (B 350m) & UTHEEN (f
g 150 * 850m) ICBIF B mAMEFELES @B@H‘f*%ﬁ%«‘:
w o e
5 EOEEHEFIIS U T U TRAMIBFENIHEINT % ER
E 100 - WaBFEMIHD D (Fig2a)., ZNZFNOELRO LR I
5 0.150 ~ 0.285( *F- ¥ £SD: 0.202+0.040) T & - 7z,
= 50 . 22T, R 1,300m HiS o B AR IR, LI
7z BEHE & U C Fig2a O FMEIC K B BB S HEE L
0 L 2o £lo. EEROHZLICOWTHS &, BEENE
0 200 400 600 800 1000\ \iz o=y HAR S, WEKHMES . WEHD
EWEmDH - 7 (Fig.3abe), £z, AMTBHOZE(
500 FRBIL Tz (Fig3dd), £ T, K 1,300m Hi g

400

300

200

100

Monthly precipitation (mm)

200 400 600 800 1000 1200
Altidute (m)

Fig. 2. (a) —[4 (1‘?; 32m) 2 (R :350m) B X U HEY (1‘“
o 850m) IS B BREE ERAEEEOMER, (b) —
S, SEE L (BEE © 1100m) IS B0 2 HE KH)DJ'J|3¢7J<

HOBMR

AN EORIFERR, AT ORIRERZ R

(a) Relationship between altitude and maximum snow
depth at the Ichinoseki (altitude: 32m), Matsurube
(altitude: 350m) and Kurikoma (altitude: 850m) sites, (b)

Relationship between altitude and monthly precipitation

at the Ichinoseki, Matsurube and Kurikomayama (altitude:

1,100m) sites. The dotted line shows a regression line of
each year, and the bold line shows the regression line of

all data.

DOIRFYHITREFDO T — X EHEE L7z 1,300 mHli 55D

SR S I UL REEH IS RO RS R & [H
HERELT, RAMHBZEZLHRLUICH & RAHERE
DO EMZ LT E UTRD Tz, kI L T, 3y
 (FEE 0 1,100m) TEINE T2 A (1976-1979
) WKEBHLT, —B, 8BrE FEELICB T 5 AR
ke DO%RE RS (Fig2b), ZOME., EDH
LRSS CTR/KEMEMT 2L L. T
NDOERR DA EE 0.030 ~ 0.242(0.123+0.071) TH
Sz, FT T, A 1,300m Hi gL DRk R iE, SXEFD
il 72 JEHE & U C Fig2b O FEEHIC X % BIRNH 5 HEE
L7z,

MR LB

3.1 T LERBHROE - =2HEIL

SIS 3513 B 27 4ERIO ASTy, & 0.0 ~ 378.3mm (T
946 +SD, LURMEAE  22.5+22.0mm) THo 7z,
O ASICDWTHRZ &, FHEE. &/AME. &K
EHEICZHFRBRIZNZFN17.4 ~303mm (22.8
£ 3.0mm), 0.0 ~ 4.Ilmm (2.6EX1.1lmm), 91.4 ~
378.3mm (161.2%£61.6mm) ¥ X U 74 ~ 135% (93
+15%) TH oz, BEEW & MBETF D ASL,, HiEZ
NZNO08~171.lmm (17.5£17.9mm) B X T 0.0
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g0 _© Ichinoseki ® Matsurube [ Kurikoma
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L 60 L ¢ . a |
SR o o T N
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“ 0 \ \ \ \ \ \ \ \ \ \ \ \
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n100 | o ° ® _
50 Lo Lo
200
=] T T T 1 T T T T 1 1
2 150 | ¢
S 2100, e * e o o o °
~ 5100 « e, .« -
8 ~ 50 ©° o B
Q 0 \ \ \ \ \ \ \ \ \ \ \ \
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Year
= 250 \ \ \ \ \
S 200 | 1985-1986 Kurikoma © |
<=
§ 150 ¥ Matsuribe ]
: 10F "
g 50 | %Ichmosekl
« 0 MAM N~ | L
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Fig. 3. ZEEY, B X UT—BICIT % 1984-1985 M 5 1996-1997 E4HHD

(a) tREFIH (SD_CSC). (b) HFE#H (ED_CSC). (c) IFHWIR (CSC_

Period) 35 & U (d)1985-1986 £ DR

ROZEL

(a) Start day of continuous snow cover (SD_CSC), (b) end day of
continuous snow cover (ED_CSC), (¢) continuous snow cover period
(CSC_Period) during the 1984 — 1985 winter to the 1996 — 1997
winter periods and (d) variation of snow depth in the 1985 — 1986
winter period at the Kurikoma, Matsuribe and Ichinoseki sites.

~3783mm (27.4F+24.4mm) TdH > 7z, WM D=
IDOWT, HMalICEREENRD SNz (p=0.000),

Fig.4 IC BRI I % 27 18 (1983 4 11 A~ 2010
10 A ) @ ASL, DA ZALZ 773, ASLy, DA RIZ
{BIEELHABE TRV, 12 A SRE3 HfaE T
20mm LR &KL, 4 HICHNs 2 EmzrRd, 20
%.SHMS 6 HPTAE TIRWEDOBEN L, 6
HNELIBED S @ OMEZ /RS, HEFEA LI O A RO
ASIy 1E 20mm AR 3 A DD E, R AMMIE 2008 F
8 A TFAI® 63.9mm T, WEICFERE Nz 80mm Ll I
DEWVEIZREN TV AN > 2, BI15 (2010) 13
BRI B LD AT LB NI otz T &, K
FBEIHCHZBLIZEERL TV, HEREDFELE
FkEIC 6 HHAEID S 7 H EAD ASLL, A 20mm A iii T
HoTEIE 27T T 1984 H & 1985 D 2 FID KT
Holz (Figd)o TORRED D HEBERZ T EIRED
BIEX DS NIz ER K O ERMCHSMICEN
7zo

F I ASLy 12 DU C Fig5 159 H 5l ASLy, 0
B a2 IR B/INEWE (6.9mm) Z/R L
RbEEWEE 4 H 34.9mm) T.XNT 9 H (34.5mm)
E7H GBl9mm) DIETH -7, THiE, @FHT
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H34HEHERTFRNIL LT 2 7 AL aifRIc X3
WENDZ 8 HEIHIZK S TASL DN AKEL &
BlzbbEZ65N%, £72.100mm Zi 2 % ASIy, 1&.
2AZBRSFKEATRL, 8 A (26 [0) IZF DHEEN
<. 200mm Zi#HZ % ASL,Z. 8 4 BE). 9A 2
m) BLT10H (A A) THole TNEDFERNS
HHI ASL ISk U T, Rl B ATHE & D & RN A
MRIC K2 WENRENVEEZDOND,

32 BEHOEITLIREK

RO 4 AN S 5 BT T ASL, D EWE7Z 7R
L 7z 1983-1984 4F & 1999-2000 FEFDEFHH & KW
fii %2 7~ U 72 1986-1987 fE R Z ] (Fig.4) I DWW\ T,
RIS VR, Sl kB KU ASL, ICEH T % (Fig.6).
27 A ZFH] (1983-1984 4F ~ 2009-2010 ) Dim K
FBEEIE. 57 ~206cm (131£38cm) TH D, 1983-
1984 4 £ 1999-2000 1F @ % K & % % 1 206cm &
194cm TEZHEICH L L. 1986-1987 £ D R KM
FRE 78cm THHREICHE T 2, KD 1T HE2H
D5, ZFHED 1984 4 & 2000 & -9.5 ~ -1.2
C(52£21C)BLT-6.4~4.1C(-1.0+£2.3C) T,
DEIED 1987 F1F -7.4 ~7.8C (-2.3+£3.1C) T,
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Nov [ Dec | Jan | Feb [ Mar | Apr | May | Jun |

Fig. 4. ST BT % 27 4/ (1983 4E 11 A~ 2009 4 10 H ) D ASIy, D2k
A ¥ a3 H OAPEEER RT,
Variation of ASI;, during 27 years (November, 1983 to October, 2010) at the Matsurube site. Mesh indicates
the average for a ten-day period of each month.

400 \ \ \ \ \
Box Plot Definition O
Interquartile Distance
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Fig. 5. BWFIC B % 26 /D AR T LifaE (ASIL,)
Monthly antecedent soil moisture index (ASI;,) at the Matsurube site for 27 years (November, 1983 to October, 2010).
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FEFKEOLHENRKENT LM TH S,
1986-1987 FEX AT M A D2 AIc & b 5 T
WEHBENIZHNH D, ASLy AT DOHMICHENT
36.8mm £ THM L7z, 3 A 25 HD 53mm O [ [ %
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Fig. 6. S (11 A0S R4ES5 H)IcH T % (a) 1986-1987 4

D HPEEAR B, (0)1986-1987 40 H /K &= &
ASLy. (c) 1983-1984 40D H IR L BT TR, (d)1983-
1984 FFD HEFIK R & ASly. (e) 1999-2000 ED HFHEX
REEFE. (01999-2000 F0D HEE/KE & ASI;,
(a) Daily mean air temperature and snow depth in 1986 —
1987, (b) daily precipitation, and ASI;, in 1986 — 1987,
(c) daily mean air temperature and snow depth in 1983 —
1984, (d) daily precipitation, and ASI;, in 1983 — 1984,
(e) daily mean air temperature and snow depth in 1999 —
2000, and (f) daily precipitation and ASI;, in 1999-2000,
during snow cover season.
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W, 11 A 18 HOMBFFHLEE, 12 H 2 HD 26mm
DREFHIC ASLy A 39.1mm 2R A, 4 HAHET
3.5~39.1mm (6.1£5.3mm) EEKWETH > 7z, 4
H 5 HD 45mm ORERNTZIC ASLy A 60.1mm & AL
B DA HBENTH S, 5 H2 HD 53mm D
BRI 21T ASTy (3B KME D 156.3mm Z7= L7z, 1999-
2000 FE A& M. 1 HAH ~10HE T1.7~41°C
(2.5£0.8°C) &@mWVAURZ R L THIKEHE S4mm D
AU ASIy i 41.3mm Z/R U7z, BIEREHICB VT
ASL, A 3 A 30 H (108.8mm). 31 H (100.5mm) ¥
XU4H12H~17H (103.2 ~ 139.1mm ; 117.3+
153mm) & 100mm Z# X TWiz, TOERIE, #%
WS KEDED, TREBKENFEELTD
Tholeo Flz, B 4H 17T HIKHEZLTWSH,
EEHEO4H 21 HOMKK (105mm) 1 K > T ASIy, A
163.5mm Z /< L7z,

BFIT5 (2010) RS HICRER A XY FOES & &
IZ ASLy, DENE L AL, EEALELZ EEML T
%, VPEEICEWNT, ASL, DA E < 7 5 H I H
< G AT, BHMTHZEAND >z, LHEEIC
BWT, ASL, DEDE < & 5 R D EFER X O
. EITHh AN > Tz —F. ZORHHIZA
BOEBKICE>T4H EA~PHEIZ4 A Fa~5
AR Bix o> Tniz, HERICEHE W T, 2008-2009
fE & 2009-2010 FEFD R AREEHEIETZNZN 108cm &
143cm TH O, HEDZHEDORAEERICE> TV
TV, TOTEMNL, I EHVTREIFIHO HIREREIIC
DVWTHEMEELEEZ NS,
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Fig. 7. #EEFMHIC I T % (a) 1985 4D H FE/K&E & ASLL,. (b)
1988 FDHME/k= & ASI;,
(a) Daily precipitation and ASI;, in 1985, (b) daily
precipitation and ASI;, in 1988, during no snow cover
season.
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33 EBESHOLTLIEER

Fig.4 h 5 R E D ASLy I DWW T, @WHEER
L7z 1988 fF LKW i Z /R L 72 1985 FE D [k & &
ASIy, ICEH T % (Fig.7). 27 4 (1984 4~ 2010
) OMBETE WO KRE, 926 ~ 1964mm (1252
+274mm) T, 1985 L 1988 &£ F N Z NP
(926mm) & Z W4+ (1905mm) I3 %, 1985
£ D ASL, 1 2.1 ~ 101.9mm (20.3£17.4mm) T.
7H1HODRER (84mm) % IC ASILy, (101.9mm) »
100mm # B X 7z, 8 Hi& ASLy, A 100mm # 8 2 % 4
JEmE <L M@z Rd A (0.5 ~378.3mm;
29.6+31.6mm) A (Fig.5). T DED 8 H D K]
[% /K & 1& 48mm T. ASIy & 0.5 ~ 13.8mm (3.2=+
2.6mm) &AM D2 AL FRBEEEVEZERL
1988 =MD ASI;, 1 6.6 ~378.3mm(41.8+43.1mm) C.
8 H 29 HOREM (300mm) f41C ASIy, i 378.3mm 7
m U7, TOHRBKREE, BAEL E (1974 44 AL
(%) THINMDOEIKT, ASLy bR AKMETH > 7z, B
sk oo FREKEDE 10 A1 T — X1 158mm T,
158mm DL EORF/KEIZ TN TEBESHICREL T
Too HUE DR AR MK EIZ 2008 4 10 A 24 HI< ¥
U7 131mm T, 5 10 fiINIC A S K 5 BRER AN
YEREFELTOW RN T, K, HIERZRD ASL, D
A, ZORHICRLURZ 136.4mm TH o7z, LA
S, BEE L FERIC T EHEE BIRERRIC DWW T
HITB2RENDHBEEZDNS,

olchinoseki (32m) e Matsurube (350m)

NOGUCH]I, S. et al.

34 BLtEDkITLIBERK

HENFEAE L2008 46 A 14 HIHBWT, HEE
IWTESE < CHUBERE & RY DIRT L AamAFAE Uiz,
COMBTHENEEMBIH L LARIE FYYIRO
HATHB (=KD, 2010), HEENLTEL S TREES
MWES> TWVWB T EWEREI N, T O Tl = H ik
MLTWeeEZENS, TTTWE. ZTORNEHS
MICT %72, 15 1,300 mih o e fr i IRaEIc >
WTHES %,

2007-2008 fEAHAIC BV T, B TOR—EFHEOFHH]
K&k s e, BEMH., BHEYH, BEKHBX UK
ERHIITAISH, 12A13H, 4H2HBXU3
H20HTH-o7. £l RAMEHRI. 2 A28 HIC
143cm ZGddk LTz, S TREE ¥ H LUATIC BRK A B
. & 1L,300m OHEESEMN S 11 A2 HICEH & f)
WiE Nz, BEETRMEIZE-FRMNICHES L. BBk
2DEMEYIHMNS 25 HETH 20, @i T
11 H 12 HORRKLEE, FEHBiEN25BULTTH
ol &5 (Fig.7a). WEHBHIIZ 11 A 12HEE
A BbMNTz, Fig.2a h HHEE T N7z 1,300 mil xS Dk
FE I 335cm TH o7z, LA L. Figd DFSEDN S
1,300m i 55 TOREF DS & AR N 5 LA
ETHE, WEHISA4H &R REOHRTERLTE
DRMK O FELIMHHETEMEREE>T, £T T, HH
Hz#ZR4Eo 1 EAM% (6 H21 H) & LTHET
%Y. BARTE 583cm T - 7= (Figdb), KHHEER

Estimated (1300m)

o 30 ‘
8 D10 sz
‘é&g ey
§2 01 FH,
.<&: -10 _
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= L _
=
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Fig. 8. (a) —BH. %3R5, #Ee 1,300m o4, (b) SO TROZ b, 25 1,300m Hixi T

D DRI PROHEE fE

(a) Air temperature at the Ichinoseki and Matsurube sites, and the 1,300m altitude point,
(b) snow depth at the Matsurube site and the estimated snow depth at the 1,300m altitude
point during snow melt season from 2007 November to 2008 July. Circle indicate the

maximum snow depth.
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Seasonal variation of antecedent soil moisture in and around the 159
disaster area of the Iwate-Miyagi Nairiku earthquake in 2008
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Aboveground production and nitrogen utilization in nitrogen-saturated

coniferous plantation forests on the periphery of the Kanto Plain

Yoshiyuki INAGAKI ", Masahiro INAGAKI?, Toru HASHIMOTO?,

Masahiro KOBAYASHI ", Yuko ITOH ", Yoshiki SHINOMIYA ", Kazumichi FUJII ",

Shinji KANEKO " and Shuichiro YOSHINAGA *

Abstract

The Tsukuba Forest Experimental Watershed on the periphery of the Kanto Plain receives high
nitrogen deposition and has high nitrogen loss in stream water, indicating a nitrogen saturated condition.
We investigated the soil properties, aboveground production and nitrogen utilization in hinoki cypress
and Japanese cedar plantation forests located in the watershed. There was a low accumulation of organic
horizon in the both forests, indicating rapid decomposition and nitrogen release from the organic horizon.
Nitrogen input by litter fall was similar to the rate of annual soil nitrogen mineralization. Although the
aboveground net primary production was relatively high in both forests, the Japanese cedar forest had
a higher proportion of pollen cones. In addition, taller trees in the Japanese cedar forest had lower leaf
biomass as indicated by the lower ratio of crown depth to tree height. The stem growth of these taller trees
was lower than that of smaller trees. These results suggest a symptom of decline for taller trees in the
Japanese cedar forest. Previously, the decline of Japanese cedar was mainly observed within the Kanto
Plain at lower altitudes but the results of this study suggest the presence of declining Japanese cedar on
the periphery of the Kanto Plain. Further study is required on the spatial distribution of declining Japanese
cedar forests in order to determine the mechanism.

Key words : Japanese cedar, hinoki cypress, nitrogen saturation, aboveground production, nitrogen utilization

1. Introduction

Recently nitrogen deposition to forest ecosystems
is increasing due to human activities. When the
supply of ammonium and nitrate exceeds the plant
and microbial demand, excess nitrogen may result in
higher soil nitrification rate, soil acidification, higher
nitrogen loss in stream water and the decline of forest
productivity. These conditions are considered to
constitute nitrogen saturation and many studies have
been carried out in Europe and North America (Aber
et al. 1989, Gundersen et al. 2006). In Japan, several
studies have reported high nitrogen loss by stream
water at forests along the periphery of the Kanto Plain,
indicating symptoms of nitrogen saturation (Ohrui et
al. 1997, Mitchell et al. 1997, Yoh et al.2001, Itoh et
al.2004, Fujimaki et al.2009; Mitchell 2011, Yoshinaga
et al. 2012).

Because nitrogen often limits the productivity of
temperate forest ecosystems (Vitousek and Howarth
1991, LeBauer and Treseder 2008), adding it generally
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boosts forest productivity (LeBauer and Treseder
2008). However, if nitrogen is added still further,
forest productivity would not rise further due to
an imbalance of soil nutrient and soil acidification
(Magill et al. 2004, Wallance et al. 2007). The effects
of nitrogen deposition on forest systems can vary
according to the development stage of the forest and
tree species (Magill et al.2004; Bedison and McNeil
2009). Nitrogen deposition may also increase the
production of reproductive organs, i.e. seeds and
flowers, and the biomass allocation to leaves, stems
and reproductive organs (Townsend et al. 2003;
Callahan et al. 2008). Pollen cone production of
hinoki cypress forests was related with soil C/N ratio
(Nakanishi et al. 2008) and nitrogen deposition may
promote pollen cone production.

Several studies have reported the decline of
Japanese cedar at lower altitudes on the Kanto Plain
(Nashimoto and Takahashi 1991, Sakata 1996,
Matsumoto et al. 2002), with particularly pronounced
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decline for larger trees (Nashimoto and Takahashi
1991). The decline of these forests was related to
many factors such as water stress (Sakata 1996), acid
deposition (Nashimoto and Takahashi 1991), and high
bulk density of the surface soil (Ito et al. 2002). When
evaluating nitrogen saturation in Japanese cedar forests
we must therefore consider the decline of Japanese
cedar at lower altitudes.

In this study, we investigated the soil properties,
forest productivity and nitrogen utilization in a hinoki
cypress and Japanese cedar plantation at Tsukuba
Forest Experimental Watershed on the periphery of
the Kanto Plain. Kobayashi et al. (2011) showed that
the area receives high nitrogen deposition and high
nitrogen loss by stream water, indicating a nitrogen
saturated condition. We compared nitrogen dynamics
in the forests in Tsukuba and other forests in Japan and
discussed the possible effects of nitrogen deposition in
the area.

2. Material and Method

2.1 Study site

The study site is located at the Tsukuba Forest
Experimental Watershed of the Forestry and Forest
Products Research Institute, Ibaraki prefecture on the
periphery of the Kanto Plain (N36°10°, E140°10°, 320-
390 m in altitude). The mean annual precipitation is
about 1400 mm, and the mean annual temperature

Litter trap

320 N

Fig. 1. Location of the study plots

is 13.1 °C. A watershed with an area of 3.8 ha was
established (Fig. 1). The soil parent material is
volcanic ash over biotite gneiss. According to a survey
near the study area, soil was classified as Eutric
Fulvudand (Soil Survey Staff 2010) and was rich in
free oxide of aluminum and iron (Imaya et al. 2007,
Imaya A personal communication). According to the
Forest Soil Classification (Forest Soil Division 1976),
soil on the ridges was classified into dry subtypes of
moist brown forest soil (BD(d) type) while that on the
slopes was moist brown forest soil (BD type) (Ohnuki
and Yoshinaga 1995).

A 20 x 30 m plot was established in the hinoki
cypress and Japanese cedar forests for a tree census
(Fig. 1) on the north-east and north-west facing slopes,
respectively, separated by a valley. The hinoki cypress
and Japanese cedar trees were planted in 1968 and
1953 and the stand ages in 2007 were 39 and 54 years,
respectively (Table 1). Nitrogen input, as measured
by bulk precipitation in 2008, was 7.2 kg N ha™ yr'
while that by through fall in the hinoki cypress and
Japanese cedar forests was 22.4 and 11.4 kg N ha™ yr',
respectively (Kobayashi et al. 2011). Nitrogen loss by
stream water of the same year was 11.3 kg N ha™ yr'
(Kobayashi et al. 2011). Previous studies have reported
that nitrogen loss from Japanese cedar forests ranged
from 0.6-28.0 kg N ha™ yr' (Mitchell et al. 1997) and
the nitrogen loss of the Tsukuba area was relatively
high and comparable to the value in nitrogen saturated
forests on the periphery of the Kanto Plain (12.7-16.1
kg N ha™' yr', Mitchell et al. 1997).

2.2 Saoil

Soil samples were collected from depths of 0-10,
10-20, 20-30, 30-40, 40-50 cm from a soil profile in
the hinoki cypress and Japanese cedar forests. The
collected samples were then sieved to pass 2 mm,
whereupon the fine soil obtained was analyzed for

Table 1. Stand characteristics in 2007

Hinoki Japanese

cypress cedar
Age (yr) 39 54
Density (trees ha™') 2417 1500
Ry index* 0.91 0.86
DBH (cm) 18.6 233
Height (m) 15.4 18.8
Stem biomass (Mg ha') 2213 213.4

*Relative yield index (Ando 1968)
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carbon and nitrogen content by an NC analyzer (NC
22F; Sumika Analytical Center, Osaka). The soil pH
was also determined for the soil-water suspension
(1:2.5 w/w) using a pH meter (HM30V; DKK-TOA,
Tokyo).

Litter in the organic horizon was collected from
an area 0.5 x 0.5m at 6 locations in each plot in April
2008. The collected samples were divided into twigs
and other materials, whereupon the dry weight of
each of these samples was measured. The samples
were ground and measured for nitrogen and carbon
concentration by an NC analyzer. The mean residence
time of mass, carbon and nitrogen in the organic
horizon were calculated as follows, assuming constant
input and accumulation at a steady state.

Mean residence time (yr) =
Accumulation (Mg ha™) / Input by litterfall (Mg ha™ yr™)

2.3 Stem growth

Tree height and diameter at breast height (DBH)
was measured for trees exceeding 5 cm in DBH at the
end of the growing season from 2007 to 2011. In 2011,
the height of the lowest live branch was also measured
(Hb). Stem volume was calculated from the tree height
and DBH by using the equation for hinoki cypress
and Japanese cedar for the area (Forest Agency 1970).
Stem biomass was calculated by the stem volume
multiplied by the base bulk density from the reported
value (hinoki cypress 407 Mg m™, Japanese cedar 314
Mg m”, Fujiwara 2004). The annual DBH growth rate
and stem growth rate were also calculated and the stem
growth of dominant trees was evaluated. Trees were
arranged from larger stem volume and the cumulative
stem volume was calculated. The larger individuals up
to 50% of total stem volume were considered dominant
trees. In the hinoki cypress and Japanese cedar plots,
33 and 28% of trees were considered dominant,
respectively. The relationship between tree height in
2007 and subsequent stem growth from 2008 to 11 was
analyzed, as well as that between tree height in 2007
and the ratio of crown depth to the tree height.

2.4 Litterfall

Eight litter traps with an area of 0.5 m’ were
placed in the hinoki cypress and Japanese cedar plots
in September 2007 (Fig. 1). Litterfall was collected
at 1-2 month intervals from September 2007 to July
2011. In this study, we defined a leaf-fall year as
running from July through to June the following
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year, because the leaf fall rate of the hinoki cypress
is lowest in July (Inagaki et al. 2010). We did not
collect litterfall from July to September in 2007, but
we considered the underestimation for annual content
relatively small because the amount of litterfall from
July to September was low in other years (less than
8% of the annual litterfall). The collected litterfall
from 8 traps was combined into a single sample. The
samples were then divided into conifer leaves, other
leaves, pollen cones, seed cones, conifer branches and
others, and their dry weight at 75 °C was measured.
Because conifer leaves and pollen cones are very small
and difficult to separate, part of the samples (about 30
g, 5-100% of the total sample) was divided for these
organs. The nitrogen and carbon concentration of the
sorted samples were measured using an NC analyzer.
The nitrogen concentration of conifer leaves was
measured for every collection but that for other organs
were measured for the combined sample from July to
June the following year.

2.5 Biomass and nitrogen allocation

Biomass allocation into leaves, stem, branches and
reproductive organs were calculated. The pollen cones
in the litterfall do not include pollen and the ratio
of the weight of pollen-laden pollen cones to that of
those without is 2.5 and 2.0 for the hinoki cypress and
Japanese cedar, respectively (Kiyono et al. 2003, Saito
and Takeoka, 1983) . The production of pollen cones
was calculated as the fallen pollen cones multiplied
the above ratio. Nitrogen allocation to different organs
was also calculated. The nitrogen concentration of
stems was also determined for recently fallen trees in
the area. The preliminary study in Kochi and Kyoto
prefectures (Inagaki et al. unpublished data) suggests
that the nitrogen concentration of pollen is similar to
fallen pollen cones, i.e. the mean (SD) of the ratio of
nitrogen concentration in pollen to that in fallen pollen
cones was 1.0 (0.05) for the hinoki cypress (n=4) and
1.1 (0.20) for the Japanese cedar (n=7). Therefore we
considered the nitrogen concentration of pollen was
same as that of fallen pollen cones.

The nitrogen use efficiency of conifer leaves
(NUE,.,;) was calculated as the ratio of mass to the
nitrogen content of conifer leaves by the definition
of Vitousek (1982). The nitrogen use efficiency of
aboveground (NUE,,) was calculated as the ratio of
aboveground production to nitrogen utilized for the
aboveground biomass production.
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3. Results
3.1 Soil properties

The masses in the organic horizon were 8.25 and
14.38 Mg ha™ in the hinoki cypress and Japanese cedar
forests, respectively (Table 2). The carbon contents
in the organic horizon were 4.12 and 7.17 Mg ha™
while the nitrogen contents were 73.1 and 126.2 kg
ha™ in the hinoki cypress and Japanese cedar plots,
respectively. C/N ratio in the organic horizon was
higher for branch than non-branch material but was
similar between hinoki cypress and Japanese cedar
forests.

In the hinoki cypress forest, although the soil
pH was low in the surface soil (0-10 ¢cm depth), it
gradually increased with depth (Fig. 2). In the Japanese
cedar forest, conversely, the soil pH was low (4.4) and
relatively constant in the soil profile. Soil carbon and
nitrogen concentration were higher at the surface soil
and gradually decreased with depth. The C/N ratio in
the surface soil was about 16 and decreased to 12-13.

3.2 Stem growth

At the end of the growing season in 2007, the
hinoki cypress forest had a higher stand density,
lower mean DBH and lower mean tree height than the
Japanese cedar forest (Table 1). The stem volume of
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the two forests was similar. The relative yield indices
defined by Ando (1968) were 0.91 and 0.86 in the
hinoki cypress and Japanese cedar forests, suggesting
that the hinoki cypress forest was very crowded. The
mean annual DBH growth rates were 0.26 and 0.24
cm for the hinoki cypress and Japanese cedar forests,
showing no difference between them (Table 3). The
mean annual stem growth was higher in the hinoki
cypress forest (11.4 Mg ha™ yr') than in the Japanese
cedar forest (8.6 Mg ha"' yr'). The mortality rate was
higher but net annual stem production was higher
in the hinoki cypress forest than the Japanese cedar
forest.

In the Japanese cedar forest, taller trees in 2007
had a lower ratio of crown depth to tree height in
2011; suggesting taller trees have fewer leaves due
to the higher lowest live branch (Fig. 3a). The ratio
of crown depth to tree height in 2011 in the hinoki
cypress forest was greater for taller trees (Fig. 3b),
which is the opposite trend to Japanese cedar forests.
In the Japanese cedar forest, the annual stem growth
of dominant trees for 4 years was lower for taller trees
in 2007 (Fig. 3¢). Conversely, in the hinoki cypress
forest, the annual stem growth of dominant trees was
higher for taller trees in 2007 (Fig. 3d).

Table 2. Accumulation and mean residence time (MRT) of organic matter, carbon and nitrogen in the organic horizon

Hinoki cypress

Japanese cedar

lI:Irzrrll;:h branch total bNr(;Irll_ch branch total
Mass
Organic horizon (Mg ha') (a) 5.61 2.64 8.25 11.29 3.09 14.38
Litterfall (Mg ha'yr") (b) 5.22 0.73 5.95 6.44 0.48 6.92
MRT (yr) (a/b) 1.07 3.64 1.39 1.75 6.49 2.08
Carbon
Organic horizon (Mg ha') (a) 2.76 1.36 4.12 5.60 1.57 7.17
Litterfall (Mg ha'yr) (b) 2.78 0.36 3.14 3.38 0.24 3.62
MRT (yr) (a/b) 0.99 3.72 1.31 1.65 6.60 1.98
Nitrogen
Organic horizon (kg ha') (a) 59.6 13.5 73.1 112.4 13.8 126.2
Litterfall (kg ha'yr") (b) 44.8 3.9 48.7 61.9 1.9 63.7
MRT (yr) (a/b) 1.33 3.42 1.50 1.82 7.44 1.98
C/N ratio
Organic horizon 46 101 56 50 114 57
Litterfall 62 93 65 55 129 57
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Table 3. Stem growth in hinoki cypress and Japanese cedar

plantation
Density Diameter Stem Mortality Net stem
" growth increment rate increment
(reesh®)  (emyr!) (Mgha'yr) (Mgha'yr) (Mgha'yr!)
Hinoki cypress
2008 2417 0.25 9.7 0.0
2009 2317 0.22 16.0 33
2010 2183 0.17 6.1 4.6
2011 2167 0.31 13.8 0.6
Mean 0.24 11.4 2.1 9.3
Japanese cedar
2008 1500 0.24 6.1 0.0
2009 1383 0.32 12.4 5.6
2010 1367 0.22 8.8 0.5
2011 1367 0.26 7.0 0.0
Mean 0.26 8.6 1.5 7.1

3.3 Litterfall

The mean annual litter produced in 2007-2011
was 5.95 and 6.92 Mg ha yr' in the hinoki cypress
and Japanese cedar forests, respectively (Table 4). The
mean production of conifer leaves were 4.75 and 4.38
Mg ha yr' in the hinoki cypress and Japanese cedar
forests, respectively. The proportion of conifer leaves
to total litterfall was greater in the Japanese cedar
forest. Many green conifer leaves fell in 2009-10 for
the hinoki cypress forest, and 2007-8 for the Japanese
cedar forest. The percentage of green coniferous
leaf relative to coniferous leaves was greater in the
Japanese cedar (22%) than in the hinoki cypress forest
(17%). Many pollen cones also fell in the Japanese
cedar forest. In the mast year of 2010-11, 1.7 Mg ha'
yr'' of pollen cones was recorded as falling, which
was equivalent to 3.4 Mg ha yr' of pollen cones with
pollen.

The mean annual nitrogen inputs by litterfall for
4 years were 48.7 and 63.0 kg N ha yr' in the hinoki
cypress and Japanese cedar forests, respectively. The
nitrogen concentrations of conifer leaves were 8.51
and 8.05 mg N g, and those of total litterfall were 8.23
and 9.24 mg N g"' for the hinoki cypress and Japanese
cedar forests, respectively (Table 5). The inter-annual
variation of reproductive organs was considerable
and nitrogen concentration of pollen cones high in
the Japanese cedar forest. These conditions should
lead to a greater variation in the total-litter nitrogen
concentration.

When we compare the annual production rate of

conifer leaves with previous studies (Table 6), the
value for hinoki cypress in this study was relatively
high while that in the Japanese cedar forest was
higher than the average. The annual nitrogen input of
conifer leaves showed a similar trend. The nitrogen
concentration of conifer leaves of the hinoki cypress
forest exceeded the average but that in the Japanese
cedar forest was similar to the average.

3.4 Mean residence time of the organic horizon

The mean residence times of non-branch material
in the organic horizon were 1.07 and 1.75 years and
those of branch were 3.64 and 6.49 years in the hinoki
cypress and Japanese cedar forests, respectively (Table
2). The mean residence times of total mass in the
organic horizon were 1.39 and 2.08 years in the hinoki
cypress and Japanese cedar forests, respectively. The
mean residence time of carbon and nitrogen content
showed a similar trend to that of mass.

3.5 Allocation

The results of biomass allocation were compared
with those in the 38-year-old Japanese cedar forests
at the Katsura experimental forest with low nitrogen
deposition in Ibaraki prefecture (Inagaki et al. 2011)
(Table 7). Biomass allocation to leaves was similar
between the three forests (27.2-29.7%), although
biomass allocation to stems was lower in the Tsukuba
Japanese cedar forest (54.7%) than the other two forests
(63.3-63.9%) while that to pollen cones was higher
in the Tsukuba Japanese cedar forest (10.4%) than
the other two forests (0.7-2.6%). Nitrogen allocation
to stems was similar between the three forests (13.2-
15.7%). In the Tsukuba Japanese cedar forest, nitrogen
allocation to pollen cones was higher and that to leaves
was lower than the other two forests.

For the hinoki cypress and Japanese cedar forests
in Tsukuba, the nitrogen use efficiency of conifer
leaves (NUE,.,;) was similar between the two forests
(119-120). The nitrogen use efficiency of aboveground
(NUE,,) in the Japanese cedar forest (227) was lower
than that in the hinoki cypress forest (322).

4. Discussion
4.1 Soil properties
The mean values of carbon contents in the organic
horizon were 5.15 and 5.25 Mg C ha™' for hinoki
cypress and Japanese cedar forests in Japan (Takahashi
et al. 2010). Carbon content in this study was slightly
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Table 4. Litter mass and litter nitrogen input in the hinoki cypress and Japanese cedar forests

Conifer leaves
Year Branch Pollen Seed Other Others Total

Brown Green  Total cones cones leaves

Litter mass (Mg ha' yr')
Hinoki cypress

2007-8 3.45 0.65 4.10 0.86 0.02 0.05 0.01 0.15 5.19
2008-9 3.05 0.52 3.57 0.53 0.06 0.21 0.01 0.24 4.62
2009-10 3.40 1.40 4.80 1.02 0.00 0.28 0.04 0.28 6.42
2010-11 5.87 0.63 6.51 0.48 0.13 0.17 0.01 0.24 7.55
Mean 3.95 0.80 4.75 0.73 0.05 0.18 0.02 0.23 5.95

Japanese cedar

2007-8 3.75 2.01 5.76 0.66 1.01 0.66 0.16 0.24 8.49
2008-9 2.53 0.62 3.15 0.33 0.30 0.48 0.28 0.45 4.99
2009-10 3.63 0.73 4.37 0.41 0.23 0.68 0.31 0.41 6.40
2010-11 3.77 0.49 4.26 0.51 1.70 0.66 0.22 0.44 7.79
Mean 3.42 0.96 438 0.48 0.81 0.62 0.24 0.38 6.92

Litter nitrogen input (kg N ha'! yr')
Hinoki cypress

2007-8 26.8 8.4 352 5.0 0.2 0.3 0.1 1.4 422
2008-9 24.4 6.9 31.3 32 0.5 1.3 0.1 3.1 39.5
2009-10 26.7 16.3 43.1 49 0.0 1.9 0.7 3.7 54.3
2010-11 41.7 8.8 50.5 2.6 1.4 1.1 0.2 3.1 589
Mean 29.9 10.1 40.0 39 0.5 1.2 0.3 2.8 48.7

Japanese cedar

2007-8 33.7 18.3 52.0 2.6 10.5 5.6 2.7 3.8 712
2008-9 17.4 6.3 23.7 1.1 3.1 4.8 5.1 7.6 453
2009-10 283 7.3 35.6 1.5 24 6.8 6.2 7.3 59.7
2010-11 30.6 44 35.0 22 17.9 6.6 39 7.1 72.7
Mean 27.5 9.1 36.6 1.9 8.5 5.9 4.5 6.5 63.7

Table 5. Nitrogen concentration of litterfall (mg N g)

Conifer leaves
Year Branch Pollen Seed Other Others Total

Brown Green  Total cones cones leaves

Hinoki cypress

2007-8 7.77 12.82 8.57 5.79 11.87 6.85 14.97 8.95 8.12
2008-9 7.99 13.32 8.76 5.99 9.00 6.22 12.23 12.67 8.54
2009-10 7.86 11.65 8.96 4.81 13.67 6.93 17.80 13.17 8.45
2010-11 7.10 13.85 7.76 5.45 10.69 6.33 16.98 12.74 7.80
Mean 7.68 12.91 8.51 5.51 11.31 6.58 15.50 11.88 8.23

Japanese cedar

2007-8 6.86 10.16 7.51 3.32 10.16 9.90 18.43 17.03 9.09
2008-9 7.79 9.90 8.15 3.60 10.42 9.93 20.14 18.01 9.33
2009-10 8.12 8.95 8.21 438 10.50 9.98 17.62 16.32 9.33
2010-11 8.03 9.42 8.34 3.89 10.41 9.57 18.49 16.92 9.21
Mean 7.70 9.61 8.05 3.80 10.37 9.85 18.67 17.07 9.24

|Bulletin of FFPRI, Vol.11, No.3, 2012



168 INAGAKI, Y. et al.

Table 6. Mass and nitrogen content of litterfall in the hinoki
cypress and Japanese cedar forests in previous

Table 7. Biomass and nitrogen allocation in the hinoki
cypress and Japanese cedar forests. Values in

studies : parentheses indicate percentage to the total amount.
Mass Nitrogen N concentration Tsukuba Tsukuba Katsura
Mg ha! v content N o Hinoki cypress  Japanese cedar Japanese cedar
Mgha'yr)  (kgNhatyry ~ (MENE) (this study) (this study) __(Inagaki et al 2011)
Conifer Total  Conifer Total  Conifer Total Biomass allocation (Mg ha" yr')
leaves litter  leaves litter  leaves litter ghay
Hinoki cypress (n=24) Stem 102 (639 86 (547 82 (63.3)
Mean 2.89 4.32 237 353 8.1 8.0 Branch 0.7 (4.5) 0.5 (3.0) 0.4 3.2)
Minmum 1.60 2.00 9.9 14.9 5.7 5.9 Leaf 4.7 (29.7) 4.4 (27.9) 3.5 (27.2)
Poll
Maxmum 480 641 480 680 109 106 oo 01 (07 16 (104 03 2.6)
SD 0.88 1.25 9.2 14.0 1.5 1.5 Seed cones 0.2 (1.1) 0.6 3.9) 0.5 3.7)
Total 16.0  (100.0) 157 (100.0) 13.0 (100.0)
Japanese cedar (n=14)
Mean 3.05 4.68 25.4 40.0 8.1 8.6
. Nitrogen allocation (kg ha'! y!)
Minmum 1.04  1.60 77 174 53 62 ¢ gy
Maxmum 590 740 584 715 127 114 Stem @y 4 A5
SD 145 163 159 163 21 17 Branch 308 19 (26
Data is from Fukushima et al (2011),Haibara and Aiba (1982), Leaf 400 (75.0) 36.6 (50.3)
Ichikawa (2008), lnagaki et al (2004, 2005, 2010),0ura (2010), Toda Pollen 12 22 16.9 (23.3)
et al (1991), Tsutsumi et al (1983) cones
Seed cones 1.2 (2.2) 5.9 (8.2)
Total 534  (100.0) 72.7 (100.0)
. . } NUE, . 119 120
higher in the Japanese cedar forest (7.17 Mg C ha™) el
NUE 322 227

but lower in the hinoki cypress forest (4.12 Mg C ha™,
Table 2). The reported mean residence times of mass
in the organic horizon were 1.3-5.1 years for hinoki
cypress and 3.0-4.4 years for Japanese cedar forests
(Ichikawa et al. 2003). Vogt et al. (1986) summarized
the mean residence time of the organic horizon from
global forest ecosystems and the mean value for
temperate coniferous forests was 4.6 years. Compared
with these studies, the mean residence time of this
study was short, suggesting rapid decomposition
of the organic horizon, as was the mean residence
time of nitrogen content in this study. During the
decomposition processes, the C/N ratio generally
decreases (Takeda 1994) and the mean residence time
of nitrogen should exceed that of mass. The short
mean residence time of nitrogen in this study suggests
that immobilization of nitrogen is limited and nitrogen
in the organic horizon should be released as fast as
organic matter decomposes.

When compared to the study conducted in the
Kanto and Chubu districts of Japan (Imaya et al.
2005), soil pH of the Japanese cedar forest in this
study is very low, especially in deeper soil (Fig.2).
Previous studies showed that soil pH decreased
after application of nitrogen fertilizer (Inoue 1982,
Nagakura et al. 2006) thereby suggesting that the
addition of nitrogen lowers soil pH in Japanese cedar
forests. A relatively large loss of nitrogen in this study

=

is noted between Japanese forests (Kobayashi et al.
2011), and high nitrogen deposition in the area would
partially explain low soil pH in the Japanese cedar
forest. Soil pH is determined by many factors other
than nitrogen deposition (van Breemen et al. 1983) and
the relative importance of nitrogen deposition should
be investigated in the future.

Soil nitrogen mineralization (0-50 cm depth) in the
study area was previously determined by the resin core
method over two years, from 2008 to 2009 (Inagaki et
al. 2012, Table 8).The annual nitrogen mineralization
rate of soil was 75.0 and 51.0 kg N ha™ yr' in the
hinoki cypress and Japanese cedar forests, respectively.
In the Oyasan area, where nitrogen deposition was
high, the annual nitrogen mineralization rate for soil
at a depth of 0-20 cm was 51.5 kg N ha™ yr' (Oyanagi
et al. 2004). In the Katsura area, with lower nitrogen
deposition, the annual nitrogen mineralization rate was
105.1 kg N ha yr' (Hirai et al. 2007). Takebayashi et
al. (2010) showed that nitrogen mineralization was not
high in forests with higher nitrogen deposition. These
findings suggest that the relationship between nitrogen
deposition and soil nitrogen mineralization is unclear.
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4.2 Biomass production and nitrogen utilization

Mean stem production in the Japanese cedar
forest was lower than that in the hinoki cypress forest
(Table 3). Taller trees in the Japanese cedar forest have
fewer leaves, as indicated by the lower ratio of crown
depth to tree height indicating a symptom of decline
(Fig. 3a). In addition, the growth of taller trees in the
Japanese cedar forest was lower than smaller trees
(Fig. 3¢) and is limited due to lower amount of leaves.
At the lower altitude of the Kanto Plain, many studies
reported the decline of the Japanese cedar (Nashimoto
and Takahashi 1991, Sakata 1996, Matsumoto et al.
2002) which was particularly pronounced for larger
trees (Nashimoto and Takahashi 1991). Previously, the
decline of the Japanese cedar was mainly distributed
in lower areas and not observed in mountainous areas
on the periphery of the Kanto Plain (Matsumoto et
al. 2002). However the result of this study suggest
the presence of the declining Japanese cedar and the
maximum tree height are limited in the mountain area.

Nagakura et al. (2008) revealed that adding of
nitrogen to Japanese cedar trees increases transpiration.
Nagakura et al. (2006) also noted a drier soil water
condition when nitrogen was added to a Japanese cedar
plantation. In contrast, Sase et al. (1998) have shown
that lower wax content in leaves affected by an acid
aerosol should increase transpiration. These findings
suggest that increased transpiration by certain factors
should be important but the mechanism of declines in
Japanese cedar forests is complex. The mechanism of
the decline of taller trees in this study is not clearly
known and further study is required in mountainous
arecas as well as in urban areas.

Although aboveground production was similar
between the hinoki cypress and Japanese cedar forests,
their allocation differed (Table 7). In the Japanese
cedar forest, allocation to reproductive organs
was considerable but that to stems was low. When
compared with Japanese cedar forests in the Katsura
area with low nitrogen deposition (Inagaki et al. 2011)
the Japanese cedar forest in Tsukuba also had high
allocation to reproductive organs. The mean annual
production of pollen cones was 1.6 Mg ha’'yr"', while
that in a mast year was very high (3.4 Mg ha'yr’,
Table 7). This value exceeds the reported values in
Katsura area (0.2-0.5 Mg ha'yr’; Inagaki et al. 2011).
As far as the authors know, the largest reported pollen
cone production was 4.2 Mg ha''yr' in Okayama
prefecture (Hashizume and Suo 1996) and the value

|Bulletin of FFPRI, Vol.11, No.3, 2012

of this study is relatively high. These findings suggest
that the Japanese cedar has the potential to produce
pollen cones and the Japanese cedar forest in this
study has a high production of pollen cones. The
production of pollen cones in the hinoki cypress forest
was low (0.1 Mg ha''yr', Table 7). Reported values of
the annual production of pollen cones for the hinoki
cypress forests ranged from 0.0-0.3 Mg ha™' yr
(Nakanishi et al. 2008) and the production of pollen
cones in this study was modest. We concluded that the
production of pollen cones was lower in the hinoki
cypress than the Japanese cedar and the production
was likely to differ due to the species’ characteristics.

Nitrogen input by litterfall of this study was
relatively large when compared with previous studies
(Table 7) and was similar to the rate of annual soil
nitrogen mineralization (Table 8). The nitrogen
concentrations of conifer leaves in nitrogen saturated
forests were 9.3 and 8.9 mg N g in the hinoki cypress
and Japanese cedar forests in the Oyasan area, and
10.2-10.6 mg N g in the Tama area (Haibara and
Aiba 1982, Toda et al. 1991, Oura 2010). The nitrogen
concentration of conifer leaves in this study was lower
than that in these forests and close to the mean value
for Japanese forests (Table 6). These results suggest
that the nitrogen concentration of conifers in the study
site is approximately average. However, the nitrogen
allocation to reproductive organs was very large in
the Japanese cedar forest of this study. The nitrogen
concentration of pollen cones was also relatively high
and high allocation to pollen cones may lead to lower
aboveground nitrogen use efficiency (NUE,,) (Table
7). Based on these findings, we concluded that a larger
nitrogen allocation to reproductive organs should lead
to lower nitrogen use efficiency in the Japanese cedar
forest and that the pattern of nitrogen allocation was an
important component to determine nitrogen utilization
in forest ecosystems.

Table 8. Annual net soil nitrogen mineralization rate (kg N ha™) in
the two plots over 2 years (data from Inagaki et al 2012)
Soil depth (cm) Hinoki cypress Japanese cedar

0-10cm 5
10-20cm 1
20-30cm
30-40cm
40-50cm
0-50 cm total 7
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5. Conclusion

The nitrogen cycling in the hinoki cypress
and Japanese cedar forests in the Tsukuba Forest
Experimental Watershed was summarized as acidified
soil, rapid turnover of mass and nitrogen in the
organic horizon, and soil nitrogen mineralization at
a moderate rate. The aboveground production and
nitrogen uptake by trees were relatively large but taller
trees in the Japanese cedar forest had fewer leaves and
lower growth rate. These results suggest a symptom
of decline for taller trees in the Japanese cedar forest.
The Japanese cedar was allocated a large biomass and
nitrogen to pollen cones. Previously, the decline of the
Japanese cedar was mainly observed within the Kanto
Plain at lower altitudes but the results of this study
suggest the presence of the Japanese cedar in decline
on the periphery of the Kanto Plain. Further study on
the spatial distribution of Japanese cedar forests is
required to understand the mechanism of the decline of
the Japanese cedar.
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Physical properties of surface soils at intensive
thinnined Hinoki cypress plantations

Yoshiki SHINOMIYA ", Yoshiyuki INAGAKI", Mahoko NOGUCHI?,
Shiro OKUDA ?, Kazuki MIYAMOTO ? and Takeharu ITOU?

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.

Key words : Hinoki cypress plantation, soil physical property, surface soil, intensive thinning, non-commercial

thinning

1.1 UBIC

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

JERERZA Rk 24 42 3 H 26 [ Received 26 March 2012

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
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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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Variation in fruit production of bird-dispersed tree species
- Data recorded between 2000 and 2009 in Sapporo, Hokkaido -

Shigeru MATSUOKA "

Abstract

Individual variations in fruit production of 6 bird-dispersed tree species (Sorbus alnifolia, Sorbus commixta,
Kalopanax pictus, Acanthopanax sciadophylloides, Magnolia obovata, and Actinidia arguta) were recorded for 10
years in a broad-leaved forest in Sapporo, Hokkaido, northern Japan. Individual locations of the fruit-bearing trees of
4 of the 6 specified species were also determined to assess the distribution patterns of the fruiting trees in the forest.
Annual fluctuations in fruit production were observed among the tree species. A large number of trees bearing fruits
and a large yield of fruit crops in a year constituted a “good” fruit year. The fruit-bearing trees were almost randomly

distributed, except for 1 species (4. sciadophylloides) that was strongly aggregated.

Key words : fruit-eating bird, fruit-bearing tree, masting, distribution pattern
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SWVEEEH D Tld AWz, Kelly and Sork (2002) hi%

FleF BN (MR TES K TERERE) DAHcs
535 HANDH D &I DMLY S, SEMEKDRE
FAEFEROZF 2B U eAiR, FEHL NV TOEX
W, FERAES EEIEEOHBREGBIUZD2D0D
FROEAKM TORFANBEHRL TWE T EARKBEN
Teo Flz, BHEMTOBEXIIFEFHLTWA XS ITEHZ
T HRE VS HATRIZGEAO BN, BoZn
WK KFT 28D EZ BN, BHENTHEBXT
$5 B OBIROM TR A EROZENCFRFTEN R S
N % L5 Shibata et al. (2002) D #rfsEHE & SRl DS
RIGHSMICE G ST, ZOBEBHIEITRHTH %,
AN BT B BARD I IERIC DN T DZE < D%
. BT HH BT XL ENICH BT LR
RLUTWT, =0Tk 32 L E3MTHB T LR
L T\ % (Payandeh 1974, Armesto et al. 1986) ., L M
U, ofkkild, BROARDEFERE., SMORESZE
ICKZBEHMNDH % EMHISNTVS (Payandeh 1974,
Armesto et al. 1986, Szwagrzyk and Czerwczak 1993) .
SRIOHERIE, a7 7T DREFEKRIC DOV TITLE
D, NV FV T 2003 FOR iR ER DG TH -
TeDZBRFE, MOFE, FEORFEARITS > X Lot
I THdT LZmlizc, HHEDOHBED T, FFEAR
DRI DN TOHEHIF R OD, BIARD AR L
FHLILTWB T EMHLMNCE STz, FHHICE > THEHE
BEFRTHAMEEARDMIE., BORBITEIPERZ D
SO TOHEITE., H2WVIFLFTMOEFRELWE D 178
HEWCEHEL, VolES T, BANS RS &, f5E
AN ETOEDOHAERER (Pratt and Stiles 1983) °Z D
OB HRRXDHE T BT ORI KT, T L THRMKANTO
BIRD S mERICE b o T BEEZADNS, HiHK
AROPME ., NOITH), FFHR 7% ElChhb 258,
HARTOWNED DR, SHROBRMRN 5,

ARE
EMEREIC DWW T THORW I WD T bR RS2 B 22
BREER e AR, THERIC, FRACERBWZZN
Te AR BT PE AT BEVE BN RETT 2T 8. PR = IS &R T
%, £z, BRXROEGEB X CIHYHEZE O E—
KA b iEEREMEznizizniz,
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Table 1. 7 X372 Sorbus alnifolia DFGFEFEIEDZS
Variation in fruit production of Sorbus alnifolia

L R AR -
individual il fruit production e
tree at b.reast height notes
number h(ilr%l})lt (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 15.9 13.0 1 0 0 0 0 0 0 0 0 0
2 28.0 16.6 3 0 0 2 0 3 0 2 0 2
3 16.9 11.8 1 0 0 0 0 1 0 0 0 0
4 17.5 12.4 1 0 0 0 0 1 0 0 0 0
5 26.1 17.2 2 0 0 1 0 2 0 1 0 1
6 24.8 16.3 2 0 0 0 0 3 0 0 0 0
7 24.8 16.3 3 0 0 3 1 3 0 2 0 3
8 32.5 17.4 3 0 0 3 0 3 0 1 0 3
9 17.8 11.5 3 0 0 3 0 3 0 2 1 2
10 19.7 13.0 3 0 0 2 0 3 0 1 0 3
11 24.5 13.7 0 0 0 3 0 3 0 1 0 3
12 34.4 17.0 3 0 1 3 1 3 0 1 0 3
13 30.9 17.2 3 0 1 3 2 3 0 2 1 3
14 24.8 15.5 0 0 0 2 0 2 0 0 0 1
15 16.9 12.0 1 0 0 1 1 1 0 0 0 - AS%E dead ('09)
16 28.6 19.3 3 1 1 2 0 3 0 2 0 1
17 32.1 19.6 3 0 0 1 0 2 0 1 0 1
18 29.0 20.8 2 0 0 1 0 2 0 0 0 1
19 24.8 13.4 1 0 0 1 1 2 0 1 1 1
20 33.1 16.8 1 0 0 2 1 3 0 1 0 2
RIAREL No.trees (N) 20 20 20 20 20 20 20 20 20 19
FEFAEL No.trees bore fruits (A) 18 1 3 16 6 19 0 13 3 15
FEFARENG A /N * 100 90.0 5.0 150 80.0 30.0 950 0.0 650 150 789

*0: fERAL L 1 ADEREE . 2 a3 B ERESE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 2. 27 75 Acanthopanax sciadophylloides O §5FZFERE DZ
Variation in fruit production of Acanthopanax sciadophylloides

N=RT1"4 p
mikgs WEHE SR *
individual iy fruit production i
free at b.reast height notes
number height (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(cm)
1 28.3 16.7 2 1 0 1 1 1 2 1 1 1
2 25.5 15.5 1 1 0 1 - - - - - - i34 stem broken ('04)
3 28.3 16.2 1 2 0 0 1 1 1 2 2 1
4 30.2 14.2 1 1 1 1 2 0 1 1 1 1
5 23.6 14.3 0 0 0 0 0 0 0 1 1 1
6 242 15.0 3 1 1 1 - - - - - - {#] fallen ('04)
7 18.8 15.0 0 1 0 1 1 1 1 1 0 - KH¥E dead ('09)
8 213 12.9 1 1 1 2 2 1 1 2 1
9 22.6 16.0 2 1 1 1 1 1 1 1 H4E dead ('08)
10 20.7 15.4 2 1 1 1 - - - - - - {4l fallen ('04)
11 25.1 17.7 1 1 1 2 3 1 1 2 1 1
12 38.8 18.0 1 1 1 2 3 0 1 3 1 1
13 15.0 10.6 0 0 1 2 1 1 1 3 1 1
14 23.6 10.0 0 0 0 0 1 0 0 1 1 1
15 15.6 11.6 1 1 1 1 1 1 1 2 1 1
16 17.5 12.1 1 1 0 0 0 0 1 1 0 0
17 24.8 15.5 3 1 1 3 3 1 2 3 1 2
18 223 15.6 1 1 1 1 3 1 1 3 1 1
19 15.6 14.0 3 1 1 3 3 1 1 3 1 2
20 15.9 13.5 1 1 1 1 1 0 0 1 0 1
21 19.1 13.6 1 1 1 3 2 1 1 2 1 1
22 16.9 12.5 1 1 1 1 1 0 1 1 1 1
23 25.8 15.7 3 2 1 2 3 1 3 2 1 2
24 25.5 15.9 0 0 0 0 0 0 0 1 1 1
25 21.0 15.7 3 2 1 2 2 1 1 2 1 1
26 20.7 15.2 3 1 0 1 2 1 1 2 1 1
27 16.9 13.5 0 1 0 1 1 0 0 1 0 0
28 21.6 15.0 2 2 2 1 2 1 2 3 1 1
29 21.3 14.6 2 2 0 1 3 0 0 0 0 1
30 13.7 10.0 3 2 1 3 3 1 1 3 1 3
31 11.5 11.0 2 1 0 1 1 0 0 2 1 0
32 16.2 12.7 3 2 1 3 - - - - - - &) fallen ('04)
33 24.5 12.8 3 3 1 2 3 2 3 3 2 3
34 11.8 7.5 0 0 0 1 1 0 0 1 0 0
35 21.6 12.1 3 2 2 3 1 3 1 1 0 0
36 22.6 16.0 3 1 1 1 1 3 1 3 1 1
RHAEL No.trees (N) 36 36 36 36 32 32 32 32 31 30
#EJEASE No.trees bore fruits (A) 29 31 23 31 29 20 24 31 24 25
FEFAREIA A /N * 100 80.6 86.1 63.9 86.1 90.6 62.5 75.0 969 77.4 833

* 00 RERARL L 1 ADERETE . 2 AT L 30 2RSS .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 3. 7NV £V Kalopanax pictus DFEFREEEDZE T

Variation in fruit production of Kalopanax pictus

b P
mikgs WEEE iR *
individual i fruit production fih
free at b.reast height notes
number h(ilr;gll;t (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 41.7 20.3 3 0 0 1 1 0 1 0 1 0
2 458 18.3 3 0 0 1 1 0 1 1 1 0 BT stem partly broken (04)
3 44.6 19.5 3 0 1 1 3 0 3 1 1 0
4 28.6 19.0 3 0 1 1 1 0 1 1 1 0
5 30.6 16.0 2 0 1 1 1 0 0 - - - AE%E dead ('07)
6 458 17.8 3 0 0 0 1 0 1 0 1 0
7 42.0 17.6 3 0 0 1 1 0 1 0 1 0
8 33.4 15.0 1 0 0 1 1 0 0 0 1 0
9 51.6 19.5 0 0 1 3 0 0 1 1 1 0
10 27.4 11.0 3 - - - - - - - - - ¥ stem broken ('01)
11 29.0 14.9 3 0 0 1 1 1 0 1 1 0
12 493 19.5 3 0 1 1 2 0 1 2 1 0
13 29.0 18.0 0 0 0 0 1 0 0 1 0 0
14 40.4 17.6 3 0 0 1 1 0 0 1 1 0
15 43.0 18.5 3 0 1 1 3 0 1 1 3 0
16 32.5 18.3 0 0 0 0 0 0 0 1 1 0
17 32.8 17.8 3 0 0 1 1 0 1 0 2 0
18 33.1 18.3 3 0 0 0 1 0 1 0 2 0
19 51.9 19.5 3 0 1 1 3 0 1 1 2 0
20 61.8 19.6 3 1 1 1 3 0 1 0 3 0
21 29.0 20.1 0 0 0 1 1 0 0 0 3 0
22 68.8 21.5 0 0 0 1 3 0 0 1 3 0
23 50.6 19.4 3 0 0 1 3 1 1 3 2 0
24 53.8 21.3 3 1 0 1 3 0 1 0 3 0
25 458 21.2 2 0 1 0 3 0 1 0 1 0
26 17.2 11.0 1 0 1 0 0 0 0 0 1 0
27 40.1 17.3 3 0 0 0 0 0 0 0 - - AhE dead ('08)
28 34.7 19.2 1 0 1 0 1 0 1 1 0 0
29 47.1 21.9 3 0 1 1 0 0 2 1 1 0
RHAEL No.trees (N) 20 28 28 28 28 28 28 27 26 26
FEFAEL No.trees bore fruits (A) 24 2 12 20 23 2 18 15 24 0
FETAREIG A/N * 100 82.8 7.1 429 714 821 7.1 643 556 923 0.0

*0: /592 U 1 AR gE . 2 iRl g L 3 2R

*: 0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 4. 154/ & Magnolia obovata D%EFRFEEE DE L
Variation in fruit production of Magnolia obovata

MATSUOKA, S.

ks AEE fira

individual iameter ﬁmj fruit production e
free at b.reast height notes

height (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

number (cm)
1 27.1 17.7 1 0 0 0 0 0 1 1 1 0
2 32.8 18.9 0 0 0 0 0 0 0 1 1 1
3 34.7 18.6 1 0 1 1 0 2 1 2 1 2
4 35.7 17.7 0 1 0 1 0 1 0 1 0 1
5 353 18.1 2 1 1 3 0 2 1 2 1 2
6 25.8 17.4 1 0 1 0 0 0 1 0 1 0
7 325 18.0 0 0 0 1 1 0 0 3 1 1
8 30.2 13.5 1 1 1 2 0 1 0 1 1 0
9 28.0 16.8 1 0 1 1 0 1 1 1 1 2
10 25.8 15.3 2 0 1 1 1 0 1 3 1 2
11 34.1 17.4 3 2 2 2 0 1 1 2 1 1
12 22.6 16.3 0 0 1 1 0 0 0 0 1 0
13 28.6 13.7 0 0 0 0 0 0 0 0 0 3
14 47.4 17.7 0 0 3 1 1 1 1 2 1 2
15 37.2 19.4 1 2 3 2 2 3 2 3 2 3
16 232 16.1 1 0 1 0 0 1 0 1 0 0
17 18.1 15.7 0 0 0 0 1 0 0 0 0 0
18 30.2 15.7 2 0 1 1 0 1 0 1 1 1
19 26.7 14.4 0 0 0 0 0 0 0 1 0 0
20 18.5 11.5 0 1 0 0 0 1 0 0 0 1
21 18.8 11.6 0 0 0 0 0 0 0 0 0 1
22 31.8 18.0 1 0 1 1 1 1 1 2 1 1
23 325 20.0 2 1 3 2 2 3 3 3 1 2
24 19.1 17.1 1 0 0 1 0 0 0 1 1 0
25 19.1 13.5 0 1 1 0 0 0 0 0 0 0
26 15.0 11.3 0 0 0 1 0 0 0 0 0 0
27 26.1 12.5 0 0 1 0 - - - - - - HhSE dead ('04)
28 26.4 18.7 0 1 1 0 0 1 1 1 0 1
29 344 18.5 0 0 0 0 0 0 0 1 0 1
30 29.6 21.0 0 0 0 1 0 0 0 1 0 1
31 26.1 11.7 0 0 1 0 0 0 0 0 0 0
32 213 12.0 1 1 0 1 0 0 0 0 0 1
33 12.7 9.1 0 0 0 0 0 0 0 1 0 1

RIAREL No.trees (N) 33 33 33 33 32 32 32 32 32 32

FEFAEL No.trees bore fruits (A) 15 10 18 18 7 14 12 22 17 21

FEEAEIE A/N * 100

455 303 545 545 219 43.8 37.5 68.8 53.1 65.6

*0: f5FR L . 1 DRSS 2 rhEREE 3 B EkETE.

*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 5. ¥ )V T Actinidia arguta OFEFFEE O HE
Variation in fruit production of Actinidia arguta

FEFARIGE *
k&S fruit production ik

individual tree number notes
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1 3 2 0 1 0 0 1 0 0 0 —#EEHTN stem partly broken ('04)
2 3 1 3 1 0 0 1 1 1 1
3 3 2 2 2 3 2 3 1 3 1
4 3 3 3 2 2 1 2 1 1 1
5 3 1 2 2 1 1 2 1 2 1
6 1 0 1 2 1 1 2 3 2 2
7 2 2 2 2 3 1 2 3 1 1
8 3 0 3 0 2 1 3 1 1 2
9 2 2 1 1 1 1 2 1 1 1
10 3 0 1 1 1 0 1 0 0 0
11 2 3 2 1 2 2 2 1 2 1
12 1 0 0 1 1 1 1 1 0 1
13 3 1 3 3 3 2 3 1 3 2
14 2 1 2 2 3 1 2 3 2 1
15 3 0 1 1 2 1 2 2 2 - HFE dead ('09)
16 2 2 2 2 3 1 1 2 2 1
17 3 1 2 1 2 1 3 2 2 2
18 3 1 2 1 1 2 2 - - - HE dead ('07)
19 2 3 2 2 3 3 2 2 1 1
20 1 3 1 3 2 1 3 2 2 2
21 2 1 3 1 1 0 2 0 1 1
22 - 1 2 2 1 0 1 1 2 1
23 - 3 2 2 2 1 2 1 1 1
24 - 1 1 1 1 1 1 1 1 1
25 - 1 2 2 1 1 1 2 1 1
26 - 2 2 1 1 1 1 1 1 1
A% No.trees (N) 21 26 26 26 26 26 26 25 25 24
FEFRAE No.trees bore fruits (A) 21 21 24 25 24 21 26 22 22 22
FEFARENEG AN * 100 100 80.8 923 96.2 923 80.8 100 88.0 88.0 91.7

*0: RERAL L 1 ADEESE . 2: a3 B ERETE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 6. 77 /1< K Sorbus commixta DFEFTFEEEDZE
Variation in fruit production of Sorbus commixta

TR *
A= fruit production fii%
individual tree number notes
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 3 0 1 1 1 0 1 1 2 1
2 3 0 1 2 2 1 1 1 2 0
3 3 0 0 1 3 1 1 0 1 1
4 3 0 0 1 3 1 1 1 2 1
5 3 0 1 2 2 0 1 1 3 0
6 3 0 2 3 1 2 1 2 2 1
7 2 0 1 3 1 1 1 1 2 0
8 3 0 1 3 2 1 1 1 2 0
9 3 0 1 3 2 1 2 1 - - HFE dead ('08)
10 3 0 1 3 2 1 2 1 3 0
11 3 0 1 2 1 1 1 1 1 0
12 3 0 1 3 2 1 1 1 3 1
13 3 0 1 3 3 2 1 1 3 0
14 3 0 1 3 2 1 2 2 3 1
15 3 0 1 3 2 0 2 2 2 0
A% No.trees (N) 15 15 15 15 15 15 15 15 14 14
HEFAEL No.trees bore fruits (A) 15 0 13 15 15 12 15 14 14 6
FEFRENEG A /N * 100 100 0.0 86.7 100 100 80.0 100 93.3 100 429

*0: fERAL L 1 DERESE . 2 hiEkG R L 30 B ERETE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.

Table 7. #5392 L 7=k D55 FakE D

Spatial distribution of fruit-bearing trees

s avrIro - *
* So;fbuxs:‘;lz—i]glia A_canthop anax Kalo}p\aizj):c ]gictus Magjo;—a/ojovata
year sciadophylloides
N R Significance N R Significance N R Significance N R Significance
2000 18 1.06 ns 29 041 *x 24 1.03 ns 15 121 ns
2001 1 - - 31 042 ok 2 - - 10 1.06 ns
2002 3 - - 23 0.52 Hox 12 121 ns 18  0.84 ns
2003 16 1.12 ns 31 0.62 *E 20 0.73 * 18 0.78 ns
2004 6 - - 29  0.58 ** 23 095 ns 7 - -
2005 19  1.04 ns 20 0.53 * 2 - - 14 083 ns
2006 0 - - 24 045 ** 18 098 ns 12 0.79 ns
2007 13 073 ns 31 0.61 ** 15 0.78 ns 22 115 ns
2008 3 - - 24 0.57 ok 24 094 ns 17 093 ns
2009 15 072 ns 25  0.55 ok 0 - - 21 090 ns
all years 20 1.03 ns 36 0.61 ok 29 1.03 ns 33 0.81 ns

1) A fR#T &, LB EEE (Clark & Evans 1954, Sinclair 1985) % I\ 7z, Analyses were done by the nearest neighbor
distance method.

N B UTBIARE. (N>=10 DFEICH AT 217> 72).  Number of fruit-bearing trees (analyses were done for the years that the
sample sizes are more than 10).

R: IVALDHOLEEER= 1, R> 113 —2ftER. R <1 13ERAEMRZELT. R = 1: random distribution, R < 1:
trend in degree of aggregation, R > 1: trend in degree of dispersion.

Significance : *, ** &, 5%, 1 % HFEALAZZTNEFN/RL TWS, * ** 5percent and 1 per cent level of significance,
respectively.
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Fig. 2. 7 A&+ DFEE T & OREFEAROAMER, FEEE D (BR) . 2 (REODSL) . 3 (FRED
DEL ) DHEIR,
Locations of Sorbus alnifolia trees that bore fruits in each year. Black circle: low fruit production;
green dot: moderate fruit production; red dot: high fruit production.
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Fig. 3. 227 7 I DFEE T L DREFARDAE RN, FEEME 1 (BR) . 2 (MEDDHL).
3(HFRBEHDERL ) DHER,
Locations of Acanthopanax sciadophylloides trees that bore fruits in each year. Black circle:
low fruit production; green dot: moderate fruit production; red dot: high fruit production.
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Fig. 4. NU F VY DEL T & OREFARDAIER, FERBE L (BAL) . 2 (MREODEHL) .
3(HFRBEOHDEREL ) DHER,
Locations of Kalopanax pictus trees that bore fruits in each year. Black circle: low fruit
production; green dot: moderate fruit production; red dot: high fruit production.
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Locations of Magnolia obovata trees that bore fruits in each year. Black circle: low fruit
production; green dot: moderate fruit production; red dot: high fruit production.
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Sorbus alnifolia Acanthopanax sciadophylloides
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Annual variations in the level of fruit production. White: no fruits produced; black: low
fruit production; green: moderate fruit production; red: high fruit production.
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Fig. 7. S5 AROMTE R L IO, Sa: 7 RFF >, As: AV T TS, KpinUEY . Mot kA /%,
Distributions of the diameters at breast height and tree heights of the fruit-bearing trees. Sa: Sorbus
alnifolia, As: Acanthopanax sciadophylloides, Kp: Kalopanax pictus, Mo: Magnolia obovata.
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Photo 1. 77/~ FOFEEREDFZLHF (Table 6. (HA%S 14) . 5 O, ZDEDOKFEEZ
AR (0: MERAL L1 ADRRETE . 20 a3 RS,

A case of annual variation in the level of fruit production of Sorbus commixta (individual number 14
in Table 6). Numbers on the upper right corner indicate the level of fruit production for the year. 0: no
fruits produced; 1: low fruit production; 2: moderate fruit production; 3: high fruit production.
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