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The Effect of Age on Density Variation within
one Stem of Quercus crispula

By

. Kazumi Fukazawa* and Jun OHTANI*
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ERIBELRT, BHEETETEMNTAEARALDNR S, BEXERBIAACEESCEELTR
FTOT, i XFFHOBEESHO—BEEL, B0 Lns 1) A—EHETEEFRCRS
LR RBTEVCEEARUS®R EF S IOTH~HEINT 5, (2) A—EEEEmoOKFS R T
HOAHNEERETT3 L BEIhTL 59,

SHEB OB, FEWIBSHEM TS LBERET T L0 —BRORBARLLR LS, &
BEOBBNSHIEL, FREOTNEMCLILNIENELALRATND, C& ZITAFITOL
THEEIEERBEROVNAL»2bLY, TOBBRASHIRE—ETHDH, ZO—ERILF
B ET I b b R &L RBHM OBETHHIN S, Lich - TAFDOFRIE L HE OB
X, COFERMELERBOBBNEE EREN), SO TREEM LBAMOEEDOE O
BE (ERd 5 CIEENEN) R EORTFHIEECHLREST, MO I I
A I8 5Y,

REBEM OB AL, MERLY + TV AEALEARFENE T VAR TH L2, HOE
Brofiigtt & OB#ELIERBELMICIRTERY, Ll 20X 5 IR & BRE OB
ST hbLERYRE BAVREBEHREL JTh I 3) 2, EROBAMOEEOE®RNS
FCEDL DR ENTV BN OWTOBBETFLEAS b, AR I X+ 7K
DWW T EEOFMRIE & BE L OBFRIC KT, BRADERPENED X S LRHU2<rrxa
HTEEHME LR,

FREOAFE, I XF 7 KBERORBAMER L HEO TR LB LT LT T
<, FERECEABERXS LBEEIRTI X+ 7 HEFECONTOE L, ¥ IoARE
Ltk & OBIEMIC OWTOE L ek ED B DOEBHIRERYRETHLDOTH D,
BEHDLLDOEEZBND, REAHETIE, EXKAVLRATVIHED L IIAREDOHE
WY, BE/AETHODLINIBEOREBETH—L .

ABFEIR, 196947 BOE 19 BBRRAMFEREC KT HY v ROV A—JLiGEES 7
MOFIRHBERE—0RRE L TEAL, FLABTO—MILGTHERD RE] »HOMEL
FIHORBEFCRBL 2, FRBO—HiL 1969 EEIBERFEHERBIC Lo 2. RO
NAELRD £ LD, RBARRBERZORIEE XG>, FLRBRO—HIXYEOIL
MERFRERREER®E KK BK BIHeHR KK) b1, L TR#pOELR
£T+5,

2. A E

21 gt K
BERERERTEERND I X7 ORBEAR3I A%, 19684 11 A 19 HicfkikL /e,



R SHEBEEORBHNERCRETERSR (BR-AR) 173

Table 1. Description of sample trees*

Sample tree No. 1 2 3
Age (year) 180 200 190
Height (m) 294 28.3 239
B.H.D. (cm) 53 52 65
Clear length (m) 13.6 10.3 53
Total volume (m3) 2.6171 3.0269 2.8676
Heartwood volume (m3) 1.8748 2.2981 1.9124
Percentage of heartwood (%) 71.6 75.9 66.7
Number of specimens for density
measurement 833 820 913

* Quercus crispula BLUME grown at natural forest in Uryu College Experiment
Forest, Hokkaido University
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AE IR EER 22 KB LM ETH 5, 1, 25 ROMKME, BEE360m, JticHE
Lt (BH19°) ©, P F=Y (#55%), iX+3, v+ /%, IV AimwEEFELLR
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2.3 ¥HRCHIIAFHORNSORE

BEOFBHHDEOMITOKE, HEN EHHLERTS) ORBHHREDOKRE /INE
BREEOPNSCERABHERE OLRE, LOBBATE L ¥RIETILER YA, B
X REEOEKII, FEBEZCLEAIDTY, ZBIKIVHEINLOFEYFAL
REAECI D, EMRcRT 2THEOLEERD I,

ABHE3 BARO L | (U—AfHRELEARRO—D) KIFTCREL, #rbEEChH



174 : HBEAFERELBHERAERE F 208 H25

TBHREA MY »y 7B TELHRTERCE S 3mm ORA #EE L, & ORB L@
AR X B7 A1 A2 BESE, XBER10 Im OEMCHEREL L, FHERBETY 7
7y 7 AIER, BHFEGIEEF15LVP, B S5mA, BHBE15TH2, ALV 7
LB b 8BS 7 A AR B S S LRMEEA R S bk b EETH S . B
ZAN A 0 FCERLBEEZEYAG, HHLEEL CEFRS SCBEEET, BB
DU (A&, FHMEBR L) RO/NEEROHEGLWEL 7,

3. BREIUER

3.1 ZRLERME ERTE) SRR

Fig. 1~3 12, &HHAKRT L OFRIB L FAREEBOBRY, TRCORBHF ORfHC
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Fig. 1. Scatter diagram of the relation between bulk density*
and ring breadth (Tree No. 1).

* oven-dry weight (kg)/green volume (m3)
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Fig. 2. Scatter diagram of the relation between bulk density
and ring breadth (Tree No. 2)
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Scatter diagram of the relation between bulk density
and ring breadth (Tree No. 3).
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Fig. 4. Scatter diagram of the relation between bulk density
and rings per centimeter (Tree No. 1).
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Fig. 5. Scatter diagram of the relation between bulk density
and rings per centimeter (Tree No. 2).
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Fig. 6. Scatter diagram of the relation between bulk density

and rings per centimeter (Tree No. 3).
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Fig. 7. Demarcation of density by ring breadth.

A: Low density, saturate

B: Low density

C: Medium‘deqsity
D: High density

E: High density, saturate

4 6 9 12.5
65 E{ D o B A
Tree \
No. 3\ \
600 NN
. ~
\~ o
~. \
550 Rt i
500 \.\h‘\:? o e ————
| Trcc.ro.is—.:':
450
400 1 L 1 [l
5 10 15 20
Rings per centimeter

A: Low density, saturate

Fig. 8. Demarcation-of density by rings per centimeter.

B: Low density

C: Medium density E: High dens‘ity, saturate

D: High density
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Table 2. Demarcation. of density by ring breadth.

ring breadth ring_s per average bulk density (kg/m3

(mm) centimeter No. 1 No. 2 No. 3
High density, saturate 2.5~ ‘ ~4 632 576 588
High density 1.6~25 4~6 611 568 578
Medium density 1.2~16 6~9 577 539 - 562
Low density 08~12 9~125 547 519 548
Low density, saturate ~08 125~ 515 496 511

Ve SORME, 1~3 BROEHHLELBBOOREL O TH DA, BERTEXSX
TitoTEHT, ETOEBHLUM OALZ L XEL® B0 E L, FLHTARD
& Table2 DL BHTHS, ‘

Table 2 icit, BFHAKROL OERIFEIRC BT 5 FHELFEL TRLL, Fig. 7, 8 1
babh L, BEOBWBREEVGEARALR, & 2X 1 BROFEEROMII,
2, 3BAOEHEEROMCMYL TW5, & RFLLEPEBERS, 1HBACKT S
FEEOEREBIC I 2EBEENSRDIIOTHD, X+ 5 1 HERNOHEMLNELEBL
b DTIXIEG, LALBAC I VBEOHEILD - e il OBEX S TIL CREXRET
Tedrote k5, EBEALLRDICFREBRFELGEBMELZTL Tol, 2O LENnD
\xf7fuﬁﬁkﬁﬁ%®@ﬁkkbf @ﬁﬁ@%%ﬁuhwbﬁﬁﬁmu&mﬂ TH
D, HHERBIRC BT HEEORSEIBMAROETRBELOMTRIL, TLHEHATELD
AL 5 TH B, FPFETES Lk BEOERNIC ABCE(LT 5 FMIER08~25 mm
(ERBEIR 4~125) (2, W#@iﬁf&Bhéf7E®$ﬁmkﬁﬁ®¥ﬁ%ﬁﬁB&T&
BE~FKL T BDOREDH BB,

BEFESNRKE, »5ERBLU LCKSE, HEE (33—8) OFERVEL 8D,
B HFMEU T TRABLEG LR, Sl bBAM CRARLEHETTLOLL TEL
HEMBR NS5, FAVETHFFT, LRELFREORICHL DRI RI ik
WOBENH BN, DT AHF FIXFHERE25mm TH Y, LABROEEE»DEFEELM
B4 L THBL Wb THAd, MNFFERMIIEEEET » 7 7 DORET, FRIE43
~105mm (**#5 6.7 mm) OFHETHEIERBEOWME L L CEHCRY T HEEE R
LT3, LROSHEMRRTOFRBERSS 0SB L L TRSABION S LKL,

$ X I HOERIET & 5 HEEK S ORREOREIC S\ TEARBHOREND B,
KROBXGFTH 5,

A& #H £ W 12mmllE FWER 8LT
B & # ” 0.8~1.2 " 8~13 .
C B ¥ ” 08 LT ” 13 LAk
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Fig. 9. Radial variation of bulk density which eliminated the
effect of ring breadth (Tree No. 1).
Ring breadth classes concerning density variation;
4 : High density, saturate @ : Medium density
»: High density O: Low density
®: Low density, saturate values : number of specimens
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Fig. 10. Radial variation of bulk density which eliminated
the effect of ring breadth (Tree No. 2).
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Fig. 11. Radial variation of bulk density which eliminated
the effect of ring breadth (Tree No. 3).
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Photo 1. Ultra-soft X-ray photograph of cross section. (x10)

Distance from pith: 05~2cm

Percentage of vessel elements within the late wood: about 30%

%"‘-_9;"‘3;’.?
95°9 %

X
.o. “'0."
95,

e

0 8%
)

"'.»"!&,'
@
e ’
L]

99, 99y '
o *oe” o% ;
) ;

.
Y

EASS

ERIT ]

e
e
. ‘..'3

:'."'. ..’*

B
.
v :
% e @
®,
o

099 8% 298,

% 09040,
K d

.
of‘_‘_‘
2@

L)

Pea®

S
29098

L/

Photo 2. Ultra-soft X-ray photograph of cross section.

Distance from pith: 7~85cm

Percentage of vessel elements within the late wood: 30~50%
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Photo 3. Ultra-soft X-ray photograph of cross section.
Distance from pith: 24~255cm
Percentage of vessel elements within the late wood: 60~70%
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BILARERTE DY, REBMOBEMELTRL T3 , BEBCOW CEREREOLH
%, EEREYEETARTLLDLDOTSHD, AFEDOERTLRRBHOBEY X b T
I BHbTLOLL TohAEE, REBHOBECEEHOMERE LEEL T, 444
BECOWTILEHAEINIRELDEELLNL S,

—7, MEEOBENEINL, RIREVENEEOEBTH Y XS KDBA S, Ll
BEREE L R Y, BEOEBHLT CRREMLEST5C &%, hakrRETH 5, B
REFA—REOEELB, L1, LOXIBEATICL > TTLREBM XS LBHO TR
W EERI, L0 ERBAROTWRERND b, FRERHEKSTII LN TEBIL
PO LAEHTH DL B S2, ERLTHY 7Y v 752 L ORER, ¥ roREg
2 D RHIE /e SICFIERD D, TEBIEKFEHEOE B o BRT 551 LA &
Luv, AFR T, BAHOBECHET SRTL LTEL DA HERIE EERT) ¥HET
Briicky, BECRHTIERGELLVLEL, REBHYRES L, TLBRE, »5~<
VYRISA=Y DRI CEENERMSELBETL, BE R CHETHIRFLLTCEMR
(S) DEBERD, RIS EHFRL, LOLEBHLREBHMAKSTEDZ LERLEY, 20
X5 FBRE—2OIKRTH B b Lhit s, HELEREONROE M ORREL,
TFREEZBLDELTHBTH S, 1ok 2 EERETYL, BEOERBRENLEORERTS
PMRERROBHEHEL, FTheEsdibOTH ), ERKOEEHY 3RS TLhs
LEEOCRBAYHRL Lo TIZR,

ARROMR, < X7 7 HIERIEFHCHR, BRPRETENC L ¥RLE, U
BRI 2B SN, BEOBS DL steit, FOMBOEROBEC LIS Tho 5,
THbLERDORECEREEMINZMCE D, EROIGEATE, b HE AL
e Z LABEShD, ROERIEESEBDENARE BObR D C L ILFEKE, HEF
WOFBELT, FREC L BBERIE S5 L, RERBHOBIICO L TIZSEOHRE
BLETHS 5,

5. 4

JetEE R F AT WS b R AD R BRAEAD : X5 3% (Table 1) %R,
HBRAOEE (AREER SHCH L TERYRCoOWCHAEL -,

1) $XFFOMEBEECHIETEBRYGEL L VTR, FRIEVE GRDE) »1
RKTBILuE2 LERD D, Fig 1~6 CHECHK LT ERELELSRTRA oL
TARL L, ;

2) FHKiE L OBER (Fig. 1~3) TEEVGFRIBKS, FREE L OMER (Fig. 1~6)
CRRERBEAEA SRk b L D, COMBCREEDOE LIEM XA\, Chi
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- BEEMARE L CRBILED L, BROIBEOE(RYGHES 3L (Fig. 7~8),
3) HRAAC X VEERMEOFERD D2, BBEOFEREHEAERIH{ETHY,
ROBRERED .

[} 3.k £ W W 25mmBlE HREE 4DT

wWOEE R " 1.6~25. ” 4~6
BoEOE K ” 1.2~1.6 " 6~9
B % E K " 0.8~1.6 ” 9~125
B 7 B IR " 08 LAF " 125 Bk

ZORREE, WMHOLHRTHRAD I XFFHCRFTHLDOEELLbN D, BECEE
SRR, BAMOESETRTLOLLTELLRE 5., HERSLL TEX BHAIIL, ﬁ
gL & CCR ST, ThEhBRER EEERCED 2 HNRAHTSES 5.,

4 5 ODOFRBRE~WK, Bir b OB L BEOBFLRLL Fig. 9~11), X ORR,
FRIBFEYEE L LBEOFERYE (CEHE) RS, BEUCRERIECERE
BER—DOEWBEYRL, HNLEINBC LA WAEREN CIZE 5 K& SELL R
35, BERBHEOEFEHTom SHWETARCEHPL, UBREL T B, OERT~
10cm £TH, § X7 7 HOBELE(LD 2 KRAHBHEE L TEDLRL 5, HADER
BYEC, A—SRERTOATY*ORERERE L TERGENS 0, & CRERIEH
BEEOHBRELC BRI, | -

5 WECKIETERHROERO—oL L THREXROELAELOR D, BHIC
B3 BNEBRRE L A L ORROEBY, Fig 12 1RLL, B X SOFH (Photo 1~3)
b b IKBOORB LI, BHICHT 5 MERHO SHEEERE, MT TR S <
¥1E T~10cm ¥ TABICHMNT B,
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Summary

The term, “the effect of age” within one trunk is used as a meaning of the
formation of juvenile and adult wood™). In general, juvenile wood reveals as a region
near the pith which shows a rapid change of wood structures and qualities and is
expressed by distance from pith or by number of rings from pith. In this paper, we
investigated the age effect on density variation within a trunk of Quercus crispula BLUME
grown at natural forest in Uryu College Experiment Forest, Hokkaido University
(Table 1). Bulk density used in this paper, was calculated from the values of oven-dry
weight and green volume.

The results are as follows;

1) The effect of ring breadth on density is significant in the ring porous woods
(Fig. 1~6)". In order to eliminate this effect on density variation, we made a trial for
demarcation of density using ring breadth classes.

2) First, we recognized 2 no-changed zones of density concerning ring breadth;
One was observed above 2.5 mm of ring breadth in Fig. 7, as high density-saturated
zone, and the other observed above 12.5 rings per centimeter in Fig. 8, as low density-
saturated zone. It would be supposed that the relation between structure of wood and
density variation in these saturated zones is quite similar to that of the diffuse porous
wood. Namely, extremely wide- or narrow-ringed wood appears diffuse porous.

Second, we divided the range of density variance into three equal parts in the zone
of correlation between density and ring breadth. Then we classified into high, medium
and low density area by ring breadth from the conversion of ordinate into abscissa
(Figs. 7, 8).

3) Radial variation of density in each of the class of ring breadth divided into 5
were illustrated for each tree (Figs. 9~11). It might be quite all right to consider that
these characteristic curves of density variation show the effect of age, eliminating the
effect of ring breadth.

4) The region where density decrease rapidly outward near the pith would be
defined as juvenile wood. The size of juvenile wood can be limited to radius 7~10cm
from Figs. 9~11. And we can see from the Figs. that the narrower ring breadth, the
more decrease of density becomes remarkably in this region. From this result, it
became clear that the large variance of density at narrow-ringed wood as shown in
Figs. 1~6, would be caused by the age effect.

5) Anatomical factors were discussed concerning the age effect on density. In
general, growth ring structures of juvenile wood are characterized by less pronounced
latewood, shorter cells, and larger microfibrillar angles in comparison to adult wood™W.
In ring porous wood, the variation of pore radius in earlywood or of ring porous
character (first rings appear diffuse porous) are pointed out too®!V. In this paper, we
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investigated the radial variation of percentage of vessel elements within the latewoed.
The amount of small vessel elements within the latewood increased rapidly outward near
the pith, and the rate of increase is remarkable at narrow-ringed wood as shown'in
Fig. 12. Growth ring structure is clearly seen from ultra-soft X-ray photographs 1~3,
prepared for the measurement of the percentage mentioned above. The size of juvenile
wood from this point of view, corresponded well to that from the density variation
described above.



