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A Study on Volumetric Composition of Beech
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W, 20hiREENZEAEOEEE, ZOBREZRLITEILOE > THL AT
B iid, AHFAOEANS SEBHTLERC & EVDEFRE BB, bhbh
B, COBBICBELEE-TUbEc LS B,

WANADRBEBAMEZBR LT 2HET RO B AMBKERO LRI DO TRE
K LEOEbeh, EYENIEPS, AMRBONE»S, H20RERFEONVIEL
EhOHMREBBCE b, TOHECHLTS, 1£L2ld, RERBOEARETHICOL
CTEXOHBLEERET 2 5 (W. J. De SMIDT 1922), #iAEED H@EKD S HET
NEBEREAYPROTERAT S HE: (. E. MYER 1922), &2 0RBE#MEICE 3K ED
b, M, BFREEMOTERERSLD, Kt 2 078 (HUBER/PROTZ 1938,
H. SCHULZ 1957) 13 &, WAWA R FENE LN, TR I->THE SN CERRIC
BT 22 08EMNDH D, ABIKBOTHEN, B, BE, MK, SLKS OHED
55,

AMOEHRHK, T8bL, AMBREEROAROLER, T2 EBEWET L L
BEOTEEEEZONS, Lo T, %k, LEROXDICHENL, WAWVWALIH
BRHOVONTHWEDTHEH, MECBWICEULBEIEEELD D, K—WRE kD
BMAEFE L, CHICBEET BALLKOME 1957 Wb 3 88, BEBLSKROREFBHKE
THA9,

CLICEES LT 5 0L, BB ScHULZ (1957)” o Fikic#e L, Ko#gs
DOHBOBEKE FHNRT, IRXEOBERLERMO—27T% 5 7+ (Fagus crenata BL)
MOBERRALE Y (Dot counting method) [ X > THRIE LA REEZED T EDELDT
b3, WEHOK, ZOMITODNTOTHURE B4 TIL, T, ERBINOE,
Lz, T~ FOEREQICYFOWERYD, BTFOREADRES, HHILITHR
TAREMBT LB Dol, CORREBRORARVICEBLTERELZDL, 7L
b, WEE2ALELEAEFMROREIBE LT, TEAL0BEE2 LF2L5% 1L
1o, BECOVTREVUEREEZNE TS ok, TOMBBRAKRELTSHS
B, BRLULH>THBELODVWTREKFEEBRI LTIOHEL BRI,

ik, RHBRORKE, RIENTHESIMAKREESRREZ CERSEEIN, ABE
REHM OB T TFHREREER, 20L7T, @ HAEIKE-T, FHEO-AZHAEHE
EO08m QW (1£R) &, WINE28m OWHOMEELBEY Lz, bLAAMAEOAL
RO +AEZLUEEDITHIN, ORIV THIVA0nABERISASEEY, &
HORBHRERAES Lk, € IC, HEENLRE N KIRIEA LSS ICE  BALE
HLESFSB,
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R F &

EEICHE L TR, hEEEER L BEER BIUTERNICH D, BIEKEE
DEE) 57T KIE A/NFED, BILTA 7520y e 7+ EFENTVWE DT, b
WATH7 FCHERTHLHOIERICTLBOH* Th b, RBEAE, WEERE 34cem, &
BRI 20m, BAK100ED, KSOBBEKTH 7z, CHEKFELT, HEH08m B
U28mORLELS, TNENERABR KT >Z R 12,

BAMNRICOWTHEERRZOMOTFTEOREL B Lok, HROEERALS,
R icd ~ & BIFTORBAGS £, ZOYE LI, HIZEMIICRY, $77=T
L, BHEICHSTARAT VNS~ 2 ok, YIFOBEIR10~15 4 BFEMBEE L
Shii, 1/0b—~20RFLZOMOEET, HERICHEICELLBDICE, Th&D
OB N DOMNE, T,

BERRE LLEREROBEE R, K Wood fibers), #E (Vessels), REH
(Tracheids), Z#ila (Longitudinal parenchyma) ¥ & U # i (Wood rays) T, HH#iL
Az, XS IR (Cell wall) & AFE (Lumen) iThiF 72438, N5 7% HHE ORI
KEZFTHUELBINIZLSLODOT, MEEORENEEICKHEEPNLEE S ZET
CEREEETH -1, & IT “IREE” &S IEIKZ, ScHULz (1957)” DB A L Rk, IR
BEOMAZ, NBEEO—B, KREOKBELESEINTVE DEEDNS,

Cho DBRERICOVTOBMR TN THESEORFOhTHLEbhi, T18b
b Fig: l-a ITRT & 5 I&, BRSO EROFHIB (Earlywood : E), thi#g (14
g o b, Middle: M), Ku#fi (Latewood: L) OF i 2T, BAMEEIC K 5 480
(et 60X, BB 8X) OIABEBELNND, HRHEIEAINK Fig. 1-b it/RT
EINBRTFZA 704 —~2~D52D0REOETOMBOEZR %, DK, WEEDHICE
HL7, MEREASSTCLRKNICARES, EAE, RICRTHEROFHBRAE

a d
Latewood 1«92
w
=
(@) ——s———— Y - 7} g ® ¢
(o]
§ N ~
Earlywood «—92 b e

Fig. 1. (a): Location of basic measuring belts in an annual ring and
(b}: grid showing 5 cross points used for the counting.

* EBKORYE (1959, LK - 8. 20%18) ofifitiz, FREOHEMECILI20R[THED
HOHBELEL23DEELI LR DB,
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HOBREERD B0, TOHEDEHE R ZROONERFICLILET S, TOW
5% 480 fEICHA L, HIREOTOMTAZ O HIcEhabES (superpose), ¥, KT
O%Ria, b, ¢, d e DETOHEEREMBOBE, K, WHEICRKEL, LrBRIC
BTDOHaBIUDOETIS 1B, Thfh, dBLU e DETICES LT,
PLF— VEREFEOEIDOHTNT O LERSMICEEH L, HK, a, b, cETOD
WEBERZTET S, COXITHAEL0EBEL, BEMBICOOWTRET N TES
hi-HESEOLEOUEEHEZRT T 5, HIC L THE, RoNEEB TR,
ROERICHE S,

LEFROMBREEE, 2OMRITIHEBHEMEICOVTHESNILER N IC
#T B, FNENOBEEOEH nDHa/N TEZ NS, k&, b3FROFEME
REHEICBY 2 KO BERET O BARMMRL, TOoREFC>WTEHEINLLE
HORERICBOTIE N=92) i3 3, Ki#E LTRBESINER n Ol n/N(92)
TRENE, ThOOHER, MEERTIHEFOSHREERTOOLEINEODT,
A B O REFESE (Volumetric composition, Cellular percentage) & IFE 33,

ARETR, EBOXI I, 1ERNORME, Ml AR, EFRFHICRVE
FRAEELEDY, WE - -HEEBCH -7, TOBOBOOMERH, COERICBY
BRE - HEORADEMNENLLZLDTH S, ~WEHDOEBRDOAR X 3% Z O SRmERE
THEDLTE, EHFHNOWEEAEERR 3.3mm, XEHFAOZNIE033mm THS, Al
MR B L, T 0a—c, b—c- REXER->TALIHBOEBROEX)
i3 0.118mm T 3,

ERNRBOVICER

BUDIE, NERELAEREMICER LLDEB 1K (Tablel) ITRT, EOd
CRENICRS h: BRROIER, MENEMNED 1 EREFCRkD LN ThZhOE
R (REHO, EHABANEL I 1IEREAEKE LTOERE) oF%E, MR, A
ERRET S QSERICOVWTEREL LAZETH D, i @av) ORicid 2HRICDNT
OEMFEEERT, 72&AT, ABHEORMBICEY 2 HLE48% B HHEE, MR
08m 25 5 N KO RENREROEMBRUEHICBY 5 KiHEL, HRL2EH
KOWTEMEL UIBETH B, T, k& 2E, &it (Total) IK B 2 REHERD 52%
3, REGOHEHRICOVTHEINLZEEZEEL, 1FRE LTRDONIABHERD,
LAEEIT DV T DOEE, X SICEMHLav. © 43% XTSEICE T 5 1E 48% & 37% O
BETHE, ( INREMOEHTERT,,.

37, Total DMASHD 32 X351, COMEICHY ST FHOEROK S EIZA
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Table 1. Average cellular percentage of beech wood.

Height . Cellular péfcenfage N
above the E* M* L*  Total SCHULZ**

(m), (%) (%) (%) (%) (%)
Wood fibers 0.8 48 47 61 52

2.8 37 40 53 43

av. 43 44 57 48 (26--63)  42,(32---59)
Vessels 0.8 36 36 17 29

28 46 44 24 38

av. 41 40 21 34 (18--54) 31 (17..-45)
Tracheids 0.8 2 2 3 2

28 . 3 3 3 3

av. 3 3 3 3 (0---8) 5 (1---9)
Longitudinal 0.8 1 3 5 4
parenchyma 28 9 2 7

av, 2 3 6 4 (0---7) 5 {1.--11)
Wood rays 0.8 . 13 12 15 13

2.8 12 11 14 12

av. 13 12 14 13 (5--20) 17 (10---25)

* E: Earlywooed. M: Middle part of annual ring width.
L : Latewood.
**  See references 7

BHELEEDLORD, T 1ERABHERIS, T LTHROIMBEEE, FTARMLSIE-T
WA, TOMEIR SCHULZ (FiH)” M#EE Licd Dick~, KM, HEKBOTHES KX
{, HHRCBOTES/NIY, KB LICEEOERFRIMBOEVICK>TERD,
ABETEHERO0Sm ICBF 2 HEMN28m OFEICHNTHI0% &<, EFRE I
08m OEN25m OE LD b 10% Eh o7z, HEHNIKIRCOEP—FNHBLE LNE
WTH5, EB 2EH OXIIK, 08m OERIKODOTOMERZA, 2.8m [TiR)IHH
WL, ABMEIETORESEZEDLIENETNOEBHL LA INL bODBER L
BHRUIZOT, MEECEI2B8BOPMEOCBAZICSETLCEDERTEVAT, 17,
ZOHMOPEFRICHEFTCEELLTRRETELLZEZIONSDT, HEDOENITEK
BHEHROENERTHDE N INETH A H, BROWN/PANSHIN/FORSAITH (1949)”
i, L RBILMIEEBNT, BEESHBRO LHBICEN T EE2R<THEN, KHED
—BEEH T BT THLY, EROHFERLEOMEEFHINFF i (Line proportional
method)” IC & > THTE S M /z “ B AREFEAM” (1950 Frflid 7 F M DBERFICH <5 &,
BEOKMEIBEESLUHAR, AFHBOEZRENANEICH~TEL, REEEAT
AKIRHEE DS TL VIV, Holz als Roh- u. Werkstoff (1939 i kX +11F, ¥ 4 ¥ & Rotbuche
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(Fagus silvatica L) OEEDBEHRFEIE 31(15---65) % TEEZ S OEICEL, T-FMHEIC
2T @ HUBER PROTZ (1938)” o Hl5E TIIAMEME: 37%, HIHE 27%, &E 31%, FME
5% T, AMEICHNABHERIMELS, HHBROHFIF L < EL, MYER (1922)° hiEg
WROIEARFEENE» O DEBREHEIC L >TKRD LT # Y 4 B 7 + ¥ (Fagus atro-
punicea SUDW) D it 3313 20% T, EZSOHEL DAL DEN,

FWMNICET 2 EBERLORHF N~OHERKIZ, Table 1 25 KKDMHIEDHT T
EMT&B, 97b5, KEBHELEETRLLI, EFRODEE TETH @v) TBHTE
ZDEFRER 40% TES IO, BAMBICB O TR, KB P RBICENTHED 2D
BEMULTO0% HVEETRTORHL, BEFRFICE LRI LTH20% 130, JExR
It A ARBMEOIITEME, DB TL:l THE2DICHLEMBTIE 3:1 12123,
BBD LI, AMMEORRIBEICHNTE,ICRENDLS, HERICHT 5 KR
DHEDOZ DX SIS, FWRABOMENANIEREC CHBEOELVHEERERT S
bOEEZOND, FHEIERONFLOLAT~NP LN, ZOBERREHITHAZE
RY, MR, 2OEBDTOLUENS, PHBICBOTEVERELZRTN, coc i}
EVERIICR 7 F RO —FERNICE Y 3 KdHRoTHMoBE KT 5, REEDOH
CEENIERFRICE, FRANOMEBEICEZEMRIBDONLN, HEDHIC, SCHULZ
(ATH)” OBEERIMICH B L, Kl RESOERKIERONST» LA HIKE-T
PIEOBR, HEIPRODFZELIRELS, FHRSIUHHBREBSHATE, HEBRD
MRBEZSOMERREEN LN, ChIEESOBAE, BMBCBI P EBELE
WMENZEOORPODOENEBZEDTH 3 HENB,.

RICEEFRHR O MER E 2O NEREOH, T b5 KN (Wand-Lumen
Verhiltnis, Wall-lumen ratio) % £ HIEEIC D W\ TRIE L2l % Table 2 It7RT, &%
DEE T, KA@M, EE, TN, 2heh6: 1(BE: Ak, 1:1, 2:1 7T, Kk
M, FHRIEROBENATHD, chicd LEBRIABROHANERDZNL VKT,
ZORERIEZ1:3 TH S KB LIUEEORBLRIBEICI-TENRED D, LK
ABHEICBNTZOEANE L L, 08mOEM25m OEhD 3 FiIEL, ¥, #F
TRHOBETH o7z, CHMBEDOBENZIA—BIERTHELEI DT, RLUDIC
BARILEDCKOHEOEEOME, HBELOBFELLAD TI L KRY TIL4ESLD
%, 753, SCHULZ(3ilt) OHE TR ABEOBENEZSOHEL D KX L, HBIEED
R LA X0,

FRWNICBT 3 ERLOBRR T A~DOHBKIE Table 2 o bbb L5, HhOER
MRS EQKHEM 2 REEZRLTHIEOK, BBICET 2 ETIMOBIDbOICHK
NTREOHRNERS MANIOEHIMNS S,
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Table 2. Average wall: lumen ratio of different cellular
types of beech wood.

Height Wall: lumen ratio
a%%i;g € E M L Total SCHULZ
(m) W:L W:L W:L W:L W:L
Wood fibers 0.8 9:1 10:1 9:1 9:1
2.8 3:1 3:1 3:1 3:1
av. 6:1 6:1 6:1 6:1 10:1
Vessels 0.8 1:4 1:4 1:3 1:4
2.8 1:3 1:3 1:2 1:3
av. 1:4 1:4 1:2 1:3 1:6
Tracheids 0.8 1:1 1:1 1:1 1:1
2.8 2:1 1:1 2:1 2:1
av., 1:1 1:1 2:1 1:1 2:1
Longitudinal 0.8 2:1 2:1 2:1 2:1
parenchyma 28 2:1 1:1 2:1 2:1
av. 2:1 2:1 2:1 2:1

Table 3. Cellular percentage of beech wood in relation to
annual ring widths (0.8 meter height only).

Annual ring width (mm)

00— 051— 1.01— 151— 201— 251— 30l— 351—
0.50 1.00 1.50 2,00 2.50 3.00 3.50 4.00

Wood fibers E 46 46 49 48 50 46 42 55
M 48 43 50 49 48 51 44 39

L 49 63 62 62 61 64 60 59

Total 47 50 54 53 53 54 49 51

Vessels E 39 39 36 36 34 32 40 28
M 26 38 32 34 35 34 36 45

L 24 28 17 13 16 12 12 14

Fotal 33 35 28 28 29 26 29 29

Tracheids E 1 2 1 1 3 2 2 3
M 2 2 1 2 2 3 3 1

L 3 3 3 3 4 2 5 2

Total 2 2 2 2 3 2 4 2

Longitudinal E 0 1 1 2 2 3 2 0
parenchyma M 2 3 3 3 2 4 4 7
L 1 4 5 8 4 9 5 5

Total 1 2 3 4 3 5 4 4

Wood rays E 14 13 13 13 11 17 15 13
M 12 13 13 12 12 8 13 9

L 23 15 13 14 15 13 18 20

Total 16 13 13 13 12 13 16 14

H
Y]
5
o
(42}
w
™
—

Number of annual
rings examined
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FEFRER AR O MR B, I, KA BNCER Lg% Table 3 TR,
BUERT ~ 23 L 08m OO SD A, AEH D, KEHIZFHE Lmm 2T, 3
mm Y ETHES AT DHEMNZI LB EEEAESL SN, I~3mm O TREESLE L, F
WIEDHARIC DD O TEMAMAEONTEY, HERZ lmm Y TOFEHTZOHLENPOE
G ERIEZDOWMIBICBY 2 EERD, 1mm P EOERITENTRIREY, TR
DHEFIEMEMNILL S EREINLZMEANH D, HHERIE 05~3.0mm F TRERIE
DEREBBRIECREL, TNUUA OB THEI AN B HEKER LI, SCHULZ (ffh) &
FRIBOWMRICE 8-> TRHIME, SHROBERREIBL, BEFERLL, (EE, Fd
T ERED PN SL S OEBTRAREBRELRTCEERE LTV S,

Table 4 2 08m DM DEME 110 4. Average wall : lumen ratio of wood fibers
HEROBEMEL E OBFRERT, Kl and vessels in different annual ring widths

(0.8 meter height).
Mt D I I RE 2~3 mm T T
EOBERT. Lol coRgle Rt Spemen

Wall : lumen ratio
Wood fibers Vessels

. {mm) (W: L) (W:L)
A A

B34 RREEAOBIEVESO 00 050 1 0.1 g
LOBEBRIICE(, LhbRED  g51-1.00 21 9:1 1:4
Table 5, Table7 12 &S hHhh b & 1.01—1.50 16 1:1 1:4
51c, BARSCH T B IR 1.51—2.00 9 10:1 1:4
2.01—2.50 5 1 1:3

&B‘Bb’tfiﬂigﬁﬁmﬁi D% 251—3.00 3 .1 1:5
BT AT E VR A R A 3.01—3.50 2 .1 1:3
1 10:1 1:6

ho, coTREAOREE e 35140

Table 5. Cellular percentage and wall:lumen ratio in beech wood
specimens with about the same annual ring width, from
various tree ages at which the wood was built.

Tree age (year)

13%% 23 32 41 55 66 75 86

Wood fibers C.P. (%)* 47 57 53 56 43 56 47 63
W: L 3:1 10:1 16:1 10:1 13:1 14:1 14:1 30:1

Vessels C.P. (%) 34 31 32 27 35 21 32 18
W: L 1:6 1:4 1:3 1:3 1:3 1:9 1:4 1:8

Tracheids C.P. (%) 4 1 1 2 3 1 1 3
W: L 1:1 — 2:1 1:1 1:1 3:1 1:1 1:1

Longitudinal C.P. (%) 3 3 3 2 1 5 5 4
paranchyma W:L 1:1 1:1 — 5:1 — 4:1 3:1 2:1

Wood rays C.P. (%) 12 8 12 13 18 16 15 13

Annual ring width (mm) 1.6 1.2 1.3 1.1 1.1 1.1 1.3 1.3

* C.P.: Cellular percentage.
** Number of the annual ring counted from the pith outward.
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THEZRGFUTE LD,

REFOBHREBIUEBEREHSOBRE AL DIC, #508m OMKICONT
DRIE R & FEOYE AR LT Table 5 1cR T, EBOXS I, FhiEEERKD
I ROEBRNRA LN ok, —FEREOHESMONTHIRNDT, —8 TS
BEGEREOCTNSOEMAS L IICHELENS 10 7ES LIRENIKENHEE D
BMAOBRSOEREEHEMICRUH L, REROEREK, BELZEN, COEPLE,
ESCERSTONBR-> &) LcmeiE T c LRIRETH 50, RlMEOBERK
DBESE E BTV BABKT BHANALND, DL &} SCHULZ (i) IR LT
W3EZATHA,

Table 6 [Z4E#IEICFART C 2REREL S 26 FHIRS L, zohicain st
WOBEHRELIRFESLEOBEATRLIETH S, Table5 LRBFICELSNDDESED
L7zBRRmEORICA SRS,

Table 6. Relationship of cellular percentage with the
class of tree ages.

Height above Tree age (year)
the ground 0—25 26—50 51—75 76—100
(m) (%) (%) (%) (%)
Wood fibers 0.8 45 51 51 54
2.8 54 40 44 41
av. 50 46 47 48
Vessels 0.8 29 32 29 . 25
2.8 33 40 40 40
av. 31 36 34 33
Tracheids 0.8 2 2 2 2
2.8 5 3 2 2
av. 4 3 2 2
Longitudinal 038 4 2 4 4
parenchyma 28 5 3 3 3
av. 4 3 4 4
Wood rays 0.8 11 13 15 15
2.8 12 14 12 14
av, 12 13 13 14

Table 7 12, Table 6 &* AHOEREZRBEROBBLICOVWTERLLL D TH 2,
Table 4 & [F#ic 0.8 m DWHEIC OV THIE SN e RO ERY, ML E iR LY
BRamic, gicRkricBRLTRIEABALNS, Lrl, 28m TRAEL ZOHA
AR B CENTERY, MOBERCBY 2EE, BE, #oomflichrbsd, &
BUh—ETH 5,
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Table 7. Relationship of wall:lumen ratio with the
class of tree ages.

Height above Age (year)
the ground 0—25 26—50 51—75 76—100
(m) W: L W: L W:L W:L
Wood fibers 0.8 4:1 9:1 13:1 14:1
28 3:1 5:1 3:1 3:1
av. 3:1 7:1 8:1 9:1
Vessels 0.8 1:4 1:4 1:5 1:4
2.8 1:3 1:3 1:2 1:3
av. 1:3 1:3 1:4 1:3
Tracheids 0.8 1:1 2:1 1:1 1:1
2.8 2:1 2:1 2:1 1:1
av. 2:1 2:1 2:1 1:1
Longitudinal 0.8 2:1 2:1 2:1 2:1
parenchyma 28 2:1 2:1 2:1 2:1
av. 2:1 2:1 2:1 2:1
58 [ o
© o
54 | Wood fibers
50 L * o o
o o
46 o
§ 4L
S o} o o Vessels
5 30 | o o}
B 26 | o
=3 o]
£ 22 [
8 o)
o
s 3
®©
€
2
=)
S 14 ° oo O Rays
o o o o°
10 | A
6’ Tracheids(x)
00 1) Parenchyma (o)
2 — p ’? O)?)(()ﬁox X x
1 i l I T L

050 052 054 056 058 060
Specific gravity (oven dry weight /green volume)

Fig. 2. Relation between volumetric composition of different cellular types of
wood and the specific gravity in oven dry weight and green volume.



JeHEEE 7 MOBRERRET 2 —HE (AE-BI-=5) 41

HEEERR, L CBEBEREOBRBRHINEEELT ~<ThHoH, AWET
RIEBBEMNONKRFOREREEZBECREOLELLDT, ZOBEROMMVKET%ERX
okFictiot, Fig.2 i3, 0.8m OWHOERRAEICH N 10 KDY R ZER-7c &
NENOMFDARBESE, shEho 7oy ZicaThclERRERICOVTERL
RERERREODERZRTOOTH S, BBIZOMME L TR, HEOHRICE B
ARERIHL, BERIRL T, HiBzoMmicEEABAS NN, HEEBEEL
ORI DN TIE, AEHOBRIELIZ, HEOHRICE SRV PIBOENT 2HE D 5
DI, EEOEBRREECRBRELEVWESITHDE, T10bL, RBMARRLE
OWRITH L, KEHEZOLOOBMINT C L EZNS ORMILAMT C & & TIEIIH
BEL, BERZOERLROBDVICE>TOIRETIERNERDLTCEBTELS, L
L, TOCTEE—WICHRT S CEICENBRENSD, LEEERRE DMK
2BIRITLEBBETH 5,

r #

AKHMDONANADHEY, £NiKRT2MROEE & HohTosfiilick
STELLEEINBLEZONDDT, AMOHBRERRICHETIMRAEBLC LR
AMFRIEEEBD TRERCEEVDBTNER SN, TOXIHWEKT, EFS AN
BREFROMBICEALEHD, NAEFELEBMO—DTH 2 7 FHEIRIC, I
YR OBEMBICL 2 ERBOOEEBECL - TEOEHBRERDLEBREB 51,

JeEEEEK L BEBERATHRIELA T+ O BB OH H08m BX U 28m O
HFHDORBRANETORY, £OBEHEMO—¥EFIC, BB RN ICHBEKEOKR
ERWHERD, kAT V85— b 2fE-> TRIEICHL 7o, 480 FOIEKKEERL D D,
BRECHEAINZBTOS D034 (Fig. 1-b) WENR-TAHAZBEREE, FOB, W
fERlicER B L, 2o 0LE» s, EOBEFMBEMEEITR D, 2NDBETH > e hHE
THolehEBEL, 2K0MUERICHT 2ZNTNONEEROBEBOLERYD, C
NOEROBEHRFE U, WRERE, KB, HE, EE, FHRBIUHERTH
3, WEEEAE L TEFROEHMB, s X OB Fig. 1-a) ii>0TEnEh
92 S, THbhE 1ER 276 [0 TEB o7, BELCFERET 2 Qe T
#5120, REAEAFEA 30,000 ATHo7, WEKRIRDEBOTH 5,

1) AEROLWEMEHSRKD SN FEFEER Table 1 KWREINB LBV T, Kl
M 48%, BE 34%, WGEE 3%, FMK 4%, B 13% Th- 1o, HLUAKMKE, EEE
BIEMREL S HEFICE > TEZOEFENELY, AMEIH ESE08m IZBLT,
28m X0 10% E <, EERFIC28mICBNT08m XV 10% SWEAE R LTz,
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DEME, FEHTIREASHUMERTA, BB TIRRSENE L CBE, EEER
U, WHEOHDS,. 31T 30K 1(EE) Kb, Lrl, HEROERREIMETO
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WTARBMRE D ZNENRIZZMER U, RHRIEEM OB ICH> TRSEMNT
BHEEMS D, HHHIIHRBICBOTHESZDHENNIN,

3) REFROMIEBE WO (/R 35 b bR Table2 D& B0 T, £
HTARHEME 6 () LINRE), EEL:1, FMiz2:1, HE1:3ThHs, REMESIUE
BOBEPERE, AUMETEHRESICE->TERD, BEEH08m KBV TRTH- T,

1) REZROBERLOERNICET 2B Table2 icRINB LB, ELICHYL
S IR S NI, BRAHSEE OESESED,

5) Fintg LEREOMICIE, Table3 itRENZ EBY, FHEOWRICE T
ZMBEOHRNED DB THEABL SNSRI ORI o fo, FiiE & B
2T, Table 4 IWRENB EBD, Ho2BERRED LN,

6) FEZRRIBBOMICRBERBAD LN LoD, 08micEB 1 2 KO
FELL DSBS OB RITAEIT D (T8 bREd OB FAICH - T) MRTHEINAE SN,
(Table 5~7),

7 MOBRBHEBKESBBLCONTEDORBHERSAELD, BEHICEEERSE
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OIS BITHEART 2,

5l B X # References

1) BROWN, H. P,, A. J. PANSHIN & C. C. FORSAITH: Textbook of wood technology. 1. Ed.
Vol. 1. New York/Toronto/ London 1947 : McGraw-Hill Book Co.

2) Holzeigenschaftstafeln: Rotbuche. Holz als Roh- und Werkstoff Jg. 2 (1939) H. 2, S. 95-96.

3) HUBER, B. & G. PRUTZ: Uber den Anteil von Fasern, Geféssen und Parencym am Aufbau
verschiedener Holzer. Holz als Roh- und Werkstoff Jg. 1 (1938) H. 10, S. 377-381.

4) AN AMBRERELEO S, ZoWEHE HRAZARRENHE, 510 8, 138-145,
(1958). _
Koohei MARUYAMA : Some conjecture methods for volumetric percentage of various xylem
elements in wood. Bull. Fac. Agri. Niigata Univ. No. 10. 138-145. (1958),

5) HAEEEARHM: BRAMWMIBHES. 56-57 H (1960).

6) MYER, J. E.: Ray volumes of the commercial woods of the United States and their signi-

- ficance. Journal of Forestry Vol. 20 (1922), 337-351. . '

7) ScHULZ, H.; Der Anteil der einzelnen Zellarten an dem Holz der Rotbuche. Holz als Roh-

und Werkstoff Bd. 15 (1957) H. 3, 113-118.



ABEE 7 F HOBRERRCE T 2 0% (FH-BI-=5) 43

Summary

An experiment was made of the volumetric composition of beech wood, Fagus
crenata BL., grown in Hokkaido. Beech is named “Buna” and is one of the most
important hardwoods in Japan. L S

A standing tree of beech was felled and twq disks were cut off from its trunk
at 0.8 and 2.8 meter height above ground level. About ten cross sections of 15 # in
thickness were cut off from each of the disks continuously from the pith to the sap-
wood. These were prepared to be put under the microscope, being stained with safranin
and mounted in canada balsam.

The frequency of occurrence of the different types of wood elements, such as
wood fibers, vessels, tracheids, longitudinal parenchyma and wood rays, was counted by
means of a dot grid (fig. 1-b) with 5 cross points which had been superposed on the
microscopic image of the wood elments. The grid was built in ocular of the microscope.
A total magnification of 480X was used with a 8 ocular and a 60X objective.

A count of the frequency was taken at 276 points for an annual ring. These 276
points were divided equally to three zones in the annual ring, viz., earlywood, middle
part and latewood of the ring as shown in figure 1-a. A total of about 30,000 counts
was taken for 125 rings in this work.

Results obtained are as follows :

1) As shown in table 1, on the average the volumetric composition of the elements
of beech wood is; 487 wood fibers, 349 vessels, 3% tracheids, 4% longitudinal
parenchyma and 13% wood rays. These figures indicate that about 80% of the volume
of beech wood is composed of both wood fibers and vessels. Table 1 also indicates
that the percentages of wood fibers and vessels in a tree trunk vary at different heights
above the ground, that is, wood fiber percentage at 0.8 meter height above the ground
is about 10% higher than that at 2.8 meter height, while vessel percentage at 0.8 meter
height is about 109, lower than that at 2.8 meter height.

2) Numerical values on the wall : lumen ratio of the various types of cells are
shown in table 2. The values on the average are; wood fibers 6 (wall): 1 (lumen),
vessels 1: 3, tracheids 1:1, longitudinal parenchyma 2:1. It is pointed out that wood
fibers have a considerably higher ratio at 0.8 meter than that at 2.8 meter height above
the ground. '

3) As may be seen from table 1, there are some changes in the volumetric per-
centage of some elements at varying stage of each annual growth. The percentage
of wood fibers and vessels does not change from the part of earlywood to middle
part and the percentage of both elements is nearly equal. But the wood fibers in-
crease strongly in the percentage from middle to latewood, while, on the contrary,
vessels decrease very strongly in the same wood part. Longitudinal parenchyma tends
to increase in the percentage at latewood part, and wood rays to decrease slightly at
middle part. The percentage of tracheid type cells seems to make no changes from
early. to latewood.
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4) Table 3 shows the relation of the percentage of various types of cells to annual
ring width, and table 4 shows that of wall : lumen ratio of both wood fibers and
vessels to annual ring width. From the tables it may be concluded that the change
of annual ring width has no influence on the values of the percentage and the ratio.

5) As shown in tables 5, 6 and 7, the influence of tree age at which the wood
was formed on the volumetric composition of the various wood elements, with a single
exception, is not clear. Longitudinal parenchyma has a tendency to increase slightly
in the volumetric percentage with a higher tree age, viz., from the pith outward.



