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EL, 5 EE120cm T1 mmAATEHEZRNAZTHEF 74 5—ic k> T3 EEHMA
NBRER*HET %,

(2 H®RHWEE220cmBhico—7%5%8%, ZNE Y FZ— Xy ZLERALTMHKRTF
RN T 5, MAET i3 BB 180 cm Bhic BRI X L TAFICR L H IR T 3, &
ERIERIZ 1/1000 mm ¥EE, 5 mm X b u—2nARS— L4 — (REFHEIZE GS 551)
EFRBROMMICIE L THIERICATA FTEREH LN T, ZhzBFOR) FHIBAOK
A mn i Fg 70-170 cm XRHCEY) {4, BfiRoMIFREZET 5. REOREII L
& 70-170 cm KM TiT 7% 5 &%, EAHBICAEE L 8 AL © TREIERBIc B W TIRED
HEIBEINEEIL, EENEBEHBRERCTL L TEARETIZE LT 5, Fig. 3112

=

T
i ur"bUCkle
- Wire rope

Rubber plate “~<:‘\\\\‘\‘
.

e 80 40 cm
) (a) Lever arm

(R — .
f (£ W Tq-]
o : L
A

— 100 cm Step
Transformer (0.001 - S mm)

Eﬂ

b - - -

- -
e - - 4

L, -
b -~
b - -

| M

X

(b) Middle-ordinate gage

Fig. 3.1 Instrument for the tree-bending test’.
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Fig. 3.2 Setup of the tree-bending test to evaluate modulus of
elasticity of a tree trunk.
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Photo. 3.1 The load application.
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AR TIE, AKORETRIE L 2v > 7Rk (LITAKRY > 7R S8 2 #iEkYr
TREO—FE L U CHETREICH W72, UK > 78U AR EE THlE S 1L 5 il > 7%
Bk R, AWROMITEED 5K LN AHIET, MEOHEOFMHBIZ RSVt HESINT
W, F 7, WML ) 2 0TEDLZ Eh L, TTICAX, b/ XKEBMERAD
MEFHEIIC AL TE N, SHEHEFHEo— ke L THS N TSI AE
¥,
HROMITABE AT OB, MEHERZA SV FHEEEZ DI ENTE LY, kY7
HEZ g s Z R FESICEk D BE, KEERBIC B 25 MftnsEA % TE 510
2T 2L 0HNT 2 LED D B, R IE, FREPHEIR TR FROBEAD LUK
Yo CREEHET2HE, AKRDOT——BIPKREL G b & T ——HELEET b LED
HhHrZEriEHL s, —F, 28mEFNTET— A2 FKBOMITFEELr LYy 7k
PEHTAHAETIE, T —%RICE HHWMMANEA IS EBEL ) ARRETHLLLTE
N, AFRTRINLOMEEEE L2 LT28MBERReRMAT 2 LicL 72

F 72, EESTERERIC L o THAM OB Y > 7L Ko s kLRI N T, %
DNy SRR MET L HERYE, AF, b/ XO/MERIZH LT, WMERORIEEED S
T v 7585 #HET 2 HEEY, b /X icd L TEnFnAALNLTE), Wi A%
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FA4E AKXV I/RECHEIE L OHEMNR

ABETIE, HEEEL L OBy 7TREDERE*RAET 2 BT, EHHREOIK
DY TREEWSERE, £RE BRIV TEREESE L OBREEL 2L ERICOW
Tk~ 5,

4.1 =B&
4.1.1 #&EXK

PERAARIL, ACEERER BRI REEEERICHRESI NS T <Y EHMABKL 5 A
FL 720 FFRIE 1959 SR 3%E S 1172 b 0 C, MR E & 5. 15 ha, #IHIREREEIZ 1.8 m X 1.8 m,
INF TIC 0B NEERES—EERE N T 5, FERE S, BT LA FoRE DY
WH DR M4 AZHKREL, MEH4.0m B EF0.3m~4.3mEs5) D1 BAKREAFLL,
B, WITHiA) 2% HMEMKIE, BEEMRRICE BT 2TE - 2, SEAS R O ERAROIRE
% Table 4.1 I=2R” 7,

Table 4.1 Outlines of sample stand

Location Established Tested Number of Diameter at breast height(cm)
year year logs
Ave. Max. Min.

Esashi 1959 1990 144 21.6 27.2 16.9

4.1.2 AEREECATHA

EBRRBUTICRT PR TIT L > 72, TTEMRETOAKRDOY Y 7R (UTZ o2k
RY > 78 Eoe & 1E4) 2 BIEL 7288, RO LR 120 cm iz & 72 % A1 & BIEBER
EERIER M EREA O (BX4 10cm) #RERL 72,
4.1.3 EBAE

(1) AKRY>IFREOAE

REF % Fig 41107, SRBEM, 340 350 cm, FTE SR 120 cn DR 2 SHE
FHR FFEIZERESAH) ¢ WELMOPR 100 cm REIHZEAL % 1/1000 mm ¥, 5 mm 2
fe—7offy—o e —2HWTAEL, kKR 4.1) 2HTIRY > 7B EEETEL
72,

287500 W

Eg = 7[6( Fcenter — tb)4

(4.1)

i, W HRERE 2ADERHAE, 6 D BIE L 22 XHZAL, eonter - A P RERDPEE,
b | PR,
2) BWMBEH L FRBORE
BFREEL L FHRBOVERIL TN L 510474 - 72,
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w/2 Ww/2

Gage sensor
< - (0. 001 - 5 mm)
1 - Il

Lo

(cm)

Fig. 4.1 Bending test for a long specimen.

FTEIHNI0m oML LREFELARZEU LI ICHERTUIE4 cm, HE 4 cmD R
T4 w7 2EMLL, 2%, MECOWIEEMN? S 10 FREERE L TEORMDHER L
MUDOHBERIC T, EREFRICOWTEREER L FHFRBLAEL 2, LgRoBETicsw
Ti3, BWEMD & 10 F£8§ %0858, ToNMZE.0EE Y, METHFHEENENNAE
fEE L7z, ORED & BOEBIE, ZNENBBM, KRB Z S FUMBEEILNS,

(3) BeHROME

B ERDOPEH BT OHEC & > 72,

ERBAEHOME L EHETLES 10cm DB ORES H, HESTUIE4 cm, EX 4
cmNDAT 4y 7 2YEML, RE% 7V —F+—THETF2%, 30 &0k —R(B/hFHARY
FEEE0.05mm) AW, KOED HEHEFHEMER L MRBENED LHRAR -2, BlER
2 FHUZ DV TR v, FRFNOFREIC O THEM» 5 10 £ & oMY, 2 41\
DEHE % IR OBEER L L 12,

LB, WEERRAKOM EE 120 cm SAuc B 2 FEE, LHBL 2.

4.2 BREEE

RE#FE % Table 4.2 12— L TURT, BN 5 BFFOBRAE AW TRGAR L I12ITREER
DEBRFPITL > R]ED L BT 2 L, FREEK TGN, 2&HBE b EL DA
Yo, LR, KEW, BARUHHNEL D KE, ERIBIZMHAEE b 5 El L ) kb -
720 Tz, AEMEEBICEL TR CEE L E2 S/ 05 EE A Lo HEORBRE
BT L T 5 L, BHEL DRRNE(, BMGEL ) RRKEL ST,

£ E M OMEBEE % Table 4.3 ic—#E L TR,

Ky 7FEM L, BMERVUEREEROMICIIMHERICE T 1 %KETHELHHN
HEBLNT, B, AERBOMBE & OHBIZEDY - 28, IRy > 7RE T ER
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Table 4.2 The basic properties of test materials

Corewood Outerwood

Items Log MOE DBH ARW PLW BD ARW PLW BD

(GPa) (cm)  (mm) (%)  (kg/m®  (mm) (%)  (kg/m?)
Ave. 11.9 21.6 5.0 23.6 418.7 2.3 38.6 451.3
Max. 16.6 27.2 7.0 32.5 502.2 3.7 51.5 559.4
Min. 7.5 16.9 3.4 17.0 349.9 1.4 24.6 346.4
S.D. 1.6 1.7 0.6 3.5 30.9 0.4 5.0 32.2
C. V. 13.7 8.0 11.4 14.7 7.4 18.4 13.1 7.1

Legend : Log MOE : Modulus of elasticity of log. DBH : Diameter at breast height.
ARW : Average of ring width. PLW : Percent of latewood width. BD : Basic density.
S. D. : Standard deviation. C. V.: Coefficient of variation (%).
Corewood : Area of inside of 10th ring from bark.
Outerwood : Area of outside of 10th ring from bark.

Table 4.3 Correlation coefficients among variables

Variables X1 X2 X3 X4 X5 X6 X7 X8
X1 Log MOE 1.000 -0.096-0.156  0.239** 0.221°* -0.062  0.364** 0.551**
X2 DBH ......1.000 0.467"* -0.355°" -0.169 * 0.347"* -0.280°* -0.096
X3 ARWa) 1.000 -0.192 * -0.330** -0.182 *

X4 PLWa) 1.000  0.321** 0.588%*

X5 BDa) 1000 0.620°%
“X7ARWH) T 1.000  -0.535** -0.243%*%
X8 PLWb) 1.000  0.607**
X9 BDb) 1.000

Legend : Log MOE : Modulus of elasticity of log. DBH : Diameter at breast height.
ARW : Average of ring width. PLW : Percent of latewood width.
BD : Basic density.
** : Significant at 1% level. * : Significant at 5% level.
a) : Values for corewood. b): Values for outerwood.

PLEROLNIBETHDILICRBAT R bNEFZ LN 5, Dok icERziiraz
K-> THRLNE Y 7RI, RBREDHE, HFILRBSOME 2 BEEICRBT 2/ATE
TH5H I LHHEIN, KTy FREEEEZE L OMIC3ERZES ST, F-mH
BOFHRIE L ORI L HBIBRIIES Sk o7z, T b DERL LEBY Y 7R L BX
ERICERLGEVEFEVICRYENEGNBETH B Z LR ENT,

MR EE & IR MAERIC 5V TEDHBBIRICH - 2. ZOKRIZ, WEEEHNIESF
DEROMBETH DL 2EZ DL BZULINEEZ LN, FHEBFREIZZAENR, #
BB T 0.467, BT T 0.347 L x> THB Y, BE17.0~27.0cm BEOERKRDOMEHERITE
RMDERBICE D KESKXBEN TV LI L HbH 5,

PSS ELE & RIS, WM T 1 %AKETANHEBBRIED LNz, ZHICBEL T,
R & MR T, BOETIZ 5 %K, BB TR 1 %BAKETH TR ANEBSED S
Nz, AR 1L, $HEEE 3 MITEIC v THRIBRIIC ) BHBOELICHIE 28BS, o
HRAMSRHEBREBOBAE L/ 37— 2 BATWEZ L EEBL T3, 22 THREIDKEE
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Fig.4.2 Relationship between ring width and latewood width.

2DV THERBIC HFimIR & AR OBIR 2R T A (Fig. 4.2), HRERIBFER ClImENM
CEMRB LIRSS H 1, [RERBFIB TIXRMIEIKRE (NF Y X L b L Eh 205 WA
LT < Bmasadsd b b, BLOE, A2 21 CHEIMRE > ERERR 2 KD TS L,
BLOER TIXAHBIGR T, —0.009 &3 L KD o 7o 2%, SDRER TIIAEBIREIT 0.53 L < (1%
KETHE), BMRIZY=0.116X+0.557 BNz, UbEnkJic, # 7= Vi2BWTLE
BRIRRINICHE ) BMIBOZEILICRAMEIRD LN, M DFERIE L B ERNOBIR 2 ¥
WwTwp EEz bz,

FRH bR & FRE RIS, MM T 1 %KE TROMEIED & e, HBEIREIELG
BTOENHFRRRE D 12, T2, BHMERLFREERE OB L WHH T 1 %kETHE
TH oz BRI TS, MBHREL KE C (r=0.61), FEMIc BT 2 FHBEERICH L Tt
MEHNFENE) BVHRENWZ EARENT:, TORERIEIY TV DEEMEBEENOER IR
MEBETHLLTHERED 2XBTILNTH S, TLEREERIL, BHEOFEEELE
WAHBIBIGRIC H 5 Z X LRI N TH N, FREEEIBM L EBELERICH L2 L 38
»TH5,

4.2.2 BEROYXEFIMICEITIER
FHIFRIE, WRAMERROFREESIC OV THLOGE & IR0 BIE il % ik L TEES R
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DEREFANz, TNREREICET 52 RER-BRAHEEZ2 KO L2 L TH ), LRORIEHE
@~z itk B,

WA RO FEERIRIC DWW THBI 2 K12 & 2 5, TENRMICIE 5 %kE TRDHBELE
Hohl, ZoERRE, EROREVFABKHTENZLE2RTLNEEZ LNS, L LEd
b, TNERBOEIIHKANOEBEEL ENOAFTRENVEBIKEVWEEZ LN I DD,
CORERD L X NDRIBEENINOKRE S 2T 2 Z Lid8EL v,

THROBMENICOWTHEZ KDz & 25, MEOMICEVIENHEE (r=0.59) 22
Doz, ZoRE, FAREICBT 2EBERFHAFENHEIFZLERLTVS, L
Lads, BIETRN2 L ) ICMERLFRIERIR  RERIBHEB TR 2ER I~ %
ALTEY, —FREDBMEL KET 254, —FRNOTELE Y —>»Eb 5 LHE
BRI R > T 22 EMNFHREIND, FHEL® OFEFIC LT, 20 FEBFOBRIME - FEK
NDENELOMBERDIZEZ A, 14 FERELURICE »0IT2 L EBE LB RO LN L % b
ELTBY, ZOBAUFEIERN Y-V OBITEELEZ DI ENTELIZS),

BREEHCEL TRHMBHAOMEE 2 Ko7z L 25, BENMIZIZ 1 %k¥E TIENFERD:
BHoiz, ZOKEDL, FREERCBWTHLBRMELFRL ( RERTFOFSOEEIE
WZ EHHBEINT, BPAIREICE > TROLEE LB L EROBEIT1.08 T, BIROEN
545NN 7V ERKRNT -5 I NBLNBEE 1.09 (B34S : 368 4%, FHBIMR%E 0.
76) LITFEL T, BT ETHEND 7 o— 2 BHFOBUEARN T — 74 L1535 78 E 1.01 (4
BAREM 0 190 A&, AHBIEE 1 0.64) LV LNKES ST,

4.3 B

AETIE, HEEERL L TOBRYY 7TRENERE2RAET2HNT, EBREITE 12,
ERTRERY Y TREN) IRy > 7REE A, BOR, &St TOFTREE
¥, M, FRIEE OBMREARLIIL, BEEOEERFMOERICOVWTOLREL 2, #
RRIUTn LS CEHENL,

(1) W®REMIT2ZLicE->TELNLY Y 7REIZ, SBREOME, BILEBOME %
HEICRMT2EAVETH LI LI LN, ERERERICHESHEE L DHEM»S
, ERNRBICL2HBE2ZT L WRETH L LI HIO LN,

2) MBEENKNML, ERVMOEGRIEOKBEYREVW IO LNL, LERIE
RELE S ORBTADBIMRI D2 L2 5, EREOXNDMIERICHE ) EBREOE(LIC
Lo TRESERINZZ e FREINIL,

B 2¥, /%, ThH=VEREBZHF=VDBED, FERIEOHEMEE S BHENEL
KRS D D, U FRIE L BEEOBRZ BTV B I AR N,

4) BRMIERIY, ARV 7R, FREENRE Vo LHERE L IIENMHBIBERICH Y, W
HEE, FRIBECoLCERBPREZANEBBERICH L Lobhr oz, 2, BMERILE
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BRFOEFESDNEENEH ETH S Z L HrD LN,
(5) FREEHLBREGEFOFSNHESEIEZEFBEINS, TBAERIERE HER
MEERED, 2REE L BADHBBRICH L Z Ebbh o2,
D EnkFyr s, iR, SREES BB 7EEB TR OMEHREL L TERT
Wi EEZ LN, FTLEBRY Y 7RERERBE LIEVICHBIENEBETHE Z &
POMEREL L TEBDTERTH S LHKL 712,

ESW BBV IRENERARR L EFER

AETIE, BREEICHE ) METENTILIC L > TEL 2H®RYy F7RENER # BB L
IRERICOWTRR S, EBRONEFIZ, FANNEENICET 285 L, BFENLTEEHCETS
WaickaEns,

5.1 F£XRAEH
5.1.1 %W

—FERANOEEBRY Y ST RENEEFFAET 2 BT, RHHEHO=F<7") 71L& (I8
ZEGEL A M) HAERD S Ty 10 & (1976 SFHIH) % RICETAREBITRREZT 2 W
B&r s IRERREL 12,

BRI, 1990 £ 4 AL 6 FEE 10 A TFEIICH»T T 10 BfT% » 2. REBRME U RER
BERETDICHL), UTCHET2HBZERL 2,

(1) ZHENBHEAKDHEEET 5 2O HITEMEIR AT 5 2 L%,

@2) dEETHHTZeVYORRBEHOBERIZ4 AT ALHLENTWEZ
&8,

(3) RFREBRELOHI1.0LLEDMBBAOERKIZ 6 BTEICKRT L, ZhUIEIizeiHE
EESEE b 5 Z L5,

4) 10 ATAEICIZERPIMTL, KKIEBICAZZ 2%,

5.1.2 BRIEXE

Fig. 5.1 ic HIE AN O BERERDWEMOKRF 257§, BRAERIVEA LRHITIZIZS A
s 8 AEAT, 9 ARaLKIITIE A FNHEBARATHEERNE(LIZA LNV, 4R
ARNOFELMEEERT, REhBE (4 H13H) T15.1cm, JE#RTH (10 H19H) T16.0
cm Th b, RIEMBANOEEERRZIIESN T 4.1 mm T, 1985 FiCEARBHRICB W TREEI N
AR (6.4mm)®® R T LM IFD2ICHI LTS, £, ZOKEHEIZ 2.1 mm-6.0
mm &% ->TED, HEKRKMOERZEL 1985 F£NRIEM (5.0 mm-8.0 mm) i bk E L T
Twd, HEAROMEEE L PEERE L OMIIMERIREBEDS SN2 o b, ZnERE
HEAKROBIILETREDB AL LELLIDNEEZ LS,
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Fig. 5.2 Seasonal variation of trunk MOE.
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HESENORE Y > 7 RROLE % £MEED 4 BOWEE: Ol% W Fig.52
R, BT SRR T, MEREMKE T7.21GPa, RE#T BT 7.80GPa T4 .
BT 7B, 1A EOBRKI BT 6 Biad b LI L 8 A LI il ME
L5, MEMBES S 8 A LA COMBY ZREROBRIEIIRA 30.5%, B/ 4.3%,
SHFATH T 11.5% & % - 72, BERAKROWEERE & IR L ORICIERIR A5 N TV,
Vo AR L BB SREIE OB SMICHILIE Lo, 9 8 PR B L
T 3, BIEBEE S LR T B $ TOMBY > SAKOMMEIZ B 17.3%, B/ —6.0%T,
FEHTIZ8.0% &> T b, WEESE L OMHBIRZHLNE v, 20k J iy 7R
i3, EEFEERLEB LB CEBL TS Y, EEERIEA L EHEIATERIIC 1382
SR L, B TR S N 5 LELTHMLIE Lo, £0MmEBREESOELE
FTHS . ZDEEy <F— 13, 1985 FiCRl—MHUC BV TRIE I 1Lz 9 FFEEBOBIRYC 7
BREOEE® LiZIT—H L T3, L L%dh, 9FEERICIISRIES L N-B®Y Y 7%
WOBMIZRH 6N TVE, ZOREE LT, BEMBORKENZ - HET 5N, HA
i, 7TV B THSREERMOBRI L O3IIE) X > SR8k JIE L 288, BHoY
> R BIRIC & > TEIUT EEILL Vs, MO R UIHIRE & LIcHinT A2 & 2R
BLTHED, 20 FEROBMY> 7R8I T EEROK 2 IS E 52 L 2RLE, F2KE®
E2X, /%2R THBAOBNY > 7F8E BIEL L REE, BHOY > ZFRE D 5
10-15 £ RETHL <MY 52 L 2 BEL T2, SEORER 14 FERICITL>TH Y,
Wbt > R ORI b7 5 L £ 2 b,

Ll boRy b, HEHGZ B LT 288y > SREOBER, EES RN EET
%9 BRI 5 DOBBEITH S EEL bR b, * L ABEICHRIMEC BT 5K
SEREDBNS S BHR T, [BOEIGICHE L ESHNONE 2T 5 & 5 BET~ET
b5,

5.2 EFEW
5.2.1 3%B%
g 7REOREIR, LLTORMTIT% - 72,
ZEeT )T FEEILK AL T G B

e E A B/ N EE AR 120, 123, 127, 135, wAN TR E
136, 313, 317 HkHE
EANBUREMRTIE 2 T (120,127, 135, 136, 313 HKHE) Dfflic BHZE D727 H V=Y
(123, 317 #k8E) % RBRICHEL 72,
FHERIITEE TI3 1987 ~1991 H£DALEIT, W/ MEIBETEM T3 1986 4F K UF 1989~1991 £Fic \»
Ty 9 ATHLRRICATY » 72, HEARAEIL, SBBAMBER L2V 5TE, THZYV =Y 20
AL Lz, ZOBROBBRRLTRESNLHBA L, 191 EBEDKEIH T2V 41L&, Th
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IV 1TETH B,

1991 £ RIEDPREARNKE % Table 5.1 1277,
5.2.2 #EREBE

FEEHBMIC BT 2Ry 7REOBRSEE(L 2 EE L mERE S AW T Fig. 53 2R
T SR > 7R%UT, 1987 £ 5 1989 £ F Ti2ITITBHT V> T 1989 A 5 1990 £ 4T
Tix# 0.5GPa, 1990 £ 6 1991 £Eic T Tix 1.6 GPa L T3, Z i b DHghn % #i4E
DWEY > IREE OHTAS &, 1989 40 & 1990 iz Tid# 7 %, 1990 £ & 1991 4

Table 5.1 Details of the sample trees at two stands as of 1991

Locations Cpt. No. Species Established Number of Ave. DBH Ave. MOE

years sample trees (cm) (GPA)

Tomakomai 120 Larix 1960 6 (10) 20.8 9.33
127 Larix 1958 9 (10) 20.0 9.92

135 Larix 1959 10 (10) 21.9 9.45

136 Larix 1952 6 (6) 22.2 9.38

313 Larix 1958 10 (10) 18.5 8.68

123 Picea 1954 10 (10) 20.2 8.37

317 Picea 1942 7 (10) 19.8 8.34

Nishino - Larix 1976 10 (11) 16.9 9.14

Note : Data in parentheses are the number of sample trees at the first testing year.

20

18 b e

(GPa)

0

Trunk MOE

0 1 1 1 t 1
1986 1987 1988 1989 1990 1991 1992

Year

Fig.5.83 Variation of the trunk MOE in Nishino stand.
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Table 5.2 Correlation coefficients of trunk Table 5.3 Correlation coefficients of trunk
MOE in Nishino stand MOE of Larix leptolepis in Toma-
komai stand

Years 1987 1988 1989 1990 1991

1987 1.00 0.89"* 0.93** 0.79 * 0.91* Years 1986 1989 1990 1991
1988 1.00 0.93** 0.95** 0.90** 1986 1.00 0.68 * 0.71 * 0.82 *
1989 1.00 0.89** 0.90** 1989 1.00 0.92** 0.87 *
1990 1.00 0.8 * 1990 1.00 0.89 *
1991 1.00 1991 1.00
Legend : ** : Significant at 1% level. Legend : ** : Significant at 1% level.
* . Significant at 5% level. * : Significant at 5% level.

T T 2% iR 03, AH L |34 Table 54 Correlation coefficients of trunk
_ _ MOE of Picea glehnii in Toma-
72 DRBEBI L b BRI~ DT % B i komai stand

15~20 %L LT3, SEOEAKRD 191 F Yoo 1006 1089 1990 1591
TISHEETHDLILR2EZD L, INLOBH 198 1.00 0.55 0.79* 0.78 *
o PERO MM BB S BT oo Lo om0,
YIREOWMC LB NEEL B EhcE 199 1.00
5. Table5.2 13, B> 7HMic 51 544 Lesend: ] : Senificant at 1% fove
NREHHMOMBEE AR TH B, 222

FHOKRE LB 7TRENVEHIC OO S T EFEOREEHOMBIIEC, s iR
X IREOBBRNREEZRTINTH S ),

Fig. 5.4 i3, E/MEBHIZ BV THIEL 288y > 7 RENRFEEEH 2 & FE D FBME
EBBRELAVIRLELNTH S, MHPNERIL, FFEENBRY Y 7 RENFHEICD
WTR/NZREIC & - TRO LN BRER TH 5, EHILIC BT 283> 7 RENERM
FEOHHIL, 2 ~4BLHBIC L > THRRRL 5, E—HEENOEEMEIITIZT—EL T
2o ZHHDOMMEICEL CHHEIC L 28I BH LN L o2, T, EhEOBRYL S
FRE ORI & WY > 7 REERF S oS EEOMMENMIC IZAHBIBERIE RS Sk
Bolz, TNLORKRIZ, WREFERE CHMLHICEHL T L2RTLNL L TREK
By,

Fl—fEkic BT 288y > JREOBBRME LRI T 52010, T VIC D0 TT 12T H%
B, THIY 272003 123 %#26lic &), BEOREHEBOMBE %A, 2%
Table 5.3 & 1* Table 5.4 (2R, MifiHE & b IC QBB OEBIZE <, B 30 £ 282 2 4tR
KizBWTHEBRY > 7HREOBEREI BRI LITRE N,

53 E#

AETIE, BXERICH ) METEOEIC L > TEL 28BY > 7RENE#* 1 FX
WOEE) & BRENLEBNIC DT TR L 2. BOLNTHERIIUTOL ) ICEHTE S,

1) 1HERHOHRY Y 7ERERERBOESIMPER T 52 L BRI N Tbb,
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Fig.5.4 Variation of the trunk MOE in Tomakomai stand.
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BRI RS LIZ Lo, ZORSIZBHTERIERI NS $ Th{. 20k,
B MRIEER IR LHL L, —BEL THEMLIZL®, KET 5019 ARmLIEC % 5,

2) LRSS, MWHEHEGZHE T 2R 7JRENBEIR, REBIrTET S
9 ARELIREICAT L ) DYMRITH B & EFEZ bz, L L ks, KM BELHERIC
B BKRGEREDOBNY S HHB TR, KENBLCEREL, FEMMORNEL#IT2 L8
BV UE»DH D, ‘

(3) IR ZREUIEIR 15 FRiE CRBuCHML, 30 FLRIZE ARG RO 2
~ 4 BOFTEET 5 Z tdbhr otz TOEENS, MM RIS it E
HEEOEIC L2 NEEZ LN,

@) BREMEORER, HMEKTHES NIRRT JREOBEREIIE(, HERYy> 7R%
DMERIRE L COFRABEIREINTZ,

BoM HMBYIREOKMAEN

AETE, H—HTHIZBIT2HEYTY JTREDEDHE 2 WEEEFOERVE AL
EBEAHT TR L 2RRIC DWW TN S,
6.1 B

EBIT /N B ERIC BT 1990 F£IciT 4 - 72, NREHER, 2TV, Th
IR Fevn 3gifEs Lz, BIEREBIZ, fRry 7R WEEERVEED 3
B E Lz, W8T ZREIZENRIITHREIC & - TR, MESERIIEHERY > 7RERIE
Rk BB 120 c m BUORBERE, HHL 2, MBI 7 V—2 T4 2L ->TH
EL T, SEARITHZMICR) HEL 2 L) i, KBROERNEFTIC 80 FREN LRI E
INZEBREREL, RBREACTIN & TOEKENRE LT,

EBREATY - 12T L BEARDEE %L Table 6.1 1277,

Table 6.1 Data on compartments and sample trees

Species Cot. No. Age Number of Trunk MOE DBH Height

pe pt. N0 A8E  cample trees Ave(GPa) C.V.(%) Ave(cm) C.V.(%) Ave.(m) C.V.(%)
L. leptolepis 313 33 80 8.8 14.3 195 152 11.7 8.7
A. sachalinensis 311 48 85 10.89 10.2 17.8 18.9 12.4 10.3
P. glehnii 317 49 83 7.83 16.4 21.7 14.3 12.3 8.2

Legend : Ave. : Average. C.V.: Coefficients of variation.

6.2 BMRIER

ERICHL - 3HEICBIT2EREN TV XERET L E, #T7eVBLUL FeVT
B EEOEBREIEDKE (, DWTHRY Y 7R, WEORICLY), THZY =Y
Ti3, BRY Y IRENVEBHREIRLKRE(, D THEES, HMEOMRIHI (L7,
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Table 6.2 Correlation coefficients among three variables in three species

Variables X1 X2 X3 X4 X5 X6 X7 X8 X9

X1 Trunk MOE 1.000 -0.110 0.043
L. leptolepis X2 DBH 1.000 0.579**
X3 Height 1.000

X4 Trunk MOE 1.000-0.288** -0.154
A. sachalinensis X5 DBH 1.000  0.796**
X6 Height 1.000

X7 Trunk MOE 1.000 -0.507** -0.278 *
P. glehnii X8 DBH 1.000 0.668**
X9 Height 1.000

Legend : ** : Significant at 19 level. * : Significant at 5% level.

FHEOMEY > THRED T X & KT 5 Table 6.3 Stem form of three species

& P FeynEBRESRLANSC, DnT Species Ave. CV. Min. Max.
ATy, ThHV=VDIEEL -2, Zhb L. léptoyepi§ 0.607 12.7 0.451 0.805
Db, HITVBY SEMEROMMD P glmis 08 a4 0412 070

2042 FokgTCRIEL 2 EFNF NNEE Legend : Ave. : Average. C.V. : Coefficients of

Variation. Max. : Maximum. Min: Min-

BB LIBTF L TH ), FHEOKIRO< ram,
5y X IIEEEK T U~15%DEE L £2 T Stem form : Tree height (m) /Diameter at

breast height (cm).
fnwizs 5,

3G 3517 2 BIE 3 KR HHEBEBIE # Table 6.2 I —3EL TRT, #7722 DnT
IR 7R W EEOMICHEYES LN, BRI L - Tk b U ERE
WO X3 0.043 2131T 0 IcEd - 72 (Fig. 6.1(A)), F72, BBy 7REOBAHAORHRE L
TIRRD2EEHBTF LI L0 TED, F—io, WRY Y 7EEN/NEVWEKINEEENSHE
HicbWwi@oHoh, FRLNERIZIIZ—ETHDZ &, EIIL, WEEENAREIC BV
TER L ER LR L T 2 HBOBRY > 7 EEOS G, HEYy > IR0 sNE
BOME L I3 T B ThB, —FT ALY =Y, b FoVTit, BBy 758N
BHEENMIC 1 %A EA%E CHBI S & 1L (Fig. 6.1B)RFC), BRESOER VT
NOBWECBWTLATHY, BAERDBWEK TR NIFENLBEIEDL LI RRE -
2o %72, BB EBBY VEROBREARLEZA, THIV2VICBWT 5 %KETH
BA e b D45, M 2 BECIEE MBI L - 72, THLDORRP L, JIEHREC
FOWE L AEVEORRIEEREICHEELLObDEELLND, Thbb, THZY =Y
RU Py CRAVEBBRICH D, # 7=V CREEIBINLVETHL LT b,
WEER E MEOBUR 2 MBECHN L 25, £ToMETHEOMIC 1%KkETHE
HREATED b N, THUCBIE L €, SEEOMRI (5 - WEER) £ Table 6.3 1o/,
bRy ORRIGIZER T 0.71 248> 2 BRI M 0% RE RS oz, IR F0MED
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m<,%kﬁulnouﬁwﬁt&orwéowiemu,m%*yfﬁﬁbmﬁtﬁwf,%
W & AAMIE AR BRI CHBIBRICH 5 Z L2 5, BREOKE L BE TlTmEEAERN
BMcBET 22 L 2EBL o, ANBARIBENREBICL > THIRESEILT L EH
ZHNBH, P FevicHL THERY Y 7REOBELXITL Y BEEORREIC L ERET 4
BrHrEEILND,
6.3 E®N

AETIX, #5=Y, THIZY=Y, F F=oVn IBREIC O THRIBENICEIT 38R
TRBNOEE 2 FAREF OB EREF L2, BERRIUTOL ) KEHTE 2,

(1) x> FRBREBOMFTNDZ Y XRTHZV<VIERLKEL, DWThT=Y,
FeVitlBE o7, TNHEDI B, H TV ZODOWTEIWTRN NT Y X3, BHRETIE
1T 15%RIHEAL LTV,

1) 7HZV=YBICL FoYTid, WEEREERY Y 7HREOHIC 1 %KETRNE
By@Eoboii, $hbb, BAERNRWLDTRA¥FNEEELE BRI D 72, —F
A T2V Tld, MEBCHBEIBOLNT, EWRBMIBOBWBETH L Z L BRI N,

3) #HTF=v oy JRROKSNEBORRE L Tk, BEEENXNMBELLT—
ENTREVHEET 52 &, KFNOFHWNLEREZRL T 2 EEKEOHRY > 7REN5S
HHEIBR Y Y SREOKSNERNEH L 12IZ—KTIZ N2 828 IF2Z LTS
5,

@) BRAIEHEOEKLEZHELLHER, P FoVIBRLREVEEL k-2, #HFYY THF
BOREIZEELTE, BREOKELZLDRAMBAOKENKES XL L, §HD
Feviciy 2 RBRTRERBICERT 2 ULE DL EEZ L,

FIE HovVEHERKICEITAHEBY SRY

BB L)z, BTV RREMNEREREEEEICET 257K - BN %L
BER HERERCET2L0T, HEREICETLLORBERRICHDEREL LW, £2
TAETIE, 77V EMABKICBNT, WEESE FRIEL - TERPE L RICHEY
v 7R, ARMEER BMEE o MERENETFEMA - o7 X eR®EL, iR
X TREICOVWTREL ZHERRKIC BT 2 BRI DWW TRE L BRI OWTiHR 3,
7.1 $tEAk e B E

EBREIGBECREINL Y TV ERRBK 3 5T TIT- 2. 2 oRBEKIL, W.
Langner nREIZ L - TH T =Y RARGHBN O 30 i (Fig.7.1) oh F=Vicow TR
13 Eic 5\ TIRIZRBEIC Bt S 1L ERSURE O RB Th 57, Table 7.1 oA Bc AV 72
REBEAROREL T, LREERVCTHHBEKRBRORBRENEEIZX, 370y 70ZEB/T
BT, 17vy7i3257ay b, 172y b YD) 126 FHEHS N T3, Fig 7.2 oz
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Fig.7.1 Location and number of registered provenances. (See Table 7.2)

Table 7.1 Outlines of sample stands

Established Stand Number of tested Number of tested

Locations years ages provenances trees
Esashi 1959 31 24 146
Shimizu 1960 30 19 113

Nopporo 1959 31 14 57
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Fig. 7.2 Distribution of plots in Esashi trial stand.

HRIzBIT 2RABRREXOEELZ Y. LoL, EHICL > TREFESARRL 220, mREKIC
IR S LT B EEHIEIS 19 T3 539,

LR EHBIRTIL, 25 B, BEARES T Th-o72 4 EREZNREL T, 1 ERIC
DEVAKRETEA (B, C7uy 783%) %, HBEKABRKTIZ 19 EhENRIC, 15
WIcDENARRETO6A (A, B, C7oy 7&2K) 2ERICHL 72, FRABMKIZ, 27 EH
PHEREN T BHHN B L I3 7% <, AHIHERA LA 1 BN ) 28K L Dicvice, BESR
BH+arTh o712 14 BHIZ DWTOARERLIT- 72,

KBIZ ERROSEARICN L TEARRBTHWERBER B8Ry 7REZREL 2, b1
LR ERBIRTIE, By Z7RE2AEL 2 EBEKE 3NoREKE —ERIZ DX 64 (A, B,
C7uy 7& 2R RIRL, ARV 7RELHET 5 & AKDH EE 120cm iz k72 5
firdr & AR (EEF 10cm) #3RRL, MEEFLAT4 v 7 (IR4 cm, EX 4 cm) % 1ENE,
BB L% 10 £R% R L L TZ RO & MUDMERICHT, ZRFIC DWW TEY
FilE, FREERS L UBMELREL 2, DBOFBITICRTIE, AiE2E080, #E:
W E SR LT DY, ZNLIIENFNURBBME, REMELECFURFIEELS
s,

7.2 BREER

3y FTORBMRIC BT 2By > 7 REOBFEMEOFEE B L TR % Table 7.2

2R, &8, INLDT—FN5 L, BRABK THORMEMIZ 7 v 7DD KL EHGAT+
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GULHDUTOFERTIISHHEE L TH/I L &T 5, /2, LREERBKTIE, LARL
AKEFIZB 2 DR TY > Z7HREZHEL TE D, WEIPHIZEN TN 11.32GPa, 11.91
GPa T, tRENKR, 1% KETHEEHIRBDLNT: (ta=3.16*"), IARFOBBRYT> 7
REDWETIE, WREZMTEZ 2ic s - TRHKELHIBEL, TORRAME— 2> Fotk
L35 eE— x> ML ZBANDSENEAIINT 2HEL, REAOERE (#H&E W
BEER)RHEERICL - TRL200, 1HUNTHL I LABESINTEI™, SEEL
rERZORBIZLZINEEZ NS, 22T, LRABBTOEBRY Y JREELT A
Ry > 73R%i2 0.951 (11.32 11.91) 2L THIEL 2 DEMR THWSZ L E LT,

F TRBWEHORRYT > IR, BA#3.4GPanEX AL TH ), #HEKROWRE
BEHKRECERBEERBHOBRY > THRESMOEBRHE ) KE G-, ZOHRII, H#E
FRBEIC L > TER - MERICKRE(ES TSI 2Rl TEY, 118, KRFORKERTFOD
KEIC L ZHEBRENHHENEEE L TRT LD THS ),

Table 7.2 Trunk MOE for tested provenances in three trial stands (See Fig. 7.1)

Esashi Shimizu Nopporo
MOE (GPa) MOE (GPa) MOE (GPa)

Prov. Provenance
No. name Ave. CV. Ave. CV. Ave. C.V.
3 Akanuma 12.05 13.3 7.62 15.1 - -
4 Kootoku 11.74 14.6 - - - -
5 Yasyuubara 11.70 10.3 - - - -
6 Manza 11.03  10.9 7.91 13.1 8.57 20.8
8 Tenzin Pass 11.87 12.5 9.35 15.9 7.51 6.3
9 Sangoome 11.84 10.0 9.68 6.0 9.03 12.0
10 Sizuoka 10.17  21.0 8.31 13.1 8.31 16.2
12 Lower Mizunoto 11.13  15.9 8.00 8.0 - -
13 Kutukake 11.56 15.0 8.52 8.2 7.90 17.9
14 Oiwake 11.14  10.0 - - - -
15 Tadesina 11.20 14.0 8.23 14.6 8.17 9.4
16 Toyohira 11.60 9.8 9.09 8.2 - -
17 Upper Tatusawa 11.92 9.4 8.94 12.7 7.79 10.5
18 Lower Tatusawa 11.26 7.5 8.89 9.0 8.12 13.5
19 Inago 1.11  15.0 8.64 9.3 7.89 8.2
20 Uminokuti 11.49 12.7 9.23 16.2 7.58 7.6
21 Mt. Kobusidake 11.69 11.7 9.61 8.5 7.66 9.9
24 Lower Takasegawa 10.12 10.8 8.32 8.1 - -
25 Kamikooti 12.20 5.0 - - - -
26 Mt. Hatimoriyama 11.32  13.8 7.91 9.4 7.46 13.3
27 Mt. Ontake 10.94 10.5 6.91 15.3 6.95 15.2

28 Mt. Kiso-komagatake 10.89 11.5 7.7 12.3 - -
29 Mt. Kai-komagatake 10.98 14.8 7.91 12.4 8.35 13.4
30 Mt Akaisi-oosawadake 10.56 13.7 - — - -

Note : a) Untested or unprovided.
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JhpE R MR AT R

#w51% ®B1¥F

R ERBAKIC BT 2 FREES, BME, WREEDL & U EFERIBOE T ERED
Fi L EERE % Table 7.3 (2R, YRBMIC B\ Tid 1990 Fic HFARAT R ILEE R
& o TER - HERRICEL TEARRAE »MTebhTsY), Ths tARBROEE K
5, WEERCEITS L5 EME L UTA S BRI —H—KT 5 00, 2EK%MEMH
BEZL - Tz, ZREFRROUBEAVER Y 7HREDBEL BB L L2z, FERD
) FOR[EFTHEEERAL TRERENHTHEEEZ LNE, 72, BOHD
FHERIR & LEBRD 9 FERCT b MRERICET 2 WA £ 18T 5 &, #H08
DELPERIBO L CETERDIT LA EH I FEFOMBERICB WL 73T

Table 7.3 Wood density, ring width and percent of latewood width for each
provenances in Esashi trial stand

Prov.

No.

Provenance
name

Eiq (GPa)

DBH (cm)

BD (kg/m®)

ARW (mm)
Corewood Outerwood Corewood Outerwood Corewood Quterwood

LP(%)

Ave. CV.

Ave.CV. Ave.CV. Ave.CV. Ave.CV. Ave.CV. Ave.CV. Ave.CV.

Q0 =3 Q1 W N

Mt. Manokamidake
Ozegahara
Akanuma
Kootoku
Yasyuubara
Manza

Oniwa

Tenzin Pass
Sangocome
Sizuoka

Upper Mizunoto
Lower Mizunoto
Kutukake
Oiwake
Tadesina
Toyohira

Upper Tatusawa
Lower Tatusawa
Inago

Uminokuti

Mt. Kobusidake
Mt. Rengedake
Upper Takasegawa
Lower Takasegawa
Kamikooti

Mt. Hatimoriyama 12.

Mt. Ontake
Mt. Kiso-komagatake

Mt. Kai-komagatake 12.
Mt. Akaisi-oosawadake 10.

Overall averages
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7.2.1 BBEARMAOER

LRBEZHABRICBWTHEZEINEBEIIOWT, 7oy 750FEs L BEME K%
Table 74 127§, #BEHICOWT 70y JRNEZRBN BN TLRER T o722 5, A
CHTRIRTOERBEICBW THEE,RD 5Nz (Table75), Mif®iz, C, B, A
Ty JOMRIRNE L k- TEY, BiICAT vy 7 OBOEROBRIMEE Mz 2 TEEL - TN
BVt oTwd, TREMBELT, AT0y 7 0B EERRBIIbNO 70 7LD
L ->TEY, MEEERLKEL -2, LSRRG TRAEEAFEIC FI»5C, B, A
DIRIZ7 ey 7HEHERN, FEOEHMLC Ty 72 5HICKELL->TBY, Zhbnk
FRENBOWHMAERPFREBRICNL TREZRIZLLDEEZ LMD, FolRYT
THRE LB OCBOBREER T, M E7oy JMICEBLERBDOLN L7205, #HE
NDETRA, C7ay 7IPETENTWEB7 0y 7 TRLAZWER L 572, ZOMEMIZ+
BEKRBRTREL ERY Y 7RETCLEDLNTE ), RN HEBRENEZRIME
CHBERIZTZLHLII T -T2,

Table 7.4 Trunk MOE, DBH, wood density, ring width and percent of latewood width
in each blocks in Esashi trial stand

Eig (GPa) DBH (cm) BD (kg/m®) ARW (mm) LP(%)
Blocks® Corewood Outerwood Corewood Outerwood Corewood Outerwood
Ave. CV. Ave.CV. Ave.CV. Ave.CV. Ave.CV. Ave.CV. Ave. CV. Ave.CV.

A 121128 224 7.6 419 7.4 450 7.5 5.110.6 2.4 18.0 22 13.1 3713.2
B 119153 21.8 6.9 413 7.4 450 8.0 4.910.2 2.317.3 24 14.7 39 13.9
C 11.712.5 20.8 7.6 424 7.0 455 5.6 4.9 12.6 2.2 18.1 25 11.7 40 11.2

Eio¢ : Modulus of elasticity of green log. DBH : Diameter at breast height.

BD : Basic density. ARW : Average ring width. LP : Latewood percentage.

Ave. : Average. C.V.: Coefficient of variation.

® : The trial stand consisted of three blocks, each of which included 25 provenances.

FLARBKFRBR TORBRERY L, 7 Table 7.5 Results of t test between blocks
9y 7 NOBRY Y THRENEREFARD 25 Factor AB AC BC
2, 17ay F NOERAREES 5 AL EH B DBH 7.194**  5.830**  1.765
BRUCTHy 7 T7ay R BATE LAk Anwe 2187 2167 0.18

ARWD)  1.549 2.830**  1.395
534 % 4T - 7= (Table 7.6) , Bi&¥ > T FE N5 PLWa)  3.251°* 5.974** 2.210 *

PLWh)  1.290 2.297**  0.863
EhoTEY, WwFho7ay ZicBnwld 7 BDa) 0.886 0.766 1.694

_ BDb) 0.032 0.817 0.765
vy FEiICHEEEFBESH LN 2, W70y

Legend : BD : Basic density. ARW : Average ring

ZicBiF 3270y F NOBRY S TRENEE) width. PLW : Percent of latewood width.
* : Significant at 5% level. ** : Signifi-
FREOEEEIR, B7o w7 1 7.8%, C7ay cant at 1% level.
) : Values fi d. b): Values fi
7 T.9%E o TH Y, EEOEEMFROE zmer:’;x:; or corewoo alues for

BR% 0 15.0%° IS WETH 2,
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Table 7.6 Results of one way analysis of variance for trunk MOE in block

Degrees of freedom Variances
Categories Among  Within Among Within Fo
plots plots plots plots
Plot(B) 23 98 4.677 2.054 2.28**
Plot(C) 23 98 3.529 1.783 1.98 *
Section® 24 247 4.922 2.109 2.33**

Legend : Fo : Variance ratios. ** : Significant at 1% level.
* . Significant at 5% level.
Note : a) A section consists of any three adjacent plots of A, B and C blocks.

g 10 Area of val{ley-
ZITYSLIPNY!
: ANELE
S.y .................. [YPR SR AR SYTITY RPN B

=

=

=

S

; 0 1 ) I S T WS S | ] [ I\ 1 4 A il ] i
e
WEST Location

Fig. 7.3 Variation of MOE in 24 sections.

NHENERE, B79y D 2RET LI —DONEME L THFELTWEZ E2RTD
NEEZLND, —H, YRR TEIFROPLEM T 0y 7ORFHE LIZIZEEIC HESN
KELRIPFELEL T2, Fig. 7313, A-B7 oy 7BBLUB-C7aoy JHETHENIAEY 3D
D7y b RETFEMICBERL (EEIEL LT a »OEHRY Y SRS ERFEEEZR
BHROLV AT M- TRIRL2LnTH S (Fig. 7.2 25R)., 22T, RMUCHLET S
t 7 a OBy SREGMO R 7 L a VITHERN TR WBASRD LN, £2T, Bi
RDETLa v 2B L THEBGE2T-2225, 723 YR 1 BV _AVTHEEY
A L7z (Table7.6),

UED#ERZBAETEE, 7oy FRTEDLN-EZRIIETERMICHKT 2 2R L BT
MZEBREICHRTLIZEIBRENEG - TWBEEEZBI LN TES,
7.2.2 HEROEDMER

BIEREC BT 2 BERFOFHGRELFANS OIS 2T% v, EFEHRAN - o
e g e L 72, dEE% Table 7.7 3 L (* Table 7.8 Io =¥,
(A Bamn R & THERR

SEHERIRIE, BLOERBIC DWW TR 1 BRET, ERFIC OV TIE 5 BKETEEEIED
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Table 7.7 Analyses of variance of observed values among provenaces in Esashi trial

stand
Degrees of freedom Variances
Fatcors Among  Within Among Within Fo
provenances provenances provenances provenances

DBH 23 119 2.33 3.08 0.76 NS
ARWa) 23 120 0.59 0.27 2.18 **
ARWD) 23 119 0.31 0.15 2.10 *
BDa) 23 120 937.1 955.6 0.98 NS
BDb) 23 119 1666.1 913.1 1.82 *
PLWa) 23 120 13.80 11.67 1.18 NS
PLWbD) 23 120 36.86 23.13 1.59 NS

Legend : Fo : Variance ratios. BD : Basic density. ARW : Average ring width.
PLW : Percent of latewood width. NS : Not significant.
* : Significant at 5% level. ** : Significant at 1% level.
a) : Values for corewood. b) : Values for outerwood.

Table 7.8 Results of one way analysis of variance for trunk MOE among provenan-
ces in three trial stands

Degrees of freedom Variances
Trial stands ~Among  Within Among Within Fo
provenances provenances provenances provenances
Esashi 23 265 3.593 2.230 1.61 NS
Shimizu 18 94 3.277 1.169 2.80 **
Nopporo 13 43 1.187 1.514 0.78 NS

Legend : Fo : Variance ratios. NS : Not significant.
** : Significant at 1% level.

bivlz, —F, BENVERBOMEMETH SMHEETRERZRBO LN L 572, ZOERLE
LTz, UTn& )z k2 bd, MIIEROHELEFEMN 7 2 v } TIY, BWED
A MNTEFERD 7 0 v FICHR TR ETT 5, ZORR, BEMESORAMB»RTY,
BAEREVFBLICHRENG, —F, VHEENEIETERN T 0 } TiY, BE&EBHESFD
BAtEASE, IR ROEB LR TERN 72 v MR TERRYIHAT 2B 1 5,
CORE, MEOMEERICIVELZZLZZDII LI TELVWDTHS), Thbb, I
ERIZOVWTRBRIZERFOMBEIKE VD, TORNERICOVWTERRERFHOFEOEEH
KES B EEZLNE, ZNICHEL T, 285K oW TH.LBOEEERIE & BRI
B2z E S, MEOMEICIZS5 BKETENMHE (r=-0.18) »@EHLN T3,

bRy 5, ARBHIC BT 2@ TEROERICET 254z, REATFOVEL L
BHZT To L WO EAFERIBIC L > TITL ) T RLETH I EFZ N, LrL
Thh, MMERORGLEFEMIRERTFOREL ST LVWEAIC, FNERBYMIFT
ELHEIPRFATHY), BHOBOEELLFRPICBITIERBENET 2 LITBLY
tEZ o605,



146 JedERERFEREREKFREE $518 1T

B BREEHLBHE ,

BHTERILIERICOWTIRAEEENS 5, LR TREGBOLN L -T2, BT
BN DOEBR I D FEEMEIL, LR T 5.8%, BLERT6.6% L %> T3, ZHLDEIZE
BORBREATE - 72 5 DOEEKRDDFEME 7.4%, 8.0%' iI2 RN E - 12, OB E
B TRERMENVR L ->LEBALLTUL, UTOE Lz tdFEIbND, FTOHERBIC
WTIRBL LRI KR CEHERIBOBELI R, FRIBEDLROVEINE o722k, 12
BLOBIc oW THENERHNHEND 7Y X P RKECBFT2EFATNEI LT
b5,

BRI OWTIE, AHMBcBWwTHEENZD LN » 2, ZHIRFABEIZBWTT
vy JBNEFKRELSLIEFRERLEZ LNS,

©C #HBYIRE

AN ORER, THRBEKSBR CRIRETEMMICEECAEEI RO LNy, LR
FRBRB L UBRBBHR CREELZRBD N L -2, ZHICHEL THRTFERANE
ERB O FEMEE T & 25, HBEKABRIK | 11.3%, LREZFEHBMK © 12.2%TH - 72,
IS DNEIZEEDEERGHOBEENRE | 15.0%I12 5XR2R/NENVEDTHo7z, TN L
SicRBHIC L > THRFERNOEERICEVE LA S LT, TERBERRORBAM
ABRBEOBAE BT DI L TE S, Kied~r LS, LEKERBKTIITE Y 7HTO
BB, —RETL, TOZEVBITRECRRELEEI L EEZLNS, $LBE_NFREELT,
EWMXBEOTHEEANBE*RITHI A TE S, Tibh, FETEMIZTNLFNLORE
HMicBWTEMXBEOTHEER 22T 32 LIl > TEFOEEBIFENORBUCEZRZEL T
WaEEILNS,

7.2.3 bR

BT REMORE, BERVEBRSE I EFEMEOREENIEICE, wWTFhollsdbe
BV THLHBRZED LML -2, TNLNERE, FEOBEHERICBIT2HALHME
BX7—Y BBHLNL N ETHRESSNO 2 XRHTEINTH D, W TV DRETFE
WIZEWCHIEILTE), BEAVAIWERTHEEEZLNE, 20L& 5 ICEFANTREIC
HTH b EEEICHEY D 2 EBH Tz, EERNOBHBTEICH L TR LIRE#MHBOREN
BRI, WKiCHT 280 - RRAECEL LT, Z2oHEBGE»LRTLTLLERNL
WERFBEHANDERICH T > T LRI KRE 22 LEZLNE, Tibh, BRNAY
= Fi28 (random genetic drift) 2<% T =Y DRIEEROEEBICR W TEBELRE 222 L
TwaZrEZ LS,

7.2.4 BEAHMAER

H£RBO Y SREOETFERTESEIC DWW TRBREOHEEZ KO 25, wWTh

DRBHEIIC LERLTHREB RO Sk - 2%, Yo SRk FHliERE L U 2Ee, R
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Fig. 7.4 Correlation of MOE between Esashi and Shimizu trial stands.

%, TRFEKMABKICIET 2ERETEN - TREFERMOFEELRBH LN S (Fig. 74),
Thabb, BBy 7TREOKRECEFERE LT, ELREH=ZL4E, ELRXuk%,
AEWETFEME LT, REREE RUAERAEB Sy E28IF22 0 TE2, 2o
NE2EHMORRSMBIZIZINTNBEL TBY), EMXRENREEHOEEIVNE ETF
EMBLEZ DI LNTEBNS), Lzd»> T, LENERENER L L CTHATE LT
2% LRNBELTR2EMIHRBINEZ LA, L LAds, HBEAKRBKIC BT
5INLN2WTEN LMNOETEN L OBRY Y JRENOEROLTH»TH), Ebic, i
BNCABLEIRBDO LN L > LEARKERBRR THOERER 2 EZAbE L L, ZhbHNHE
FEEME ENESE & L THAL THLRERMTHRARRRICOLH S LIZT VY,
7.3 E®H

FETIE, BEOH T =V ERBRBRIC B 2R OETERM O T Y X RUKERY
¥ TREDBEBMEIC BT BTN, BRROEDLHICEHTE S,

(1) SESFORER, DB FHFRBRUARFEER, OO ELERIBICBIL &
FEMMICHEEREIBH LN, L LEdS, WEEERUCHOGROEREERIC >V TR
AREZRBOHLNLr -2, LB 7REICEL T3, BTFERMICEREEZIBHLN
TeEEBMIT 1 H P2 T, MORBRCIIETFEMMICARLERRD LN 72, ZOR
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HWEL TR, SBHRADRBIZRENRSEMXREOXLAEROVEIEZ LI,

2) EFREROBE, BERBES LB TERMEOERVEOMICIZA B HEBF 2R
Sohkdol, Thbb, BELIRISAEEDLNED 12, ZRLOFER»L, B
RO BRIZFREL S 72V DREERDOEIICHRWTEELREN 2372 L T3 2 EHRE
=¥ (A

() ®FY > FRE OB FERTFHMEC OV CRBHEHEZ KD 2 25, WThoRBR
WRICHOABLHEBIZO L o7, LL, W 22DX Y 7EENKEWETFEME
C/NEWETFEMI, dLRHEE, +HBEKAMABKTHEL TBY), 2hth, BLREHS
&H, BELRXAE, RUKREREE KERREGHsyrE2¥F5Z20°T& 5,

4) 3 rATDEMSBROBERYT > TREIIRATH 3.4 GPa nEFRBDH LN, ERIED
REFZRBHRICBIT 288y 7RES BRI AREWEE - 72, SEHERZIT- -RBHKOK
BIIIFE L THEZ b, THOENDFELFRIIEBREDENTH S LEZ L, 15,
SRATFEFOMBRENFEISRNERLMBETH 252 Z LHRBE NIz,

B HSTUMESMEEKIO—-OBERY L IEY

AETIE, H7°VEER7 o—ricowTiiRy s 7RE, FREEEK WEESR
BRRD 70— R Mo YXER|ET L LI, TOBRABEMRFTL, £R - HEEICHE
BT 7 0 —> DBEE RAH R BB,

8.1 MRy /RN /O—MER
8.1.1 ftRKk XA %

ERIZEIC, RAEFHEL>Y 7 —LiEFEE LEETHH) Or 7= vEERD 7 o—
Y RAETTIT 4 - 12, WERERTICES ST 5 EEK - REKEENHEER 331 Ko Ek
7a—rDR, 15 70— 2RBBNRE Lz, REHTEZ L 70— 1505 &EHETH Y,
1984 FFORMREET, ABRBNE 70— DBREFBUIZ 4~ 5K TH -2, 2 bH D) LD
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Table 8.1 Outlines of sample stands

. Established Tested Number of  Number of
Locations years years tested clones tested trees
Ebetsu 1962, 1963 1987, 1988, 1989, 1990 7 212

Bibai 1959 1989 25 63
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Table 8.2 DBH, trunk MOE, ring width and wood density of tested materials from two stands

S ] DBH(cm) Trunk MOE(GPa) Average ring width(mm) Basic Density(kg/cm?)
e R T
Ave. SD. Ave. SD. Ave. SD. Ave. SD. Ave. SD. Ave. SD.
Ebetsu 19.9 2.5 9.24 1.5 5.3 1.0 3.7 0.5 418 33 425 31
Bibai 22.3 2.2 9.65 1.8 - - - - - - - -

Legend : a) : Values for corewood within 5 cm from the pith.
b) : Values for outerwood 5 cm from the pith.
Each value is calculated from the clonal mean.

Table 8.3 Analyses of variance of observed values among clones

Degrees of freedom Variances
Factors Among  Within Among Within Fo
clones clones clones clones
Trunk MOE 62 126 5.77 0.67 8.56 **
BD a) 40 88 2970.8 1209.2 2.46 *
BD b) 40 88 2743.4 628.2 4.37 **
DBH 62 126 9.96 3.93 2.53 **
ARW a) 40 88 3.21 1.24 2.59 **
ARW D) 40 88 0.64 0.40 1.62 NS

Legend : Fo : Variance ratios. BD : Basic density. ARW : Average ring width.
a) : Values for corewood. b) : Values for outerwood.
* : Significant at 5% level. ** : Significant at 1% level.
NS : Not significant.
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Fig. 8.1 Relationship between DBH and MOE for plus tree clones.
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DBH Trunk MOE
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Table 8.5 Average DBHs and trunk MOEs for sample blocks

DBH Trunk MOE
Block No.
Ave. cm). CV.(%)  Ave. (GPa) C.V.(%)
1 ' 16.1 4.1 9.14 13.7
(17.0) (11.2)
2 16.4 R 14.6 8.88 15.3
(16.6) (10.4 '
3 15.9 15.8 8.76 15.6
(16.4) (13.4)
Total 16.1 14.8 8.96 14.7
(16.7) 11.7

Note : Data in parentheses are of specimens used in the bending test.
Legend : Ave. : Average C.V.: Coefficients of variation.
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Table 8.6 Results of analyses of variance for DBH among families

Degrees of freedom Variances
‘Category Among  Within Among  Within Fo
clones clones clones clones
Half sib® 9 714 14.3 5.56 2.56 *
Half-sib® 4 424 33.0 5.72 5.76 **
Half-sib® 11 1141 19.9 5.64 3.52 **
Full-sib 19 408 20.2 5.24 3.85 **
Legend : Fo : Variance ratios. ® : Female parent is common.

® : Male parent is common.

* : Significant at 5% level.** : Significant at 1% level.

9 : Either parent is common.

Table 8.7 Results of analyses of variance for trunk MOE among families

Degrees of freedom

Variances

Category Among  Within Among  Within Fo
clones clones clones clones
Half-sib® 9 289 3.95 1.67 2.36 *
Half-sib® 4 186 4.67 1.67 2.80 NS
Half-sib® 11 478 3.79 1.69 2.25*
Full-sib 19 169 3.85 1.53 2.51 **
Legend : ® - ® and @ : the same as in Table 8.6. NS : Not significant.
* . Significant at 5% level. ** : Significant at 1% level.
Table 8.8 Specific combining abilities of full-sib families
Female Male parent No.
parent No. 1 2 3 6 7
1 DBH (cm) —-1.5 - +0.1 -
Trunk MOE (GPa) +0.55 - +0.21 -
2 DBH (cm) +0.7 —-0.4 —=0.5 -
Trunk MOE (GPa) —0.43 +0.29 —0.33 -
3 DBH (cm) - —2.4 +0.9 +0.9
Trunk MOE (GPa) - +0.15 +0.25 +0.41
4 DBH (cm) —-0.8 —-2.0 +0.9 +0.2 +0.5
Trunk MOE (GPa) +0.58 —0.48 +0.31 +0.04 +0.82
5 DBH (cm) +1.9 —0.4 -1.5 +0.5 +0.2
Trunk MOE (GPa) - +0.16 - —0.25 +0.74
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Summary

The object of this study is to estimate wood quality of forest trees by means of modulus of
elasticity of tree-trunk (trunk MOE) for Japanese larch (Larix leptolepis Gord. syn. Larix kaemp -
feri (Lamb.) Carr.) Five experiments included in this paper are briefly stated as follows:

1 Relationships between modulus of elasticity of green log specimen and four wood charac-
teristics (Chapter 4)

In order to examine the basic properties of trunk MOE, the relationships between modulus of
elasticity of green log specimen (MOE of green log) and four wood characteristics (Diameter at
breast height, Ring width, Basic density and Latewood percentage) were investigated. The MOE
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of green log computed from static bending deflections were used in substitution for trunk MOE.
The values of the latter three characteristics were determined from both the core wood and the
outer wood. The results are summarized as follows.

(1) The MOE of green log had a good correlations with basic density and latewood percentage.
No correlation was found between the MOE of green log and diameter at breast height (Table 4.
3). :

(2) The core wood-outer wood correlations for basic density and latewood percentage were
statistically significant (Table 4.3).

(3) These results indicated that the trunk MOE value obtained by tree bending test non-destruc-
tively represents an expected value for the mechanical quality of outer wood of the sample trunk.
2 Variation of trunk MOE associated with radial growth (Chapter 5)

In this chapter, the seasonal and year-to-year variations of the trunk MOE were observed to
research the trunk size effect associated with radial growth on the trunk MOE. The results are
summarized as follows.

(1) The trunk MOE varied throughout the growth season in a year (Fig. 5.2). The measurement
of trunk MOE to estimate wood quality of forest trees should carry out after the middle of
September. This is because diameter at breast height and trunk MOE came into stable.

(2). The trunk MOE increased markedly at an age about 15 years after planting (Fig. 5.3). This
variation may be attributed to the change of mechanical property of latewood cells.

(3) After 30 years from planting, the trunk MOE increased by 2~4 9% per year constantly (Fig.
5.4). This increase may be caused by the change of the proportion of mature wood area in cross
section of tree trunk.

(4) The age-age correlations for the trunk MOE for the identical tree were significant (Table 5.
2~5.4).

3 Within-site variation of the trunk MOE (Chapter 6)

In order to investigate the within-site variation of the trunk MOE associated with magnitude
of diameter at breast height (DBH), the trunk MOE was measured in plantation forests. The
tested species were Japanese larch (Larix leptolepis Gord.), Saghalin fir (Abies sachalinensis Mast.)
and Saghalin spruce (Picea glehnii Mast.). The results are summarized as follows.

(1) In Saghalin fir and Saghalin spruce, the DBH-trunk MOE correlation was negative and
statistically significant at 1 % level (Fig. 6.1 (B), (C)). On the other hand, there was no correlation
between DBH and trunk MOE in Japanese larch (Fig. 6.1 (A)).

(2) Two features can be found in the scatter diagram of DBH and trunk MOE for Japanese larch
(Fig. 6.1 (A)); Firstly there was a certain lower limited value for trunk MOE in a given site
regardless of magnitude of DBH. Secondly, we can regard the variation of the trunk MOE
measured for trees with moderate growth in a given site as the variation of trunk MOE for the
site. .

4 Genetic variation of the trunk MOE among provenances (Chapter 7)

The trunk MOEs were investigated in three provenance trial stands in Hokkaido. The
object of this chapter was to estimate the variability of wood quality among and within provenan-
ces and to determine the correlation between the three trial stands. The results are summarized
as follows.

(1) Statistical differences of trunk MOEs among sample provenances were determined by
analyses of variances (Table 7.8). There was a significant difference at 1 % level among
provenances only in Shimizu trial stand.
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(2) Although the correlation coefficients between the three trial stands were small, some better
or worse provenances in the trunk MOE ranking were common in Esashi and Shimizu trial stands
(Fig. 7.4). The provenance X environment interaction may be weak for these provenances.

(3) The correlations between the trunk MOE and the geographic patterns such as latitude or
elevation of the provenances were not significant. This result supports the fact that random
genetic drift plays an important role in the development of genetic variation in Japanese larch.
(4) The mean trunk MOE for all sources are 8.47 GPa for Shimizu trial stand and 11.32 GPa for
Esashi trial stand. This difference must be attributed to the environmental effect because the
ages and silvicultural background were almost the same.

5 Genetic variation of the trunk MOE among plus-tree clones (Chapter 8)

Radial growth, wood density and trunk MOE of plus-tree clones were measured, and radial
growth and trunk MOE of offspring families of plus-tree clones were investigated. The object
of this chapter was to estimate the genetic variability of characteristics related to growth and
mechanical properties, and to determine the relationships between these characteristics. The
results are summarized as follows.

(1) Statistical differences of radial growth and mechanical properties, included the trunk MOE
among the sample clones were determined by analyses of variances (Table 8.3). The trunk MOEs
had considerably smaller variances within clones than among clones, and they had good correla-
tions between two sample stands (Fig. 8.3).

(2) No correlation was found between diameter at breast height and the trunk MOE of the
sample clones (Fig. 8.1). Thus, parent trees having suitable performances both for growth and
mechanical properties can be selected for propagation.

(3) Diameter at breast height and trunk MOE had significant differences among families. The
significant levels were 5 9% for half-sib families and 1 % for full-sib families (Table 8.6 and 8.7).
(4) Correlation coefficients for parent-offspring relationships were —0.26 for diameter at breast
height and 0.36 for trunk MOE which were not significant at the 5 % level. Narrow-sense
heritability for trunk MOEs calculated from parent-offspring regressions was 0.41.

In this study, the trunk MOE which obtained non-destructively by the tree bending test
investigated for 1359 trees, in 15 stands. The results from chapter 4 and 5 very clearly show that
we can estimate wood quality of forest trees by means of the trunk MOE efficiently. In chapter
9, based on the results obtained in this study, the concrete assessment of the mechanical quality
for the plantation forest was discussed. In addition, the usefulness of this trunk MOE value as
quality index was emphasized for the breeding



