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Kazuyuki Opa: Wood formation and annual ring
structure of Ryukyu pine (Pinus luchuensis) having
different amount of crown
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Summary

In this study, the effects of pruning and thinning on wood forma-
tion and annual ring structure were investigated to obtain the
fundamental information for establishment of tending techniques of
trees.

1. It is considered that wood formation is closely related to both
shoot growth and crown amount. First, elongation growth and wood
formation in Ryukyu pine(Pinus luchuensis), sugi(Cryptomeria japon-
ica) and hinoki (Chamaecyparis obtusa) growing in okinawa were
observed. Shoot length was measured monthly at vigorous branches
in the upper crown and samples for observation of cambial activity
were also taken monthly at the breast height in tree stems.

Elongation growth of the shoot and cell divisions of cambium
began almost simultaneously in each species and during the period of
shoot extension the cambial activity was vigorous, but in sugi and
hinoki the activity declined as a shoot elongation ceased and in Ryu-
kyu pine a new bud formation reached in the last stage (Fig.1,6,7.8,9,
12). When shoots and needle leaves actively elongated, earlywood
was formed in each species. In Ryukyu pine and sugi latewood
formation was initiated when most elongations of shoots and needle
leaves were completed and in hinoki after the cessation of shoot
elongation (Fig.1,2,6,11). Therefore, it was considered that in each
species the course of wood formation seasonally corresponded to that
of shoot growth, however, the seasonal course of wood formation
was different each other.

2. In order to clarify the effect of crown amount on wood forma-
tion, the seasonal course of wood formations were observed at the
breast height in Ryukyu pine trees having different amount of crown
(Table 1) in 10—year—old stand which had undergone only weeding
and brushing.

The length of the period of cambial activity was closely correlated
to clear length and a parameter, Lw/DH, derived from oven-dryed
leaf weight/stem diameter x height ( i.e. foliage per unit of cambial
area ) ( Table 2 ). In trees having shorter clear length and larger value
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of Lw/DH the cell division began in late February and stopped in
early February of the next year. But in trees having longer clear
length and smaller value of Lw/DH the division was initiated in
early April and stopped in early December ( Fig.13,14,15,20 ). The
transition time from large-diameter cells with thin wall to narrow-
diameter cells with thick wall was earlier in the latter than in the
former ( Fig. 16, 17, 18 ). Latewood percentage was decreased with
increase of Lw/DH ( Fig. 19).

3. The effect of pruning on wood formation was investigated with
samples collected at breast height and the 5th whorl from tree top
in 15-year-old Ryukyu pine stand.

At the breast height in tree stems, the initiation of xylem cell
formation was later and the number of xylem cells formed through-
out one growing season was less in the pruned trees than in the
control ( unpruned ) trees ( Fig.22). In the pruned trees, especially
the number of earlywood cells was low, and latewood percentage
was increased. At the 5th whorl from the top in tree stems, however,
wood formation was almost independent of pruning ( Fig.23,24). Con-
sequently, it became clear that the effect of pruning on wood for-
mation was increased as with increase of the distance from crown
in the direction of the stem base. Although the cessation of cambial
activity in the control trees began at the upper stem and progressed
to the lower stem, the cell division in the pruned trees stopped ear-
lier at the lower stem ( Fig.25,26).

4. The effects of crown amount on wood structure were examined
in the outermost annual ring at the breast height in sample trees
of Table 1.

Width of annual ring, number of cell divisions, radial diameter
of xylem cells and cell wall area per radial file in a cross section
were increased with increase of Lw/DH, but percentage of wall area
and basic density were decreased with increase of Lw/DH ( Fig.27,
28,29,33,34 ). Width of annual ring was almost determined by the

number of cell divisions on the xylem side of cambium ( Fig.30 ).
Although there was difference in latewood percentage among the
trees having different amount of crown, tangential wall thickness of
earlywood cells and latewood cells was independent of values of
Lw/DH ( Fig.32 ). Tracheid length of latewood showed no variation
with Lw/DH, but microfibril angle was directly correlated and de-
creased with decrease of Lw/DH ( Fig.36,38). It has been reported
that tracheid length and microfibril angle were highly negatively
correlated, but in this study such a relationship was not obtained.

5. The effects of pruning and thinning on annual ring structure
were investigated in 10-year-old Ryukyu pine stand of which density
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was ca.8,900 trees/ha, which had undergone only weeding and
brushing.

Though width of annual ring was reduced by pruning and broad-
ened by thinning, the effect was larger at the stem beneath the live
crown than in the live crown ( Fig.39,40 ). Basic density was reduced
by thinning ( sample tree No.39 and 40 in Fig.41) and increased by
pruning ( No.37 in Fig.41), but further severe pruning tended to de-
crease basic density ( No.35 in Fig.41). Thinning tended to decrease
tracheid length and increase microfibril angle, but in this study tra-
cheid length and microfibril angle were hardly affected by pruning
( Fig.42,43 ). The reason seemed to be that the experiment was done
in the high dendity stand where diameter growth was slowing down.
It was therefore regarded that whether tracheid length and microfi-
bril angle were affected significantly was determined by growth con-
dition of individual trees and intensity of pruning and thinning.

6. It has been considered that auxin synthesized in growing shoots
regulates cambial activity and radial growth of cells, and amount
of photosynthetic substance produced in matured leaves closely cor-
relates with cell wall thickness. Therefore, to understand the effects
of pruning and thinning, either all buds or all leaves were removed
and the influence of buds and foliage on wood formation and annu-
al ring structure were discussed. The treatments were applied to 5-
year-old Ryukyu pine trees.

Cell division was more influenced by removing leaves than removing
buds ( Fig.44,45). It could be considered that change in annual ring
width by pruning or thinning came from decreased or increased fo-
liage amout rather than bud amount.

The reason for change of basic density by pruning or thinning
was considered as follow : 1) Increase by pruning is due to lower-
ing in function of buds ( production of auxin ) rather than that of
foliage ( photosynthesis ), 2) Decrease by thinning is due to increase
in the function of buds rather than that of foliage, 3) Decrease by fur-
ther severe pruning is due to lowering in the function of foliage
rather than that of buds.

As it was regarded that amount of buds and foliage little influ-
enced cellular elongation following cell division, change in tracheid
length by pruning or thinning appeared to come from decreased or
increased frequency of pseudo-transverse divisions.

Microfibril angle did not respond to defoliation but did to bud
removal ( Fig.48,49. This may indicate that auxin have an effect on
cell wall structure ). It became clear that change in microfibril angle
by pruning or thinning was due to decreased or increased bud
amount.
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Fig.3. Seasonal development of the new bud of Ryukyu pine ( 8-and 15-year-old )
3—1. Terminal of winter but prior to the dormancy phase. January 20
3—2. Terminal of winter bud in the dormancy phase. February 3
Shoot tip at the beginning of the phase of new bud formation. February 21
Shoot apex producing cataphylls which subtend no axillary buds. March20
Apical bud and lateral bud. June 19
Shoot tip initating the formation of cataphylls which subtend axillary
buds ( arrows ), July 20
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Fig.5. Internodal growth of the shoot of Ryukyu pine ( 8-and 15-year-old)

From September to October, the sterile cataphyll region of the new bud
elongated and the bud developed into the candle shoot. From late February
to early May, the region of cataphylls which subtended axillary buds
elongated.

5—1.

Upper region of the new shoot. Formation of secondary xylem and
secondary phloem shows that internodal growth of the shoot was
over in early May. May 20

. Sterile cataphyll region of winter bud. Internodal growth has been

done. September 21

. Same bud with Fig.5—2. Secondary xylem and secomdary phloem are

visible at the sterile cataphyll region.
Middle region of winter bud. Internodal growth of the short-shoot
region was not visible until the next season. October. 21
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Fig.7. Cambial zone before and after initiating of cell division at the breast
height in tree stems
7—1. 15-year-old Ryukyu pine. February 21
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7—2. 15-year-old Ryukyu pine. March 22
7~3. 15-year-old sugi. February 20 7—4. 15-year-old sugi. March 20
7-5. 10-year-old hinoki. March 20 7—6. 10-year-old hinoki. April 19
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—EHEETHEML T3, ZOLSic, BEBIKL->TREEAOHPEME vy — VDRI D, 2ED50%

Number of cells (%)
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OARIPHEAHBELET B30I, RFTREE6H, VavFavwvib/FTREATH 1, BB, K
HICTERR & N A RITMERADHIL, ) 2 9+ 2 v <Y Ti380~ 120 @, X ¥ T80~ 1008, £/ + Tk
60~ 100 TH - 2o

Va— FOHERELICE->TXFPE / FO—REEMIIMOSELT S EidBIh, Ya—-tbP
HEDBEM FORIIEFig.9 OBFEEA 5L, Vavdav=yTRIADAIKIZELEL2EDTSS L
PAREMIAHS TE THRVDS, R FTEHINE, b/ F TR0 DEICIZH8S% DAIMaSER S T
oy, END22HBHT LMD, T, THSDEICKBRIOTELRKFOMEROESEMISLE,
Va— OHMEESIHFERE TIOERINIFEMBOBNSRISIKELBBI3DREIETHREL, T
TEMHDH, RFPE/F TR Ya— VOMEEEOEIEZBICL TEREBESMBETTIEAH8FC
EMTEB, LL, VavFaveyTRABRDEIIICFr Y e Va— bBEREINETELH
->T, ZOEROBACKPHEIASTER SN, HEOMEERELICH > TERBESSET T 3 LEE
TAHZERTER,

4) bR O BRRAHA

BHMEBMERDT HHEREZNAVAERS 20

haPp, coTilr, 2¥EE ) FEo0THE
MorkDEREZFIH L, KFHEEOEGEDE

[+]
% o0

oo

(M) ERTHD¥EREE (L) OH(L/ M)
D52 AR & 12 MRS HHEBR U 7- B A % Bkt Tk
DBEEDEAIE LI, LIL, VavFaw=
VT, Mork ODEHZBEIRA 5L, —icFig. o° o °
10IRT & D It OBHDIT WD, BEICk 09 ©°
> THBEM O WVEK S BHNEDT, Mork L 00°”
DEHETHEMT 5 &L T, Fig.100& ST 0 4“0 80 120
BMTEHWMEEZRT L/ MBEFHOKLBICON
TETL, BIEETELLAHDOBMESTS
4 &Lz,

PEDESIC L TEMEBMAEXST S &,
VI b TSR SN B & 5 i 1s BB
3, VavFav=y THEEKTIHI A0H,
8HELAAKTIZI8 A248, 1558AEATIE 7 H23A M: Tangential wall thickness
(Fig. 11-1), 2¥ T3 7 A19H ( Fig.11-2), t/*TiZ108218 (Fig.11-3)icfRE L 72580
5THoTe Z2L T, TDEEDOKRMERORIEFig.9 OARFMBEORERBERETEE, Vay
Fauvy TEEKRKTREATHCA, SHEEKRTIIS ATET A, IFEKRKEZFTIRT AhECT S,
E/ # TRIVADHTAIEVIOBMMIANSTERENS EABT ENBTE,

L THBIIEDIR, COREFig.8 O—REEHMRMOBHE(LE DBIEE L 2L, ) avFa
U YRR FTHERBERE T 1ZERICITIE > TV 5 & X KEMERMSET 201 L, £/ +Tik
FERRETEB DR 0 T8 - TBM BRSNS & TH B, £/, Fig.2 $LUFig.6 LOREE A
58, VavFaveVIHENZDORKNBEIDIS~NBICET LI AD0, AFE Y 2— MIT0~
B0BICET 5T A SBMIERAIED 545, £/ i3 v a— FOMESELEL ThoBMAERT 3 C
ETHB, LDEINERBIEMEBMORBDO LI -THELEZSDEDEZLNBH, Bifth
SEBEMADBITIE, —MRICY 2 U+ 292 Y PRFTIIFig. 10ILRT /Y9 — YD L D KEAETH 3755,
E/FTRWEPLTHELLAERTSE, BEICL > THRMIER®D L it e 5 L#EESH
5o CORICBAL T, %Y a— P OBEEOFHNIHB LMABL TRIL TO L BESBH A5,

L/M
2

ear lywood latewood

Cell number along a radial file

Fig.10. Experimental method for dividing of
earlywood and latewood of Ryukyu
pine wood
L : Radial diameter of cell lumen
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Fig.11. The initiation of latewood formation at the breast height in tree stems
11-1. 15-year-old Ryﬁkyu pine. July 23
11-2. 15-year-old sugi. July 19
11-3. 10-year-old hinoki. October 21
Ew : Earlywood Lw : Latewood

BB, V) avFav=y TRERIEOCRBRKNIZEBMEROBBRLSEBN TV 55, THEFED
DRAREHBROBET LT L ORI DINES L, HERHBOETE TEREDOL —+ v Vs h
BIHEEXOND, §1, BMERRB—ERBOKRBERIELT 2 E TH DT, LROKERLEFig.
I o/ FOMMEBIARIIZE VD, Vavdav=eyEXFTCREMERBBE ZZRICES D,
PRV EBDPE, TOTET, —MBICTHBEDY) 2 U+ 2 U2 Y PIFREVBMRBE RS &
DFEAH D,

5) HIfaRHB L UEREREDE ‘

Fig.8 O—REEHHRKOEMELL KOBARKL -RBORE,P S, T,.8FELEY avdav=wy
T 1APELEOLETAE, BFEE) avdav=Y TR 1 ATaH 2 LA, $-XF¥TI108 D4,
B/ FTRUADEEO LETHC A, MESRBEILETE b1, UL, 7,884 2
UF a2 vy TR 2ATEICIZHRSENET > THD (Fig.8—-1), 155FEE) a9 F 292V TH2
ATAIBEBEZEZEZIOSNEZDT, Vavdav~y CRIEREBEHSERICH 2 h—hid 3T
ERB>THHOHIBKIEABIENWEEBEZ B LB TE, TOXHIREZB L, EEMSBIFSES,
B Ml & ROEHROBEMIISEEICER S NS EEH VAT (Fig.20-3), LIFLIZ Y avdaD
7Y DERBHREBICTIE S T EDOBIAH S,

RIEAFIEROKE TEHRIC DN TAHABE, VavF oY TiRFig.12-1 iTiRT &L 5 ic 2 Athf)ic
BRELZRBEESITEONTE D, BREOF LM, REBELZR LA L TRBERAK 3 ITIE 2
ATRTAEThrdEAHEE, $LAFTHE, 11BI8HITENL 72 3 BEORED S b 1 Bk,
FERBARE DM Y 7 7 = it D AN T LT (Fig.12—-2) #35, B D 2 Ekiz 2 ~3
HIRADANZ S QIOKIRIBENSE /27 7 X b 7Y — Vit DRI ETD TH 1o 2O EDDL, RF
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Fig.12. The cessation of cell division at the breast height in tree stems

12—1. 15-year-old Ryukyu pine. February 18
12—92. 15-year-old sugi. November 18
12—3. 10-year-old hinoki. December 23

OAEFERIZIE FACAE TR 55 EDBTE o, £/ FTI2AZHITERL 725K Fig.12 -3
CRT & D i, ERSEEED 3 ~ 5 MEONT 5 MO 77X M) —VICRE D, Fig.7-5
ORIEBOREE E BB LT, 12APIBRAREFRL TOR0EY, TOT7 72 F 7Y — VichE
- 1-fEpalE, SERE NTRIEEAICA 5 D, HH50RCOTEHRIERICA D BEFERIN DS H
CTXxhote UL, RICERSNTHRIERICAS 31U, TR ORED S ¥k LC12Athicid
=ppangEEI LN, TEBEEREINELETE, bo FEVEIRKIEHICA-> TS EEEZ

SNBDT, b/ FDABERITI—IGIZAIKREEANL LT,

DLED X i, ERBHEEONEL, Vavda vy TRFFERET EREALRRIIERD,
Z2EEE ) FTRBELAENK-BRAIEEL TN, T3MELD, ZIREEERR S MRS DS L
$ 5TH o1 FBRICE-TWS, LEd-T, BlicblBxfckHic, MRERD/ S — v DEVIT
It > THRBEHOEBICERMSED SN B, HrOBETR Y 2 — F DEREABPROZRIFE
MG L TV B EH BT ENTE B,

EAW W B

HBICEETEY 2 Favey, 2F, £/ FOEREY M 7 vBIU—RERE ZREROMKE
B4z BT, BELROBELREFEPMOAREAEROSHEBLHEL, ROLDTER
YA

. Yav*aveyya—rOERIFEEEREEBERCHD SN, FFUEBEZ2A»6E1
AETT, va— FNAOESHICHSHEKIEEIBD ONE, 7, MEHEI2ATELS5A LA
CE9ANSI0AETO 2EEEL, 9 AL 5108 IKh T TORRITIZLIED D AR ER S OB
EL, 2 ATaH55A LAk I TOMMICII L XFOMAHMHER L. I3 A» oS D,
9 BicfpRA /L Ui,

2 ZREOMEAEWRIB,OBEVIAKR, £/ FOBEERIAIA»SHIEVIORIEILEL.

3. WSHAICEY AERBERONZE, VavFav< Y TR2ATEPTHCAHEEVELA
i) 2 B LACA, A¥F TR 3 ALACAHEEDIAK, £/ *TR4APACAREVILARE
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kL7,

4. BRMIEROBEESIIBBSE LA SWTENAERSBDON, ) avtavey THEE
ATI8ATH, 8FEEKRTIES Aht], 15FHEKRTR T BhHTHTH 10 1, IFEERFTIR
TASE), 105E4£E / +TRI0A TET A0 SEBMESRSEE -7

5. MRARLAMIERERDOFHEEOBMEAS L, OFHBEED 2 & RBHSERLL, v
a— FPEBAIRMBEL TV L ZCBMBRMESERTH S, LbL, Ya— bOBENSEETZICD
N (VavFav=Y TREFERSKEDIGESS &) BEREEHNETT2, @ v a— F DetELsS
BICHRL TV EFICREMBERSN, Ya— r PHEOBMENSKBIETTSE (L + Tk
a— POMRSEILT S L) BMERSEESZ, L2083, LidiaT, MEEED/ 5 — v OE8
DBEVICE » THEBOARTERERIKERIZIDZ DD, BLAOMETIR, v a— FDEREE AT
O RIIHEREICEEL THARLEDBELHTH S,

EIW HERNRBLEZY 29F197YOABER
F18 L HIC

FLETE, ARPBRHFN) 2av+avey, 2¥, b/ +0MREREABEROBHER, B
UiliEOBRIC DTN hs, KIBEROFEHHEBIR Y 2 — FOEEDIEMICY 2 — FOR, F15b
LEROFEBEZILEEZIONE, Lihi-T, KITHORER, MRICE - TRETRA B L7 &
&, AMEROEBBEDLL LAHESN, CORKR, BAEER W TR ABOMGEES T
PREREEBOEBERI 5 L EAFHENG, COETIR, BITHORK, MRk 28&ER2 b
a—VBARMOUEPCHEICE XIZTHBEHEOHICT BT, TRTEREARTEROBIEREE S0
BRHBLEVHIBANS, TUNLUADREAZUTOROKRS ERITE LAMAD 25D Y 292w
=YD ERRIC, BERORVPHEBSATERERICSZ 5 HBIC OV TR L 72,

B2E RRRAHE

RD 2 ODRBEITE > 1o BRI TR, BITHERZ TORVKS TRER OBV SAREREE
CBRITHRER~, ERI THEBRICEITLA2TROABEREBLBE L1, 58, REHRIE
PREEOMESE, 7V 37 —  OBRAEB JURH « BMOR D HEERTEOHE LELTH 3.

1 ERI

1971 £ 1 A ICSMEBFRICEIBIC K -> TEKS N, 1RY0 1 FHITTE LRI THUADERE b
BENTOROVIVEERS DS, MEBRPREL1BFDLEALREURBAE Lz, 2OS5BD 9K
(Table 1 DNa 1 ~6, 8~10) {ZDW T 1980 £E 2 A b S WIS O AR EBE L 72, A
BROBIEEHE - 12 1981 £ 1 AT L5 2 A FTHIAGT, $XTORBASKXABL, WEHEE (D),
e (H), KT8, BLUMEROEEL L TR2ERDLEER (Lw) 28T 3L LI, NEH
HNTAREHEML, BAEROBEL T/, 58, ERBEICHETI2HMERFIRZICOTEIC E
5, £, MRLODOBEHFEDPETA —F v VHEARIN, RBLAETLARMESEEINS
DT, WEBBEVIREA -+ ¥ VORARMEOEERIIMAL, BBE~OHBELE { KBTI
ERICHEBEEZOND, L L, KBERBLHEMECHEETRIEL, FRIETEZ 2 E4THIT,
OB EBBROKRE I LOEMNWLEMEREERT I LELD D, HRBOEREERRICNT 224t



570
HERRE R ERME 305 (1983)

%ﬁ@%é,TUbBéﬁﬂ&Déﬁﬁgwﬁﬁﬁﬁﬁ%D@ﬁﬁwk%éﬁi%tﬁéio%CT,
ﬁﬁ*%ﬂ?“ﬁt&ﬁb.%ﬁ@@ﬁﬁﬁ@ﬁ%b@ﬁﬁ%ib?ﬁﬁ&LTJM/DH%ﬁ&Lt
(Table 1)o

Table 1. Data of sample trees examined ( 10-year-old Ryukyu pine )

Tree D.B.H. Tree Clear H-Hb Oven-dry Lw
number height length H weight of DH
D{(m) H(m) Hb (m) (%) leaves Lw(kg)

1 12.3 8.9 2.0 78 6.23 57

2 11.8 6.1 15 75 8.63 120

3 109 8.8 2.1 76 5.57 58

4 9.6 7.5 1.8 76 4.34 61

5 8.6 58 1.0 83 4.47 90

6 8.6 6.2 1.3 79 2.64 50

7 7.6 8.2 3.0 63 2.27 36

8 6.9 8.0 43 46 1.12 20

9 6.8 7.9 4.7 41 1.35 25

10 6.7 8.1 41 49 1.00 18

11 5.3 6.6 2.1 68 0.89 26

12 44 6.9 28 59 0.69 23

13 3.7 6.2 3.7 40 0.33 14

2 ERI

1979 4E 2 A2181c, FE++/SANODISEL ) 2 U F 2 V2 VKD H 5 IKOEBRALED, RO
FRAFT15 - 7248, 19804E2 A% T 1 Eflicbhiz>T 1 Aic 1B, ABRAOKEERLL & &% L (T’
a5 5 REORARKED © 2 7Fih SRKERRL, KBEREREEE L.

AR @IE (TXTOEREEKRT, MERT0~80%) 3A

BX MKiFFLE6EMEARL, MOKIETNTRITE (WEFE0~60%) 3&

CR #F L4 BEEsEL, OBIIT~THITS (MER0~40%) 3&K

EI3W BREEER

1 ERI

ABERAEBE L7 9 ZORBRAE AL, MEARSELET SEBLUBELTSHICEALN
1R 5 9 TOIER RO, RBRAZ & OIEMOTHEEERD 12, ZhAEREESPRORS %
£hTEEL L, COEEERRADEERELRTIHE (Table 1) L DMEBA%EFE~, Table 2 IR
LT3, Table 255, EREEBLRIO RS OEE L AFREERIIEE L OBIR, BIUEHR
AT ISEROBRAEA THOM S L O iC, ERBESIRORS OEEIRE TS Lw/DH S AHRA
B, RERLIIED, Lisi-T, 2ERLD GEOHEME BEEORKD) PEKED B
FEEY Y OEBVATEBEGACHET S EPHLLTH S, €I T, KF@EBZNEN 10 m,
20m, 43m, Lw/DH 202190, 57, 200N 5, Na1, N8 D 3 RKOHEBAERICL - T, K



571
INB DY 2T F o vy DRIRIEE & ERES

Table 2. Matrix of coefficient of correlation

(1) (2) (3) (4) (5) (6) (7) (8)
Cambial H-Hb Lw Lw
activity * D H Hb H Lw DH DHHb

(1) 1,000 0567  —0.731 —0936™  0877%* 0694 0.888%F  (.953%*
(2) 1.000 0054  — 0.686 0.744 0.939%* 0706 0.498
(3) 1.000 0528 —0379 —0.189 —0601 - 0.766
(4) 1000  —0985** — 0717  —0801 — 0.820
(5) 1.000 0.728 0.744 0.744
(6) 1.000 0.888**  0.697™
(7) 1.000 0.933
(8) 1.000

* Length of period of cambial activity at the breast height in sample tree stems
** Significant at the 0.1 percent level

BHEREZR<BCEILT S, B, EHLE, R FEBELLw/DHAKEZ WVEBRALHTEOS VR
R, BICHETELEL Lw/DHAVNS WREBAEBTRODIL OREBRAK & FE3:,
1) ¥l ORI

Fig.13. Cambial zone before and after initiating of cell division at the breast
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height in tree stems
13—1. No 5. February 20 13—2. No 5. March 20 13-3. No 1. February 20

13—4. No 1. March 20 13-5. No8. March 20 13-6. No 8. April 23

2 Ao 4 Bichid TR L RO KROEDORESFig. 13iIc/R LTV, N5 TiE, 2 H20HITI
MR BLHSIK B JRBEDS A Hte (Fig.13—1) #%, 3 H208 i3 —REEHAIREsHmT 6L & big,
B " REEER S E - Tl (Fig.13-2) L7zhi->T, 2 2084 5 3 A208 OfEickitasn
BIMEE 572 LI BH, Fig.13—2 TRAERALOPORER T, BpfHila s SR ZREEK
HREIICIFRE LN TN BDOT, HOOREKIEESE O EERBESNERICE T EEZI SN L
HL, ERERICIALYS 50T, BEMHIERO DO 2 ATACAP SR~ 1AL
to E7-No1 Tl 2 A20B ITI3TERE 375 2k LIKIEIRIETH - 72 (Fig.13-3) 4%, 3 A20HIC
EBNEE - TH Y (Fig.13—4), A8tk - TERsh - FEMREERRAERL, ITRORPDICS
WHAEAR= I VT CHET 3 &, BMHERAIO 1 2 ZREEREERD T, 22T, 2H220B25
3 20D MR D IEE -1 T LIS BhS, Nob EHBEL TV SABVLITHHDT, 3HLE
T AH OMENZIEE ~ 12 EHEE L1z, N8 Tid, 3H0BICIELBD SNEH» - MRSH
(Fig.13—5) 75, 4 A23HITIZ L5 R A5 0B KD, REAR L IHAEMZO ZREEERA
TEbh Tt (Fig.13-6) LS ->T, N 5PN 1 ORBRA L H#T 5 L1 7 HEIT, #lan
W4 A EHCADOIEE > TWAL &b o1, BED X diT, MRS EIIN5, N1, No8 DR
BAOIETHEE b, BERHIDEVERBARIZ ETERBOEELORHSB OIS A SN,

2) —IREEHMIEKOFHE(L & AT MIZD REEE

—REE MM O BT A Fig. 14 T, KEBHEO REFZEBZ Fig 16 IR LTV 5, Fig. 14tk 5
&, —rREEEAmRaRIT 1 A S B L TN 8 0N 145, Nol XD bNa5AE <, Nob DFIIIEIZ2 A

20
A\A Py
aNo.5 &
\A a @ 150 A P v
2 \ = No.5
*g 15 . o ® /
A o p—t" 0, o £
E - NN N / 5 100f S ey,
10k 0. / ~~e / o
et o—* o_ & & Ny
B o /NO-B \o/.\./' \\o 2 A/A/o/o
I R o £ sof g __e——s
> 2 e P —® No.8
“ o e

Date Date
Fig.14. Seasonal variation of cell num- Fig.15. Xylem cell numbers of radial
bers in the primary wall zone file at given dates at the breast
at the breast height in tree stems height in tree stems

HoMUIEY, 3~4BE11~12B—2A2RLEE I BRB/MEIRIS > T, —F, N1 D—K
BEELARINE 3 BT, No8 DMEFEEIZ 4 BicimL, Z0o%KEEE 118 F TOMMIcddH £ DIEREDS
750As, Nol TIRI2ADSED LEED 1 Ric, N8 TiRI2H I, TN ZHRIEI & E CEICIE > T 5,
L7:5-C, FEREESIENS, No1, No.8 DREBADIETIEE D ZDFDIETKR S LHfEEI N, Hid

*EBOF— S ICEPEDDIESOEMHZDT, ZHEBEBEEETEOHICL TS, Fig.22,
24 bERETH 5,
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B ORBA CRESBESOMMEMEL L5 TEMNBOIITHE -1, 7, Fig.15 T, AMRimea
DM OMEX 1IN 8 L DNo 1535, No 1 XD bNa5AKE , REMEOIERIEN5 No 1 T3 A
M5, N8 T4 A oA D, Nob TiHiZE | F£hARIBMIASHE DT 245, N1 TR 1A, N8
TRIZBICHINBKRE Z E5bh 5, 230, MEENSEVHEBRRK TRATMROEKELSZ 13T 1
FEhEEINLL, HEERMDEOEBRA TIRBEROERR DL Z0ERBEbE V. 158,
Fig.14 Tid, No 5O—REHMEKII3~4 AL 1I~12AD 2B —2 %2/RL, ThHFig.15DOARLTM
FAOBEIMRICKBM L THWA EEZ LGN, D& S H—RESHHAKD 5 —vid, = VvBOEX
HEROBMENAEFELERKES VOBRBEHLUL, Y29+ 2wy TE—REUTEO DD, Hi
HEsNG, TIN5 -V, THROLEDERERETEKOEREREAORREIEZ, 2hEh
FRESOHBEFECL I AAMAEEBOHMCLEEEL SN TV S,

3) AREAMROYEER L EREED FMELS L UBMEROBRIGR I & BetfR
BHEBRLERER T, REEEPK > CEBROMBOEERR L ZIRBEERAE T LcEEZROM
FIOEHEODEIZAEL, Z0ER4 Fig.16 £ Fig ATIRLTW5S, 2 DORKAL2E&KMICAHS &,

g
X
b1
~ 8
5 g
2w} \\ S er N3/>§
9 =
9 /\ —
& ,/ No! @ ‘\/Q~V/
5 \\ <ae '~T‘\‘ g "~
o 20} o o o 4
—~ msi\° 3 4/ //\m/
.8 e 5
Cltyeenesz:
ki &
a a
Y RV ER AR A AR N RV VR Rr Y X RA L I 273579619 719 518 0.200ATE 223 115 250"
Date Date
Fig.16. Radial diameter of xylem cells Fig.17. Tangential wall thickness of
in the secondary wall thickening xylem cells which have finished
zone at the breast height in tree maturing at the breast height
stems in tree stems

BREBIDITVARK (N8) TR, KBEXOHMHICOL S MM (FHMHMID OXERESNEL,
KBRS O ERRORD L EREREOMMMBEE - T b, ZHIKHLT, WERSE VAR
A (No5) T, BHHROEERENKE, HBIEBOREL O EEEORD LBEEOHMIIEE %
T EBO® B,

—7%, N8 TI36 H198, N1 T 7 A19H, No 5 Tid 9 A20BICHE L fo ikt & Bt ifans2y
S5 &Sy (Fig.18), ZhZh 1 4o ABNCEME L 72RIgHiC & > TS Wi A v A OALED 5
M LT, BeMERIIN 8 TR 6 AT A, Nl TR THALAITAH 5, b TZ8ATAN»S9A
T TIE - Edb T, $bE, Fig.l6LFig 1755 bHETSE 5 & 5 i, MR
DIV RBA TRBEMEROBERHESEL, BERVEZVERKTIIBOERLES SN/, TORKR,
Fig.19it/Rd & 5 ic, BibtRiZLw/DH, 2% W BEBOMMICE > THD L .



574

RRARFRFNERBRE 305 (1983)

Fig.18. The 1initiation of latewood formation at the breast height in tree stems

18—1. No.8. June 19 18—-2. No.l. July 19 18 -3. No.5. September 20
100
o
)
~ o
i o
S 10) o o
3 Oo
g
2 o
A o °
| | |
0 40 80 120
Lw/DH

Fig.19. Relationship between Lw/DH and percentage of latewood at the breast
height in tree stems
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4) MRS ROE L

MIDRHOEBIESBDOLNBE L HIKIEZDIF, N8 Tid12H238IC, Nl T2 1 B19B iI#REL 723,
BroTh-7. N8 TIidI2H23HICT TR MBIEE D, FEREXRTOMID _REERISEITL T
Wiz (Fig.20—1) T, MIESRZNATHLOLRZIRZALGCAELE L E#EESNT. LIL,

Fig.20. The cessation of cell division at the breast height in tree stems
Cell division stopped in early December (No8) and in early January
(No 1) but there was no clear rest period in the cambial activity of Ne5.
20—1. No 8. December 23 20—2. No 1. January 19
20—3. No.5. February 20. Cell divisions for the next annual ring formation
are visible. Crushed cells ( arrows ) are caused by electric stimulus
applied on January 19.

FERBEHOMIAZ 1 AEICREL 77 X b7 ) — ViIRBE O, KEAS5ET LARIRDSEE T 5i2id 1
ATHICAEThIPBEABEN, £/, Nol T2 1 AI19RICIZDHIMEE LEREER LMD~
B HSHEE - - BEEBO L S Ic@BD St (Fig.20—-2) OT, MESZII12ATALVOLIEB1IAT
BTAEIELET EDBbh T, 88, FREKBOMEOREIZ 2 ATACAETrM 7, N5 T
2, 2 20803 TRIRDERERDO1-DDORREEE 0, Bebtfila s Ertra R icERE N T
Wiz (Fig.20—-3), Fig.20~- 30tk D FAHDO D183, 1 BI9RICBSHHIBAS X 2129
IKE L. &OT, RIgRICEMMR, RO TEMBRSERS 1, N b5 TRIERBESHEBICIT 28
b -Td, BEAEKERHSKLWTIEERLTOS, LL, GiiKbRXI LS icERERICIZE
Binid 20T, 1 DOFERERO7HORREESIZ 2 A LAITAE -1 EBHIEL T,

LD &Hic, HERHSEOCHBRATIHRIZ 1 EPRBERSTEONSD, HERISDIIOHARBRKT
BATIEROBSE BN, RIEEHBBRENC EMHLMICE >/, CORKEL TR, BE,SOD
A —F Y UONABRYEOHREE, BLUZNOORHHHERGRBRABI CTREALHEEZI LN S,
2% 0, WEBBEVREBRATIE, 2 —F Y VOPRABRMBOEERNSE {, ML o KFKEITE
S TWABEAL (22 TIRIERAL) F TOMBBBE,L VYD, HEBHEES F —+ v v ORARYE
s h, -+ Y UHEBVEE TEPRNERS TS, HERSDETOEBRKTE, F—Fv /9K
BB OLEERNDIIV D X, BELSOFRMBEL RDPTRASHEDT, Th 5 OHBITHEM
Db EEbic, HBERBEWEEL oA —+ v VBENETT5LHEELI LN S,
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PlEDC &m0, BITHPRRIR, BXICL 2RERBOBRIIARBEROERICEELL/SL,Fig 16,
Fig. 178 XU Fig. 19Tk LIz L Hic, REBMBOF 1 2 ¥V a VOBME, §15HOEAREOM MM E
AEABEADBLEMTE D, —F, LBROFERIH I TOHREBATOILETH-T, F2ETHE
Ntc kD IWBEAR EAREROSBIIFZEMEEL THE0T, MERSRIL 5 EGH THEERD
BEHEBIERST G NI, FEPEIGENVFMOARBEREBIIHEROLEEZIINEEZIL LT L
BTE B, Lih-T, BERBOEBSABERPABOMBEEICEZ Z2EEEZHOPITT BITE,
BEDOTWAI T TR, BEARICOVTOERETILENDHSH, £L T, KFOHBHEEICSZ
BEEICHOVTIRRE (FE4E) TRETECEICL, KRic, EBICEITEA2TEL, #E LI E S
WA T, MEBORBDBARIBIESERICEZ 5B ER T,

2 EBRI
MEEWALIC B 3 —REFHEKOZHELORENLH % Fig.2lic, KMMEDREERDOH %
Fig.22IcR LT3, Fig.2lick b &, HITHANER (2 A210) E I TICHRSESEED, &
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Fig.21. Effect of pruning on cell num- Fig.22. Effect of pruning on xylem
bers in the primary wall zone cell numbers at the breast
at the breast height of 15-year- height of 15-year-old Ryukyu

old Ryukyu pine .
pine

O A A B ®C

Treatments were applied on
February 21.
O A : Control (crown percentage
70—80%)
A B ! Pruning I (crown percent-
age 50—60%)
@® C : Pruning I (crown percent-
age 30—40%)

MEEX & b —REERMRIEE 12~ 13RI L T e, BT Hick » T, ARTIRMREIRED
5180, BRECK TRV -ABDL TS, 0%, BXTIE 5 AL oMLY, 6 HLERR
AREZEFRICEICIE > TOEHD, CXTRTALOHABDS DD, 2HICAK, BRLD D
B, ZDLERS, BEDOEITLE2RUBBRARIEUREESBRBICELEPHLHLTH S,
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¥/, Fig.22i3, AKX, BRTIR3A® 5, CKTIR S5 AL SRBMBIOE (TREEER) S1a% D,
BHERS/NS OHEBRAK TIABMROMKBIE DR ESBN S T LERT L E bic, RUBRET,
RENFARBMIOMICERBH BT EERL TV B, 7105, EB I DFig.14 &Fig.15 & S #E
Ihtckoic, BFTbiIck 2REROFBDIE, AFERERR EARATEBREROM A ICEET 5 &0
oL TH S, 145, BITHLORBKRERGEE - HERTH -2 L0, B2ETHRN/LLI KK
TATHICRFEDBENSAKTIET TS LbH->T, Fig.2l L Fig.22 obhb LS, BfTH
DEBIIFICKRTERDOTH, 2% 0BMEREL D SEMERBICRONO TV 5, OB RIT,
AXTI350~60%, BXTi350~65%, CRTIiI60~T0% &, BMEDRKITHAITH - - ABRIEZEEV
o8y 61, Fig.19 EEBEEERSB N,

—7, BELHIcE Y 5 —REFHRRKOFHELOF % Fig.23 iC, KM REFRDOH % Fig.
24ITRL TV B, Fig.23i3, 2 A» 511 h i3 TORBIANO —REES I SNERK & §11~154
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Fig.23. Effect of pruning on cell num- Fig.24. Effect of pruning on xylem cell

bers in the primary wall zone

numbers at the 5th whorl from

at the 5th whorl from the top the top of 15-year-old Ryukyu
of 15-year-old Ryukyu pine

O A A B ®C

pine

O A A B ®C

KlickR s, 12ABRZAFNELD T2 b0ORNEBXEITZ DRITKENENOT EARLTHS,
F72, Fig.24 b, KEMEBAOMMER % RY 3 DOMRIIZITEN L, FNEXHET, ERS /KR
MEOMITIBEAEZENB W EEFZDLTVS, $1bE, #ELFickH0 Tk, RERTHS
NIZEOBEITEDHBIIBZEALTZD SN LT,

LAT, | HOKENICED AERBOER(LLEEREILEVHITELS, HITHORBEERT S
&, BRBOERALE, BRO LE S FTHAR-> THTT 3" LS TW5H, Fig.21 & Fig.230 2
A O—REMIEMOEEL Sbr b Xk, BITHA, 2% DHBEICEREL TV AIRETIE, MR LR
LRSI TIZF DORRICIZ LA S ERBE W EAKE S, LL, Fig.22 £Fig.24 ® CR ORI
HMOBBEHBICRANE L DI, BITHA2ZF AT &tk > T, BEHALIC I 1) 3 REBMBEOEARBELS
BRI LI L 0 b BN S, DT & EBITHEEOMB EHICE T 3 — KBRS L ORI
ORFEEBICBSNEXETRENTTNLERETSE, BEPOSDORIDHBKRELNLBILONT,
BATH OB 2 CHELT 3 EEX 5, —F, BBROLHE TH TRERBEEEOEILRFHICKE
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HEH LN - 7oh8, Fig.25 EFig26ic AREBXOFEBRALZ 3ED 1 AI6HOREERL TV 5B K
ST, BITHABEX TREMALERBB LN, $78bbL, ARTIE, 1 A16H i3k Lo
HEITTIIEE D, FREEROARTHEO REERIIPIBEDEATHS (Fig.25—-1~3) 2%, I
B OREI AN S LT HEBTMELE LCEEBRDO L HICAHZ S (Fig.256-4~6). THiTxL
T, BXTi3, S# RO TRELHRSBRBITEON TS D (Fig.26—1~2) &3 TitiELE
LTWasD (Fig.26—3) HBW SN 305, FEBAICB LTI 3 s bMlaaRBELELTHS
(Fig.26—4~6) 2% 0, HUBEROELEICAEREL TOA2HEBRARKTIIMRTEHL D & EIT, &KiTH
MEX (CROBEZERIIBRE—HKL) ORBRARTIFICHR LELD STEHT, EREEESE
CEIF LT EDNbD B, DT EDLD, ERBOERELR, ERWNICIIHER TR /X S5 ey
SiaE DRBO T HNE - TEITT 203, BITHICk » TRIERWNS K TR B - 1i5s, &
BIEDELHEITERELBVIZL TS, MBOTHTRZOHMPEDSL EEX b,

Fig.25. The cessation of cambial activity ( A, January 16)
Cell division stopped later at the lower stem than at the upper stem in
the control tree.
26—1-3. 5th whorl from the top
25—4—6. Breast height
25—1,4: A—tree 25~2,5:B—tree 25—3,6: C—tree
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Fig.26. The cessation of cambial activity ( B, January 16)
Cell division stopped earlier at the lower stem than at the upper stem
in the pruned tree.
26—1-3. 5th whorl from the top
26—4-6. Breast height
26—1,4:D—tree 26—2,5: E—tree 26—-3,6: F—tree

PEDT EHDS, BITbILX > TTBERERE L& X, ZDREIR b & 50, BEH»SDORID
HIRE <12 2B TROMU TRMERBLOOLEL 2, MEAPHTIGEBATIRIZEALLE
ERODBOCLEOBHETE S, LrL, COEBRTIIEE LI EWBBALD 2 rHFcOBERE 5 EER
BEASHWC L bH - T, BITHOREA 2 2867 (HH) ZAREICT B EBTE D 5T e,
Y YROBE, ROERMDKDDFEFHOEEPIERST 20T, BITH OHBIKERLIS DAL
EBGEBICHONS LELONDH, LD 2ROV TRKRETHINBC EicT 3,

BAM % L

TUPADERE DL ENTOIBOIVEERIICE VT, BEROR LR OASERE RIS
ASHBERNDLLBI, ISFERDTEITE ATV, MERRD SARHHRASBICE LIT+ B8
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A MO &M% LE D 2y CEE L, ROERERE/.

1. Tmuﬂw@ﬁéﬁﬁfwﬁwﬁﬁfm,&T%@%ﬁ%@%&%ﬁ%%bmﬁiéﬁbtﬁ‘
Lw@H&WE%ﬁwﬁﬂgﬁﬁﬁ@®§é&@@Kmﬁﬁ%bant,?ﬁb%,ﬁT%ﬁﬁ<bw
DHASA & WEREA TII12E | EPERBEE ST HLO S, BETFE»E < Lw/DHAWhS VW HEBRK
IR ETE O BA A SE NS L BRI ASRL 72 A HED S b T,

9 KTFEHEL Lw/DHAVNS WVRBATIE, BFEME Lw/DHAKE LEBRALD b, B
ﬂ@@¥@@ﬁ¢éwaim,m&%%ﬂm%¥@@®ﬁ&&%%ﬁgmmgﬁﬁi@,%H%ﬁ%(
13 BIEEDEBD ST

3. BATH L RBRAOKESRA TR, BITHREC S X 20, KEMIEOBREEOREEN,
%&énéxﬁmm@ﬁ@wawo%Kﬁﬁmmﬁmmw%émk%<,%M%m%<u5@ﬁﬁ&e
Nnre

4. ﬁﬁi%@*%%ﬂﬁﬁKﬁﬁ&&Eﬁﬂﬁ@%@@%bBﬂﬁ#otoLtﬁcf,ﬁﬁﬂ%
RO G TR S DR D HBHKRT 5ico0T, BITH DA GERICB LT TEEIIK
XL 18 BEAIERET _

5. MMEOREBA T, MBS THA~E-> CEREOERAEEL TV, BHTE L
BT, B LD b THATERE EORHRE

F4E ﬁﬁ'lbfiaéu_—uj#;vvvmﬁiﬁﬁiﬁ
18 QI LOHIC

BHBEOHTH, BHICEITHPRIR, BIRREETH 50, EROMETIRBONRNLTEEL
T A HACRENTSNTEC Ebd-T, BITHPRIR, MRGAROUREPHERSASE
BH VPRI OVTRTDCHSMCENTVHERFEANL Y, ST, EIBETIR, BEEBPRN
2T LT » TRB T HOARTERERIGEN DS SN, MEROMRIERERBIP O TR <R
MOMMBHEEICE CHBT 3 L AE, €T, COETRE, BITHPRK, MRick oHER
o — USROS IC B L 1E T HBA RS T AEMT, RO EICOVWTRE Lice £97, TXI
DIADRES L SO TOROMA AN RIC, HEROBVIINERALOFRBEICEOL I TEEES
FIETOPEFENT . RIC, BITH S X CREMIEATEC, LB & MBEROFHBETH LS (K
B BICE~, BITHOREKIC X 2 RFEROMEAKBOMBBEICSX 2 BRI LI, DVT,
BN DI & B RARTKIC 2 SOBREA R L TV A EEX N, OBRLODHEFPETERIN
24—+ v EREESOFAMAOZFERAHEL, @ETEES W A ARME IS ERERE
O EMEMELH 2, ESNTVE0T, HERI ¥ o - VOREEE EEOBEEOLBICNDTE
®L1,

B8 RBRAE

=3 EOER | THOBAORBAOKWS®, S ORARKL, BAER Bir S THERE) ©
iE & AREERARIE Lk, ZOKOETH %> ERD LRSS $ 0 5 R,
KRE DL EE & B OE X | 1 MKEFY OB, L UBRREAES S L L bic, KE
BELTHIs07 4 TYMER D GIF7 4 7V VERE VD) OERNELERNT.

$7-. 1980 fE2 Aic, M3 EOER | THMA LM O—HIcHITS (LIS 3 fiE A& L o T
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B4 ~TUIRR) EBRMR (BickB e+ ES 3 2 F2E I AR A A MEEITE, 2 F%D1982
F4RICRRBXD S 2 KT OHABKELBOKRBE L1, (REILARBRKOEBTREL R4IEELAIEL
7= (Table 3) %, #HES 05 m, 1.2 m, Fh&D LM TRBEEMC L IO DREH S AR A
BRELL, F& U TR 1 R & 0Bk 2 EROFERBE L A<,

Table 3. Data of sample trees before and after treating of pruning and thinning

Tree Treating D.B.H. Tree Clear H-Hb Oven-dry Lw/DH
height length H weight of
number D(m H (m) Hblm) (%) leaves Lw (kg)
35 A 8.3 7.8 — — 2.61 40
B 8.5 8.6 48 44 1.71 23
37 A 9.2 8.3 — — 345 45
B 9.8 9.2 3.9 47 2.42 217
39 C 6.1 6.2 — — 1.10 29
D 7.0 7.5 34 51 1.60 30
44 C 5.1 5.2 — — 0.73 28
D 6.0 6.1 2.5 58 1.19 33
A ! Before pruning B | The second year after pruning
C : Before thinning D ! The second year after thinning

I5ic, 1981 FE 4 108 IcHE (REAR LT XTOELRHEL), HE (FE2BLITNTORELR
) MIBARL 72T+ » /2RO 5 EEKRE, 19824F 3 BicBI L, KEIER & APFEIAOHE 1T
BLETHLEOHBEEORBERIT L /2,

B3I BRIEE

1 TXLUMOBRENEEN TG ORI ICE T 2 MEBEOEREE

1) 4FimiE, 14851 H ORIPMIK S L UARBMIEOEERE & #EBOBR

FIEDER [ THWIBRDORABRADMEHALICB T 2 BN EROBEDOHELTable 4 IT/RL T
W3, FTREROERCOERBECE I THELABTREROANOGAB I LILT 5, T, FiRIE
EIERRE D AL RER Y © OEROIEELw/DH & OBMRZE 70w b5 EFig. 27D X ST 5, HED
TR EVHEBEZRED S, FREIELw/ DHAKREVEBRKIZ LRV, Lcdi-T, ERBIEIATE
KEASN, BERKZVEEEREERBSAKE W ELELHTH B, LrL, Lw/DHAHENT 3
KONTERBREFNIIL D TR, FRBOMARERTHEDOC SBEIBRL IT/N&L1ED,
BEESEZVABRAM TRERBOZR/NES L, COMHE LT, Lw/DHAKAE OWRBRATIE, B
FE LBEROLALZ C EOHRMBET T2 &, BLULw/DHANSOEBAKL O SEIELLH
S>THhAcd, ROERICEBSNEBINA I ERENEZ SN,

FRIRITEREOARTA TR X 2MlaAHOE EFTEMBOKE SILL > TRE S0, FHANOD
1 flBRF I & h A AEHIEE & Lw/ DH ORAK % Fig.281c, K MBOEEE L Lw/ DHOBFKE S
Fig.29 iT/RL T3, 1 T4 b O KIBMEKE & Lw/DH OBfRIZ, Fig.27 EERRICHBMSE < %
THRU DR ZR L, Lw/DHOMMIC DN THRSRBBAICIEZEIEERZRDLTVS, 1L, &£
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Table 4. Structure of the outermost annual ring at the breast height of sample
trees in Table 1

Tree Ring Cell Radial Wall Wall Wall area Basic
number width numbers Y diametr 2 thicknesss) area®’ percentage density
(mm) (um) (um)  (x10%und) (%) (kg./m)

1 3.10 97 32.0 48 796 64.9 538

2 6.33 156 40.5 4.1 1,180 46.3 374

3 2.48 79 314 46 632 61.0 540

4 4.13 120 344 4.8 897 60.6 486

5 5.43 17 318 3.0 997 48.3 412

6 4.53 126 345 3.6 873 50.9 443

7 2.58 73 35.3 6.1 611 545 520

8 1.01 37 274 42 201 61.5 643

9 1.40 53 26.4 44 288 718 576

10 0.66 28 23.6 45 158 68.7 620

11 1.23 44 28.0 48 289 62.5 602

12 0.562 21 248 4.2 117 60.7 587

13 0.51 20 25.5 6.0 134 80.2 688

1) Xylem cell numbers per radial file

2) Mean radial diameter of xylem cells

3) Mean thickness of tagential wall

4) Cell wall area per radial file in a cross section

(o]
6 W=6.51l0og(Lw./DH)-7.66
P r=0949 2
= o
= o
2 o
§
- 2F /
(@]
- %
=
2 | o

0 zb B )

Lw/DH
Fig. 27. Effect of Lw/DH on width of annual ring
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Number of xylem cells, N
3

o

/
'y
- o/ ° N=170.4log(Lw./ DH)-189.5
o ° r=0.944
25 Bb ]
Lw/DH

Fig.28. Effect of Lw/DH on xylem cell

numbers per radial file

~ o So o
g 40 ° ° b
=4 /
~ ®o @
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< 0% e b °
5} (4
E | Pss es
= L ]
= 20|
:.é. o earlywood
"g ® {atewood
oo
1 1 -
0 40 80 120
Lw/DH
Fig.29. Effect of Lw/DH on radial di-
ameter of xylem cell
® Mean value of total xylem

cells per radial file
O Mean value of earlywood cells
@® Mean value of latewood cells

WIBOBE LEMKICLw/DHAKRE VRBRAMIB ESREBOZI/NS KB >TW B, —F, 1 Hifay
SEOAKIMIIOTEEERER, Fig.20 DM TREN 2 X 5 iKLw/DHOMMIC DN TAEL 8555,
MRS BM EBMIcR T TT oy b3 5L, BMMIROESERERIILw/DH OMNI M4 -> TIZIZE
RIICTHART 2600, BEMBROFEERRI S 5EEORE SICHAL L RIZIZEA LT L
BE—EELTT. 250, H5EELULOMER T, ML Y 2 v+ v~ VEBHOKXE %
RELHBBLLEWBTE S, LI-T, MRAHOEMERTHEEOKE XL TR, EEo0kDER
BICHE T 5002 EL1HE, HREMOABLIOKELFEETIEDEEZIONS,

Width of annual ring, W (um)

W=0.0375N~- 0.361
r =0.986

Fig.30

L L o

Number of xylem cells,N

. Relationship between xylem cell
numbers and width of annual
ring

T T, FHE SRR E OBIRE Fig.30 ic, FliiE & KRR E OMBEEFig 3LILRL TV 5,

6

Width of annual ring, W (um

o Y—

W =0.348W/N -8.01
r=0.887

Fig.31.

40

Radial diameter, W/N(gm)
Relationship between mean radi-
al diameter of total xylem cells
and width of annual ring
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2 SORA BT 3 &, AWMLk, FREE HERIFLEOHEBIRD SN0 505, KEHEEHMOS b
EDBECHEEE TR bbb, T, REMIAK (N) &1 HES L& ORTMEO FEEE
(W/N) EDBAfRIE,

W,/ N = 008 N+ 24.1 (r = 0827)
TEbsh, —BICERABOEESE FUEATHIROEZFROAREVWEALE S, ULD2/NS
b, ERBRERBOARTNTRE 2MBESROEMICK >TREALREDLER S, TDTLR,
MIANA XET A ERVAFREREERT A LEERL TV 5
2) EREBEOES, BEENTE, BREIXVOAEBER S EROMG
wic, EREEICE LT TREROVEL MRERELEROANPSH 510, HEREOES Lw/DH
DOBI%EE Fig.321c, B & Lw/DH OB % Fig. 3310 R LT 5, 3%, 1 MIFIOF8mEER I,

S
@ 100 1200
8 2
~ . [as]
§ | ° ‘|3
- - ° (X 2 800
0 ". o o .
8 ° B
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e~ 00 )
= °% o ° o ° b0
= ol 8 400
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Lw/DH Lw/DH
Fig.32. Relationship between Lw/DH Fig.33. Effect of Lw/DH on wall area
and tangential wall thickness per radial file and percentage
of xylem cell of wall area
O Mean value of earlywood cells @ Wall area ( A)
@ Mean value of latewood cells QO Percentage of wall area( P)
A=1254log(Lw/DH)—1422
(r=0.966 )
P=14315/(194+Lw/DH)
(r=20.819)

Table»5bm 3 &S5 ICRBARBTIES 5%, Lw/DH & ORI EEERBDITL Wicw, Fig.32
IR A B S Bbtic ), BB O L OBREDOEEEE T 0y F LTV,

Fig 1TICR L & 5 I EREEEOFHELIRTRIC K - TERDBS 570, BEOFHRAL(LO
2 — VIR RORBAEZIACEREILTTHR L, LL, Fig.2itaohbdkdic, B - i#t
CEDEHENESNZ, Lw/DHOAEF SIKLLOTRRAM TR EAEERMSNIV, LEd-T, BE
B, BIREDEZEPEEDFERAELD/ Y Y — VICEE | TH, starved wood 4 15 & DBk
HEAAROTEEICIE, PHARCEMBROBEICIIZLALHELLNVWEEZ LI EBTE S,

2

2

Wall area per radial file (x10” #m’)
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%/, Fig.3313, Lw/DHO¥Nic>H T 1
MRaFY © OBEHER I3 Fig.27,Fig.28 & [E#E7S
NE—THML, HERSEZVEBAKIZEH
FIBRBEERNAE VT EER LTS, —F,

Lw/DHO#MIc 1T, Fig.320&5icg- & 800

B C L OBRMBEOTHMRED SBO 60 3 ol 2

D, Fig 19ICR LI & > KBMBAHDT 5 & 4 *\?\\:

L bic, Fig.29 DBBRO & 5 iIC K IRMMEZDF1y 2 o0k ° k\\\w\\‘~
EERBEOGRAT 5700, BRIFig.BIiRTL 8 °
SKMDT 5. k1, COBR, FREEHKE S |

Fig.34 D & 5 icLw/DH O#imc kMg -3

BWOTNS 53, $1b5, MERADEL M 6 , .
RBRATRERBERE C, HERIZVR “0 80 K
BATII® 400 kg, f OBRREBERIIRR S0 Lw/DH

BHVPNE W, [ERRSEEERBEE ORI 2 2
FRE/FTHRD LN, MREELFT S
B EAMBERIIAE VD

3) REBEREBLU 7 4 7 VA & BT R OBG
BERASRL 5 HBA 3 A0 REE RO/
FEH B LCBAERANOELE Fig. 3510R
LTW3, Fig.35—- 113, BEDEERE (#
TR BHOMPSIEVDT, BEICLOLESED
B, MBEEHROBRMKEFEREOMMERT
3ODHMMITIZITENL B EA2EZDLTV 3,

Fig.34. Effect of Lw/DH on basic density
B=93301/(132+Lw/DH) (r = 0.930 )

THDOE, KEROHMER,SRIZFZBAMT, ~ A «——0=—5;

. . . . CRg ..28“/ N i S0
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35-21%, Fig.35— 10 & 5 MR E & > T P ome”

=
EREEROBAERAORIETLE boT B | (A 1
H5, BEBMBDLPEOEBRARTEE - BMORK .g ® Lw/DH=120
EEROEPREALLVY, HERHSZ VR § ° 57
BATREMTH M TR, Bt & ° 0
DREERDENKEV, 7., BHREEE  © 2 0 3

BHEROEOEBRARLD bDTOHBRATR Ring number from Earlywood < Latewood
<, BHGEERIMERSRT ZHBAMT oy . s
N P —_ 5—
BEAEEDLGI N,
22T, RBRAI3EDE « BMIOREEE Fig.36. Variation of tracheid length in ra-
' . dial direction of the stem and with-
&Low/DH @m%%Flg::}G‘C_TU ? LTS, in the outermost annual ring in three
BEMREERIHERSZ CERRKTORED
HERBED SN OO, BHEBERIIRR

sample trees having different amount

of crown
AETREALERDBBNLBHTLENTE B0 35—1. Variation of latewood tracheid
ETAT, REBEDOEX IERBRFRMEROE length in the radial direction
S, RESHOHEE, AREOFLEEROME 35— 2. Variation of tracheid length

DI DDHILL>TREDEEZISNZDT, within the annual ring
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HERHLS  LBHERIESEVRBA DR M
REEDAHDE WA ERT DI, BREABER
ZHASE BBENHOHEENSIE D EEL
BTEHTEB, COLkSHKEXBLE, MR
BERMICIBEIBOBEEOK X & TREE
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Bieh2lEoEI CIEEEELTVWEAK
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Fig.36. Effect of Lw/DH on tracheid length
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HORBAKIZEERAND 7 « 7 ) VERIZL2E
HihNS WERIERD LT3, £CT, o
BBRAIOVTE T 4 7Y VEROERAEIL
ZRIEL, KEEROWEE (Fig.37-2 O LR
) BLUOKRH (EHmE) 07« 7 ) VESH
L Lw/DHOBMRAFig.381c/R L TV 5, Bk
BARESBHMD7 4+ 7Y VERIZEM LD 10
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HERKEBFIPMEME 2305 (1983)

Fig.44. Effect of removing buds on wood formation
All buds were removed on April 10 and at the same time electric stimulus
was applied for marking xylem growth.
44—1. Sample obtained at 0.4m above the ground on June 20
44—2. Sample obtained at 0.4m above the ground after completion of season-
al radial growth
44—3. Sample obtained at 1.9m above the ground after completion of seasen-

al radial growth
44—4. Enlargement of Fig.44-3
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A : Crushed cells caused by electric stimulus
B : Area affected by removal of buds

Fig.45. Effect of removing leaves on wood formation
All leaves were removed on April 10 and at the same time electric stimulus
was applied for marking xylem growth.
45—-1. Sample obtained at 0.4m above the ground on June 20
45—-2. Enlargement of Fig.45—1
45-3. Sample obtained at 0.9m above the ground after completion of season-
al radial growth
45—4. Sample obtained at 1.9m above the ground after completion of season-
al radial growth
A : Crushed cells caused by electric stmulus
B : Area affected by removal of leaves
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