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ZAF I BT 2 MBOFEERRE L BEDHZERRER
AR ZF - RRE—H

BARD « TRE—H | AFRKICE T 2MBORESE L EEOFESARSER BME
T7:153~162,1995 22 AR FhES D 20 FRIC DT, BIE T OROBEIER 2175
Zricdy, BEESCEEREDIE,, HWEHMEREOER, KEE, W - REEOK
FEZRFAN, HEOKZ DR CHERNERAOHER £BH L2, BEROMEEER, B
BEROERLEEBEOEMI L VL, RO-R2E-LE-%E] ORBRIY 5,
IO Edd, HMEREERR, MEEREOSPRME L TR 4RSS ahs,
EROBRENOYEIRSERIT, MAEERL BREFEROBESL L TESN, HEPAE
SBESNEVEEYEWEE &3, BESERR, HEREREOSE | HITIFEENET
CEY ERT B, E2HUETE, BIESRIMEEROFELHL B EFRLAROE
o8y —> B EL, EIMTHRE, E3HMTLE, B4HCEEDEARTRT, %41
BT BEELSERIE, 0.40~0.65 OHEFEICH 0, EAEMZRHEEROEZE I IZITZR S N,
£, h, TEABO S S EE2EEAZ R IZHS 2Ty,

Hasumoro, R. and GyokuseN, K. : Growth pattern of tree organs in relation to
the process of canopy development in a Cryptomeria japonica stand. J. Jpn. For.
Soc. 77: 153~162, 1995 Changes with tree age in height to crown base above the
ground, crown length, above-ground tree biomass and growth, and litterfall were
investigated in a 22-year-old Cryptomeria japonica D. DON stand, by introducing knot
analysis. Net production rate on an individual level changes by increases or decreases
of crown foliage mass and transformation of the crown structure; it at first
decreases, next, levels off, and after increases, levels off again. Accordingly develop-
ment of the stand canopy clearly is divided into four different stages on the basis of
the changes in the net production rate. The partitioning ratio of photosynthate for
stem growth (s) is given as a function of the net production rate (£) and the ratio
of current-year foliage growth (R) to the total crown foliage, resulting in larger
values when E becomes larger and/or R becomes smaller. In the first stage of canopy
development s increases due to decrease of R in spite of the decrease of E. After the
first stage, however, s is influenced greatly by E, showing the same time-course as
that of £ ; levels off in the second stage, then increases in the third, and levels off
again in the fourth. Values of s in the fourth stage, ranging from 0.4 to 0.65, do not
show significant differences among tree height classes, except for extremely suppres-
sed trees.

153~162

I. & C & IZ

EYOREEEDEOE~D [HE] KEEESB
QTR EVHBNES NG L EZ 5 (RHE,
1980 ; % H, 1984), FRbRiC BV CRIMEHER, ED
REEN—Ed 22 » 5 (Kira and SHIDE],
1967 ; 4kH, 1971), MARERC BT 2E D [#E]
2 THRERE Bhhrd iR b, 2Dk, HE
DFEDREAE» SEEED AT — Y N R Ic DR,
MAAEDOBREREDHERBKE S EDL S Z L FH

NG (EHES, 1968). ZD & S BMAROEEERZ
S BT bl T, MEHEEIER» /W TE O
REDFEFE - BIESEALT 2 2 Lo, SEETO
BEBELLLIIHI - HEREBE 2L TBLEND
% (MIrvAaurRA and Hozumi, 1985),

A XMOYEEREIZOWTIE, HFREREERER
EBIRDU TS L O RE N TWwE (HK,
1964, 1965, 1967 ; ZHES, 1968), LirL, ZEED
28, KRR, W WEE% RN
N7HGER, BERMEETAIELHD, OO TR
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snTws (JIFEES, 1975),

FRARORITE T O I3 EFNHIE « Bidk L 7o — KA
DML () PAREPCIEE > Tnwd, Th SR
DERFITIC & D 22 OB OREE L ITEESD
Y, BT TR 2K ORI - BiEOBREH 5
M ETR D (R, 1975), & 51T, HEENT & AR
DOERIF EHEAGDE S Z LIZ X D BEORERHIC
B 2 EEEOCME COHEENLO»Y, TORET
O 2 EENEEINS (Kira and SHIDET,
1967 ; #kH, 1971), A& BT & > CHiAEE LR
RBBEWIE, L YO « HREEOHESLHE
L%, LhL, HEBITEEAT 2 HETE, Th
SORERAETHY, Hikd % &5 BEOSER
B BZEDFRETE « iR DIE P ERRD 5 D
BREEL BRD B ZLHPTEETH B,

A F A TIROPRIE D F&EFR & MR O R AT AT
W&o THlli- TR LERBIZ BT 2 BEOHERE
B EHEMBICT 200, RNFROENTH 5, £TH
WORL 2MS TH SR EDEE LREDHRE
BITolze RiT, BOBMIBOE S OEEAIC D
THEER 217, BREOZSFEHRTB 2BBEEOM
ECHEREDE,, HEHMEREOER, WEEB X
UBZEDRIE « EERHEE LT, ThH5DREED
LT, EPMERERREO XS DWW THRROBEE
BO_LERMAEROE L BRI TR L, *
LT, SRERECHT 2WERSROEATEERL
729 2T, BEEANOYWEIS I Ow TREFEEW
Ly RIEREE 7 S ABD BN EER LI,

. o % F &
1. AT L UCREENSD
BT O 10 km, b ERBEOEGMEBET 25
FRERZIHBEREEROMROE A X 3 5
ERIRONR E Uiz, &ML bERE CHER S 1Lz
—FMTHY, FERE (1987 EORERIGHED) OME

Fz-1. FEEMDOHE

J. Jpn. For. Soc. 77(2)°95

BERENY, 16, 22FETH o7 (F-1)o 9 FEMSD
ETAID B2 0 LT Rk, 16 EEMRS M
BASH L TR b B W TH o T2, 22 LMD IERELER
FLETERS TmUERBELEMTH T, BB,
OMDTEME I8 ED L FHEAREEHNRELT
Bk Th i,

2. WESMESLURREOBRE

9, 16, 22 FEEDOEHS CHEPREBIRK S 2 ER L
T8, 12, 20 EEEZFREAL UTRAN, Kk, &
EEEEESEED, HEEEEEOERER EEHFHN
T2 B8, BEESZOWTIE, BREOKTE2HIED
HOBMTEROBEESHOLVBEL S ER RS
BORTOETFHOBZERME TOFE & L, &%
BEEOWETHE, $78B058KT 2 —RKIZOWT
ZTONMBENE CGBEER) 2HID, Bz > THHLL
%, HLEOEXRRE L, HEEDOHEIZOVT
iF, —RKEOBETLCrLL LT, —KEERK, —
KA &G T 2RES RE L L, MIEBERTL
7o T ImOBEEOMBERBI LWL ELDEDT R
Tk, BRfEEI L CEAkRERDBI00H T
NEEBEZELR 7, B2 DOWTE, BEa#4cm
DM ZHTE T DS TIIHEEL S 1 m HEICEE
AOEHTIX 0.5 mERRIZEIDERD, EY D&z & &
bIZEREIEATL,
HHEAROEEEBORD 1/3 M EEHRELT, %
NZNOEOEEH S 10 cm MR I AEE O S AT
270, Bl 1 FEOREE RN, BOMED
WTiE, ESAEREENLZOES RHElo2, A
BENAEEELHE, hid, BOREIRBUS
A S RER D7 D OIMEEEEERD 70 TH
3 RIZ, KERDESHIERT & TR DEADEE2{T-
71, SABO—EE2Y 7)Y L (BEHTEE
), KEBE AR OERE R B L IO ENEICLD Eh
ZTHOLEEHE LTz

BLEOREREL, AHOREZDIZ»CHRBE L

General features of the sample plots and structural data for each stand

Stand Plot Exposure Inclination Average Average Average Number of trees
age area dbh height clear length per unit area®
(years) (ha) ) (cm) (m) (m) (no. ha™?)
9 0.06 SE 7 6.2 4.4 0.4 3300 (3400)
16 0.09 SW 1 10.7 9.2 3.0 2600 (3000)
22 0.14 NE 5 15.2 13.8 7.3 2200 (3000)

2 Diameter at ground level. ® Figures in parentheses show initial planting densities.
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CORRER2ETLOT, FFRRI MU ToL i
B Uz BEPROBORER, 23K (40 4)
oW TOKERF OB B X ARHE L AEHE D
R (K- 2#-7T, B 1 EROREHEDR
EEPLDELIHEE L. BERKOEOREE (kg
tree™) 1%, HEIERE & D EREIT OV > 7Y
T UETRTCORIEOWTORE BERZEE2Et)
LARERMTE & OBMRR 2K L ifED, FinfEiTE
To ORI 1 FRORTHEORREE S b L i
FEll, 2LTC, EREB BTy 7Y 7Lk
BEZOBOEHOROERILRH > TZDBORKD
BEEERPXRYD, EFEEOREI1 EHOKEORERES
Kdiz, 7B, RERELEIBIKOBE R &
EixxbdThbITPRELRON,
HREAROEDORE | FHOBEREEKC DWW, %7
EEDTRTO—RREW DWTOEE LEE L OBG
K (2 2 TCREOWIE - BEDOTE BT THOR %
Bl) BRDIz, LT, 7V I UEORR
1 EMOEERE LV EOREER#EL, HOGHS
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LRIk, BEEetkoREE 2RO,
IMSOFRARTEL N LAHEORE T 2 HF
R (BB #8, M9 FELFIO & D FE MG OB
ZHHEATEEZLEI DERFTT 2720, KEBRO
BB EETT 5 3FEEOEEN % 5 EREY, HEE
DEATEE2HE L KEDCEELHA~Tz, £z, #
BEER D AER DERGFENT 21TV, BEEOER ITHBEHA
OWERIC LGS 2 & LT, St 1 EMOAREEE
BOBRRER D L CHEOHREEERDIZ, &8, &
Z CRAMEHE OB O MBI I EEMAROBEIES I 38
JRBOECHEYT S L L,

3. WEEIC L 2BEOHENEES S UREE

DHEE

1) #BEESO ERZES

22 EEMGORBIREWRE LT, BOKREICHE
> TW B RFER O () OFREITIC & D DS
AL NIEE (BRETE) Bl (R, 1975,
Z D, WEERIRD % OB R e Ukes,
FEDDHDITHAREFL SHEED/NE W DRz,

2. BUER (No. 14) DEERIC 513 2 L EERFI S EAS - MREE O EE

Change with tree age in number of living branches in each section of height above the ground, and estimation

of heighs to crown bhases

Number of living branches

Section N stand age (year)

(mm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
8.5~9.5 13 5 13 13 13 13 13 12 10 8
8 ~9 11 11 11 11 11 11 10 10 7 5*
7.5~8.5 10 4 10 10 10 10 10 9 8 4* 4
7 ~8 9 2 9 9 9 9 9 9 6 4* 4+ 0*
6.5~7.5 12 9 12 12 12 11 11 11 11 6* b5* 3*
6 ~7 17 6 17 17 17 17 16 16 15 14 6* 3* 0*
5.5~6.5 16 12 16 16 16 15 14 13 12 8* 3* 1* 0*
5 ~6 13 7 13 13 13 13 12 11 10 6* 2* 0* 0* 0*
4.5~5.5 16 2 16 16 16 16 14 13 11 9 4* 3* 0* 0* 0*
4 ~5 14 14 14 13 13 9 8 8 3* - 1* 1* 0 0* 0
3.5~4.5 14 7 14 14 14 13 12 10 8 8 3 1* 0* 0* 0* 0*
3 ~4 16 7 14 16 16 16 16 _15 15 12 9 4* 1* 0* 0* 0* 0*
2.5~3.5 14 2 14 14 14 14 14 14 14 12 11 7F 1 0 0* 0* 0* 0
2 ~3 13 8 13 13 13 13 13 11 1 9 7 2* 0* 0 0* 0* 0* o0*
1.5~2.5 11 2 11 11 11 11 1 1% 7 7 .7 5* 1* 0* 0* 0* 0* 0* 0*
1 ~2 11 8§ 11 11 11 11 11 10 9 8 7 3* 1* 0* o0 0* 0* 0% 0%
0.5~1.5 16 . 5 8 16 16 16 16 15 15 14 13 11 9 3* 0 o0* 0* 0* 0* o0+ o
0 ~1 16 4 11 14 16 16 16 15 14 14 13 10 9 8* 2* 0* 0* 0* 0 0 0 O0*

Height to |

crown base (m) 0 0 0 0 0 0

0.07 0.14 0.21 0.29 0.36 0.43 05 2.0 30 45 55 6.0 75 80 85

N represents numbers of branches for which knot analyses were made. Underlines denote stages of branch deaths. Super-
scripts (*) show that the numbers of living branches are less than 50% of N in the sections.
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INSORRED L, BEHARI L CEERKBEBITS
i RSB AR B LT (B-2), B
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Uiz, TOEKRMERZ OB TRETRIRT 21T > I ox
HE—BLTWizDT, ZOBEKERTRTHEKEDE
FELIDZOBTEBOMEIIEE -T2 L BB 2 LT
&5,

RIEELIEREERR, LDTLLBTEENED
L ORBR IR L —BLEw, 07, BEL
T RIEEEO TICEREN D - 72 ) BICHIER RS -
eV T b, 22T, bHHLEER BT B EERED
RAMEICE L - BB ORAE T 2 13K (B)
BEDCHAEUTE R >Te L &% b > TZDOEOK
SEEL, DIBZTOEEMEREE L TR 2L,
ZLC, BERICBT HEERE, ZOERMCBIT
LEEMFREORREE & Ui, SREAER (bR 22
) OBEEEICDOWT, BOEZ0.355 0.8 T
0.1 DHRTEZ THESRT, HHEEDZERFN
Je b Z%, EOVIIMERF B=05THRH/NE L 0.16(E
HERZEIZ0.56) Thoteo LS5 T, SHOENT
X B=05 & LTRIEERERE L, £, BFIORK
FEE DI (B=05 & L7=%-2 OFITkbkih U ET
i LERE 0~1m D& 2 3) & TOMIER T, BE
BRI RER T RZER AR b 7 R b & BRI |
AT3Elic,

—
e,

100 o

Weight (kg tree™)

Dy (cm)
EROEEL D, LOBR(2)BIUVE ROKEREL D, £D
BEfR(b)
Weight (a) and annual growth (b) of leaves and branches as a
function of Dy

B-2.

“Annual growth (kg yr~" tree™)

J. Jpn. For. Soc. 77(2)°95

2) BEOMEMELEREE

EEIR (2 2T 22 EEMD ORED #) OEER
BT IBOERR, ISHFOEFEREEL TOXE
EIRFDEARDBIEE L ABMTES & UAREE & REH
e DBfRR (1-1) 2 ki, BBOERERC X

102 3
]
o 10" F E
9 s
= [
g 1
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5 10" E
o N 3
= yr j
! Y e 9 |
1071 | 416
3 o 22
sl Lt aagl g gl e
1078 1072 107! 10°
Xylem volume (m3 tree™)
M-1. ®HOBFE, AEE L AHEE OBEK

Weights of stem bark and xylem as a function of
xylem volume

Regression equation : Bark, y=26.42"%%(7*=0.991) ; Xylem,
y=2922%9%(#%=(.996).

N
A

—_
o
o

e

ot

Dy (cm)

Dy, represents stem diameter at height to crown base. Regression equation: Leaf
mass, y=0.07462%"%(»2=0.972) ; Branch mass, y=0.01752%*°(»*=0.961) ; Leaf
growth, y=0.02512*%(»?=0.937) ; Branch growth, y=0.00783z"%(»*=0.913).
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1. BEIUEEREICET 28RN

SRR DT OEERF DB O K B L UAREED
EFE L AEME L OBRE, EMREOT XY —
HMEE) Re LTEL Avsn s fER Bk,
1959) T FEa Nz (B-1), 7 X b —{REHE
T 0.84, RKEZT0.95 TH Y, WETIhEnoTz, £k
B O B L VEOERRZ, BRES B 5HBAE
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FEHTEN TN 61(F9)g seedling™, 48(+7)g year™
seedling™ TH oz, BB, 75 HOHIEERER DEALE
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Changes with stand age in tree height and height to crown base (2), and crown length

(b) for upper, middle, and lower story trees

Notes: Mean in each height class is plotted. Vertical bars show standard deviations. UST, MST, and LST
represent upper, middle, and lower story trees, respectively. Two vertical dashed lines show the beginning
and end respectively, of period of closed-canopy formation.
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Changes with stand age in weights of stems (Ys), foliage and branches (Yo+ Y3), and
total litterfall (Lw+L¢) for upper, middle, and lower story trees

Note: Mean in each height class is plotted.
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Changes with stand age in above-ground annual growth (AW/At¢) and net production
rate of crown foliage (E) for upper, middle, and lower story trees
Note: Mean in each height class is plotted. Letters I to IV show processes of canopy development, Stage
1 to 4, respectively.
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Changes with stand age in ratio of partitioning
matter for stem growth (s) for upper, middle, and
lower story trees

Note : Mean in each height class is plotted.
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