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1. 2UHIC

A ANEDEE LB 53 TIERICEEL
RIEVWHETH L. ZLTRKEOEBHER TS
AF oy 2 MBS TV AEETY, BEICHT
BHRREINCI LR EWERLBE LR DL ORA
WiEP SR, AMREFOTOVWZELIATEDR
T, FRIIRETIZHRERLEZFI SR TEL
FHO—>TH2 _BILKELTBRNLEET S35
&R, KRR, RPN IE 2 SO AR v o
FREADFHRELLMITRTHEY, ThoDliEx
Lohbh &Rt oicid, el CEEICHEE
PITRVEHETLIE, FI0LEEShIANE X
DEFENPORBICHAT L RDOHN L,

AMOBEHRHL SHROBELEZ TV
X, EBF—-F2ERTHZLTHE - WEZ Lo
HREBENOZERZERB LS IBEOSTEN L SN
3228, FLF0EBHERETHSMITIILIVE
ThHd, L LEBRBRIBKTHIEVEHZET S
bOrBbhi, 2 TRPETIIENTREMNM L
LCFELBETH L AF2MBME L L, BEHA
FLEHEAFORFITBWT, HE0ENE - E8E
EREOMBATOLEH L HEBRIZOWT, Fik
BB & BAMOERICEH L TEB L,

2. HEHLIUERSE
PRI HIFGHET 2> & A F(LUFH X ¥)
4k, vilEELE ) EIASAF (UTEHAF) 3K%
872 (Table Do WTFhbHEMEL Y Ei2mEOY)
WiiEADHESH50cm O SO EREZRML
720 M EBHIB.2mEF CRARTHOMP RO, REIR
B w70, mOA oz B fGEE R (TL),
B RES _KkERBOI IO T4 7 ) VESH
(MFA) o, BLUBKXET Y M A MY
X BERBITAICIY BWRY &, B &K
S92 X 2cm OEERERA T EHROICER L2 &
M 2 FiZ513004K, El A Fidat22stkoRBk 75 5

Table 1. An outline of sample trees

F62% HFl1e

Nz T2, BHAFIZOWTIEMESAENE M
T 57280, BK15.3mi T CHem EOHE2HD
HTERWML 720

B FERARIITIE - PHERIE (ARW) - B
BER GEAMEBLIROEEERME. T CA) %
WsE L7218, H0 R - diTREk - BUEMHAR - €A
Wi GKHAFOA) 2L, 0 REIRBIK
DO—wEEEL, %24, 9N X135mm NE— X » k
% 2T C150mm A28V TOE Y BOWEBH ST A
Wi s RK (G 2K, ZhiutoRBiE
JIS-Z-2101c ¥ U T v, #iFY » 7% (MOE),
s s (MOR), MEMM X (CS), HAMME (SS)
BRD 7z, EARFITAERE ORI ABRA L v Tl
FL, REAFTI213.1%, EMAFTIHI2.1% %1%
72

HMEAROWEIZH5em D REREE T &L
MiZahhs L) IERMICHER T 2 & FERIC#E 5
CHEBERHEL, SRETEKELRDI,

TL OfE L, B2» 5 OEHHRAS, 6, 9, 12, 15,
20, ZORIVER T EICHBE E TOEPTCHM T L
DERY, Yany 2 KRIZ2~3HREL CTHE#EL, &
BIREREHCT—ERD L VIRDREBTORS %
WoE L7- Pl % L% ERD TL & L72e MFA Ol
Eix, TL QY%L F— OB CHEROBMIER
OEMBEHEREILZBEL, XYy MROBLODK
HEREERBFRNOAEICL YR, 30A0OFERE
LFERO MFA & L7z,

ERBAT IS 0 5mm EOR» SR E T T
DOARMBE G AZRBERED Y L, RBiE20C, HRE
JE65% DEIRERE THRER, MHTEM2. 2m, 17kV,
1dmA OFEH T4 BB XML BE L, BEIER
MOBEEFRIAES & 31274 Vs (FUIIFILM X
ENVELOPAK) ZhE&fhi)7. 2L CFYy ¥ hA—%
(Joice & Loeble I CS) TREXHANY, Eil}
PEDBED HGEEMICBE L 72, 2L TRBMER
DEEM%E Mork DERIC L Y B X /2550kg/m’

. Stand DBH Height Branch height

. Exposure Elevation .
Stand n  Possession of slope (m) Stand age  density Mean cv Mean cv Mean cV
(per ha)  (em) (%) (em) (%) (em) (%)
Tazawako, Akita 4 National West 350 78 475 39.1 5.0 27.2 15.0 12.6 3.6
Kaminokuni, © 3 po nal  Flat 10 50 600 0.3 40 2.8 3.0 165 8.0

Hokkaido

Legend. n: Number of sample trees, DBH: Diameter at breast height, CV: Coefficient of Variation
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Table 2. Results of the tests

ARW SG G MOE MOR Ccs SS
Stand Mean Ccv Mean Ccv Mean Ccv Mean Ccv Mean Ccv Mean Ccv Mean cv
(mm) (%) (%) (MPa) (%) (GPa) (%) (MPa) (%) (MPa) (%) (MPa) (%)
Tazawako 3.17 48.3 0.379 9 792 17.4 8.40 21.4 67.6 14 39.1 12.3 6.77 16.2
Kaminokuni 5.30 55.8 0.369 7.9 752 18.0 7.02 25.3 64.1 18.1 33.7 15.8 - -
Suzuki* 3.73 - 0.386 - - - 6.58 - 56.9 - 30.4 - 8.62 -

Legend. ARW: Average ring width, SG: Specific Gravity, G: Modulus of rigidity by torsional test, MOE: Modulus of elasticity
in bending, MOR: Modulus of rupture, CS: Compression strength, SS: Shear strength
Note. Numbers of specimens are 288-300 for Tazawako, and 224-228 for Kaminokuni.

* . Shigehiko SUZUKI (1991)

ELT, BERIIOWTHEEE RW), FRFESE
E (RD), B #i8 (EW), BMEHHE (ED), %
Mg OLW), MM EHYHEE (LD), BbE (LWDP)
BRIz,

3. BREEE
3.1 EMERBERRUEMSKROAUEER
FHREARBROBREZSEA (1991 PFLOARF
EHABAO2EFHMEL H T Table 21277,
FKH A 13 MOE.MOR,CS TR &£EFEHML Y §
19% ~29% K& WA R Oz, ZhIZSEHERL
TR R B ASE 72 30 BB IR O SRER R A5 5
Mol bIHBLTVWELELILNS, BEEAXT
b MOE, MOR, CS TREETHMELY 7% ~
13% KRE Wiz ohrze CCTARWIKEBRT S
&, MEHAXIEEEN LY H15% /MWD, ERH
AFTIES% bRENETH o720 SRIEFESNIE
BAFOREARIISHBLHRTERESRVD Y ICH
BREZNISETEY, BEmMICBVW L MAEEE T
RCBEOBL o720
AMEXKFEOWNEERZAN - WEET LV L
M- EERELLOMD3IDIZFEL T Table 31287,
AXIIHT 2 BEOEMEREORE S 1991,
RHES 1998, FAHE 1999) kY AMEAERTEY
il otz $, WEELLMESELVLHLD
BIcHEBEZRBEDOh S o7, LA L, Fig. LIR
L7z2E91, BEHBITOERZ RS LOHOEAE
TR E B TROE S XD LS MRV EAS
Hoh, 3.3mMlEcikfiiz &b M eat vl
MOEHERIZ1I% OREBRETCHBEEFRD bR,
EBMEIL, OB EENRL I ERPPICE
AKEBEZRL, AU TIES.3mT TCOMICAMIZE
KEBBL S BIZIFFT—ETHBT L, T2, %
BHMTEZ D EEMERBOGAIZZEH (1991) A3

SHEL 42D 5 4 7Tk, AMBTEL, LHET
BWPHISEDS o THNT 254 7THHLE
Zbhb,

3.2 RERBHBEEOTEES SUHEORKRE

KA E, HRCRERLBERGICL > THES
N7 REBT, TEMFFEZ ST Y FAKE CHEMIC
$55DTHEILPHLNATS FELS 1963,
1964, KH 1972, $# 1991), R LR E
WAL, BERPERYERTREL M EES F
THEPEBHL T, Fig.2llKAXFIIonTH
BEEDOMOE & GorEHFNEGZRT, Bl
ML BMEIEVWERTHL A RERN DY, X561
BRI THEOEHHEMPR R > TV 5B LAy
Db ThbEREBMBMIIBECRELEIZLS
BV TIEEL, —ROKORTLHEIIL-> TR
LoTwd, Lo TREANBROERIIE IBITAT
v, TOBBRNTOEEEMZHALPIZTILEND
LrEz5h5%,

IhETREMM ERBMOBRR L EERT L~
DRAPITF DR TET LY, EREEHRTHEKR
{22 T Bendtsen b (1986) &, [EREZEHT S
LItk oT, B, HER, MLEEIFHEEZZ
5. IR T RBEHAM &AM OB E OB T X
5, HERIIHR, BE, FR EREoREE, #
BHNOKREHRY - RBMESIETTRDL I EH

Table 3. Moisture contents for green condition

Moisture content (%)

Position n - CV (%)
Min. Mean  Max.
Sapwood 51 91.9 158.6  240.9 17.5
Without pith 85 40.5 98.5 246.1 59.4
Heartwood
With pith 24 44.9 106.4  201.6 43.5

Legend. n: Number of specimens



18 v B KR AT FE B

F62%E H1E

200

100

Moisture content (%)

@ : Sapwood 1
A\ : Heartwood(without pith)]
0 Hclaartwood(with pith)l

0 R SR

5 . 10
Height (m)

15

Fig. 1. The vertical variations of moisture contents for green condition

T& 5%, MIEEILR NI, tEidhLaRi#k
MERBMEBEBIZANTITR) LD TES, b
i, 2OV TREREEAMORNEELRET, Kk
PMPEETIRHICEETEL, L LTVE, 20K
IR BIFEA A B L AU IS E BT 2 OXSREN
LHETHLH, ERIEERLE EFREICI-
THBHER NENFEOEBEMP Eh 5ICET<
KEBM OMAIIR LY, H—ShAERHFEILLS
F— 7 OERPULETDH 5,

WE T TR &AM OBERIE, ENED
DA HBBEEN LD DT THA RIBEICL - TRD
LRTWEY, RATAREICL - TREILETLHE
BEERPRELBELSE<HS (FR 1967, KH
1972, %k 2002), FERFEIIODVWTHHLLTF
EFHVONTETVED, »5EEOFEFNES
BT 7L DRENIILEICEL TS ERigE:
HEBRELTVDEHODE V., ZRUAMIDRRL R
FEVrHE I TBY, Eas (1964) TR L H
Y rROYEFHNESE 75 7 ETHENCRER
HIREAEELBEBICRSL, #hZhziEEiEL
TEALGNARE LV HEMLISEST LA LT, F08
Fon2ow RESM L LTWB, —F, HA (1982)
E TL OEB 0B THEE L, D7) oMnE
1% 2o HEERELTEY, ZoBNEHIC

FEBEASLWHENZE T L Bendtsen & (1986)
3RS L F—-¥<v®dDMOE, MOR, SG, TL, MFA
» % B I, Segmented regression analysis,

Discriminate analysis, Analysis of slope & 32D %
EEfh oz, ~BLEEMEOR o220
BEMIC7I7 7 ETHEMTHEL TW 5,

Abdel~Gadir & (1993) i3 7 5 2 7 7 — O —F T
EHEOLE % Piecewise regression # VW CHERE %
k72, Tasissa 5 (1998) i3 F— vV DLELS %
Interative solution, Segmented model, Constrained
solution & fiV TR EEZ KDz, Sauter H (1999)

22y P4 OB EEEE % Segmented
regression & WV TEREERD /A, T TIERE
AN ZREABE T WA, ZOLHICERNE
RS 0K H 121 Segmented regression analysis
BRI VLR TWAEY, Zhi3MELE»ZLXM
ERERMO2ODORMIZHT T, BEFHMIHRA
KEZIIICARLZEOZMBROR SR ERA L
LTwb, LaL, BILEMDHSREXE~DOBITH
FHBELBEGTOERNZHRIBONLN, £hdt
BERELLTRLETHEHI L) IR ES, &
D LIk A R PEEAVEERSOERT EHRE
ENTETVEY, TITEELOERAZEELS)
LREHEDVDROBKREZAB T L L, RELLHE
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Fig. 2. Variations in MOE and G among tree stems
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30 The convergence value i
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N convergence value
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R=0.919
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Fig. 3. The definition of the demarcation between juvenile wood and mature wood

BTRIZL ERNICRDLETH S, £ZT5NM,
R AMBEROEETEZREL, £ORYMIC
DWTHRE L7z,

KM EBERAM L LTERTLIBICERER2 0,
NFWHLEETH D, PRZICEBMOBEREERT S
BLHZNLHELHVLOPFELWEELL, 4
EER LRI A X CH Y, COWBEREL LT
BPETREEIEL R I EFMONTEHSED
FoEMBERD LN, FDHDMORRCS L ED
WSRO RRBM I TH FNIT LS RS, B
REERTLHLOOKEL LTRAELTH- 1272
®, MOE#RHwaZ ke L/H, HBERSCEKE
DE N LI X BERIBOMBIZ L - T SGPELT
HEBRBRLDICSG THRLTHEBA LA, Fig.30

Table 4. CA at the demarcation among the stem

CA at the demarcation between
juvenile wood and mature wood (year)

h1 h2 h3 h4 h5 h6 h7
Tazawako 31 22 17 16 13 11 12
Kaminokuni 19 13 12 12 14 9 9

Stand

Legend. h1-h7: Heights through the stem that hl is 1.2m
(Tazawako) or 1.3m (Kaminokuni) and the
others are above 2m as the subscript number
gains one

& 912 MOE/SG FEFHHMOEB % s (Eq.1) T
L, ZOIRMDI% \ZE 722 EORREER
ERBMERE L, ZoBERICBVTREEIIN
WA, bidy#l LR, il ERICEFAEZRED
LRETH B, vyl EOYS L ITRESB LD DN
FIETHBHH, MOE/SG ix TL % & O BEE 8 %
B LRI, 5 CADPSIEELTHEBT A0
RHEBEHRE SRR TV, 90% & v BREREEN:
bOTHDH, BREMICEEITELZEDI0% AR
FENNIEZFOHOPIIBITAEHE L L THMEINE
LL0LHM LI, ZOBEFRMICL > TRSNZ KR
MERE 7T 7 L TOHRENIEREL TV LHERT
Hoto FRITORAMER% Table UTRT, B
AMBROSHEFMOLE 2 R% L, B TSR
DCAHPKEL, BEEHTEIEHEROCALRLS
BRID Dol T THHAFTCOEREE MOE/SG
DHFHFEEDLETRTASL L, MOE/SG OEEHIH
RUEERWEROMAZHEICKBL TnD LAt
Shn (Fig.4), THid MFA 2EEL b EE5 012 #
T 2 IR N CHERCHH TS LI P S
(1996) DHEIZE > THHAZN S,

a

Y= 1+5-exp(c- x)

(Eq.1)
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15
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Height (m)

W

50

0 50

CA (year)

Fig. 4. Variation of MOE/SG among the stem and the demarcation line between mature wood and juvenile wood

Note. A unit of MOE/SG is GPa.

LI EARDE B R T - 7285, HEo ik
DHHFRIRELIERVBOZbDEEZ NS, #
CTHAMBERER I CLEREHBII DV THT 5
729, BESEmICERBEE,»LEMNT S CA#ME,
CADREVWEDRL2T 28 L LT wio 2B 0B FUE
OEEE R (Fig.5). 230 WEN TR ERER
ETHETIIET S CABKEVLDD, FERFEADIL
Bl CA BREAVNEWIEEERTL, 2RI T
RMELTD2L)THD, ZLTEOETOHX 34t

(O8]
(=]

—
<

A at the demarcation (year)
[\
(=]

40 50 60 70
CA range (year)

C
=
(=)
(V%)
(=}

Fig. 5. CA at the demarcation determined with restrict
number of CA used for curve fitting

DESIZHERNTH L, BWMEIEE, T4bb
FRCADPEL NG Y FPNIVITE, RAMER
ERICLEL CAHPASZIEIERELZLTH LW
EEZ BN, 3.2mlr L ETIdiRA CA 7520438
CCAMMZMS LTHHERACARENIEIETHS
T, MRS TS 0ERE S LT E SN B
M BRI R Y L% 2 SN b, IS504E Al O
MThoTd, TOHEEHCNEZOMETOLRE
MEIZET ZHMOHEANBE LN EIZEb IR

pvear)
(=} (=]

—
(=]

CA when the increasing
rate is 1%

CA range (year)

Fig. 6. CA when the increasing rate is 1% with restricted
number of CA used for curve fitting
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{, EBOFFI BV THHRNLERFTETH D, —
}T, MOE/SG DEMMEBAFO T1% ¥ o7z CA
FEREBE LSS (Fig.6) TH, CA#EMND
BWITEERCA T2 EmMAED b,

3.3 ERERRHEBBTOLE

REBHM E AN ICBITIMEOERERIL
7oo REBERL IR OB ETREIAM & BB & 125
FTELH7b D% Table 5127 T, TEREIZ—B
FRERBMOFTIEL 2oTBY, BERMOFH X
DHEPRELTWAZELERLTWS, ARW 3§
WWREWERRBAM OLPKE L, BBEMO2E»ERI
ETHotze AFIRAE T SCATKE S REMHM T
bENITENEL o, BAMOFFKED-
2o FHUZPES T MOR, CS, SS bRIBROERICE
H, FOEIZI0~20% ThHole GiZMMHETED
15% BERKAM OF B KE L, MOE TiEkHAF
T37%, BHAF TII48% B O FHKEL 2 Y,
RIS & BRI BT LM EOERIE MOE THd
HETHoTe TRIEMOEIZDWTIESG ED D
MFA OFENKEVWZ EIZX D HITS 1986, F
JI51997), Table 6({Z MFA & TL OHIEHE R %2 %
B & M L IZ T2 b DR R BRIREATE
WZ EIZBEFLESN, MFA GREHM Tl
Mo#2ET, TLIZN0. 75 TH - 72,

3.4 PHIX¥XLHBAXOER

ZZTC, RBEROKEHAX LEABHATLOER
IZOWTHRES 5, BEHXFIZIMRICHEI L &
POEAIRLEEDRTED, KEAFEEVER
BHEDTIE Pt FHEENA, Table 5iZR L7
FNEROMEOFEYE% LT 5L, ARWIZBW
THRBIM & BB OB CEEAFOFFERICK
FVORBIFLD, FRIIHLSGIZIZEALED
LREWETH B, 2O—HTHEERIIBVTIIK

g6z H1%

Table 6. Comparisons between juvenile wood and mature
wood for MFA and TL

MFA TL
Stand Position n Mean CV  Mean CV
(degree) (%) (mm) (%)
Tazawako Mature 111 10.3 35.7 3.38 5.7
Juvenile 122 21.1 43.5 2.52 23.2

Legend. n: Number of measured spots, MFA: Microfibril
angle, TL: Tracheid length

B TIE3% ~12%, KRB TIiE6% ~19% bEH
AEDFHNEL roTwD, 22T, ARW AKX
WIZH b LT SGIRIBEALET Lahokl b
IZDOWTEET A0, ARW % 1lmm EIZREES T
% L72SG OFHE RO R %E Fig. TITR T,
STHET AL, EHA¥IZ ARW 45mm P EOR
Bk TH SCREEFNUER U TICHFLTVWAH I LA
Shbe, T2, FML ARW THRZ LEBEAFORNR
SCGHAKEVDHDLHo/e ARWAKEWVDLDIIHM
IEWEBO L DS L, AFOLEETHLHNET
BHMBEENRKNEL 252 LD, ARWHKELTY
SGIRETLAEVWEHHADO—DIZEZLNSL, LILE

—————7 T
@ : Tazawako |
+ A : Kaminokuni]
04
&}
) }
0 3 ) ' ¢ 1 ' 1 I L I8 "

5 10
ARW classes (mm)

Fig. 7. Means of SG divided by ARW
Note. Vertical lines around plots denote standard deviations.

Table 5. Comparisons between juvenile wood and mature wood for mechanical properties

ARW SG MOE MOR cs SS
Stand Position  n  Mean CV Mean CV Mean CV Mean CV  Mean CV  Mean CV  Mean CV
(mm) (%) (%) (MPa) (%) (GPa) (%) (MPa) (%) (MPa) (%) (MPa) (%)
Juvenile 124 4.44 33.2 0.364 9.0 874 18.8 6.90 19.8 61.5 12.1 36.2 10.2 6.37 14.7
Tazawako
Mature 175 2.28 31,9 0.3%0 7.9 734 9.9 9.46 12.8 71.8 11.6 41.2 10.8 7.03 15.9
Juvenile 108 7.68 34.0 0.357 8.2 811 19.0 5.59 20.4 58.0 16.2 30.7 14.8
Kaminokuni
Mature 120 3.16 29.7 0.380 6.6 701 13.0 8.29 14.1 69.6 151 - 36.3 12.3

Legend. Same as Table2
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Fig. 8. Variations in ARW and SG among tree stems
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Fig. 9. Vertical variations of ARW, SG, MOE and G
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Note. Vertical lines around plots denote standard deviations.
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AEL, FNRVEBRBTEELTWVWELITHS
(Table 4)o RBEBM D S HBAM OBITICHL T,
BENGERLBEENZERO L LPREERT
B LPIEo TVRVE, SHOERTELT
HHLELELLLELEZ RV, SGHEEFNIIEEDLE
WOIILEBAXOFTEEENEL TV Ha»5
MFA CEDPDHLTEEND 24, FOBHERIZNIC
Bu230ThsrEZONSD, LPL—FTARW
L SGERZFhOBBRNEGZ AR5 E, KHAF
CEWAXCTESEmMI RL S (Fig.8)o RKHAF
TR THIZE CAINEWE I AT ARW AVRS
WS, BEAFTIECAMWREWEZATLESICE
53 RBEIC ARW 5K E L o Twb, SG T,
CAZHTIZONTWo2A SG 2R LTy EHm
WL 280 CA 7%, BREXF TUEHRTHRIZEKE
WOIH LT, BEAFCRESICEISTIRIZAL

CATHEIMIELTWE, TS5l i), WEE
BEEDIRENLEROBBORIEIN S, FHIL
BEAFORBEICHL CTHRERB LT Thnin
DTHLLERTELRVY, 5BOFHEZEZL LT
CHHDZLREETHY, Re2BETHE- R~
OMBETHRET T L) TEFFE L,

3.5 VEHATOMHER

Fig.2, 8 X H12, BEILL-> THHEHDOYEES
MTOEBEME EDOMEPBRE L ENVGHI B, &
BEMICHIRT 2 - 08 SRR, REHco
FEE L BEREEERT (Fig.9).

ARW ZBKHA ¥ DORBERMOARE S £ HWIIT L
EEBNSE, ThUARESICLSTIRIE—EDHE
R L7z 72, B AXOREHM BN CEER
EPEEITKE V. SGIZEKE R ¥ OREHEM DT
BREMICITIEEBERHICHEML TV LS ICRL
b, 251 MOR, CS, SSTHIFIEFR LEMTH -
Tro R DBIEREICIESC OBEFILERATVD
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Fig. 10. Variations in rate of juvenile wood content with stand age
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o e SEITEHAM & REMM ZNEROFHET
HollwERIHIVRELLLTRDOLOALZVD
DbdHo7zH, Fig aATHETESL LI, HLCA
TOEZRBETHEERICLEEZRIBOLN,

KEBMCTRESEHTIILNAT Y FIIEL S
25DbHo70, BEIIANTVFOERIEN
EEHE TR ho T

3.6 REBBOMREFROIMBICLIE
Bendtsen & (1986) X304 D F—F < v &K
75O EREL.8mb SR REBRE T, KRB R
2F—F<UTIRENONIBME, K75 TIIHISEE
L, 204 CF — ¥~ 1260%, K7 F1%80% D

BIEMEEGL L LTVE, ZLTEZOBRDLERER
ERZRELTEHETHIET, RPWETRVTIRD
B D #925%, tREA604E Tidf10% IS RBEBM SHF
PETFTTHLELTBY, 60FEXBZ 5T TIHEEZRFD
REZLELTVS, LI LBE—DHEIDOATHLAL
BARIIFEAETH Y ZOBROEELSHERNTH DM,
Z L CRBBMOBEISERMNICRD ShbDTIR
TOEPLEHIZITEL TRy, AfETCRINAS
DEM %72 L 72 ECRBEM OMREHEONMEI
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FRIEN ORR L EICRBEIS HIRE BH S O
BICHmET L L, WEMNTI6~17cm B, 3.2mif
~7.2mfpL Tid14~15cm #BE, 9.2mA~13.2m{i T
1212~ 13ecm BETH o772 £ LTESEIC, B0
HH OAKE RO REEM EHR T QAL IRE L
T, HKERREMOMFEE FNENGTE LBHRNIC
B A RBRAM EHEL KD, F OEHEH0, 50,
60, 7T0ERFE TORBRAMEHEDL HbETRD,
BIZLAHBNORERAMEFEOES LILEL 2
BTHRHEOLE % Table.7i2, & XEBEOREHM
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67% THo 7225, FLAITHB LTV ERRIZHERTS
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Table 7. Variations of volume with increasing stand age

Volume of the stem

Stand age (year) below blanch (m®

Volume of juvenile wood Rate of juvenile wood

40 0.264
50 0.427
60 0.575
70 0.729
78 0.924

(m®) content
0.177 0.671
0.189 0.442
0.189 0.329
0.189 0.259
0.189 0.205

DEBMBEROEHET TS, REHE D% L.
DYEBEZ FOM % BBMIZH0% FATVRA LWV
ZEETRL TS,

BRICLBEVERSLE, 3.2mii & D BT
BEFOIKEIERBRAMEFERIB BEoTW 5
B, ENIVEMNTHIMBM L3 2mMHOALKT
LEL o T0EI BT hs, THIE, BEIEZELC
THHEH EEIT ETBRB OFERYE  RRAM DR
Zk, THIECSHREMERD CAIKREL, FIHE
MTRESPFLVLILE S, WTFhoFRIZBW
TOHMBRIC L > TREBMEFRERLE TV X, 1D
HEREOEWNEL BoTWV,, #FLTHEITSETIR
BRWLBENILEAELRLS BoTWB I ENGH
bo THDRBIIRBRBM EAROKRTHEIRIL,
HHLBREOHRBIET S LIZIZ-EMIINERT B #
Aohb, BRXEEROEE L Gh¥5Z L THAR
PR BELBRERETELLIICLLI LR
IES - (o

RKEFM IOV TOBEOMEIL, BROZHEL
ZNIE > TEDLNBZHEAIIOVWTORIILPEFR
LTWwiWndorgd, HRNTOMEEERLED
EEIIOWTERLTWEbDIIRIFEAE RV, LD
L, EBRREAHZENT U E»0E L5 L —FRD
LRTWBEHRI IV 72FREDOTHY, $%5EO
X5 Ak S N5 2 & CHifEE, SREOT—
FHERIN T ZEDPEE L,

3.7 WESHCHTIHBREORE

R OMBEIZZN LR T 2 MBHEEICHERT 2
LOTHY, MBBEOEBICKEIELGERS,
2, MRS WIT LI EITA & < & ) REE XM
Tho TNZFTTIEAR L, @HEOBER, MALREZ R
THI774 7Y NVO/AE, MBRSRPRERY
A BBERIFAGI L T—D2OOMBEL 25, £E

LM EOAMZEET 27200 ERRHEL T2
IZ%72oC, MBEELREONERZRIITHLL
REDODTEETH S, 5% THE L DABEERR
P bR TE TV, NENEELOBRERS
BHNCER L7260, FICAREMIIBW TR R, £
ZC45E, KHAFIZBWT TL, MFA, SG4%H
ZRHEEICEREEERB LTV 200 BTS2
W, ERRSHEBCCHRE Lz, TL, MFA
BHMO54 RN (Eq.]) 2HTI3H, AEE
O CA BT 5% = OREEKD TL, MFA &L
7o HBBRHUE TL T0.936~0.978, MFA T0.724
~0.916TH - 720

KRB & RBMZFREFRIZOWT, BWEHE
LT MOE, G, MOR, CS, SS#fw, 3HBLEH
LLTSG TL, MFA#%#HWTEBMBMMTEZIT-
7z (Table 8)s EEBABELLIVABELEREZRL
TWwE, ThoOBNER~OBEEZRT 5720
IERFENRARE RO, F5F (RERE 1E
WEBOEBZHALBIC L - TLOBESHTE S
PEET, —BTEVVEL 2o 720, BLRIHHEHRE
LTHETEAENEONE, 22T, BKHHMDCS
& SSIIBBHERE LTSGCDANR NIz OEHE
REFREIRE T, F5RILSCOARATOHETH 5,

FNEFNOBRRBERRHIIOVWTRTAS L,
WTFNROHKERIZBWTH SGOREENKEL, &
WL CEEREBRESE, 72, BEPSEDRT
WA EHICHIEREICIESG FEELERTHL I L
BEhb. —HTG EREAMDO MOE iIZBWTIX
TLHRDEL hole T/, GRBOW2HLDHE
FEHTE TL 0BEREEBHREVRICR->Tn5 D
ORRoNE, G2V TIEBHETKREL, B’Y
BIZIZ—ETHEBT L LS TL LBOEHENTH
HILEIPOLFEHTELY, ERICRETVIRVW I
ABER LR TV ERE ZIZ v, ZHEERBH
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Table 8. Multiple regression analysis of mechanical properties

Criterion Position  Determination Statistical item Explanatory variable
variable coefficient e SG TL MFA
Simple cor.relatlon 0.197* 0.576™ ~0.493
coefficient
Juvenile 0.614 . .
Partial standarfi regression 0.602 0.860 _
coefficient
MOE B .
Simple cor'relatlon 0,874 0.162 ~0.341%*
coefficient
Mature 0.777 . )
Partial standargi regression 0.842 _ ~0.124
coefficient
Simple cogrelatxon 0.520" ~0.703 0.519"*
coefficient
Juvenile 0.596 ) .
Partial standarq regression 0.308 ~0.410 0.985
G coefficient
Simple cor_relatlon 0.197* —0_ 248" 0.198"
coefficient
Mature 0.108 . .
Partial standarfi regression 0.916 ~0.264 _
coefficient
Simple correlation es _ von
4 coefficient 0.622 0.028Ns 0.296
Juvenile 0.545 ) .
Partial standarsi regression 0.702 0.215 ~0.244
coefficient
MOR Sl o
1imple correlation aae _ wee
coefficient 0.915 0.015NS 0.298
Mature 0.853 . .
Partial standarfi regression 0.899 ~0.110 ~0.127
coefficient
Simple cotjrelation 0.817" ~0.012NS ~0.266™
coefficient
Juvenile 0.854 . .
Partial standarq regression 1.01 0.39 ~0.13
coefficient
cs Simpl lati
imple correlation - _ -
coefficient 0.938 0.233 0.030NS
Mature 0.839 .
Partial standard regression _ _ a
coefficient
Simple cor.relatlon 0.723 -0.589"" 0. 148NS
coefficient
Juvenile 0.593 . .
Partial standarfi regression 0.69 ~0.93 _
coefficient
38 . ;
Simple cor.relatlon 0.729" ~0. 254 0.083NS
coefficient
Mature 0.478

Partial standard regression
coefficient

Legend. * * * : Significant at 0.1% level, * * : Significant at 1% level, * . Significant at 5% level, NS: Not significant
Note. CS and SS have no indication of partial standard regression coefficient in mature wood because only SG
was adopted as explanatory variable.

TREBOHEINZ O b OVBRBBICENL 72D T, TTLHRLZFNIEBHRT S L) REBEZRTI L
RIZMFA 2 YO ERIC LA HEBTH-Th, KB LV EERREERBRENE o FEIObND, 20
ERFVRBAHT GCHFREL, BEVRBRETGIWS MOHMERIIODWTIHE, MHETRE S 25
EdolztWHHEEICLE, ZLTGCOEEICHL LOREIEZLND,
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MOE OZE#IZiZ MFA OB KEVwEEbh
THH, FNS (1997) IBE22EORF (FETH)
@ MOE &2 T MFA & SG #FHHZEHREL LT
BEEFSHZAT, F550.906% 157 L CE#EFR
IRBREUC L ) MFA OEBOFFKEVE LTV S,
L4 L4 Bl MFA ORREEREBURREII R Tl ES
KL, REBEM CRAERLABEERL O Lh o7
R Tk SC DBEBOHBKEPo7zbLEZLS
NBH, —HAREEM T MFA OFBEBINEh o2
EIZoWTiE, 4HO MFA & TL Ol EEZ E%R
BE~EHL-FECOER SR LELOND, T
bbb ST EEROHBREI NS WIEE,
BOEEOBENKELEoTLEIZ L, T8
KB BEROERVPEINTVEZ LIZL 2BEIE
BLTWwWEbNLEZLNSE, BIE (1974 X MOE
& TL OBRICOWT, R—REHHICBWTHEL
72 MOE & TL ORICHBE x2S, REEM D 5K
M2 ETRVCEBTIIHE S S L LTS, SH
DOFERTMOE OZBICMFA XV TLOKFARLDY
KELBELTWARZLIZDOWTIE, TLOFIINS
VAR E L ERROBBRESE Lo 22 EDBE R
bhb, EEIZTL # MOE FllodE L LTHHT
&35, FRSBOBREIIRTIT A DOERER
DEAEPLE DI PICERFAVLETHA I,

3.8 —FRFHEEOEHER

NEMEEICKRECEEL TS SCGOEBHER
ZBT L0, ERENIZL->THESNARD #H
MEXKIZL, ED, LD, LWP #3HBHLEHKLLTE
Bl 5W %17 % 572 (Table 9. FBRHMOBEE L Z
DEEHF > TVBDOTHRFEEIINIEL &5,
REHAM Tk ED 35 b BERFRIFBREIBLRD,
BHAM TIZLWP b RZHICEL Lo 72 ERIZED O
FhEmL kol LD IEBHREAS5.6% L, T
EIINT XA HnZLddHY, RDOEHICIFIZE
AEBLEh o7,

XA S5 SG & LWP P HBEZRTZ L ik

Table 9. Multiple regression analysis of ring density

H62E H1w

CEbLRTETHEY, Kubo b (1996) AT4rE5HIE
DOBAKRE T Z - ZRBOSH T T T o
AKRTLWP P8 ERERREIE kol L
P LENSIZBED 20 B EORAM L Bbh 55
FOARDBERTHY, FH30EE LV BB
HEOMBARTH 5, REAHMIZBTEIZTA LB
I DEREEIFEERETHL-0EREIAEE
5%, BB ZFRIELEbLLTICRMEIAE R
22E0, BMELYLEMOBEEZOLODOHH
FEROFPHEREOESHICL Y KEBELZbOLE
ZAbhb,

BRAM IV CHEERRBHREPEL ko2
LWP X, BRERNOREZENRBIN TS D
DTHLIENLREILOT 7O —FIZ, ZLTHR
B CERRFERBREGE 2o ED ZFEIZBNT
BELRBRLLRBPDODEEZOND,

4. 2&8
A OREL, WELRE, SFREPHEEERE

HETKELRLRAZEILED, B—DOFR%2b - T

BHtIsZ i TcERVbOFEL, BREINICHZR

F—FOBERP L EINTLLZLETHBEIATHZ

Ll B, R TIEZOMERE L THRNTOM

BE#HICEHL, REAM ERBMEIRGTHIL

TLY L EENTERICRLIEER L. HED

MRV SHBEOBECTREICKBM I NS 120100%, #k

BICHREZITRH) L3 bAA, ZThOoOFHLEL

DELRBEEFRLDLENRD D, UTICARROKRE:

T35,

(1) Y v 7E, BIFRS, HERESIZKEAY
TidB X 72~3%, WH R X TRHIGEEEYME
TDIRENETH oo BEAF TITFHERIF
HEEIEL HEEFEH LD b REVETH Y, KE
FHRVDYIZ, BMEEICBVLCELREL LR THHE
@7337.'7‘0 720

(2) MOR/SG oZEHMEG /BN THEFL, £
DIHHEDI0% % & R EFE o % R & B

Criterion Determination

Partial standard regression coefficient

variable Position coefficient ED LD LWP
RD Juvenile 0.977 0.789 0.116 0.330
Mature 0.984 0.637 0.217 0.573

Legend. RD: Ring density, ED: Early wood density, LD: Late wood density, LWP: Late wood percentage
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BMOBERE L, ZOB, BESOERERILET
hrLtEZOND, BREERBFRIIFEIICL-T
oA RERFED LNz, WEN CIIERAERE
FREREVPRIEHTIILEERE, LhEw
BRETHERBIERRT .

(3) BBM L ERAMOERIIMTY v VB TRIHE
FR ol AXFTREBHECTHENINKE RS0,
BWEBETEIWMITY Y rREILoEFEN R D
7z

(4) EEAFIKRHAF XY b FHEREFIEFICK
EVIZL Db oTHERIZLALET LE»o7
A, —HCHFHFRIZOWTIIEEA X O F IR
A TIE3% ~12%, KRB Tid6% ~19% H &
Bole BAMBRICOWTIRWTIROBESTLE
MAXOLPEREEBERI NI P07 Thb
DVRBHLERICE 5209 BENLZERICL 00
BAHTH S,

(5) HEMBHEOBSIWIZERIEE TR 2P
72

(6) H TN ORBEHMHEEHERITAIR0E T
#167% TIHo 7205, MEEE LB IHELICRE T
ERARMICHIBTSETH20% IZE TET L2, v
FTHhOBESTLMEBIZE - TRERM EHFEN KL
TW ZETROBELDOEZRINEL o Tz
A, MIBTSETIIBSICLAENMTIEA LR o
TWwWiz,

7 WTFhONWZHEEIIBVTHREOREIAX
o feh, HARTEMER L REBEM OMTY v 7
FILBVWTRREERF RO TN OOEHLHAL
Twi, L LERICEEERZ BEFEOEEL
LTERSH5E 9 PRIV ETH S, SEBLH
REEREPRBOI 707 4 7 MERIZHRER
HoOZBHZHHETLIHT L LTRZRIEBLEETIR
Lol MEBEORBE~OFEMICEL THHR
EVEEBLTH0rb LAk,

8) —EROTHEEOEHIIIRHNEEORENE
DREPo7z FICKREBM B TIZANEE
ThHY, WAMTIRMELRSICEESKE D>
72

HE

ARNFEZ HD % 12D 72 o TRRHB L RF AR EE
IMTHRRERT DS 2 T8N e iziivi, £7, EHE
A FPAARORIILEFE L RITRERERXOKH
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Summary

To discuss the variation in anatomical and mechanical properties among the stem of Japanese cedar, we
tested small clear specimens taken continuously in radial (pith to bark) direction from the breast height to
the branch height every 2m of the sample trees. Four trees were sampled from Tazawako, Akita which were
78 vears old and three trees were from Kaminokuni, Hokkaido which were 50 years old. In addition, we
measured microfibril angle of the S, layers of latewood from tracheids, trachied length of the latewood, and
growth ring characteristics obtained by X-ray densitometry.

At first, the demarcation method between juvenile wood and mature wood was discussed in order to
understand the radial variation and the vertical variation in more detail. We defined the demarcation between
juvenile wood and mature wood as the cambium age when MOE/SG reached 90% of the convergence value
from exponential expression curve-fit of radial variation. Cambium ages at the demarcation were 11-31 years
on Tazawako, Akita, and 9-19 years on Kaminokuni, Hokkaido, and to higher taken position of the specimen
was, cambium age at the demarcation was younger.

The results of multiple regression analysis showed that the variations of mechanical properties were
most affected by specific gravity, and the variation of average density in a ring was affected by earlywood
density.

Keywords. Cryptomeria japonica, Variation among tree stem, Juvenile wood, Mechanical quality, Muitiple
regression analysis



