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The Effects of Age and Growth on Density Variation
within one Stem of Tilia japonica SIMK.*
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Kazumi Fukazawa™® and Jun OHTANI™
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FrinhoTizicl, HrbOEBIRTETFELELTEEAS,

2) ERPR—FEHBBEOLRRCERINS,

CO2Oo0RFEEBATHILL, ZToBELHLArC LTS ZLRXD, BEHOE
B RETHRTTRbbEZRT, BERTREVKROBB TEEINEDL XI55,

EELRIERR I XT3, 2V SHOBESMCOWTRAEL, KRBEMOBEXERYE
BRI FERPRCTE IR Z EXHLAR LYY, FLTZOBBROBE Sk
ETEBRDREARDRR, HOBRERROTEHAOLHBTEH I L2HE L, BEMT
%%%Kﬁﬁﬁlbﬁ&bt%%?éb,%&%i%@%ﬁ&<mﬁ%&*ﬁﬁﬂﬁﬁﬁ)@
HENOLEROHREERSTORBC Lk, BROERS B VIEECH > EBIBEDE
% 5 23 H1% 2 & THKRE, LB THRAMTHLS » ¥ BT, HROEH (%K
M TREE L FREOBRIIAD S i) Khbbb?, £RGE L X hERL,
Lo Lisd b REBIEDELOBEN Th ZhRER ), BEESORETOHENKE,
ZORDEROFMECERYDRL, BEROCGRIT B EXABELLEY, C0X iR
BALEBTIE, B EESRLEBO—2ThL v/ Wb LFRBEAREEYT - .
BV FRIRBBMBREEECTH D, VI FR &SRB AR BME L b
LEWEHETH S,

FHRETCHEEOEMRCRETEREROFEC OV THLAELLY, v 7/ F0oBEHEL
KRRBHCBNCRODECEROBREY R TE b o, BREROEBHCRIETERY
Rieonwtiy, eBETsFETH 5,

AMEONFILIIT6 £ 4 OE 26 M AXKHFELKRE HH) TRELL, FEBIX
LBEFOJLHE R FRFEMHRESR AL, FHBFAR A KK 727 ¥ 98 0B,
RLTESHOBRYRT S,

2. B A &

2.1 g ®& Xk
AR E R P FEER (F)IERR)IE) EZD > > 2 % (Tilia japonica SIMK.)

2ATH D HHAROER % Table 1 1R, Table 1. Sample trees of Tilia

15K 76 KELOERE M 80 m DRI Japonica SIMK.
EH LTI d OT, HBER O 1974 4 Sample tree No. ! 2
. . o . Age (year) 150 108
RSO MI R ThHs, AEO Height (m) o 20
HFHRIZ P F=2 LREBOBESKCERIZY B.H.D. (cm) 44 36
100 m%ha TH » o, 2 ERDETHIUL T5 B Clear length (m) 8 11
Diameter of Crown (m) 6.0 36

& o .
¥, BEG60mOEREMHETHY, K Number.of specimens 321 344
v 80%, ©F10%, ~VEY, ~n=1, 4 for density measurement
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FAR10% 5D BHELHKT, EREIIH200m*ha THote, 1, 25KRE BRIV AELER
RTHBH, 1, 25RKEHETAL, LERIKTIMEL, BEIKIBEEELRE, ¥
2EROFVERMTH S, 1975 F 4 7 25 BicfRik Lz,
2.2 BEOAME

BWHAKR» S EE 13, 33mUTENE LT 2m ZTLEEIH 2cm OFREHER LI,
FIREREE D RAERILD 4 FRrbLERFECEH 2cm OMZE Y & s, ThEho
H3ELOBE E TOERYEA TV 52, KoERZEHIEKPFCTREL, BHRFREZH
LTz, BIEik== v V-16 A RGRERERE (10 fF) T -7, WERE?D lem T L ERE
RBAELXHEL, KPBENEC I VEMBAEEZRE L, TOREZC LTERYAEL, &
RBRFOBEEEE R kg/m®) #HH L, £RBT OFRERE, LEOERMEMELEAN
CRHE X TRD I,
2.3 BEAEROBELANTE

2BROT3mBEHADERBRACOWT, 15 EORDEYIF ZIER L, BRERRAE
HoFvAs—rELT, ol hrhbd, BRERE LTHRE T V25— P RFER LI,

BRERR, 125 505 H (TR EECRY) ECHAKC X Y RD, HE, K,
BEHEAR D 3 By e, MilaR b7 v F, MEERKEE £ LR ED, v
7 FORBEMBS T, BEEARBREHIARCEATE D2, BRABD X 5 KRB ESH T
RREORAIAROE L TREAERTAETH T, EDORDERETIE, LOPTHHKE
SUEOEZYEE, ThUTOBERZAREHEN L LTHELTAL, ThRZBRRFR TS
n, BEER LArTERVY, FlsREHRECYTII LR L, BF, KEEOHERR
VEEEOREX, 1,500 fEOBEME T THR~A 7 v 2 — 2R XY ToT,

3. HRLER

3.1 BEOKEEE EBRMIR)

3.1.1 2BRATOED

Fig. 1 RV Fig. 2%, 1 8RR 2 BAROBEREEROKTPER Y, TXCORERRA
DM OWT, M EBCBERERL ey P LI DTHS,

1 BROBEBEHEE R 250~520 kg/m®, 2 B K Tl 200~450 kg/m® OHHHic H v, 2 5KD
FHE, PIBED-5 Y FEhhbREVE, 8S 5~7cm SHWLMLAMOME T,
1 BT 400~500 kg/m?, E## 450 kg/m®, 2 5K T 350~430 kg/m?, T 400 kg/m® % 7R
LTWhbREIRERLLDONADLIB, Thicx LTE»D 5~7cm ¥ TiX, BEOHMN
BHELTREN, LHLBAIEMBED T Y F3AAOHBLI DA,

3.1.2 b EMANDOEN

Fig. 1 RO 2 BV THELREEED -5 Y *DEREFL i, FEFm045H



LEERERLFHBRFRSE $36% £35S

612

LI
[ 4 [ [
¢ o X
ooe o0
o o wmoese
“ oo om s
seoefed o oo

s gho o .

oocecod oo o

Wooe o

eoee enf o o o

000 $8 00 ofoses o o

adeode

eg ool oofoe e oo

otoese oo o0 o o
o enfo oo oo 080 ®ed o .

0o o o® meo o) o »

o 00 000 ce § oo oo oo
1

15 20

10

Distance from pith (cm)
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Fig. 3. Radial variation of bulk density for each of different heights (Tree No. 1).
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Fig. 4. Radial variation of bulk density for each of different heights (Tree No. 2).

Height; ©0:13m, 2:73m, @®:133m
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TOWEMBEEFH L, L EENOREEDOKPEHEZRD TR, Fig. 3 RO Fig. 4 ix1 5K
BUO25KRD3ODHM ERICBF H2EBEEOKPETE R LI, 15KATE, 13, 73, 11.3m, 2
FARTIZLS, 73, 133mFThHH, chZfhiBEhobsit bE, KTOME, BEAOHE
BEREIRTCALLDOTH S, Mo EETOEBHIEREDODHER LT,

MR LA X S BEREI DML, HBLIANL—EBRICADD, EFEORN
WOME, TOBMZ SERO—EBRCABME Bi25 O 3 EEC X hRid0HRE
bbb,

W EF13m CRENNOFBEOMITEL, Tl 5ELBEV., BRETHIBEOMEZ
fho EEER Uh, B LABWEERRT DI, KERICAL X TOMEMLLOHEEY, o
WEEI DR, oM EEOKFEH T, SrOLBEEOMMT S SEREL LAY, BN
HOEEOEIIEENDHRENMERTRT, TORDEED—EBRCA S E TORMMNL DR
i, BEROHIECXIARZTOhE, Tibbl o b KM B DOEEs D 5~7 cm
DHEHTOEED 7Y i, MEBEREEHELTHDZDO TRV EN) T EH D MR
bhs, TOZEELHEIZ-E D IRBHDIE, ROFELT-Thi, REMHEIOEBE
3, BHESELALL I ABECOHBNCHS12D, TOTROAFBREEROEY 1 5K T
13420 kg/m3, 2 5K TIL 370kg/m® & Fig. 1~4 ;b HAR| D, ChEERMEE LTl A0S
OHFT, REERLEEERECKS LTHRL,

. . — . . 370kg/m3
Fig.5 ROS6 RT LR D ThHB, Fig 5RU6 173 poen
DOARDEE, BORIMMOEE, Ticb bl 53
420kg/m3 Crown
1331 i {&n 133
| .
11.3F li(';) Crown 113
| 1 N N
i E
~ 93r e ~ 93
€ -
~ \ """"""""""" 'g'
£ 73t £ 73
.gt Low Stem
I 53_R Stem 53
Zone
33 33
1.3t (43) (150 gv?/z}lmg 1.3+ \O(W) (108 zxgtlmg
5 10 15 20 5 10
Distance from pith (cm) Distance from pith (cm)
Fig. 5. Division of low and high density (R) Fig. 6. Division of low and high density
within the trunk (Tree No. 1). (Num- (R) within the trunk (Tree No. 2).
bers in parentheses show ring number (Numbers in parentheses show

from the pith.) ring number from the pith.)
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WERL, PORBRPBRPOEEDOKIREREDLL TS, BEDLDEMB TOEMNSDE
WEERPOFERFICR Lic, FRAKOETEHOME (1 5K-8m, 25 K-11m) ¥EEiCA
ha &, BBAORE - BEESORKME, BER R, HEEO 3 oo kEHs st
TE2 5T ERWREIR T B,

3.1.3 REMMERBH

Fig. 5 U6 CR4 LicE - BBEERIZ LD X ¥ REM, ERBHORSEE#L bR
B, ABMEDOERND, v/ F TR OGHE @O OER ROFOM T TCOBED
fEiL, WESK I - THEYZHTCWEEELBRS, COBEBYAR T, FHUE - 4K
BRI - T, MEEHELEMT TR, v/ 2OBECRETERDRIL, 2K
CHIEBSRIASTLKHLEE I ENTEL S, RKEBM OB, FROFBEOLE DO
BANTE 2, BEITTIIER Tem, BHTOEBRFIZERS5cm, BERTIIERE 2em TH
5, ELREBHMOBEIBENTHL, HE VB TR, BEUAOMOMERE, &<k
FERMPRELBOCRATEIRMBEROLH LD, ZOMEESHENEDLR T EME 5
FURE S, SBROMRCEDC, REBOBROBE L, LE® GHEHMO X 5> L
2ZDLTWBH0) LEGBRO2OEGHR, CORBRREHCEELTWBT L, i
B L R EERI OSBRI ELL T dORBREWD, BE, LKEBOBEN TXEHR,
BrOKIIRT- % b e Uk, BTUTOBS % LES, BENLRIBL LTEL DL,
BB TIRERDEIZERL, o dstEMORLIBLCL > mlEY S - T 5003 LA
fevs, TAILOR (X Yellow-poplar i D\\C, HEZHE» DD B EBROM, 2B m
T50, TOBMO LB EEOFNEETHD, BERL DL, BMO Liviidig
RPITED, 65 7 4 — b TILHECHL SAMNEROCTEITE L2 BE LTS, ¥k
PAEOHEIZ40 7 4 — PO ETHVCEERRLTH5%, 2xBOEMEETERLH, BES
SHRBAREFARIT, LR TVWBHESH I ERNTELS,

3.2 BELERIELONR EEDR)

BECRIETERDRELZD DI, HIROFRDELNETHEANETHB?,
HEARR OO LRBN X REEM (EFER), RBHM (EEER by, FEEER L FRiE
DOBfEE 7wy P LTHT, Fig. TRU8DERB Y TH B,

KEPM CIEEHFALIEL, WEOHMCRMOLOBRLBDLAV, RBMT COF
HOBRE WL IR T D, 0.2mm HFOFBIEBEE COBEOFHERIZhE ST
LB EE TR, 1, 25K3E, FHE1~25mm 0RECETFHATH Y, BIEA—DOF
EoEBHLEL5, FHE1mm LT Q5REE), RO 25mm U E 2 BRcLH V) TIiH
EORL LTWBaHEAREDbh, v/ # TREREFTOMIFESOLELIRS 1~25mm
DOERETIE, BEIRIEH—THY, ORIV TELIRIAMTCIhETEDLRhTERLLS
Z, £RBFRELII, LALLIESERTEBCRDODhICX 51, 1 mm T ORERIE
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Fig. 7. Scatter diagram of the relation between bulk density and annual ring width (Tree No. 1)}

O : high R zone (adult wood), ®: low R zone (juvenile wood),
A : mean value of each ring width
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Fig. 8. Scatter diagram of the relation between bulk density and annual ring width (Tree No. 2).

O : high R zone (adult wood), ® : low R zone (juvenile wood),
A : mean value of each ring width
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500
450
400
350
300F
250 1 1 ] 1
5 10 15 20
Distance from pith (cm)
Fig. 9. Radial variation of bulk density for each of ring width classes (Tree No. 1).
Ring width classes; O0: ~lmm, @: 1~2mm, A: 2~3mm, A: 3~mm
Values; number of specimens
450
Ja
o 400
E
—
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S 350
>
=
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o 2501
200+
1 1 d 1 1
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Distance from pith (cm)
Fig. 10. Radial variation of bulk density for each of ring width classes (Tree No. 2).

Ring width class; 0: ~1mm, @: 1~2mm, ~: 2~3mm, A : 3~mm
Values; number of specimens
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OB NCEEIMET LTCw5, EHICRAAFBOBENLLR- &) EHETHETIRIEE
SicwEE A, 25 mm U LEORERI\OM TLEELNE TT2EHMAH5L5THS,
LHTHRDE, v/ FOEECRETERDER BmcEROELLZE, R L ZCD
B, BN TLBHEEIENTES,

3.3 ERWRIERYR

Fig. 9 RO 1043, 1 8K E 28R z2WTC 1mm BIF, 1~2mm, 2~3mm, 3mm [l LD
4 SOERIEB NI, HEOKELEH YR LD THS, MEMIKAL TR, &
ik, #MEOTFHEY T LR, MBI EE Ah,

Wik Lic X 5 w@inbisem ¥ T, ARPEOFELIIEVER B ROLREND R K
BHTHD, v/ FCREFEEHMRE LTHLMCKSTES, Th X ) AUOBEM T
EMPRIFERTEREORERE L ORERE2, 1 5 AD Imm T, 25AKD 3mm Lk
DFEMIECEEEM L b, cofRETOERGEREZLR TV AEDREDLRS,

3.4 BREZROEE

Photo1 ™ A, B, 2 5K 1.3 m Ot EimdfinsH 1~2cm, LU 5~6 cm DAL B
WEBRTH S,

EEROA#MEOHER L, Th L OWEREBEEOKFEEEHZ, 25 KD 73m O L

";;’" p 1.‘

{

Chh
P9 Bt
W SA
=908,
@ o3
"".»"’ XA

,i
D

= das8iby
‘;W S gt
“ o

Photo 1. Cross sections showing the structural difference
at 1.5cm (A) and 55cm (B) from the pith (Tree
No. 2, hieght: 1.3 m).
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~ 60F ot < 50+%
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Fig. 11. Radial variation of the percentage ] 1.
of wood elements (Tree No. 2, = . .
height: 7.3 m, cardinal direction: 5 10

south).

Distance from pith (cm
O : vessel, @®: fiber, &: ray ! pith ( )

Fig. 12. Radial variation of diameter and

. ) N wall thickness of wood elements
DORICERDF THELIL, ZOmRIT (Tree No. 2, height : 7.3 m, cardinal
Fig. 11 RO*12 0L B89 TH 5, direction : south).
: : f
BB TORERL 24%, A & O vessel, @: fiber

Mgk &t BiX71%, BEHEREILSS Th Y, BERELLBERYF L, ¥ BEEE
B 1.8y, RMHME 2.8 ¢ ORE, WITRITEE 65, REHE26 2R L TkY, ARCEELT
W5,

REBEMIBEROMERIINX L, BELHEL, ZOWMRTRIND LN TH S,
L2 L7 Photol ® A B ROIB X 51, EERBEHMTE K CBRAMOROETIR 25
EE, KBHELRATHE L IFEFECEETHS, ARTIRELE, HEROSHLEILT
AL LA, FOHBEERLAE LTAK, Fig. 11 TREEM OBEERITR
BH X 0EL, AMERIESRDOIEY, ZOBEHILETEEBTHIELWMELS X
fov,

BREBEZEOHWBROTELOWTOEHOFMTOWTIE, <tV —va VRARTHRK
FAlk, BBMTRETHTETHS,

4. ¥ |

PansHIN fili3, KEOKPESH RO 4B HE L T390, (1) 8id DB BT THm,
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(2) §i DA~ 2~3 WA, KCCTEBC AT, 3§ b HA~B S EER M LR
—REEIeh, BICEBLE S TRY, @) H#rLEREHT TR T 5,

D ADDHEIL, FROEMPIRCERDREIORIBLADRIEGIALIDOES L
bhs, b LKFEHT, EMHROLBMBINDE RS, b LBtk 28OS TX
WOTREWREELBRS,

D) BELLAHADZHPARBA L, UE—EE D, QIO U~DLEBEMEML, L
R—EL D, TORBEIIBE, B ERC X VEBIH LD, ARCHIbLTHLD 5~7cm
THEbLERI S,

A RHE (E L FRIBEOBR) IIRBM BB - THBHbhs2, o2 Tr8EE IR
EHLIRbDRH5, REBMOBRAMRO L MOBAM 12, Z0PHRRIFFRKEL?,
BAHORBOBETRARD BRI - XD LicvdoEBbhs, LLLAEMRLYF/ FT
RbohlcX 5wk, BMmARDDIEERTILE-REHRLL L5 THS, BB LKA
AETLILERDA S, FHRBOHNC KT HHBEEML, BEERcELGShERCRLS
B, BEEESTCHBRAD - vibbOoTREVhEBbhaD, AEHEDII-XVEDb
hBBETE, RAREREZEROERBEZHORAK SV TERTELEND B,

BEBIBRBERVERTHY, FEHEOLEFRIEBYERVERD R X W EHT
5, HEOKEL, HELABEOHROEHNOLHILEL, HEBMOBEI VLMV E
Vo ETET & AMMOROBEDEELDL, FBRHERY, POIVIERYEOEBEYBE
ZERTHORFHECHFMATHBEBIDRD, HLEARD Y F /7 %0 X 5 CKEBM COHE
ROBEOBAHNNAOE CRELBEL DD, MOREFE—MT~wL—v s v—LHH
LTRETHIZLADEL RS,

5. W E

HERFEDNBHEE RIS ¥ 5 7 % 24 (Table 1) 2R L, BBEHNOBESHCRK
ETERGREERPRCOWTHNE, ,

1) b ERCBRR ZRRAOBEDHEY, HIrLOEHETT vy b LERARMD,
BEEOFERBREBDOO i, 1L, REAMBCETIBED 5 Y FxhkhAEL
(Fig. 1 Ut 2),

2) REAMBECTOEED 5 Y *0RERI, BEOKFPEH LS NOCBEE LTk
SLHRC IR, BIBBOBRAMOBEOMEIIETHMLL v kXL, BEO—FEHRCALE
o oE#E (Fig. 3 RU\ 4),

3) EEOERYREER TEOMMRLEFEERE: LUERLED, BERcEy
T5&, ZOBRE VBRICK 57 (Fig. 5 RU6), SEERYREM, EEERLRRE
HERET D&, REBH OBEIIRER CHASH 7cm, HTFOERETH 5 cm, BIEXT
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2~3cm OEETRIN:, REBHOBEREVCHEBRIXEY, FHHRCREFETZO
wEHoREY, ARTCIIBEEPHREIEE L, ‘

4) KEPH, BRBEMEEHI LT ey b LHE & FRBOBBR AL, RBHITI
TETOARDENRZD LRI, 1mm ITFTORERE, 2.5 mm YU EOLEHIET, HBEIXM
I, RELHOKES R LS5 1~25mm OFERIBEH AR BRRHSRT
BERH—TH5 (Fig. 7T RV 8),

5 BEOLWEMLFRIBEEOLEEL, HIrbOEEOBRTRLL Fig. 9%
W10), 7/ FHEBEEOERPDFEL, ETOARYRVLAKRCRIA T3,

6) BRERTOVT, MBE, KER BEOKFPEEHFAS K (Fig. 11 RO 12),
BEOFHRPHEOEZELRFHELE LT, BERXRUVEROEBLET LI D, 1R LRREHE
OROEIH TX, BREFOBEOHBINBRETH Y (Photo 1), KB TIXRAEFWRFER
FLot, MOFHEOBANLETH S,

X [

1) BRA=Z .- KE &: (X I5MEBEEORBAEBICRETERSR. JLRXBEE, 29(2), 171-188
(1972).

2) R H-BRA=-&FEA: »Y SHEEOHBRAEBCRETERDE. X EHE 310),
467-480 (1974).

3) PANSHIN, A. J. and DE ZEEUW, C.: Textbook of wood technology. 3rd Ed., McGraw-Hill
Book Co., 237-275 (1970).

4) KOLLMANN, F. and COTE, W. A. Jr.: Principle of wood science and technology. 1. Solid
wood. Springer-Verlag, 179 (1968).

5) ZIMMERMANN, M. H. and C. L. BROWN: Tree structure and function. Springer-Verlag,
134 (1971).

6) TAILOR, F. W.; Specific gravity differences within and among yellow-poplar trees. F.P.J.
18(3), 75-80 (1968).

7)) BHEBEFE: ERREREOHAM > T. ZEXREH¥H, 54, 117-136 (1977).

Summary

The age and growth effects on density variation within one stem were investigated on
the two trunks of Tilia japonica SIMK. grown at natural forest in Nakagawa College Experi-
ment Forest, Hokkaido University (Table 1).

1) The age effect that the density increased from pith outward within a certain extent
was clearly found from the scatter diagram of radial direction in all specimens regardless of
height (Figs. 1 and 2). The wide scattering of density in these figures, however, shows that
there are other effects besides age effect.

2) As shown in Figs. 3 and 4, radial variations of density at three different heights
which represent root swelling, main stem and crown part respectively differed in each trend
of increasing outward. In the root swelling part, density increased gradually over longer
distance than in the others. While, in the crown part, density near pith is so high and
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increasing zone is narrow. Thus, the wide variation of density in juvenile wood zone within
one stem might be caused principally by the height from the ground in a trunk.

3) ‘The height effect on density in juvenile wood goes clear by dividing one trunk into
high density zone (constant zone) and low density zone (increasing zone) as illustrated in Figs.
5 and 6. Juvenile wood (low density zone) may be defined as the region up to 7 cm from
pith in roots swelling part, 5cm in main stem, and 2-3 cm in crown part.

4) Some growth effect on density may be cleared in the adult wood from the scatter
diagram showing the relation between density and ring width in each of the juvenile and
adult woods. Namely, density is low at narrower rings than 1 mm, and wider rings than
2.5mm in the adult wood. But the growth effect on density was not found at the limit of
1-2.5 mm of ring width which occupied most part of stem (Figs. 7 and 8).

5) Variation in radial direction of density in each of ring width classes (-1, 1-2, 2-3,
3- mm) was illustrated as in Figs. 9 and 10. Both age and growth effects on the density
variation are shown coincidently in these figures.

6) We tried to investigate the variation of cellular percentage, wall thickness and lumen
diameter in radial direction (Figs. 11 and 12). The radial variations of cellular percentage
and wall thickness are possibly main factors to account for the age effect on density. But
it was not easy to distinguish the kind of wood cells in cross section taken from the juvenile
wood in Tilia japonica, as shown in Photo 1. Therefore, the values of juvenile  wood in
these figures are not necessarily reliable, so much further detailed research will be needed.



