AME OB E W EOBIRE GEITHD
PE=YMICE Y 2 ERMIEED H bbb
— & DAEIGIE - Wb L OBFE—

B OK A ®@WW

I £ 2 0 &

b ¥ = Y HHZ BT B ARMERO—BENLH S5 bAM T2V TR, EORBOKT S L E®nc
DHESHCBELT, HISHY o0 bLRRRLE, 22T, AMOIEEOAS 1T 5%
ERRELLT, BREXODNTELHMOEIDOLEL > THETHZLEBELLATTDTHY, D
ALPOEMNEEEZDbERDBRFIERLRVESH I LER LD, Sbic, BIGHY TX, »7
~YHERBL LT, UBRLERED S VCIZHMEL OBRIZOVT, AREERE LERCVhoo
ETORFERS, AREER L ABUERLE 0BIRY, HOERBROEFHER THLERE (b3
WIXBEHR) DARESIZE T, PRVRMERZLDOTHZZLELEDR,

ZORER, P FeYMICBT 3 EREBRIC L 3ARIUBEOD L bR 0Ly, FRLEL»S
HLIFHILEEMNELL, FIMTHENCRIE INEAERBER L FRINER L OBROEH O Lz
ERI 7O F vy RSO FRIES L OBHR L OBEIZ B THREL T, Zhd0EERFIOERICD
WTORIRE D 3L Lbic, ARBERLARIEREL 0H VIS BENZERE RET 5 EREBRER
BROLNI BHEIPELLETRHELEZLOTH S, LEN-TI I TR, EFIALDOERBRE
RILL B av/R B (FRIVER L FRBERL OLOE) OB > TO—RNRERELZ 2V, 2
WTZ DR S ARIERICET 2 EFREIC BT 2 RENARBEEEEL, chikd 3w TEbic®
DERBEXFCBIT S ao/RECEBHORRERF L TH 3. TNETIRBI R - ZO—EDOPIEFE
DEPT, E& UTERBRS L UERBERBRONN» LRE S TE M ESBENEROERIC O
T, ThODOHEEEZLLPDBILIRE-T, IDICXVHARES LSIRLONBESS LELX LN
»PB5ThB, :

BB, ZhbOMENETRE-EREOBBNER1 X ONOT, REASSFONIIN—ED
WREABRE b » TGO L EDFBZ L Liz, '

TOBEDLDELDIRBI>T, PRICTEALYE L% bicx b ERAMSBER b N it
BEECECHEERT B L LbI0, LBV L D—EOHRC EENE S BYE L ED -5
DFAELPLEHT L DOTH S, ' ' ' '

(1) AHEHEEWERESE - L8+
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O HEELAEARZE

ZOHEC AN, LEEREMSI BT S RREKRIP LERL TXONT68KD b F vy
A (Abies Mayriana MIYABE et KUDO) D 5%, EEAML TEBABOKTHICE T2BLEFEN
RERF &5 2,246 B TH %,

T 72 > TOERENIS X UKD EM, B 5 VI3 BT BT B HEAR 0TI E iSRS oxX
FLEORMAELIZOVTIR, THETORELP? W IZFRTLDLLERL THZOTI ZZITFEL
QA

REF T, HIEbHD 2m BEOHKIBNT, 5~10 ERIIBOERER L 2 DX R, Z kN
5. i A~5cm, BEH Lom ORBSEAE, 4 FEICHEARRY Licb0Th B TORMBICLS
Wbid i Table 1 Zh»iF3 LB TH 5.

Table 1. RBFE>RBF K

Number of sample specimens at each group of testing material.

RADKE BERAR D 3 FHE 4 bl TN rZ & it
Tree classes Forest stand Sapwood Heartwood Total
MR E KB |
B K B Trees at S-slope 100 21 821} 1,484
Upper storey trees b B m xR B ’
Trees at N-slope 101 S62 663
MR E K B
~ Trees at S-slope 62 268 330 .
PR :":T Gl ﬁt %IL 7}( * 70 242 312 762
Lower storey trees i r'}e; aﬁ ;OP;
Trees at ridge 2 97 120
& #  Total 356 . 1,890 2,246

INBORBHZSWT, AEFBER (R g/cm®), FEIER (2IUER av %), FHERIE (D mm)
BIUBHR (0 %) 2[WELIH, TORBRHOKRIRY 22728 L UFORESFEOHEMT, T TREL
LTHBLIALELBRLETHBHPYVL,

I AERRLER

EXORED T, PPy MBI 3ARIVEROL DT OAZ X5, RBOHKT L L ERKTo
MESTIZE - T, BHECEHTEOHRTRL, ZTORRBERLOBRIZHNTY, RBIEHICE-T
PRYVHEOPEEMAELDTOIDOTHEI LB L. BREER R B IUEER « LB EkY
BRZ LTI Lix, ThETOEZLOMETERLIATVE0E, ZOBERICH LSWT, T0 R—
ay BREGOELLE, FRESLHEHRIRRZINSG EREROBLICHEIETRIT B enic, &R
BHZOWT, BRIER L ARBERL O : ao/R EZ KD, ThEb->T R—ay BRO—FEL A
L, TOEDOEEE L 2hOREMEBBBIIFHOIIC Lichi>TE D E LD TR B,

1. au/R {EQFHIE « BH R - EMBEKIC KB E1L

FRERIC OV TORNNRIBRL LT, FhRil, BHRBIOARBERE LV b, 5, hbd
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Fig. 1 4FRig (D) & a./R {HE DRIF
Relation between annual-ring breadth (D) and a./R.

DEMIHIET B au/R EOBBO L ic BT 3R E, ThEROR TV ORTAERL TS
<o

(1) & &% 1§

2PEEN»S, FRiE D: 0.5mm OHREFT LizFE ao/R HERD T, ERIEOEIZIZVT3
@/R EOENEER TS L, Fig. 1 0LBITHB, RichEbMiLdic a/R Hix, EWIED -
BV IHATIRIBERTICH L 505, ERESKE L BBICONT, AREEALDIIEOFRE L
D, —EOERBEOAE INLRIE LD TRHAREIIE S 5. ZOZ L, FREOAE INED
RUE, EOMD R—ay BURL E1BEDB T LEEBELTHY, ZOBERIIE, KEMCRIUDLD
PORFCERFTEBLICBbbRB. 1=k ¥, D=1.5mm LT TO ay/R=26~28 BEDIZEE
SEMILERS, D=1.5~2.5mm TP a./R {Ebi%ﬁﬁﬂcﬁﬂs‘r%%&ﬁ, D=2.5~6.0mm i T®D a./R
=31~33 BEDIRIFRENLHD, HBvE D=6.0mm L ETD aw/R HDOVHUE S L REERLE
BREThB.

PR YMICRT R ZOBRMEAIZ, BB THAII=YHBVEY VY 2T A5 YDEAY LR
FREBSEPLTLOINTHEY, D L ao/R HL OBHRIIBEIC L - T HEOLZEAE LD
DDLSTHBN, a/R EOEEANDHT, WEOPOERBRAEEL D 5L\ ) BRT—MH
BB,

EEALTER ,

ZOBIRE, BERRRENZERROBBIZL > THEANLTHB L, Fig. 2 0k5ickhs, LB
B DORM L TEARGLORM LI, WY x5 ANENERE b TR, EHRIBOHMAEICL
7 oT, EEABTE a/RIESBAL TOLIZERTE (XA REREDLONS I THAMKE
BUOB) L5 T30 LT, TEBARTIE o/ RESMERL TOLIBERENL R 3EAEZ LD
o
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Fig. 2 LERBABL FBARLICRT 3ERE (D) L a/R {EL OBIR
Relations between annual-ring breadth (D) and a,/R at each group
of specimens from upper or lower storey trees.

FMEOMARE, D=0.5mm HETEHELTHY, EXOMEYT, a/R B, THABCHISL)D
b ERARICRCT, XVAEL dobhALARLDIZI LT, ZOERIEW 0.5mm LFORED D
DIZEBHTIRES RN &LIZR B,

Lic#ioT, B UERBREATYL L FAABICL > T RANS a/R EE2RET 5D T H5H
b, R—ay BRI, BERAROHEO & 5 BRESFIHC & > TEOELERFE Bic T3 LA, 2heh
DRUOBPTH, FMERDOL 5 RREBEHICE - TORE - RFE b2 2 b0 LEL RF T
BHEVe TRWRIZ, R—ay BIEOSH S bR Bl T, SRADKBIC X 285 L L ERERC
EBEHLEEA L TERIC VR B BEND B,

BERUK O A 3T R4
Fig. 3 1%, BMZRERES RABBADETAESOI, FREMKE KRERLEb0THh S, T
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Fig. 3 H - LAE~OPRABIC B 2EMIE (D) L ao/R {EL OBIR
Relations between annual-ring breadth (D) and a./R at each group of specimens
from trees at southern or northern slope of forest stand.
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ZEhiE, 2L LT, PAAEIARL b, EREOEMERMIZIZVLT, «/R EX, EEFEE~HFA
~RERETRAUCEHAEZ 2L Y, £TREROICERERBHEIC L > T R—ar BROBIERTIZ R
THRIERARLDLND,

ZORNT, BRELARED oo/ R EFIEMEIAEOZAI D L, WFhOEREBEERICHE TS X
YRELSD DN, WHIAEZV FREHBHOLOEDZWT, BEFPHTHIRE(LLTRY, ZHILHT
] COBRPEEREBERACBCTLAIVL-TWBILEBERL TV 5,

ZOEREEBIC k- TEARBER2IHIT, Table 2 DX 5275, EWBEOHEMIZVTS au/R

Table 2. L« TRABOENFMEORBRICR T 2ERIEICVT 2 ao/R EOE(L

Values of /R in relation to annual-ring breadth at each group of specimens
from upper or lower storey trees at each forest stand.

F W B | £ B K B T B X #
Annual Upper storey trees Lower storey trees
breadth | A E | kA E | HaE | AT | BB
(D mm) S-slope N-slope S-slope N-slope Ridge

~ 0.5 21.7 22.1 29.5 29.4 24.2
~ 1.0 30.2 27.2 21.6 24.3 26.7
~ 1.5 31.5 29.1 26.6 24.6 22.7
~ 2.0 32.0 30.5 26.2 23.0 22.6
~ 2.5 33.6 29.2 26.7 18.9 25.1
~ 3.0 33.4 28.5 28.7 26.8 23.0
~ 3.5 34.4 29.1 24.9 — —
~ 4.0 32.3 26.4 16.6 — —
~ 4.5 32.6 30.2 — — —
~ 5.0 32.8 32.5 — — —
~ 5.5 33.4 30.5 — — —
~ 6.0 33.7 32.4 — — —
~ 6.5 29.5 28.0 — — —
~ 7.0 34.2 — — — —
~ 7.5 31.2 — — — —
~ 8.0 39.2 — — — —
~ 8.5 39.9 — — — —
~ 9.0 29.4 — — — —

ENEE, AFicBVT, LERTREMERE-TRAUOESE, /o, TRRTRHER ~12E
BE>TRUDEAE Sz, »2, BRENLAD L ORIAELA (LITEHIA OZhI Db
RIZEED->THLDLI TS, Tiabh, FRMIFICHIET S R—a. BRORRERT, BHAKRORERE
X BREREREZFELSD, AUAEICEZZRE LOTLOTHDILBRLDLNS,

L7eM T, BIETAZE O, HRAOHBLANFED X 5k KSATO BEEHIC LD R-a.
BIROEENZ OV TiE, TORBOERBOAEIEZLERNICOLbE TER LT MEIRLHR VI LIC
nE. ZDTLit, DERBRBBBRITBIT BRBOT + LHEFZOCTHLEABETH 5,

AR & D

FHiE L a/REL DBIRED - DM ROIEE TS L, Fig. 4 DX H5ThH 5,

EMBOBEM 72T 5 ao/R EDOE I, T« OHE LBIHEOFAELEY, D=4.0mm { bV E
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Fig. 4 AW LU EIBITDERE (D) & ar/R ELE DEIR
Relations between annual-ring breadth (D) and a»/R at each group
of specimens from sap- or heartwood.

TIXAH DER>RIZOHDOENE Edb > TRIERTICHER L TV 5, IH T, ZOEREREE
TxBLTRBEAKEBY, Fi, LM TR, D=2.5mm { bhdb REMLAY, D=6.0mm [HE%
Z2BLTHAEE BV THObIR S,

2 OB|EYT, ao/R BRIEMCBCTOMEBITZIV L IAREL SOOI D LR LD LR,

Table 3.

EREICI VT3 a/R BEOEL
Values of ay/R in relation to annual-ring breadth at each group of specimens
of sap- or heartwood from upper or lower storey trees at each forest stand.

L FRAROEILMES2, T - O ORBRICET 2

“EHIE + UppE storey trees H h Low?; store}?itrees "
T BRENLR | ALK | - BRESLR | JLAREYLA | BHR
ring Tuotal Trees at Trees at Tgtal Trees at Trees at | Trees at
breadth S-slope N-slope S-slope N-slope ridge
D | 2B | D8 | A | | B | | | | | | || |
W.H.W.[SW.HW.|SSW.H.W.|S.W.HW.|SSW.H.W.|SW. | HW.[SW.HW.
~0.5]26.0 | 23.8 | 23.1 | 28.4 | 28.9 | 21.6 | 29.7 | 26.1 | 30.5 | 27.5 | 30.3| 24.3| 25.4| 18.5
~1.0130.7|27.0| 29.6 | 30.8 | 32.1 | 24.9 | 28.9 | 25.2 | 31.5 | 26.9 | 26.7| 23.4| 31.3] 23.4
~1.5|32.3|29.2|32.7|31.0|32.0 | 28.3|27.8|25.0(28.4|26.0| 28.2| 24.5| 25.5| 22.0
~2,0(32.5|31.0|32.8 | 31.8|31.9|30.4|31.4|23.9|28.5|26.1]|27.4|22.7| —|22.6
~2,5|33.7|31.4|35.3|33.4|31.9|28.9]|30.7|23.6| — |26.7]30.7|17.9] —|25.1
~3.0133.2|31.7 | 37.4|33.2| 30.2| 27.7 — 25.7 — 28.7 — | 26.8| — | 23.0
~3.5)36.5|32.3|36.5|34.3|36.5|28.2| — |24.9| — |24.9| — — — | —
~4,0]35.2(30.9(35.232.2(3.2(|249| — |16.6] — |16.6] — | — | —| —
~4,5|30.2|32.4| — 32.6 | 30.2 | 30.3 — — — — — — - —
~5.0(31.4|32.8( — |32.8|31.432.7| — — — — — — — | —
~5.5| — |31.8f — |[33.4| — [830.5| — — — — — — - | —
~6.0| — [32.9| — 33.7 — | 32.4| — — — — — — — ! —

S.W. : Sapwood, H.W. : Heartwood.
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ZERBEICAIGESETHREFETE V0L A AEESNS,

Table 3 X, ZOEALZ, EBAHL TBABLICOWTEZOANAERDIZHELLLDOTH 5,
E - TEBARERST « LHO2EMEAE2 25, D=4.0mm UTFCBC T, WTFROHERROME
BZh->Th, HERBICHET S ao/REZIHBOHMIY LATHS. Lirl, M EZLHER
ThIBIT D ao/REIZOVTOEBASTEAZL 2%, FREQCHIVEITITEFELE

THEHERROEVFEORNEERIC VN TAS L, N ECBELTELERBEOAE IIZHIET S
a/R EOEAZITNZOVT, WTFhORBEI BV Th, EBASTEAR, BREMASIERELA
(IEHHILAR)s >0 73 & OFEAEAEICBCTRET 55, TORNLICIRFERBEEIIC X 3 RESL
BEThY, L{RDEVERELRECERBOEED X ULHMRABRICECT, IIVTHAKEZBUS
TERBLDOND. av/R EORENEROHEERNIC OV THEZRAKTH 5,

(2) & o =

BMEOBIZTZT D ao/RIEDOH L bIh 7k, FRBIZOVTOBRRLERICL T, BHE p:
5 % DHMB L OFHEIC L - THERTS L, Fig. 5 LTI THS,
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Fig. 5 Bi#fER () & a/R fEL DBIR

Relation between late wood percentage () and a./R.

ay/R fEiL, BMEBOBMARIZIZWLT, ZLobFRICEImL, p=10% 2225 LERLIZIL D,
RRXREENREBODL, p=50% 22125 L b TTHARD O b dHicx b,

D p—au/R WEOBHEN DI BIE, EXCBILS A I BBICRY VY 2 V2T DFEVL,
REVEMHREEEOZWTRRLELL T3, 20— 72 LOTHHEORESIREL - T3,
ZDZLid, EMBEOEMIZL S ao/REDEBIZOVTORE LA, BMMROERIZI > TH
7z @/R EXREBHT5Z L, Tibb, R—ay BRABMEDOAE Si2 LR - THENIC BHT 5 2
LEBRLTRY, ThidEk, BHRLARBEERE O—ROBEREEZERI-LT, RATHENS R—
ay/R Hhifft (Fig. 9 &) LBRTHTH, WHEIPLLTLL—RLAVI END, BHERS
BREER L BT IUERO D & bhh it o L TR TREEE i biav 2 & 2 ¥k
LTw3,

FEREORNIZE » T ao/R EPERLL, BHBOELICE > ThE ao/R EREMT LR L,
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ERE LR L OBIRA—ENTHO T, ThIRFROA—DOHELZIORRATLL 2k TERVE
LIz B8, FHRiE L AR L ORI ZBIRY ERIE L AR L ARBER L ORI BHRO R Y
EEZNL, R—ay BIROSH L bAMNTziz 2T, FiRELBHMR L 0EROELLbEEERICVR
BTN ERCBEBTERWILIZR S, ZDI LIRDVTIRIERY TLeaN, P F=oHicsid3
ZORDBRFEHLOETRRBILLL, ZZTH, p—a/RERERBORIEB/ETLE DL 5 12E(L
LTLBSRBREOVTORERT BICL X B,

EEARLTREAR

EEAB L TRABL P LORME JHL T, BHROKREEIZL S a/R EOE(LERD T Fig. 6
iZLd¥,
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Fig. 6 LEREARBLTRABLICBITIHRMR (0) & a/R EL OBIK

Relations between late wood percentage () and av/R at each group
of specimes from upper or lower storey trees.

H#OTLERBARD ao/R EXTEADENRI D bRELHODID LA LD LI, KEEHETEIC
HESETLREFEL T3, LrL, BHROBMARICZVT5 a/RIEDET, BHRO/IE
WEEATEAREEZ LD, p=10% SV pOWBTAEEEZLDL, BEE p=30% (HE2 1%L
THAEZBUTL 2L 91k,

BELERBTRELBMEOLDOTH > T, FERCTE I EBRICTEZHMEVEL RBHE
A2RHBZRY, THETIRALDONEEIIC, BELERBEE/ZIACBHETY a/RERLN,
Thizzbhd w5 T ik, 7ZA, HEDETHRSD R—a/R BROBHEDRIZL L3 b0 LI
ExoBvrb, BRAOHEBNERPERBENERICIZVLT, R—a BHROH bbb/ ic B
FTHRAOPDOREAERZL TV B LD LELRFITADLE

PERAR DA 37 R

R BIRE, RBVPRRE NHEBAROENFEDOBIC X s TL®HT L, Fig. TOLEYITHB,

CTHOBRBROLOL, BARSKB0ZEZ LB L a/REZTHAME BUVTL 525, BHED A
SVBBEDOEL L, BHROBEMTONT ao/REZERL T EHAZ L L, BHREIARD LD
EREIARDLDESRIZEEb-ThHbbhb, ZhLHMOERY NEBHBEBHRCHIGSETHIE
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Fig. 7 H + LAESOLERABICRY DR (0) & au/R EE DBF
Relations between late wood percentage (p) and a»/R at each group of specimens
from trees at southern or northern slope of forest stand.

Table 4. Lk« TREABOAEIFE>BBFICKIT 2BMEBRIZIZVT D ao/R EOELL
Values of a»/R in relation to late wood percentage at each group of
specimens from upper or lower storey trees at each forest stand.

x| & B K W TR K m
pper storey trees Lower storey trees
Late wood
percentage | F # M Je & E B A | dt & m ([ ]
& %) S-slope N-slope S-slope N-slope Ridge
~5 31.2 30.6 15.6 19.8 -
~10 33.0 30.4 26.9 24.0 28.5
~15 32.8 29.5 21.5 23.8 23.6
~20 32.4 28.3 27.8 22.5 23.5
~25 32.3 26.7 28.9 25.0 24.2
~3 | 310 25.1 25.1 25.3 20.5
~35 31.0 29.5 29.0 28.0 27.6
~40 27.3 29.7 27.6 26.9 21.6
~45 27.6 — 24.8 25.6 30.1
~50 - — 20.9 26.4 —
~55’ — — 20.8 - —
~60 — — 20.7 — —
~65 — - = 23.7 — -
EFETAHILELDLT S,

Table 4 1%, TOFHEAEEL - FTERABOMZ I > TLHLEZLDTH S,

EEARBIZBNTL, p=~35% ORET, BRELKRD a/R EXE/EIROZREID S, &)
RELLDENDY, TBABZBC TR, p=10~40% OHFE TOLBEHEIARD av/R EXLAEE
FREFHURDZRE LD, £, A—0ANHEICBCTiE, WEhOBRARERICH - T, LE
RO ao/REFTRROZNI D bIZIF 2RI LV RELHBDR B,

2FELLTE, CThORMEL, BHROHEMAEICZW LT au/R E233HEN~ER~TRAUOE(L
RFIDEHC DIz, —EOEATEEL T35, BHRO NS CED LA VEAE L CRHIIAIR
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. Fig. 8 AWML LM LicBITF2BME (p) & a/R fEE DBIR

Relations between late wood percentage () and a./R at each group
of specimens from sap- or heartwood.

POTRL I THAEIZ LA TS,

PEDERPS LTh, BERROATRENRED £72, BBNSEELFERIZ, R—a BRORBRER
CBET255%EELObDEEZDLND,

A& DM

k& O LI BT DR L - a/R {BL OBERERE Fig. 8 LT,

FHRMBEEICKIET 2 ao/REZ, AHOLORLHOLDE DV EE2RIZEYVAEL bbbIS,
B ROIMZIZVT5 a/RIEOEIIZ, KEIZECT, LM TTIRMO, OHMTERZMORFITEH -
2o, MR p=30~35% 2T x5 THAUNAEDObANITE S, TDb, p=10~20% Fiik
OFE T, A LML IAE L ao/REEZHIZZTEY, BHREKREVETL NS VED L Tt
A DHDERNRAREILDERS,

Table 51k, Z DBEREFERARDOIE L ZOEIHTONICE > THELEZLDTH B, ERoERE
i, b TRARBOFNZH - THLEHNEAL LTIBER LD LN, 0« O ERZRIZOWT
b, WThOBMRERICH > TH EBRARTEAL YV DXV ARER ao/REZLDF. LEL, Zhic
FRAROETAEAFHEZZRICVNS L, ZOBRICITPPLTHAMRILE S 5bh b, FHHE
FEIZI2VT D au/REXSIM>0M L2 5HE, ETOREIEOZCTRELLDOND, Ei-
ERETBRBBCOVTL, a/R EIZBIT 5 EEASTEAOERIZ B hA Lo b3, et
EARSIEAELAROBRIOMRBHC B TE VY 2 5 TH D, THRBHZBCTELELTFLL—
BT,

BMBORIIZIZT B ao/REDERD LT, L7edoT, & XOEREBIZOVTOBELER
2, BT THMEROKREWEEL /NS WEIER X UIHRBEHC BT, 27 ) ORI E 30+
WHDD X HizBbbhb,

(3) aMEE X . A

BHEEE R L ABIER av L OBRIZOVTIE, E20OBMETHEISOLIEBRLERN?, =2
T, FREEROKRE SERCTVT S R—a BROEHZH 38K T, HEETIAZT, =Z0OR
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Table 5. k- TEARBOAINLFERD, & LHOBBEICEIT S
BEMRIZ 72T 5 a/R [EOEIL
Values of @,/R in relation to late wood percentage at each group of specimens
of sap- or heartwood from upper or lower storey trees at each forest stand.

RS + Upp?; storey trees * b Lov;E;r storey 7tKrees "
Late 2 BEAHENA | dLRHENIAR = BREA | ALREUAR | IEHIIAR
wood Total Trees at Trees at Total Trees at Trees at | Trees at
perce- S-slope N-slope S-slope N-slope ridge
nUABS bt | bt | TR | DR | TR | A | A | O | A | L | TR | D | T | D
@ %)S.W.H.W.|S.W.H.W.|S.W.HW.|SSW.HW.|S.W.HW.|IS.W.H.W.S.W.H.W.
~ 5132.8|30.8]33.8]30.9|29.1]30.7| — 17.0| — 15.6 — 19.8 | — —
~10]32.5(31.9| 34.0 | 32.8 | 29.9 | 30.5 | 26.2 | 25.6 | 23.0 | 27.2 | 28.4| 23.4 | — | 28.5
~15]31.5|31.3|31.0(33.0{31.9]29.028.025.4]|29.8]27.1(25.3|238.5] — |[23.6
~20 | 31.6 | 30.1 | 30.4 | 32.6 | 32.4 | 27.7 | 27.8 | 24.8 | 29.4 | 27.4 | 25.6| 22.0 | 25.1 23.2
~25|34.3|29.3|31.0|32.3]36.6|26.1(29.0|24.5]|33.8|26.7|27.6|23.2|25.8]23.6
~30|36.8|27.0f — [31.0]36.8]|23.8]29.8|22.9|27.4|24.632.0]22.925.8]19.7
~35)34.4|29.0136.0 | 30.5|34.0|27.3|32.0| 26.6|30.3|28.3]33.9|26.0]31.6{25.3
~40 | — 28.0 — 27,3 — 29.7 129.7| 25.2| — 27.6 | 31.5| 25.8 | 22.5( 18.3
~45 — 27.6 —_ 27.6 — — 30.1 | 25.5 — 24.8 — | 25.6130.1] —
~50 | — — — — — — 33.9 | 24.2 — 20.9 | 33.9| 25.3 | — —
~55 | — — — — — — — | 20.8| — 20.8 | — — — —
~60 | — — — — — — — | 20.7 — 20.7 — — — —
~65 — — — — — — — 23.7 — 23.7 —_ — — —

S.W. : Sapwood, H.W. : Heartwood.

FIRBDOL LT ao/R EOH LA ERET 5.

Fig. 9 i3, B R—a./R Bff% R:0.04 g/cm® SEBOTIBEIC L > TLH LELDTH 5,
ao/R ERARBEEBOHM L b -T, BERENL V- TIvb ok EADDOLEROEAE /-
EY, REVEARFESRHATSI L ATRERENABTE LY. ZOEEN-ER~EZENEVHIE

34
32
. 30]
28

%

%
<0

24

22
20|

0580 0600
R Yem?

0320 0360 0400 0440 0480 0520

Fig. 9 BAREEER (R) & ao/R fEL DBIR
Relation between bulk-density (R) and au/R.
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(LR, Fx O T 8,000 EORBHT X » T IR (BI58Y 7D Fig. 31) L& BALTHD,
Dz LiE, R—ao BIRR R BBEOASERL T, bA-RIIERETIILERRLTREY,
ay/R [EOBELEN L ARTEREHEOLMN R—a, BREERNICKETEIEATH S, ZORICX
T, 2OESO R oHBSABRAE {, 2, R—a BREERNICALL > 2HEX, R=0.4g/cm®
BEL Y ASVESCOVTTHB. LaL, ZOMBRE, REOBRMEHCE > THIL THHEI
X, T0hLbhMiiehin ) ORBNAELLELDTLOTHD I LAEALND, '

EBARETER
ARBEROEICHIET S ao/REOELD LR, HERRKOBBICI - THEONRERELY
+ (Fig. 10).

% | |
32
30 !
LERRE
28~ Upper storey, trees
2 !/ P
2Ar f"t\
/ T B R B¥ : <
22 / e Lower storey trees — \\\
20 /) N
- N
18 I/ ° \\\\ ry
16}~ \\“~A-_
14

240 0280 0520 0360 400 0440 0480 0520 Q%0 (k00
R Y

Fig. 10 LEABL FTEARLICBI 3AMEER (B) L «/R fEL OB

Relations between bulk-density (R) and av/R at each group
of specimens from upper or lower storey trees.

EBRCBCTIE, R OHMC2o2hT a/R EMSIERENZERS BERL T L DI LT,
FTRBAIZBCTIE, a/R EREN~ZERE-BIOEREE 5. LBERD ao/R B RIZTEAR
DERE LEEDL-TEELTRY, MEOERIAMBERN IS CEEAIZL VLTI LVULEELD
T

LERoT, A—D R DAZSZZLT, EBARRTEBARID bAE av bici s LA,
R—a, BRSERINE A2 505 R ORI, SRAOKBICE > TV Thixbh, LBERTR=
0.26~0.36 g/cm® BEOTWHATH BNV LT, FTEATE R=0.32~0.42g/cm® BECHEAT R
DAEVIES CBHLTRY, 12, £0 a/RfE, 0% Y EROGEITRERCRS TSP ASK
bbbhb,

HRARDET FHE

SUBL AR ER S MU T BEBUR DAL AR DI R—ao/R EBIREH B L, Fig. 11 X5 Th%. RO
BINAEIC LT, ao/R ER G—) BERE-RIOBEAE DI LiZ, ARELIAL LHEET
557, R=0.4g/cm® { BVETREMETARD av/R EHFPEIADZILE EEb > THBL, R
DrDAESEZ B ETRBRAINESIZ H722 5L 512k %,
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34
T |
MR D IAEF
Trees at S-slope

It#3 MIDREF
24 Trees at N-slope

14 1 1 1 o 1 1 (] 1 ]

0240 0280 0320 0360 0400 0440 0480 0520 050 Q600
R Y

Fig. 11 - LREROERABCB I 2BBEER (R) & a/R fEL OB
Relations hetween bulk-density (R) and a»/R at each group of specimens
from trees at southern or northern slope of forest stand.

Table 6. L« FEABOLEIMTORBFHCIIIT 2 EREELIC
72T 3 au/R EOEAL
Values of aw/R in relation to bulk-density at each group of specimens
from upper or lower storey trees at each forest stand.

BREER _lljppen{g storz; tre;#s r LoweE; store;Ktrees w

Bulkedensity] e oy i | e pm | mmm | L mm | @
(R g/cm?®) S-slope N-slope S-slope N-slope Ridge
~ 0.280 31.4 31.0 - 16.2 17.2
~ 0.320 32.7 31.2 26.2 22.5 22.7
~ 0.360 33.3 27.1 28.5 25.3 22.9
~ 0.400 31.7 28.5 21.4 25.4 26.5
~ 0.440 25.9 27.7 24.5 25.6 25.0
~ 0.480 24.9 16.9 24.8 23.9 —_—
~ 0.520 — — 19.1 — 20.6
~ 0.560 I — — 15.4 19.8
~ 0.600 — — — 18.2 13.8

hid, R 0Zo#EED S O, BAELARORBSIEMEIARDOEREIY L, A—D R iZicv LT
IVKREV ay B2 52 E LHOLTEY, LiehoTEEL, R—a BRIPERNEALINEH
AOBEROARIHNEIAICBCTEDAZ bbbhAC L EERL T3, ‘

PERAOHBIC X 2 ENEZERICCNTIOBRELP®D S L, Table6 iICAZ LB THEH, &
REEEL L, EROEAZEERLENLEMRL TR ZERARLD BN, £ TEABELTLERIZ B
Tit, BREIAD S DIZARE R GEEOZCTIAEE/ZBEHIRO LD LD b, Eik, KT
MEVAFTRERC BT, EEBROLDIIAEY R FEHEEDOZVWTTBADLOLY L, XIX
&V ao/R EEHIZENBELL T B,

1L DRy
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d/% 38
36
32
30
28|
2% R
24 Gl .\\\ l .
Heart wood SNe
2 o l
\\
20 N
\\\
18 .\\\v\ Y
161 RRhe
14 1 1 1 i 1 1 1 1 | -
0240 0280 0320 0360 0400 0440 0480 0520 0%0 . 060Q.
. R Y%w
Fig. 12 b L0 L2 i31) 2 FREER (R) & ao/R fEE OBIFR
Relations bétween bulk-density (R) and av/R at each group
of specimens from sap- or heartwood.
Table 7. L« TRARBOLEAE D, & - O ORBH#ICET 2
BEEERIC VT3 ao/R EOE{L
Values of a»/R in relation to bulk-density at each group of specimens of sap- or
heartwood from upper or lower storey trees at each forest stand.
AT £ VN pia3 D = N F
[ Upper storey trees Lower storey trees
2 FARELA | JLREIZAR 2 BEAHEYA | dERHELAR | IR
Bulk- Total Trees at Trees at Total Trees at Trees at | Trees at
density ota S-slope N-slope S-slope N-slope ridge
(R SO | DR | 3B | DR | AR | O | TR | DR | | DA | TR | O | 3 | O
g/cm®)|S.W.H.W.|S.W. H.W.|S.W. H.W.|S.W. H.W.|S.W.H.W.| S.W. H.W.|S.W.[HW.
~0.280| 34.5 | 30.9 | 37.3 | 29.8 | 29.6 | 32.2| — | 16.9| — — — |16.2| —|17.2
~0.320( 32.3 | 31.9 | 32.9 | 32.6 | 31.5 | 31.1 | 20.1 | 24.0 | 28.0 | 26.1 | 14.9 | 23.0 | — | 22.7
~0.360| 31.4 | 31.1 | 31.6 | 33.5 | 31.3 | 26.1 [ 30.7 | 25.3 | 31.7 | 27.6 | 31.4 | 24.4 | 25.7| 22.5
~0.400| 32.6 | 29.5 | 25.1) 31.9 | 34.4 | 28.0 | 29.9 | 25.4 | 30.7 | 26.8 | 29.8 | 23.0 | 28.9| 24.9
~0.440| — 27.0 —_ 25.9 — 27.7 | 28.1 | 24.1 | 21.6 | 23.4 | 29.7 | 24.5 | 26.1| 22.1
~0.480 — | 238.9| — | 24.9| — |16.9[25.3|19.8|24.8] — 125.4(19.8] —| —
~0.520] — - - — — — — 19.6 — 19.1 — — — | 20.6
~0.560{ — — - — — — — 17.6 —_ —_ —_— 15.4 — | 19.8
~0.600{ — — — - — — — 16.0 b — — 18.2 — | 13.8

S.W. : Sapwood, H.W. : Heartwood.

D BF L OMBR L EXBIL T R—ao/R EBIRERRT S L, Fig. 12 2L TX5iCk%,
- LMD ao/R Eix, R ONESCED TR E I BMONBENELE Ld T8, R=0.3g/cm?
Eabix, WFhb R oEINASRICVW LT HiBOKRBE-E - THD, AHOEIZWIFhO R &#iF

CHEERTHLOLMOERI VY RELS Bl bh, BREFTHCHERBL V3,
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L7zt T, #D R—aw BRIZ, ThOOTAMSHZVIROHOBENCL - TEEIDRIIZLDOLR
B, ARBERBEGOERIZI - TLE R -Thbbh3Z Lithd. Lb ZIOELLDENT, av/R
ERREMIC T2 b R—a, MRFERNE 25155 R OREIR, Z02REICOTH-L
TAEVHDTREAV. ThEDZ Lit, ZHETRBAELTE R, FRIBELHMEL I VEREER:
LItlE Y3 ao/REDODBDLNMPTICBIT S, BRBRILEHIC X ZEEICT OV TORKR L AR EC
HBLVZ B,

Table 7 it, =A%, LBA - FRAOHS X CLOETHEONEERICR TR Libic b0
Thd, chickiuF, RHOFRIEHET R BEOKRE SIET S R—av BROD bbhbic
b, ETOTRHAMRB RIS 2R ELOX S AR VRENEELE D2 2bDTHEZ LA
%o ¥f2, ao/R EOREWL VD EhDIE, R ORE VR L MEVEREL IV ThoRBIcR T
LARREMERE2 L, R—ay BIEBVH LB L EETHZLELDHL TS,

2. BUNTFREORS

MU EDBHENLBIZROER, P F=YHICBT 5 a/REDHLbINIL, EiRiE, BHRD 50
BRERERL L S ERBRERZ TR L OBEC BT, Th BEHOAS SOBLICHELTER
ThEETHZL, BLY, ThdOELRFIN, BREKROMHEE, £ FED 5k - O L RERD
RABRILOGHOBICE - THEREHTELOTHE L RERHELP LR T

Ff, ThODBELD LTk T, Fifd, WHED S VIAREEROAS CREL & VWHE
LEZBCT, LRVHLS LVEBRTHRANAEERLOEI S Z L bRBNARHELTHLEDL
Hize

b M=y MIC R S ERE, BMBERBIVERBEERZL O bbhsic L £OHEERE#EC ST,
TTRIO—EDHETIETRDCRI SR TR B 197, ao/REDOHBEKRICETS A ETOE
BERPOTHIE, a0 $1iT /R ERETRLONBESHOAPTEDI I LOEhBPELLED
SZTENRPBELED, PUTOETHE, fEETERALD LN —RGERA»OHELT, ZhboEE H
BHbORICBIT DERIER E71T ao/RIEDOH LI 2 BHENICBEL, SELRENAHEDRE
BREERDIL 25 LARIT, bok bMEAEETSH 3 ERIEICE - T, TALEKDIF SRS 3
ES o TEFORFEML 5,

FRBLBMRLIZL S a/R EODT

EifiE D: 0.5mm KHFR, BME p:5% BERT L OFYE a/R EE2RD T, FHELHEHRL
k% ao/R EOZHNERHpES L, Fig. 13 DX 525,

hic kiud, FREN—ETLZORMBORE ENEMTIT ao/RELERLTHIZLON, £
72, BBELBMETH > THLZOERBOKREINEMATIE ao/RELRL-TLOENBEARDL S
X5EHhizEND. ZOR—DHEMETH > TLEREBELBICTSL ao/REXA—EOLbIEVT
L, oerihid, A—AEREERCNET 2FBRIBROAEINRL - THbbh BT LI, FI#T
FARVEY VY T AT LRDVWTHRELEERAY L BELTH S,

ao/R ERZ OEAO L THERNICZEHR VAR ) 2 EHTHELZ RO DL, ThRRIRA3 X
51z, FHWEO L D EE VI THMEOHEMIONTI YV AEAERIBICBITToHERL, FHED X
YORWERGTHEMBROBEMZ O TL Y PEVERBICBTT2MRLcrlEhs, BIE=ZABRO
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~30 ~33 ~36 ~40

HERBRGHIE SRS

2163 7

HEACHLDENZL5THY, Z2OHED
ay/R HEiZ BBk 32+1 BECL D s h

Dmm %o

20 L7etioT, ZOREICL T, FHiE

80 DREVEFT L NSV, BEU, BHR

70 DREVCEFTENSVEFLIZE > Thi-z

60 LASHEATIT, HBWIC ao/R ERTRE

50 BRHELbAMPELTEY, BIFRENCHR
BENDERTE ERIE L MR L THRETH

40 W, BLE, D=2.0~5.5mm, p=5~20%

30 _ . CHOVOHETLHENB LD Th b,

20 EIE L AEBERLITE B ao/REDS

10 i i

O'0 5 10 15 20 25 30 3 40 45 50 D, FH D 0.5mm R, S

: _ P% TEH R:0.04 g/cm® KHFE Lo P

Fig. 13 i (D) LBMEK (p) Lick3
av/R fED 537
Distribution of values of /R in relation to

annual-ring breadth (D) and late
wood percentage (p).

EBOETBZLICE>T, ao/RELELLT
blcxbh, £, B—DABRBERTH-TH %
DERBREMRTIZLIcL T, a/R ELE(L
LTLHENBEARALDOND LI TH B,
as/R ERERICRENZOSHBD & b ofHE
Ekw5 L, Fig. 13 OBELEMLEAT, £
WIRDL ) L2 BT R OMMc>hTE DA
EVERBICBTToHRL, FREOI VS
I T R OHFMIZ 2R TE D IS CERBICET
THMRE A EhsHAICIERLDON, %
OFHED av/R EIZAE 3221 SHWiZLHESH
5o COBPJIEERBLARBEERLTRE T 5
L, 8X%, D=2.0~5.0mm, R=0.28~0.40g/
cm® BEOFHETHXx bh3L5cBbbhb,
COERERAL L UREN a/REIX, SEOE
RIE L MR LI L D ao/REORERIZBIT 52
AHRIFE-RL T3,
BAREEEL—E T, FREOAESICE ST

/R {BERD T, FHRIE L EREER L o
15 a/RIEOHHREHNES L, Fig.
UDLBY ThB.

Chm b UL, ERIERAR—T b AR
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Fig. 14 iRl (D) L AREBEEH (R)
Lizk s au/R fED DH
Distribution of values of av/R in relation to

annual-ring breadth (D) and
bulk-density (R).
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R—oy BRDBEALT B L5 Z Lk, BB, BHEL—FETL, FRBOREICI->T R—a. Bif
PETAHECIZ L L LT, FRIEOAEZIZDOLDOHREFERIBERODbbhd Tl —EOHEE R
ELTeBbDLELRFMTRD RV LIS,

TIT, MR ARBERLE X—EOLHIBRICH B & TP, Fig. 13 & Fig. 14 LiZE—0
LOEERTZILCEDD, P P YyMICRBT 2BMR L ARBERE ORI TAREREMLLOT
12T, FREBLUVBRMEBORE I L > THRESH T 20 VEMEEAREEZ L > T3 P05,
Fig. 138 & Fig. 14 L AbFLbEULAVERE DX TV 5, '

Lo T, FEHIR L AR L IC kT & 05N BRIEROBILRII L , FHIELBHE L >
TEHOhIERBEROBMRFILZAvEE pos

, :
LBIRFTHY, T2, R—a. BIRIEER 5m:x54 :
BBXURHEE SR CATICRET B S L0 \LQ_\_/ i
WL 5. COBE, b FvvHicho-Ti | : ‘N\
; 10 | 13

FERRIR L bR b AR L OB 25 MR & . i 1 el
N, ERIERK A X BHHR & AREER L O ! !
ERAHCRERTOS R, Roa BfOb 2 JWW :
btk il Lppblcbicd, FRIBER—  Z ! i o
BIICL D BB LBDRDTEICE b b h N : |
B i |

RN B B AR a it i

LRSI FRIE L B T AR 10RG /‘—ﬂ— l : °
WEDBHCRIT B a/RIEDH B 1L 1> 1= 1 R .3890 | —
b, R L B RENR S EEROCEET S b i .
L, D=2~5mm BEOLOEEL B I ERTE V'm\_\\j e e
B, Sbic, FWEBOEICHET S, BHE 0 S — ]

O

|
b, BEIER av, BEEBEER R 8L a/R .320 i !
fEDE(LE, FiFE D: 0.5mm KRS & o .300 L Mmmme

FHECHELT, ThoOURtE e Ten i - ’
TrLmbhTHBL, Fig. 16 0X5icks % | A —

MR X OAEREERICIT 5 BRI E 5 8O 1t i ! ,.f/""“]l_ BEE

BN B & BRE R, 2 »s;;/;b T .

ERIBOMINC & b 75 5 AEROF 1 8% (. 240__|__W L
12 BHRTHEA S B E R OERE T ‘ D)
LY, FRIER M h bR okE— T8 15 TR (D) e T SRR (), &

BIGER (a0), FREER R) B X &
REAI, B 3 Hp— BE>T
THA, FEBER TR -OLRETHA /R EOEE
OFEREY LDL, £/, a/R ETEDLTS Variation of average values of late wood
A - o= < " ~ percentage (p), volumetric shrinkage (a.),
BB EHM PR E T RUOE LA E bulk-density (R) and a./R in relation to
BlcaTwBd, LR T, HHERZONIGHE - annual-ring breadth (D). -
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b2 5 LERIE 2mm FEA0 Smm MEETOBWEDOHARED L HBHICRELTRY, &
R LERERISVEETY, H3VIEEIASCREEATY, TRENEEEE K < 2 E T THRR
PR < BEARBR L DG, ThOFRIERER, thos, ENCREAHAL LTELDS
LRTEB L5 RbbhE. ZOERAIE, HBRICBIR/A~IRY Yy v h 77y DHEY LILE
HTh S, ‘ '

b ¥ BB ERIUERD b b bhpicBIT 5 & 0 HISHZERR L L To FHiE D=2~5
mm OREEL, MEOERIELHMREIEREERLICES ao/R BORERE 1BE—KT5H0
THY, Fi, FTIE LD SN ERERINE? >+ oHEOZER? L LIBEFELTOE b0
ThB,

Ltmor,:oﬁﬁﬁEﬁD:w6mm®$®m,Mﬁ&o&&bh#tuﬁbrhrvvvﬁm
B 5 EREOBHNTIAL LTEL 52 LARYTHS L BL DB,

3. FREXACHITS a/R EOEIE

BIEDRRIC LA > T, SHETIBBR L MR E R BREER Y «/RIEL OBRE, Thb
DERBRZICLE - T, EDLIRBLLTL 2PV THEEORR EML, FRIEE FLREL T
BERIERORERR L WA LD THBZ L LT 5,

(1) BWHEE a/R (&

gy, 40 -
sk ARBH 0 LTI EHRIEE MR OB
35 BabHELT, D=~1.0mm, D=1.1~2.0
sl % ° | pstsom | mm D=2.1~5.0mm B0 D=5.1~9.0
321~ <" D=24~50mm mm © 4 KFiehit, EhENOERBXS
o o e 30 SRR L /R & OBIRE LB

: o . . "¥5BL, Fig. 16 DX 5k,
j___}gw o, * SHBLLTAS L, HRAZCHLD LY
. D=1{~20mm. ® o | SEELHDLTVB X HICHh L B0, BHE
% pmtomn. °T ok EE (RE p>30%) 0T L,
ar AERIBEES Lo ) SEARE IR R

6310 5 20 25 30 5 40 a5 50 BFBEARLIBLNG.
p%
. , p<B0% OHIFETIZ, BEMEROHEMz>h
Fig. 16 FMEXS (D) ILBIBWME )& <, D=~1.0mm $XV D=1.1~2.0mm

Relations iﬁigialg? ffood percentage (p) PHOR a/R EIMERT BEMICSHY, D
and ay/R at each annual-ring breadth (D). =2,1~5.0mm D DL as/R {HEBE I~
BERE-BROOEAE LHL, D=5.1~9.0mm DbDIX av/R EFZERE-HN (FHEAD O
HELHLTEY, Eﬁﬁ‘l’éﬁﬁ?ﬁﬁ% (7&%’)kbt7b>a‘(‘, p—ao/R WA p=5~10% f:E& Hhic LT
HEERZEELTV2 XS K?ﬁ>7l*3’<":‘$>tx_'C‘(‘5o RAMBIN30% HlchETx 3L, FREBEXSIZX
% ao/REOEFE BL%L(TﬁE‘J&Kéo
LtmoT,ﬁﬁXOk%VﬁE&iéwﬁﬂtéwfﬁﬁ,E%WE%K&%P—MN?Eﬁﬂ&E

ERBEGEOKX S VIECEEMAE L, A—0OBHRICHIET 5 ao/RiEF, HEBRACTRAZERI
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Fig. 17 k- TE*#FOEm'IIEPéﬁ (D) BT 2HHE (p) L a/R {EL DB

Relations between late wood percentage (p) and a./R at each annual-ring

breadth (D) on each group of specimens from upper or lower storey trees.
»3 D>5mm DHLDOEDEVT, ERBHEASAEVIOIEE IV AZLEEZHX5ERFLDL,
0, FERBEEECBVCTH, 20 ao/REFSREMICH LR ZBHRORHE, s IEEShE
FRICLLEZILELDL TS, ZALOEARLLTHIE, BEHEORE SIEREROHL bR
PIZBIL T, BEMBEX ST LICZNZHENINAERE S > TV LD EEFELRFTRLAE,

EBARLTRER

ZOBIRE, HRAROMBEICX > THETS L, Fig. 17 izLbdh3d X5, »i) WENERAE
FRATWRZERb5,

FEXICBEIIC 2 Lwink oz, FBAD p—a/R BRI EBADEZRL D UL\ grade TH
FI&h 32 (Fig. 6 2R), ZOEAREERERBICOVTLBRLTHS. LirL, EBRIZH-T
¥, D>5mm DbDEDEVT, HEHEROKE VLS WHEE OTHAMB A TR, FiRE
XADAE VIR, A—BHRIZIZVTS a/R EOKRESHEIISHSZN, FRRZH-Ti%, D=~
1.0mm® { DRMMOERIBR O LD LY, L) EEEFIShTWS, FTRBAD ZOEHEEED p—
ao/R gz, FREARDZRICH R D ESE LB b 5.

L72hi» T, ERERST LD p—ao/R fHgit, D=1.1~2.0mm BXY D=2.1~5.0mm DOHH
DHDTRHEEBRE FERE ThRYARER~EL)ERSY, D<Ilmm OHDOTRCLLSLVER
BLHIhi (D>5mm OHDORIRFTEARZIRS b TWEV). ThW i, p—a/R BRIZRT
BHRROMEIC X 2 ZEIERIE 1~5mm OHVEDLDRDOWTOAERTILENHS Z Licix
%,

PERAR D 4 37 R
HERAROENAEC L L S Zh b DERE KD T Fig. 18 icLdH T,
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Relations between late wood percentage (p) and au/R at each annual-ring breadth (D)
on each group of specimens from trees at southern or northern slope of forest stand.

TAREDLEFRENRI Y eh v grade TEFIEN D, F/o, TOMMREHETE, D>5mm L0z
DEVT, A—BEHRICHIET D a/R EDOAE SIERE\ER SO K& SDIRIZERSIEND, D>5
mmOERBR T b DiZte L ATHAMEASED L.

LiL, ZOEAZSLIEHRAROEB~OIZizLin 5L (Table8), HFEREBERFICOWTEEKR

DLORTEROLD LY,

Table 8.

X D 72hv grade TEAISAD Z LiZ—RAICHLDDONDH, A—D

BwHRIZ 72T 5 a/R BEOE(L
Values of @v/R in relation to late wood percentage at each annual-ring breadth on each
group of specimens from upper or lower storey trees at each forest stand.

b TEAR - £ AEORBBHOERER FICBIT B

s F iR g
= N O . %
BERADKE z'- § g 2 An];mal—rmg e #F = Late wood percentage (p %)
readth ~d0 |~as |~
Tree classes | Forest stand D mm) 5 10 15 [{~20 [~25 |~30 |~35 40 |~45 |~50
~1.0 | 34.5 31.1] 29.7| 28.9| 30.0| 28.6| 28.3| 24.5| — | —
FRIENAR | | <20 |30.5] 33.3 31.8 30.8| 30.0| 27.7| 28.2] 28.4| 27.¢] —
IR 'Is‘lleéclag it 2.1~5.0 | 31.2] 33.0] 33.6] 33.5 33.3| 33.2| 35.1] — | — | —
P 5.1~9.0 | 31.2 31.9 33.1] 36.5| 34.9/ 39.2 — | —| —| —
Upper storey

~1.0 | —|25.1] 26.5| 27.8] 18.7] 19.1| 25.4] — | —| —
trees LRENLARFE | | 1~2.0 |35.6) 30.7] 30.2] 29.0 28.6| 30.5| 20.7] 29.2 — | —
Trees at 2.1~5.0 | 29.2] 30.1| 29.9| 28.5| 27.4| 27.2] 30.8| 30.6] — | —
N-slope 5.1~7.0 | 31.9 32.2 29.5 32.1| 26.0| — | —| —| —| —
T ~1.0 | — | 29.1 27.6| 28.7| 30.2| 25.5| 28.7| 31.6| 24.8] —
Trees at 1.1~2.0 | — | 25.7] 27.8| 26.3| 26.3| 24.3| 29.5| 23.4/ — | 20.9
T B AR S-slope 2.1~4.0 | 15.6) 28.1) 28.9 28.0 — | — |27.9 —| —| —
Lower storey 3 30.6 20 33.9
trees A E AR 1.0 28.3 24.8 22.5| 25.2 27.9| 30.6| 29.1 .
Trees at 1.1~2.0 | — | 24.5 23.7] 22.4| 24.3] 22.2] 27.2| 24.4] 24.4] 25.3
N-slope | 5 13,0 | 19.8 17.8 14.3 — | 23.4 — |23.3 —|30.3 —
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Relations between late wood percentage (p) and @./R at each annual-ring breadth (D)
on each group of specimens from sap- or heartwood.

BEMRICHIET 5 ao/RIEOKE SHERBX SOAE SORCRIIS WA EM, FBAS L OILAE
YRDENPTHELTLOHAANICED S bR R VIBINSH B3 - L bh 3,

AR & LR

DERE, AHBB L ORI EORINIZX - T, EMBERSICRIT S p—a/R BREP LB +5 L,
Fig. 19 DX 5 Th 3,

FRBEEEOAS VHIL MEVEB LT, HROBE LA, 1) THUNERE L8, 8
MR 10% Hi#k 5 20~30% BIHODH VB TiE, A—0OBHRICHET 3 a/RIEDOAS 513, £
BRXIOREVIRICESISh D, ZOBITE, LrL, BHROBINARICIZVLT, i -
X ao/R iR D<Ilmm OFERERFIOLOEDECTHMAREESDIZIZVLT, SHIZH - THE
D>5mm DEWEBX IO LDEDECTRAH AL ROFEASNENICH LD ONS, LEHICIE, T
MIZBIF 2125 BLMIZ BT 5 & D LTBAIMNS p—ao/R BIREH <. 72, WFHOERIEBR Siz->
WTh, AHOLDRFLHMDOLDED b, 1ZIFX Y 7h Vv grade TREBET B Z R tdbh 5,

Table 9 i3, HRAKRDOHEBECEIMABORMEEBIT VN TIOKELILDTH S, .

BHRORE VI L PEVES LT, BYEIHE LOL, ETORMBIITHUNLEAE b=
ATRE2S, —#ic, NET2RBBICBT 3R—0BMERIIVT5 aeo/REDKESIZ, LBEAD
LORTERDOLO LY HAEL, BREVADOLDRIEMEIADLOL Y LAEL, k7, THDL
DRLHDLDI Y HbAEL HOLRBEAMN DLV, LAL, a/R ERNFHBERSOKAE S0 IEIZH
T2 DAL, BELFLLTRTORBEIC OV TR TIEA VS

REL LT ao/REPRENCH 5 bR BHMNL, BHEK 10% §i%r b 30% fiBETOHEcH Y,
P, ZOERERBEX L > TRE-THELONBZI LN ALDLNS,

L3 oT, M EDEHBRERS S THUE, BRIEROLH b icBIL T, FRiEd 5\ B
R EDEREERITCNAEVT, HAZEOREREER L OBROACOVWTRIT B Lk, 2D
RENAHEZLEALAEILET 5L LAY, UBRORBEBRICOVTOELVRH#E S 727
ERER LD EEZBND,
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Table. 9.

HERRGIERS

$£163 5

BRIV 5 ao/R HOEA

Values of au/R in relation to late wood percentag€ at each annual-ring breadth on each group
of specimens of sap- or heartwood from upper or lower storey trees at each forest stand. .

b TRARBOEIHESRD, T LHROBRBBEOERIBRFNCBIT 5

= 5 i g .
%ﬁ*% E%gg i - OH |Annual- Bt # = Late wood percentage (p %)
Tree Forest Sap- or breaéiﬁg
classes stand |heartwood (D mm) ~5 |~10 |~15 [~20 |~25 ~301 ~35 |~40 |~45 |~50
7 W ~1.0 | 34.5| 30.9] 29.9 30.0| — | —|35.00 —| —| —
1.1~2.0 | 37.8| 33.1| 30.7| 31.8| 33.3| 38.2 35.7] — | —| —
o Sapwood | 2.0~5.0 | 30.6| 31.6| 34.5| 36.3| 38.4| 34.1| 33.2l —| —| —
. ~1.0 | — | 25.4 26.6| 27.3| 22.4] 22.9| 26.5| 24.5| — | —
Total |\ O # || 2500 | 31.1| 31.9| 30.8| 29.1| 28.7] 28.2| 28.0| 28.6| 27.6] —
Heart- | 2.1~5.0 | 30.6 32.2| 32.3| 31.2 31.0| 30.3 32.0 30.6] — | —
wood | 5.1~9.0 | 31.6| 32.1| 31.8| 34.7| 30.4/ 39.2 — | — | —| —
o ~1.0 | 34.5| 32.1| 28.6| 25.4 —| — |36 —| —| —
AR ; 1.1~2.0 | 37.8| 34.5 28.9| 31.3/ 31.0 — | —| —| —| —
?; ﬁ% Sapwood | 2.1~4.0 | 31.4 33.6/ 38.4/ 38.8| — | —| —| —| —| —
Upper
R ~1.0| — | 25.0 30.7] 30.8| 30.0 28.6| 27.0 24.5| — | —
t »
storey . gri'ff;i L M| 1~200 | 28.1 32.¢| 32,5 30.7| 29.0| 27.7] 28.2 28.4| 27.6] —
trees ~SI0P€ | Heart- | 2.1~5.0 | 31.2] 33.0| 33.4 33.3| 33.3] 33.2/ 35.1] — | — | —
wood | 5.1~9.0 | 31.2| 31.9 33.1| 36.5 34.9/ 39.2| — | —| —| —
o ~1.0| — | 23.5/ 31.6/ 32.8] —| — 840 —| —| —
- 1.1~2.0| — | 30.0 32.1| 32.0 35.7| 38.2 35.7] — | — | —
% % &l | Sapwood | 2.1~5.0 | 29.1| 30.3 31.9] 32.7] 38.4 34.1/ 33.2 — | — | —
T el ~1.0| — | 25.5 24.3] 25.9| 18.7 19.1] 16.7] —| —| —
Nre:lf)ae L M | 1.1~2.0] 35.6 30.9| 20.9| 28.5| 27.9| 29.1] 27.7| 20.24 — | —
~S10P€ | Heart- | 2.1~5.0 | 29.2| 30.0| 29.6| 27.3| 26.8| 24.9] 28.1| 30.¢] — | —
wood | 5.1~7.0| 31.9] 32.2 29.5| 32.1| 26.0 — | —| — | —| —
g M ~1.0| — | 27.1| 29.2| 28.2] 28.9| 29.8| 32.0| 30.9] — | 33.9
) i 1.1~2.0 | — | 22.6| 20.2 24.6 30.1| — |32.2 — | — | —
#* | Sapwood | 2.1~3.0| —| — | —| —|30.7] —| —| —| —| —
Total | o 4 ~1.0| — | 30.1| 25.5 25.5| 24.4| 24.2| 25.8| 28.5 24.8] —
Hoart? | 1.1~2.0 | — | 25.5 25.5| 24.1| 24.1| 22.1] 26.9| 23.0| 24.4| 24.2
A d | 2-1~4.0 | 17.0 24.7] 25.6 26.0| 24.8 24.0[ 24.8) — | 22,9 —
FREAR ; ~1.0| — | 23.3 30.7| 29.6| 33.8| 27.4| 31.0| —| —| —
§ % % Sapwood | 1.1~2,0| — | 22.6| 24.0| 26.8 — | — | 28.5\ — | — | —
Lower -
Trees at | ~1.0 | — | 32.1] 26.4] 28.3| 26.3) 24.8) 27.1| 31.6| 24.8] —
storey | ress at) B M| 1i~2lo| — | 2519 28.1| 2613 26.3| 2408 27.9) 2314 — | 20.9
trees - P wood | 2:1~4.0| 15.6 28.1 28.20 28.0 — | — |27.2 —| — | —
o o ~1.0 | — | 28.4 27.0| 25.6| 27.1| 32.0| 34.4] 31.5 — | 33.9
¥R |Sewood | 2:1~3.0| —| —| —| —|30.7 —| —| —| —| —
Trees at | ~1.0| — | 28.2 23.7 21.2] 22.3| 24.0 26.8 27.8] — | —
Non 2 D Bl i~2lo | — | 2405 242 2204 2319] 22.2] 25.9| 24.4) 24.4] 25.3
P wood | 2:1~8.0 | 19.8 17.8 14.3 — | 20.9) —|23.3] — |30.3 —

*RMILARBHE ST

Containing the group of specimens from trees at the ridge.
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R—a, BRI ARBEREGOAL SIKE > THERTZRLYY, ZI TR, ZORCRIINERE
DEBCE > TEDBEDERE LOTLOTHERIOVTRIEENL 5.
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Fig. 20 DX 52k 5.

»F

ST
v ST~ .;‘ . '| A
2k /D-I.I~2,0mm.\: - [

D=~1.0mm.

161 . ' o
14 °
0240 0280 0320 0360 0400 0440 0480 0520 0560 0600
R %

Fig. 20 FHREXS (D) TR 2BAREBEER (R) L ou/R fEL DR
Relations between bulk-density (R) and a»/R at each annual-ring breadth (D).

Zhickhid, ARBEBO #cE 7Y a/R EOERMITEREX I > T XV ThHbbih,
KEW REBEEL NS R BAELEZDOEL L, R—a/R BRIX, BEN—RBL, EEBIOHEEEL
HL, A—0BRBREBEERICHETS a/R BXFFRIBEXSOARE EDIFIC bicxbhd, KL,
D<lmm O%NL D=1.1~2.0mm DbD L, PARIVBEELZEIE LD L THE L 2R EZENS
Lovbhhv, AREBEEBROAREENH 0.4¢g/cm® 32 25L, a/R EORFIITHANN 2 EAHD
X<iB. ‘

DX REAZ, A—D0RREERTH > CLERBREDICE o T R—ay BRBELE - Thix b
NBEZLEERLTEY, FRIERODbbhpicBT2HEL LT, FREBEERFLVDTHL
FRIC ERBORE S ZOLOEER LTI RO AV LIERS, TDZ Lk, B#HTH Larix F
BBV TOBRYLAKTH 5,

HUTiIRZOEREFTHOBETFORBBILFMHICL ESWTHET 3.

EBARLTER

HRADHEBIC L » THAShARBFIC OV T, FREBR DL 5 R—a./R BROE(LE: HERR
+5& Fig. 21 LBV ThB,

EBARPLORBHCBTiE, R ODREVEHZL NEWEZLEDZ VT, ao/R {HiX, FEFHRER
HSOKREGIEIZEFIL S>> R OBEMZ >R TERL T34, FTER2LLORBHIBW TR, ZhiK
#ic D<Imm DbDEDENT R OHMIONT ao/RIENHAT BEAE HZTHY, D<lmm
NLOE D>1mm DHD LD RRF gradé AL L TERBT ™I H 50

%72, FTBAD® D<Ilmm DL EBARD D<Imm Db DIEHELMBIZEFIEh T 5 25,
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Relations between bulk-density (R) and av/R at each annual-ring breadth D)
on each group of specimens from upper or lower storey trees.
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Relations between bulk-density (R) and a»/R at each annual-ring breadth (D)
on each group of specimens from trees at southern or northern
slope of forest stand.
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Fig. 22 XAVAEROBFICBT 5 FEREBER 71255 R—ar/R BROELELDLIEL D TH
%,

WO BE DRSPS FFHLUL 2EA T, BERAEIARD S ORLEREILROGLOLY L, »ih
DEBHEXZIZBCTH L Y 72h v grade THIISh B, 727150, BEREEBOASVHEEL SVE
BLETHAEE BV, »2, D=~1lmm ObN& D=1~2mm DD LiIHR Y LI MLEIZH
5. %72, D>5mm DL DI R OHMZI2vT5 a/R EDBIDOEEN A TH Y, D=2.1~
5.0mm Db OORISHIRIETIE Lib L THBHZ L L & b ICHBITH 5.

AL OEMAR, —EOFEBEERRAICKEVTIL, A—AREER - A—ERETH-TL, REto
BRENAENREO LR WIZE 5Ty R—a BIRB LR - THABND T LEREKRLTEY, Zhix
BORBIRYE, BREROEBLL - IMRLIC L EANDOBELEARTD 5.

Table 10 THRAROHEBHSREEERICVATZIOEAETERLIZ LD TH 5.

Table 10. L - FRAREZAESSRBBHOEHEX HIT 52BREER
. 272135 a/R {EOEIL
Values of a./R in relation to bulk-density at each annual-ring breadth on
each group of specimens from upper or lower storey trees at each forest stand.

" Fth
pakomm | BREO % B % B ¥ Bulk-density (R g/cm?)
ring

Tree classes [Forest stand (lgefndnt‘}; ~0.28|~0.32~0.36|~0. 40|~ 0. 44/~0. 48| ~0.52~0.56| ~0.60

~1.0|34.6|29.9| 29.3 | 30.8 | 23.4 | 27.8 | — - -
FARHEN AR#BE| 1.1~2.0|35.2 | 32.8 | 31.7 | 31.3 | 24.3 | 21.7 | — — —
1
6

3
0 7
ok R Tsreeles at | 2.1~5.0|29.0(33.1|34.0|32.2|29.5|25.6{ — | — | —
-Slope | 5. 1~9.0 4

— | 386344294 — | — | — | — —

Upper storey ~1.0(29.2|30.5|23.9|23.5|25.1| — — | = -

trees b smESTARBE 1.1~2.0]35.2|30.3] 28.8 | 28.6|28.0|16.9] — | — | —

Trees at | 2.1~5.0 | 30.4 | 32.0| 30.4 | 28.8 | 27.6 | — | — | — —

N-slope | 5170 — |3s.7|25.3)261| — | — | = | = | —

AR ~1.0| — |28.2]29.9|28.4|24.0|24.8| 14.8| — —

o Ap | Treesat 1.1~2.0| — |26.6|27.0|26.1|24.5| — | — | — -

S-slope |2.1~4.0|35.2|24.5|27.4|27.0|27.8| — |20.8] — -

Lower storey :

trees AR ~1.0| — |28.9]28.0| 24.8 | 24.6 | 24.5 15.4 .
1.1~2.0 | 16.4 | 22.6 | 24.0 | 26.4 | 26.5 | 14.6 | — | — | 18.2

Trees at
N-slope 2.1~3.0| 15.5 | 17.1 | 22.8 | 30.7 | 30.3 — — — —

ERIET 5 ERBER Fc B Tid, AREEROTELOZVT, WFhb af/REREBAD L OR
TRADLDL VS, Fiz, BREACLOFIEMARDOLOLY L, ThAERL VRSV EERZEROZ L
NHELDBNE, LIL, R—a/R BRPERBEXSOAE IDIRD grade TRFIZ W B, TR
RiZh > THRWTFROEZREZBTLH LD BRIV,

b1z BNy o
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Fig. 23 - UMOERIEX S (D) BT 2BBRBER (R) L a/R fHL DRIFR
Relations between bulk-density (R) and as/R at each annual-ring breadth (D)
on each group of specimens from sap- or heartwood.

XBlz, AHRB L OMRBI LIBT3 EREBR 12X 5 R—ao/R BBROBE{LIZOWT, Fig. 231ic

LT,

ThETIRBELERMEEORE LIZERRIC, TOFRKOHEL FERBXFCL > T a/R
D grade 2B L, FREEBOAEVEZLIIVRILEDENT, XfF, FRERIOAEN
Iz ao/RENEFIZNS. HERETIEREBERX BT, AHRBO L OROHRBIDOLOL D Y

DhizkELS blczbh s,

LieisT, A—BREBERICI VT2 ERIERO S bbhnien, THIEBCTOMCRIT 5L D
boRlck VAE L LwINB L) Fig. 12 OBEERT, SERERICIEIETLRILOT L
Y, AEMCREEERERDICL - TEOBREX RT3 TER VLV Z iz, OB

EMTED p—aw/R BRI B BEM L bEEF B b0 TH B,

Table 11 FHERROEER I VT DOETFMEORKEF L D TH « LMD Zh L DFEAE LA

Table 11. k-« FRARBEOENFERD, A « ODHROBBEOERIBX 7
ZRITABEEBEBICI-VTS ao/R EDOEL

Values of a»/R in relation to bulk-density at each annual-ring breadth on each group of

specimens of sap- or heartwood from upper or lower storey trees at each forest stand.

= BEEREARD ot F Wi R g _ ity (R 3
BRARDOREE e 7 AN A« OF | Annual- BEEEH Bulk-density (R g/cm?)

Forest Sap- or .bre;cll?lg

Tree classes

~ ~ ~ ~ ~ ~ ~ ~

stand | heartwood (D mm)

0.28] 0.32] 0.36] 0.40| 0.44]| 0.48| 0.52| 0.56

i 1.1~2.0 | 37.1{ 33.3 30.7| 32.7t— | — | —| —

Upper 10re5 - Total 2.1~5.0| — [33.433.532.2 —| —| —| —

trees Sapwood
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Table 11. (Continued)
= BERARD R B OIE ]
BERAROMERE S am | 2 UM | Annual- BEREEH Bulk-density (R g/cm®)
ring
Tree classes Foressttan d hsezgt_wzg d | breadth |~ |~ |~ |~~~ e~~~
(D mm) | 0.28] 0.32] 0.36] 0.40 0.44] 0.48| 0.52] 0.56| 0.60
~1.0| — | 29.5| 24.0 25.8| 23.7| 27.8| — | — | —
=t D M | 1.1~2.0| 34.4] 31.0] 30.0 29.0 26.8] 20.5| — | — | —
Total | Heartwood | 2.1~5.0 | 29.6| 32.7| 32.2} 30.2 28.2| 25.6| — | — | —
5.1~9.0| — |33.9/32.7/28.3] —| —| —| —| —
o ~1.0 | 34.6] 29.7{ 23.2l —| —| —| —| —| —
 a 1.1~2.0 | 38.4| 34.6| 29.8/ 23.8) — | —| —| —| —
L Sapwood - _ | ] _
gy 2.1~4.0 37.5| 36.7] 26.5
EfEAR | Trees at ~1.0| —|30.9| 31.5 30.8| 23.4| 27.8f — | — | —
S-slope L M | 1.1~2.0]32.7| 32.0 32.2 32.0| 24.3| 21.7] — | — | —
Upper storey, H 2.1~5.0 | 29.0| 32.9| 33.9| 32.4| 29.5| 25.6] — | — | —
trees eartwood
: 5.1~9.0 | — | 38.6| 34.4] 29.4| —| —| —| —| —
7 M ~1.0| 29.2 32.2 32.1| 34.0| —| —| —| —| —
, : 1.1~2.0 | 30.8| 31.1| 31.5{ 34.7, — | —| —| —| —
b & ® | Sapwood
2.1~5, — | 31.20 30.4[34.1]| —| —| —| —| —
K B °
T ~1,0| —|28.9 21.6| 23.2 25.1| —| —| —| —
rees at N
N-slope | © # | 1.1~2.0| 35.8 30.2| 28.1| 28.0 28.0| 16.9| — | — | —
Heartwood | 2+1~5+0 | 30.4 32.2 30.3 28.3 27.6) — | —| — | —
5.1~7.0| — |33.70 25.3] 26.1] —| —| —| —| —
a ~1.0| — | 22.1) 31.2] 29.8] 27.7 25.3 12.1] — | —
1.1~2.0 | —|17.1] 23.2/ 30.6/ 31.00 — | —| — | —
¥ Sapwood | , 1 30| —| —| — 307l —| —| —| =] —
Total o M ~1.0| — | 30.5| 26.6| 25.1| 22.4| 21.5 17.4| 15.4] —
1.1~2.0 | 16.4] 24.2| 24.6| 25.7| 25.5| 14.6] — | 19.8| 16.0
Heartwood | 5 | _4 o | 22.6| 23.8| 26.0| 25.4 27.6] — | 20.7] —| —
] # ~1.0| — | 31.9] 32.3| 30.9| 27.6| 24.8 12.1|] — | —
TREAR | @ 4 ™ | Sapwood | 1.1~2.0| — | 24.1{23.3 28.5/26.8) —| — | —| —
3SOR B
Lower Trees at | &  # ~1.0| — | 27.5| 28.3 27.5/ 21.9] — | 17.4 —| —
storey trees | S_slope 1.1~2.0| — | 26.8 27.1| 25.9{ 24.1] — | —| —| —
Heartwood | 5 | _4 o | 35.9 24.5| 27.4 27.0| 27.8] — | 20.8 — | —
z M ~1.0| —|17.3 31.4 zz.s iz.o 25.4 —| —| —
1.1~2.0| —|10.1] — 4350 — | —| — | —
& E Sapwood
3TN B P 2.1~3.0| —| —| —[80.7] —| —| —| —| —
Trees at L o ~1.0| — | 33.6| 25.7| 21.4| 22.0| 21.5| — | 15.4 —
N-slope 1.1~2.0 | 16.4] 23.0 24.0| 25.3} 26.0 14.6] — | — | 18.2
Heartwood | , 1 .5 0| 15,5 17.1) 22.8) — | 30.3] —| —| —| —

¥ BHYARBRE ST

Containing the group of specimens from trees

at the ridge.
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Db DTH 5,

SEL LT, ERIET3REBED ao/REZIHICECTOMIZBITIBL Vb LI AELS B2 BNS
ERZLHL, EBRDOLORTEAROLOL DY, %72, BREILARD LOREMEIAROLOLD b
I OARELLDODORBEAND LA, TOFEMIZOVCTOTHEINEL, FEBEROREVCETLNE
WS LIzRIT AL LI, OH XY bIMHIzRCT, BAEL D bIRECBCT, ¥ EBRIDD
TBAZBCT, LY ZLB3EANSD S, LT, af/R EOEFINERERTOKE ZDIECH
T2 bRBEVCREBAR, a/R BEOREBFFEICTIVRBESLH5bI S,

LA L, BERICY > TOFho RSBV T, R—a/R Bk FRERZIC X-TEARS
grade ThH72z2bh, D ao/R {HOREBINEILL THobNE I ENDHELNIHLEDLND,

(3) BEENFRIEOHE

DEDBEER» L, HIRINRBBRIIEHOES DRI 2E5RBFIT, Thih, FRER
Fick > TRAEND p=ay/R BRSL LIX R—ao/R BtRE D=2, FREER L ARIER L OBR
BIALOFRBICE > TEERNICOOLRDTHAH ZENHLDOND

Table 12. BERBERD (D) BV T aw/R EIRZIERET 2HMER (p) &
BEEBER (R) OHEBLUED ay/R &

Range of late wood percentage (p) or bulk-density (R) at which a+/R is nearly
constant in each breadth of annual-ring (D), and their figures of a./R.

E &% i /R PIFERET 2 p OHE | au/R RNJERET S R OHHE
Range of p at which as/Ris | Range of R at which a./R is
E- = S -2 D Oﬁﬁ;ﬂ nearly constant nearly constant
Range o ay/R O | HER ay/R @ | HEXR
Group of specimens | annual-ring p OFEH ﬁ; B | Frequ- RO i H ﬁv B | Frequ-
breadth |Range of | Range of | ency | Range of R |Range of| ency
(Dmm) |p (%) ay/R (%) (g/cm®) /R (%)
~1.0 5~20 | 28+1 81 0.320~0.400 | 26% 1 59
B R B 1.1~2.0 | .5~15 3+ 62 0.280~0.400 | 31+ 1 92
Upper storey trees| 2.1~5.0 5 ~25 321 91 0.280~0.400 | 32=% 1 93
5.1~9.0 5~15 | 32+1 80 | 0.280~0.360 | 33% 1 82
R ~1.0 10~30 | 27+ 1 82 | 0.280~C.400 | 28+ 1 82
' 1.1~2.0 5 ~25 25+ 1 71 0.280~0.440 | 25% 1 97
Lower storey trees| , ) _, o 5~25 | 25+1 83 | 0.320~0.440 | 27+ 1 61
~1.0 10~25 | 29%1 73 | 0.280~0.4C0 | 30+ 1 87
B AL E AT AR 1.1~2.0 5~15 | 31+1 59 | 0.280~0.360 | 311 72
Trees at southern | 2.1~5.0 5 ~30 33+ 1 94 0.280~0.400 | 33+1 94
slope 5.1~9.0 5 ~15 32+ 1 76 0.320~0.360 | 34% 1 72
~1.0 10~30 | 25+ 1 86 | 0.360~0.480 | 24=% 1 55
Jt & 5L AREE 1.1~2.0 5 ~20 28+ 1 73 0.240~0.360 | 28+ 1 70
Trees at northern | 2.1~5.0 5 ~25 29+ 1 93 0.240~0.400 | 29+ 1 95
slope 5.1~7.0 5~10 | 32+ 1 64 | 0.280~0.320 | 33+ 1 72
. ~1.0 5 ~30 29+ 1 86 0.240~0.400 | 30+ 1 85
e M 1.1~2.0 10~20 | 30+ 1 45 | 0.320~0.400 | 31+ 1 57
Sapwood 2.1~5.0 | 10~20 | 35%1 47 | 0.280~0.400 | 33% 1 100
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Table 12. (Continued)
& % g | O/ROCBERET S p OWHE | ao/R NEERETS R ORE
: Range of p at which @v/Ris | Range of R at which a./R is
E: I = S - (D) DFiE nearly constant nearly constant
Range of a,/R » | HEXR ay/R o | HER
Group of specimens | annual-ring | ? DR & B | Frequ- RO # B ﬁu B | Frequ-
breadth | Range of | Range of ency | Range of R |Range of| ency
(Drmm) | p (%) a./R (%) (g/cm?®) a./R (%)
~1.0 5~20 | 27%1 60 | 0.320~0.400 | 25+ 1 79
7Y ol 1.1~2.0 5 ~15 30+ 1 49 0.320~0.400 | 28% 1 64
Heartwood 2.1~5.0 5~25 | 31+1 91 0.280~0.400 | 31+ 1 92
5.1~9.0 5~15 | 32+1 80 | 0.280~0.360 | 33+ 1 82
~ ~ + .280~0. +
EEARE 1.0 10~20 | 29+ 1 69 | 0.280~0.400 | 30+ 1 86
1.1~2.0 10~25 | 31+1 51 0.280~0.40C | 32+ 1 91
A Upper .
Y ok g | storey 2.1~5.0 5~30 | 33%1 94 | 0.280~0.400 | 33+ 1 95
trees 5.1~9.0 5~15 | 32%1 76 | 0.320~0.360 | 34+ 1 72
Trees at
southern | T BARH ~1.0 5 ~20 28+ 1 57 0.280~0.400 | 29+ 1 87
slope Lower | 1.1~2.0 10~25 | 21x1 64 | 0.280~0.400 | 27+ 1 94
storey | 5 1~4.0 | 5~35 | 27+1 94 | 0.320~0.440 | 27+ 1 61
trees
~ ~ + . ~0. 40! +
AR 1.0 10~20 | 27%1 76 | 0.320~0.400 | 24% 1 71
U 1.1~2.0 5~20 | 30%1 85 | 0.280~0.400 | 30+ 1 68
it & m pper
Tk | storey | 2.1~5.0 5~20 | 29+ 1 85 | 0.320~0.440 | 29+ 1 67
trees 5.1~7.0 5~10 | 32%1 64 | 0.280~0.320| 33+ 1 72
Trees at -
northern | FRERE ~1.0 10~20 | 24=%1 38 | 0.360~0.480 | 25+ 1 66
slope Lower | 1.1~2.0 5~25 | 23+1 64 | 0.280~0.360 | 23+ 1 67
storey - - ~
trocs 2.1~3.0 5~10 | 19%1 40 | 0.280~0.320 | 16%1 67
EREARE ~1.0 5~20 | 30%1 94 | 0.240~0.320 | 31+1 78
Upper 1.1~2.0 10~20 | 31%1 45 | 0.320~0.4001 32+ 1 53
oM Sz‘;{g’ 2.1~5.0 10~20 | 35%1 48 | 0.280~0.400 | 33+ 1 100
Sapwood | T EAREE ~1.0 10~30 29+ 1 81 0.320~0.400 [ 30z 1 77
Lower | 1.1~2.0 | 25~35 | 32+1 50 | 0.360~0.440 | 31+ 1 64
storey 2 1~3 O* _ _ _ _ _ _
trees : )
~ ~ =+ ~ +
AR 1.0 5~20 | 26+ 1 74 | 0.320~0.400 | 25+ 1 77
U 1.1~2.0 5~15 | 31+1 60 | 0.280~0.400 | 30+ 1 91
pper
& # | storey | 2.1~5.0 5~25 | 32+1 91 0.280~0.400 | 32+ 1 92
trees | 5.1~9.0 5~15 | 32+1 80 | 0.280~0.360 | 33+ 1 82
Heart- -
wood | FREARE ~1.0 10~35 | 25+ 1 89 | 0.320~0.400 | 26+ 80
Lower | 1.1~2.0 5~25 | 25+1 71 0.280~0.440 | 25+ 1 97
storey - - - P
L reos 2.1~4.0 5~20 | 25+ 1 69 | 0.320~0.400 | 26+ 1 54
~1.0 10~25 | 27+1 71 0.320~0.400 | 27+ 1 73
= it 1.1~2.0 10~25 28+ 1 51 0.320~0.400 | 28+ 1 63
Total 2.1~5.0 5~25 | 31+ 90 | 0.280~0.400 | 31+ 1 92
5.1~9.0 32+ 1 80 | 0.280~0.360 | 33+ 1 82

S ~15

* HEBDED D HTEE

Unable to abstract due to few measurements.
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L7 oT, HMTERLEZLIEY, ThbDEERR R—ay BRICRRT p ik R OKED
b b, BENE R—ar, BREH7225 p Tizix R ofif%, FHERSICL LSV THITSZ
Litk - T, BHESLARBERORE HIBERATEZRENR R—dy BIRE S22 23BEES
EROBZENTHER B

VwE, BMEL ay/R EL OBHRICKIT ZMBOEERE L CAT, P ao/R ERIZIEE 1L OIEIZ
R SHEMROERNEEAL L VLD ao/R fH, ILHTNC, HREEEL ao/R BL O BHRICET 5H
BESBREEROEBRNERBIVCZD /R Hx, FRBBC 2V TEAZhOERIBR T <21z K
»BL, Table 12 DX 5 e Hi-% 5.

zhic ki, WFhORBRCRE T, F#FEREXDICOVT, BHRBIUCAREBERCELT
EFRERLR 57 ao/R EOREERDH Y, 52, D /R ELHH->ThHobh5Z ERIRERE
doh%, 72, THALORERKICRIT S ao/R EOAE XX, TEARBHOLOROFWT, &Fif
BHERAZ BN THATIHANBBERALDHbN D, TEBARBMECSH - TREPLAEZD
BOBENDIVEITHSE, LaL, ThHBENNT 3HMRD 5 VIIAREEROAS X, 25
FLL—EOHEMIZH STV,

ZZT, HERBHROOZERBEFCOVT, ao/R HORERICBIT B2 REITHMNELEREE
BEIZBAL T BRTAD L, AER—BELTOEHALL VBN TV EHTLBERLEDDBND. Th
509 5T, DMEBFCECTRHYThOERBRADO D L—FH LAWY, DHRBRCBCTIRE
WEX DL > T—RT2HIRDH5bh, LBARETIREL LTERIE D=2.1~5.0mm DX
BT, %7, TERRRTIRELLT D=1.1~2.0mm ORJICRCT—KLEE2SL T3,
THBRFICD > Tk D=2mm LTFOFRBRFIZE T, 2 VALHEEL LT,

e ORBBEOH I {BEL L THNE, D=5mm UTOHERBR ST, TERCBITS aw/R
HIIEHR L ARBERLIBEAL T TR L—FT 22, ZOMEIERBAARE R3O0 THELL,
EREBERSCEEOEEZ LT,

L7z oT, B40RBTELBELT, Z0X)LFRIE, BHE, BEEERALZLICOVTEAS
R—a, BIRE S22 ZRMEOEPHE, HEWICRELBERE LT HRRO LY A& Ao E MM
FhuE, EEATEERIEN 2~5mm BEOREO LD, FEATIERIEN 1~2mm BEOREEO
LD (CFRLBMERN25Z U T CEEBERK 0.4g/cm® UToLm) &, AHEMERICETIVD
FEBNERELARTILRTEILSEBb LIS (LiZL, AHRBHCH - T ERRBHERS X
HELITIAL, HENICERN LB bASFRIELN 2mm DTOBITH ),

I DERBEO DX, FRIE, BHREZVCEERBEERLEOBIIELALP2bY L,
EHOWEIZH 52 R—as BIRINGIE linear ICRETHIRBEEZTH Y, 2, i dbhsRibtos
BEEHC X > TEDARVENLTIICEEEELDTH D, .

ZOBREBITHAC BBBRRENT b ¥~y RRERSICRIT 3 FEiRiED HEEE R, m%&%ﬁﬁﬁ&
41,4658 (FEfEd THAL DBREMEZDEL) 12T Table 13 O X5 AHET HHbhTV3M
5, bROERGERIBHEAL AR ShEDE, EBABCRC TIRZHAHOFREBER SICEM4 TS
7, TEABCBCTRERE—RKL TR, LicttsT, EEABICHY 52 OB £ oRETO
HEBEERBD3%IZ b H12 Y, RODEHBRERBUZ WL THLH30% % Ld THENEEBIIBAER
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Table 13. F F=yX®AMKICRIT 5 FREOHRR

Relative frequency of annual-ring breadth at a natural forest of Todo-fir.

ERIE ORI BB K D ff @ Tree classes
Range of annual-| LBAE hEAR TRA# & &
ring breadth . :
Upper Middle Lower Total
(mm) storey trees |storey trees |storey trees o
~ 1.0 0 % 3 % s % 3 %
1.1 ~ 2.0 19 30 322 25
2.1 ~ 5.0 630 36 10 39
5.1 ~ 8 1 0 4
% # Total 100 (46) 100 (17) 100 (37) 100(100)

LIFEEMI  Total number of the measured annual-rings : 41,465,

2RFELIZ I+ 5 HEK  Percentage to total measurements : 1) 29%, 2) 12%.

HE 53D Table 2 X VHEEE Calculated from Table 2 in Report 5 (1953).
b2 BbDTHDT, TOEENERIEL L TORHOBERETSALDOENZITFRE L, FTEARIC
B 2T T OB TOHREREDRLICHBDHT, KAOLHRERBIC VL TidbTH10
ZHETLPEAMBENEERDL DS VLOTH 205, TOERNERIEL L TORMHOBERITLIZFL Y
LOLBLDAS, "

FXOBETHEOKEL 2 Z0ERBRONE? LRI L7, TOERX LNIHEORERITE
WIERY 2~5mm BEO SO LEREATH Y, FRCBY BLLEORRERLHT, b ¥~y RAHA
2h - Tid, TOFRBETED b2 ERBERNICLHEMCLRENLEREIRE AT LRRYT
br5LEZ 5,

v = #

RIRE b F =Y HICB1T 2BRIER (a0 %) Db 5bANIZOVT, TOERE (D mm), Bkt
R (P %) BIUBHEBESR (R g/cm®) L OBEICIE W TRE Y X7z, BB X OHIESEOZEMIT
MBETIBRZLEZALBRLTH S, FRCBVTIEED S S E - FTEABROKFEEHBIOL
EFRHCWTEE L, '

PEEROBEISED LBV Th 3,

(1) HHiEE ao/R EL OBRIL, BEN, FRIBOEILIZE 5T ao/R ELERELLTH-
b, ao/R ERKRENICH S LIS ERERHEL THAIC H5bh 3 EHE\EGEHEL 255 (Fig.
D, ZoBRIE, Lad, £ TEAR, BRAOETHED B VIZT - OF iz & ORBIBIEED =,
ZOBICE > Th, HELPAEERY L > THET S (Figs. 2~4, Tables 2, 3).

(2) BMRL a/R BELOBRLEL, BHROEMIZL - T ao/R ENELLTHIL DN, *
DHENPT av/R EORENHS E THAUNRS L KD 35 (Fig. 5). ZOBRLIIERRE, RBtORIE
e koThEonnERY b > Thbbh5 (Figs. 6~8, Tables 4, 5),

(3) AEREEKE «/R ELOBRIT, FREEBROHEMCL b T, ao/R ERIZELEHE
BRENOELBE A EZ LT (Fig. 9o ZORBMRBRBOBRIFHIC L > THEZEARIC, 2050 b
npizic s Y BB % bR LT (Figs. 10~12, Tables 6, 7),
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(4) TRLDERICH ESNT, EMELRHRLIZLS a/R EORT (Fig. 13) DERE LA
BEEM LI LB ao/R EOSH (Fig. 14), &5 EZERBOELICHIGT 3MHE, ARIER,
BEREERS LV /R EOL (Fig. 15) ZE B L, FfilE 2mm BB LY 5mm g E
LLT, BENiCER S RENERBEESS 5 b0 L OBES 27,

(5) &bk, HERBRICHET HMEL a/REEOBKERD, THhLH, ZRAZHEG
ZHizzbh, »2, FD a/R ENREEMICH S b IBHROER T, »ARIVEREIRERICL
YEBZLEHRLDE (Fig. 16). ZOERL 272, REORIFHCHELTEREL >TLHEAS
(Figs. 17~19, Tables 8, 9),

(6) EERBERACHET 5 BEMBERL «/R BLOBRICOVTY, ARk, ThEhicH
BEIChIz bR, B2, Z0 af/R NSRRI H S b5 EREERIE b RES LRk ic L
ShBZLeRLHE (Fig. 200, ZOMKL £7, REORIFHCIELTERE b->ThbbhS
(Figs. 21~23, Tables 10, 11),

(7) ThbOEADENT, FERERMCBT HRHE L ERBER L 1T a/RIECTER
OlEIR, AV ThHEibh ML —RL T bNEBALBHD. Lichi>T, M EOBEER,
BRI, b Fey HOBBIUEROS b bh it LTk, TORMBERBHAOAS S L L bicE
WIRSCRMERD L 5 R ERBRGERS bERC VAL, TOELVEMBE ST Lichs L
Zxbhilc, . -

(8) LiehisT, BADRMEEZELT, Z0k5AEHE BHE, FREESLEICoWTRE
N5 R—a, BIRE LT REORINE, BT HEERAS  RENTHOKENL R—ar BE
B bl 5 FRERERY MHTIE, 31E 2~5mm BEOEREGAOC LD BEHEH5%LUT R
BEERH 0.4g/em® UFOLD) LD, TIXERIE BHE, SEREER:LOLEHEbH5RE
AT AERIEROH LIS BILT, BELENAEEE B RMEAITHE LA L S h b
(Table 12), ZH5 D EREHED DX, THETO—EDOHEDZH T ERHERAE S B
Niob Fey HEOREMER L —BF 5 b0 Th 5. '
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Forest-biological Studies on Wood Quality (Report 17).
On the volumetric shrinkage of Todo-fir——

its relationship to the annual-ring breadth or the late wood percentage.

Zisuke KABURAGI

(Résumé)

In this paper we described the results of the observations on the volumetric shrinkage of
wood in relation to the annual-ring breadth, the late wood percentage or the bulk-density.
Sample specimens were taken from Todo-fir (Abies mayriana MIYABE et KUDB) grown in a
natural forest.

The detailed description of test pieces and their measurements were the same as described
in the former reports.*

The results of this study are as follows :

(1) The relation between the annual-ring breadth and the value of a./R (the ratio of the
volumetric shrinkage av % to the bulk-density R g/cm?®) showed in general that a change of
the annual-ring breadth brought about a change of the value of @.,/R, in which appeared the
range of annual-ring breadth having almost constant values of @,/R and having irregular values
of a»/R (Fig. 1). This tendency was additionally presented with different grade and range
at each condition of specimens, namely, as the tree storeys, the forest stands (direction of slope)
and the sap- or heartwood etc. (Figs. 2 to 4, Tables 2 and 3).

(2) The relation between the late wood percentage and the value of a.,/R (Figs. 5 to 8,
Tables 4 and 5), or the relation between the bulk-density and the value of a.,/R (Figs. 9 to
12, Tables 6 and 7) showed also tendencies like those above mentioned.

(3) Upon these results, judging from the observations on the distribution of the value of
ay/R according to the combination of the annual-ring breadth and the late wood percéntage
(Fig. 13) or the bulk-density (Fig. 14), and on the variation of the late wood percentage,
the volumetric shrinkage, the bulk-density or the value of a,/R according to the breadth of

* Forest-biological studies on wood quality, Report 5, 6, 8, 9, 10, 12, 13, 14, 15. Bulletin
of the Government Forest Experiment Station, No. 61 (1953), 71 (1954), 90 (1956), 101
(1957) and 144 (1962).
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annual-ring (Fig. 15), the characteristic range of annual-ring breadth related with volumetric
shrinkage was noticed at about 2 and 5 mm as the boundary breadth.

(4) And, the relationships of the late wood percentage (p %) or the bulk-density (R
g/cm?®) to the value of a,/R at each class of annual-ring breadth showed that they had individual
p—a,/R curve or R—a,/R curve respectively, in which the range of late wood percentage or
bulk-density having a stable value of a»/R was a very restricted region (Figs. 16 and 20). It
can be said, therefore, that the value of a,/R is not always similar when the annual-ring brea-
dth or the late wood percentage is different, even if the bulk-density is the same value. And
this trend was moreover presented with different grade and range at each group of specimens
cut from various conditions of testing materials (Figs. 17 to 19, 21 to 23, Tables 8 to 11).

(5) It was found in these tendencies that there was a dissimilar part and a coincident
part of the stable region of a,/R values as for the late wood percentage and the bulk-density
at the classification of annual-ring breadth (Table 12). Hence, it may be said that as to the
appearance of the volumetric shrinkage of Todo-fir wood, we must reflect upon the visual
characteristics of the annual-ring constitution such as the annual-ring breadth or the late wood
percentage, simultaneously upon the bulk-density. This point of view has been confirmed in
the former study on Kurile and Japanese larch. Then the standard breadth of annual-ring
giving an almost stable range of a,/R value through the relations to the annual-ring breadth,
the late wood percentage and the bulk-density was considered to be the range from about 2

mm to about 5 mm on Todo-fir wood.



