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Table 1. Stand characteristics of the double-storied experimental plot

ok S

overstory trees

Fay b AREE VTHHEZE FTHMS W A MEEF MEX®IE

plot tree density mean dbh mean height total basal area of dbh total volume relative spacing
A /ha cm m m?/ha m®/ha %
trees/ha .
50 50 56.6 25.6 12.6 124.9 55.2
100 75 54.9 23.1 17.9 161.6 49.9
150 150 54.6 22.3 35.9 312.0 36.6
A

understory trees

7ay b APEE FHERE TFHHES MR &R MEEE M &E

plot tree density mean dbh mean height total basal area of dbh total volume relative spacing
A /ha cm m m?2/ha m?/ha %
trees/ha
0 1126 245 19.3 54.7 507.7 15.5
50 1550 20.2 15.0 53.2 409.7 16.9
100 1375 17.1 14.2 343 269.2 19.0
150 1175 159 14.9 246 200.3 195
ERBLOTA
overstory trees and understory trees
7oy b WA MHE A
plot total basal area of dbh total volume
m?/ha m®/ha
0 54.7 507.7
50 65.8 534.6
100 52.2 430.8
150 60.5 512.3

CTAEHMEBER /NS B -TWVWE, 2D L3, “BHOBE, EARARKREENTAREK
FELDOTAROBRREICHVWVEEEEZ TVWLEILERLTVS,

—%, FTAEEHMERIERROBEFCAEL, ZBHRRIRESZ DESRV, THibbL, &XHE
ORIE, HEEROFERISEIROL SV, F—MHaThs I LEELNTTAROEEKE
B EROEESEEREREL - THEY, ERETAOEABERE RIS TOHELIBVEEZEION
%, &-T, TAOMEKRE IABHOBEICT 2RIGHH, EAROEESBREMGIZAS,
TAROKBHREICH 32 —EDOFE 2L, —EDOFHICZ » THRA BEENELET 5D TIRE
WhEEZLND, —FNTH, BEREZABMOERE ST 2RIEAHVEVbR TV,

wic, REWREEST EMBEAHTic VLW THET 5,

FARMEWHEESE & EAMBEAT TR EAFRKFEEOEV 7oy PRERES BTV S,
ChsRZENFR EAEERENERE, 550V ERFEEMEE EAABEEOR THESNS



314 TEJFE5 - HWOEHE - BARIE « 8K 3R - A)1ThiE - ERER

DT, FAEEMSERP EATEMEICKERENTVWSEIOES, EARKMEEDEVHE
BHEA b DEEZ LN B,

TAMEMEEAT I, BERKCEL TIARBEESRSBEVIC 22D T, BHHARXL
BoTWV3d, CHRERXKOTEMSERP _BRXEXEO FTAFERESERICHETXbY
TRELB>TVB D TH D, MOREIZBEIL TR, TARHEEIMEDEETATRESHE
BH/NILB->T0BDT, TAKREHEESH b TARKEENBENVZE/NELK>TWVWS,
TAMBEA b TANSHEREAH L EROBEHTRBEOREC L >TVWEEELI ON D,

TAEMBEIEEROAPEESRSEVICOLLDLLT, BR/PME{H-TVE, Thid
EBERX OGRS HS _BMXIXE O FAEEMEICHRTELDTRELL>TVELEDTH
5, OXENCE L TiE, TAEEOEEICESBLVDT, TAEAHEESAZVEENS -
TW5,

PEoT &k, MHETRIGE, EBNRTAOEERE R EARAKEESE VI ED
flsh, TROWEKRERI EROBEECESIFI SN B Ehbh -1,

ERETAROMSHEBEEE &L MEATTE, BRXOMEMEESET 5 54.7 m2/ha lcx L T
TERPKIX A5 65.8~52.2 m?/ha, Ff:, HEKXOMBEAE A 507.7 m3/haicxf L T BRI b8
534.6~430.8 m%/ha &, & HIKRBRICBVWTREN P/, CHIFERITLIZLS L
KETAROHEHTHE EMBEOEE» 5 25D TH B, TOT L oEERRIRERLSHEEED
HP» LT THEL, KAOMBERDAEREEOHNE LB, TAREERECHERL 2—F
HOMBEICK L THEBROMAMEBE 20T TRIEVWEEZ SN B,

1.2 HRMRIFTOERICLILE

BBBITORED» S, TROBERLMEICHT MRS L VOREBROZELERF L,

1.21 MEEE

7, MSEROREBRRIISVWTEERT 3, K2 INSEROBEREREXE L ITRL
1K Thb, WTFNORKBEIZBWTDH, 10~I5HIcE—2 42255 — 72 EHABR SN
%, 7L, BEROBRERRIEERERERABY, —FHicBLTH, HEBHKICBVL T
M LBIRB D B EEL OB, £, RERRER, —FHicBLTd, EERICBLTHERE
DEDTHBEVZ 5, —F, K3 IMESEROBERERA*XE L IRLAEKTS 3, BKE
BOKZESOIEMIZIZEAE—EDOEEHMLTWVWS, k7, WRAOEMICL - T, BFRE
BICENHS o, BRELUTRRERICESHTL 3, 72, RKRNESBERERBDIS> X1
BXEE SEKTH 5, KRS, K4 BEEROKRTPIREREXEZ &R LEKTH 3,
EBRXICBOTIE, 10~15Fict— 27 20Z, 208BDLTOLEERELRESN S, LiL, =
BMXicBOW TR, 10~154Ict—27 2%, Z0HRIBRFEEREROE(Y, BERXKIEIERS
nizv, Thig, €= LX0REEZMIONTVE Y, ¥—2 & XPBOTADBERE
BOBDLH—BRICHERTNEVWBDERL ->TWELEDTHBEEZ LN D, KEBOFEEICH
LT, KE(1992) 0o&ERIcks &, HREIPEMEFOL ) O F -5 THoH, [EARHIEL
Botdlicid, HBHOL / +OBEPBBICKELL] > e d b, it TIREE OB H
LTH5H, FMXORXRTRIERIELTCORERRBEARISEI ~TWV3, ¥18b5, FTADOERE
BERE -7 EXORERSMI SN TVA D, BENTACHERSIREICE - 288, —&%
HTIREERRROBDLBET » TV EHETH > Th, Hiichrb b o THEREROHER,



315

BRIz BV 3 B O B & CEEMERR T AR € 7V OFEK

AT

9051 —
L10§) —+—
SE051 ——
810G} —»—
19061 ==
9906} ——
21061 —»—
22051 ——

ousan
R

se

yqpjo red g B
EyuhEoBEEN X

sz

0p05 —o—

€106 —
1806 —+—
2605 —o—
BEOS —w—
10§ %~

810G —=—
5505 —+—

“ou een
b 22

[ se
0
zo
6001 ——
) 22004 —
vo £4001 —
92001 ——
so_ M 05001 ——
nﬁ 91001 —%~
= 0¥001 ——
%0 M" ¥E001 v~
9 71001 ——
g3 02001 —o—
[ !
“ou seat
HRXE
71
v
ol
0 se
0 —
7o
8
01—
¥o §—
61—+
” 11—
vo % -
H
=B 1=
%0 mm e
.WM -
£ 1g——
[+
~ “ou 9an
HRYH
z1
i
LN

@
s
(@eok /woyred
S/ FRERE

i

4

L

(swok/woyred
(e Zeh £ 2 Hd 4

(43

i

91



W ANThRE - BRER

a5 - FOLE - BARE - 8K

316

"Uq'P Jo yimoId [ejol g ‘S1g
BB oREEN X

uorsinp 5929051 uorsip s08.00)
R¥0SH R 001
(reahjese (seakyse
[€3F 1 2 ()4
) o 24 o0z st o 0 st °
o []
s s
1061 —— 6001 ——
8061 — 22001 —
9051 — ol €200 — ot
L1051 —+— 97001 ——
56051 —e— 0£00) —o—
g s
ah””_lT st mu 9100) —- s m“
Y081 Y001 —%—
w081 -+ Wm vE001—— Im
Z1081 —=— A Z100t —=— S |-
oz g 0z g
z2051 —— §2 02001 —— 73
‘ou 32y ‘ousan
L2 24 (1 HREYR -
o 3
st se
oisINp 980G voisp Bumna seard
p-12d
gaoiose b
()% ()W
€ [ 24 [ s o1 0 se ot 24 0z s o s °
° °
s s
0p05 —— g—e
£60g - 01—
£10s— o §— ot
1805 —+— fl——
£505 —»— S _"H in
6608 %~ 31 abl
208~ " L= m
Z05—— » e -
8105 - 23] e [ M/m\
5506 —— M\ - 1E——
ousen o0 v0n
B s 1222 &z
L3 ot
¢ s&




317

ATZBRIC B 2B Ot S L CEEEBRERR T RBREK € 7V OIER

Yqp o Tew p 3
G AHoRREY -7

uoisiAp $937051 uoisip 5900001
‘B¥osi .m-ﬁ%..w_-
ﬂ“ﬁ‘oﬂ (€114
se sz 0z 51 o s 0 € [ sz 0z st ol s ° .
o
051~ i 5003 ——

8051 -~ 22001 ——

9081 — vo £500) ~— vo
L1051 —— 92001 —— »
SEOSH o ﬂ 08001 —o— 3%
81081 —%— %02 W u_S"H 0o m”
1¥08) s ov00! ——
9v051 —*— M! YE001 —¥— M"
2106) —u— 403 mIz 21001 —8— -.e.m \m;
2208) —— 83 02001 —o— < M

ousen # ou 000 8
R 223 ' (2 240 ]

Tl z
i
vi
uotsiap Bugno Jeap
BUR
(amakjese
()W
s¢ 0 3 o sz 0z st o s [} .
o
z0 zo
ovos—— B
£E06—— O e .
£106 — o %H v
o . e 3
6£0G —— u.ew.ﬁ [ oow;.!

106 —%— mr“ [ e T

206 —%— in - in
8106 —a— 503 5 ﬂH :.m\m/
6505 ~+— 13 N

290 # ou sa53 =

o

L3 3
pree ' P
zL
7l
vi
v




318 RS« EEROLE - AR - K 3 - RIZHE - BRER

uuuuuu

¥, 5335-202%0 w, SY3SE858Y
= i EHEH T
AMAAAALY . ELLLhbbbLT

8
EAmg ) £
i%“: CHEL
b3 o §§§§

3 S
(""‘/?")'!" d (o wyred
(€70 £k S - & EHREHE

DHEERER

=]

X5 #i&
Fig. 5. p.a.i. of height.

X



319

ALZBRic 81 3 WAHBE O B X CIEREREBE! T ASE € 7V OEK

Y810y Jo yImoI8 (0], "9 B

FYEBoYs oK

o [}
105) —— 6001 —o—
8081 -—- ¢ 22001 — ¢
9051 — £6001 —
008} —— 2001 ——
SE0S) —o— 05001 —o—
81081 - 0Ey 9100} “im
1051 = ta Y00} —3- -
905t ¥ - yE001 —*— "
21061 —»— W 21001 ~— Mm
z2051 —— s13% 0Z001 —— alds
ausen k
san
b 2 We:'*'
oz oz
sz sz
OISIAP S99.008 uosimp Sumano Jeey
BH¥0S B9R
(seakjese (eakyaie
()% ()
st ot sz 0z st o s [ se sz o0z st ol ] [
— 0 — o
0v0S —— g——
se0s— € oL — §
£10§— Py
LE0G —+- 6) —b—
£605 —o— —e
6805 %~ L:-F [ o_ml
10§ —— - B L= = &
205 - 3 " 1y—— "
8105 —— W\m; - Ww;
505 —— a3z 1g—— [
ousen ousen
el 1 22
4 oz
sz 14




8K B NIDhEE - ERERK

a5 - HEotid - BARIEZ

320

Jysiey jo rew L 814
B ABOoRE L

*

@
ek /uyrew

(H/OERHGHR

uopsiAp seen0g uossip $98.00|
p-E F¥00
(eakyete (r0ak)ede
()W jeat
3 [ 24 (24 st o [ ] st ot st 24 st o1 [
r °
° TI\T']-‘.\\\.‘\\*\\L
1081 —— 5001 ——
8081 —— % 22001 —-
9051 — £5001 —
21081 —— €0 92001 ——
58051 —e— L 3 0£00( ——
8106} —%— vo 3 M 91001 ——
19081 e~ -4 Y001 ——
99051 —v— so3m Y£001 —v— 7
Z1061 —— H- 21001 —=— = -
22081 —— w0 td 02001 ~— = S
en "‘o"/o\\ — ] o sen
Pro v//.\\\/ 0 srxm
g0
60
5
UoISIAP 834006 uorsiup Sumno Jeepo
B¥0S b3
(akyeTe (1mokyoie
()W ()W
st 23 52 0z st o [ o st 3 sz 0z s o s
°
o
0F05 —o— B8—
£606-— w0 01—
£108— . s—
L806 —+— €0 61 ——
£506 —e— - 1
6£05 —%— vos M -
106 —%— =R Ll
205 —— sodm r——
8105 p— H » "
5505 —— g0 g~
o0 — s ousen
k-2 244 o L3 24
80
50
1}

oo
(/W FEEA RN




AT BRI 813 2 S O B X CIEEEE B R FREE € 7 )V OERR 321

F7203, WML 3RO H B LEZ SN B,

PEnz sk, TAOMEEHROREBERI—FHREFKTH 32, E—7 LEDOREERD
HEIDtzd, RSBV TREBOHE, b L WHENONEHEEELEZEA BT LBTE %,

1.22 #i&

Wiz, BMEOKREBBICOWTEET %, M5 BEOEERERZHBX LR LAKT
BB, BERICBVTIR, IEEROKRERRELEFERKIC, 10~164FIce— 7 2/ HusRE o0
2500, ZBMXIcBVTIR, £OXSGMEEIIZE > RohiBw, TROKEOKRKER
BYTFHF I -THY, BERERBZRAMBY, —E0MEARERVIZEERV, &/, Mo
B S BV HIL, MEREEELZ0TIREL, 2m BEROAROER» SHEICL - T
BONETH B E, FRORAEE LEZOABNIBRELVIDOY IS s—KTH 5
b L, —F, M-6 3EEORKEEEXE L IR LAKTH 5, BEREE EERK
BoEELZY, KESOEMOFERERVELEXSEML TV S, BRUTREREREDOITS
S, BREKICHS, ZBHRICBVTKREL L ->TWVW5, MEo FRER, BERXE Bk
RICBAL TIEMNS 2 b0 D, ZBMRIcBWVWTIE, EAEE IR, 200m B2 EiE-7T
W3, Bk, M7 3EEORTERERAXE LR LERITH 5, BEXICBVWTE, M
BBEEEERE, 10~16FikE— 7 %02 50, “BEMKRICRE-7BRELHEV, LA, BFE
 HREBRBRIEIEVWTH B EVL B, TOT L, FEFERERD, THODRIIFIITE-TO
BOTIREL, EMLE-5EMDS EDSEMRBLTZEVILIBREEZRLTWVWS, T
bbb, PSSOy — v ERBORIICERREVWEREREVLOD, /Y — VIR —EDERIS
HrrEbNE, ¥, NEEELERE BEEORERPBEIVICE > TEY, HOLEHKED
E—2BRSABWT EhS, BESTRCEMSREILR - G, FRCBVWTIREEDOH
B, -3, M saiEkbbbLEEZI 5N 5,

PEoz &k, TROMEOREBERZTY, —HFMREEBHRETIIREIRLD, BMNE
WERHIKRDELTVWE I EHEZ OGN D, RiC, BEFERERICHSABE -2V
»ic, WEEREERC, FERICBVTREROMHR, &L REMORREEZELEEZ ST
EDTE B,

2. ERERETARRETIVOMER

RN IC R O 7 — ¥ 2FA LS - oo M VSV ORBITRER S 5, EAMIC—FE
B TAOBEBBECHRERICEVYES 5 EEZLPOTH B, —H, ZBEMIBIL TidkER
BHAELT, REER EAOEABEE LBV LABVEEL, BRREOF -4 & bEKIIC
Poentoo T, MR AIT-72404A05 5, BEREOMTICERALLORIZDOS D 13K
Thb b, i, FROED, 7, BERRKOF—2 23U, KRIZ, B BEENKRTAK30 LR
5, BAREOBEMICEMBRIIFETERVLDLHEDT, TXTONREARERETLHER
Th b, BIERERIWE 25~30 FHKObDEFHALTWS, Tk, BEFNERIHERME
F—y2FEHLTHEL TV S,

@ APA (X-8)

4~6m2 DY D IBEFH LTV S, APA BERIICEE%E 2FHLcbDTHELEAB L,
MEHE DI S HSHERTE B,



« ’HIZhEE - BREK

R - HEOLHE - BAAE - 8K

322

‘Te'd yoea pue seale UOT}

-ednooo umoId pajoaford usomiaq sdiysuoneRy -6 "SiJg

Y OoETEHER 7 BHEYRGERN 6K
;W B8.e LOGEANO0 UM Posioid
(W) BESIRMAT
ol k43 ct Ot 8 9 14 <

CLIEO=H
$O0E0 + XEZ200 = 4

(;W)Ba.fe LIOREANI00 UMOLO pejoeiosa
(W) BASIREAS
9t 14 43 ol 8 9 14 k4

LLPEO = 4
911Z0 +X€G800 = 4

I S T
o o o o
(1884 /W) 1UBOY JO TET
(B/W) BRYEEEE

©
<]

=~
=]

(H/W0) BRERRBR

1] ©
o 15
(8ek/UW0) YA P JO TET

k43

Ted yoes pue yJy Usomjaq sdrysuonersy ‘g ‘814

HHOOBETEHER? vdv 8-
(W) Bese [enuelod sigeyene
(W) vdv
2t ol 8 ° v z

1120=4
1640 + XL6E00 = &

;W BOIE [BRLI0q S(qErRAT
W) vdv
2 ok 8 9 v z
22000 = 4
LLSE0 +X65000 = £ .
. *
* * .
*
* *
*
*

L]

I S SR
o o o o
(Heak/unysiey jo 1ea
(B/w) BEESREH

©
o

~
(=]

co

© <
(o] o]

(e84 /u0) YOp 40 TET

(&/u0) WHEEEER

@
[S]

-~

t43



323

BY BHAE ORI 5 & OBIRERRR F AR & 7V OFEK

-

AT Bkl

‘Ted yoes
pue xopul uonnadurod usamileq sdiysuonepEy 11 314
HEoETMLEY 2 HaEE 11K
XopUl UoRASAWIc
REEW
14 z ' 80 90 ¥0 z0 o
. o
¥6010= 4
SOYY0 +XZ9ZL0- = K 10
L
. zo
*
*
€0
.
*
v0
*
. . {so
« * y
#mo
L0
XSPU UoNNeauIoo
REUEH
i 43 3 80 90 i4¢] 20 o
— (o]
z0
0
. 90
o6E0- 4
99950 + X9G9E0- = £ .
80
* \

(Jeak/Ww)yBey Jo Te'd
(H/W) WEEEEEM

(JBak/WO) Y qPp 40 TED
(&/u0) WEELERD

‘Ted yoes
pue seale UM0I0 pajoafold usemlaq sdiysuonePy 01 319

W OB ELER ? BEREHEE 01-K

(ulyeIe UMD Pejodfo
(W) HEREAT
[o]3 8

8l ol vl zt 9 v z o
p— : 0
1o
$ zo
3
g0 2
3
¥8Y0 = &
BY¥Z0 + XL 1200 = 4 vo 5
§
. o~
. 90
10
(W) Bs18 UMO.O PaYosiosa
(W) BRI
B ol vl 2 ol 8 5 v z o
— - T T o
. *
> Jlzo
810V0 = .
9810+ XL1800 =4 vol
Q
. a
90 5%
5
ES
*
sl
* '
z1

(/W) BEEERER

(H/W0) BWEHEBW



 WNShHE - BREK

HFEE « HioLE - ORRE - /K

324

‘Te'd pue $sa1} AI01SI9A0

HWHOBENHER IV THIY ¢1-¥

(LW)80.J1 KIOISIOAO 1S3S0[0 3Y) O3 oBISP
(W) PENTHIE

8 L 9 [<] 14 € z b
. .
21900 = .
€00£0 +X1200 =4 .
.
.
. .
L 2

(W)80.3 KIOISIONO 1STSOLC ALY O} BOUEISP
(W) AP THIW

8 L 9 S i4 € Z 3

1JEE0=H @
GBO0 +X91800 =4
*

0 f o o =
[e] o [=] (o] o
(1Bak/W)IyBOL 40 TET

]
[}

~
(o)

[4¢]

@ © s
o o [=]
ek /W0y Y P JO Ted

ct

}S9S0[0 9y} O} 9ouelsip. usamjaq sdiysuonedy -gl “S1q

(B/W) BNNYSERE

(H/wo) BPREDN

Ted yoes pue Le]

Iejos jo 98ue yoeoidde uoomjoq sdiysuone[ay g1 Sig
HHOBTELES 7 HHE 21K
(e2.89p) LB} JB|0S JO S|8ue yoroidde
@) wHE
ort ozh ool 08 09 or oz o
— [¢]
10000 =4 1o
£98E0 + X20000 = 4
* "
¢ Pog
. P
* eo 2l
. g8
. Wﬂ
ry 0 MM
L
N . 50
* 'Y "
- 190
10
(80130P)AB| IE(OS JO JYBUE LOBO.IOMR
@) B¥E
ovl ozh 0ol o8 (o) or oz )
- T 0
. L4
z0
8yv0= M
91240 - XL900 Q= £ )
¥0

L]

© ()
o <]
{(4eak /W0y Yy gp jO TBA
(Z/wo) WEETRIR




ALZB#IT B 2 MO 0l b & CIEERBR T AR R & 7 v O1EK 325

@ HwEAbE LEIE (4-9)

0~8m2 YD ICHSIE > TS, BRICELTIE, AEIKECLIBEHEROIRNES
HoTO3, Fo2FDBITEEMNSSBERERELL->TVEEIICRR S, HEid—
FEOLREE & - T, WREINEBIEEETSDEDBPREL L >TWVS,

@ gEatidmiE (X-10)

0~16m2 DE=DICFANABLESIT-TVE, ERICELTIER, HERIEKELBELE
BEBOAXLH-TED, BooXDBOKELB>TWVE, MWEIBELTE, —EDLR%E
bo TEANARLESLDVTWVA,

@ BEEH (K10

0~12 DYz D TIES2VTWVE, BRICE L TRESFEHG/NSVEERERED LREPK
(1Y, Ho-o2DBbAX NS, MECHELTRE, BREIEOERZRALT VY, BRI
TR % S - TV 5,

® =ZhA (X-12)

20~60 EDM 7 D TIE SOV TWVE, HECEALTRE, FANABLES2VWTWVWALDTH
EIREAGV, BECELTE, —E0LBRELE-T, FARARIETE2VTN S,

® Tk EARHRE (X-13)

3~TmOMDRESIT>TVD, BERICBEL TIIEEIELSKZEE, KEEFIAKELR
2L51RA3H, BECELTIRERS—ET, BHEHEPESBIRBEFSDZDBBKELS
oTWd,

PILEORERE, S, FTEBCELTEET 5, BRCHELTEHEEORE VS L R/psvpE
Hoictd, HEE L THESRENBLLBLRIBERERDO EROERECAD, T, KR
BOROHOXOARXNE, HBECEALTRFT - DDRIRI>TERINTVRETIANBK
XVDT, b DHHHILSOTIRIEV, BAERELHRERD FRBICI 5> 20BIRIE, A
&+ SRE « B9 (1995) b ERAZEEOBALSLUTO LS il L T3, [HREREAAADBK
13, HicAREZESEL BREVIAORERSDIELE S L0 BFRTIREL, REBDOIS
SEXDIEAHMRT 2BRTIRBOAEHESN S, T5b5, FARBEESMEVIRETRREED
HHOENELBREO L VAL SHEEOEVAE T X UKEROIAMNEET 545, FHH
BENEC BATKREDCEHFIIET D, REDBEVWLOR» D ER-TLES LVLHIEFKETH
3, COR FEFEEIRCEL-> TREERDO FREERD SN, B ShEFEO M IB W THO
SELFURERTFOREBI L > TRUIAKDEERSIES N TV S LW AREMESEZL o1
3.] CCT, FAHEEELEPERED—EEZ B L (APA O & 5 5 EEE OV EAMEE T
5%), AEEEchbbOT, COBFRERKEROEREESSXLARATERLVEL
Z 5,

—%, MEcELTE, BEREFERKC, EPRELREROMEBERIARZVLOL/NEVEDD
b5, WU THRLD SHBEMEY, 72, BREIELY, BPRECLHPLST, REER
O LREB—ETH AERVSRONE, TIh5, —Bicvbh TV XS ic, BEkEIFERER
BHBZELc L Th T D BREKIGLEVKERTREWAEELLONS, L1 L, —D DK
NOBEA LR NS ACBEHRIZ LHBRICLY, EHRIESVHBEE D IEEEZS
L, BERERMOBRICK > TIRET EOTREVALELZ LGNS,



« RISt - B RER

N850 - oL « HRAIE - K

326

§G299°0 ¥9.9°0

¥ev9'o

¢L99°0

L29L0

€219°0

uoneuiwialep
JO JUBDIYA0D

168270 Y200

991} £101SI9A0 901} £101SI9A0
1S3S0[2 9} 0} SOUEBISIP  }SISO[D dY) 0 IUB)SIP

WENTHINY WO THTY

xapur uoniedwod
BREHEE

£e] 1e]OS JO
a[8ue yoeoidde

Ae[ JeJOS jO
9[3ue yoeoidde

HHE

£e[ 16[OS JO
9[8ue yoeoidde

HXE

®ole UO1IRANIO0
umoId patoaford

B T 2R

HHE

901} £10}S13A0
1S3S0[2 3} 0} 3OUR)SI

e T HIY

xapur uotyiadwoo

VB

eale uonednado
umoid pajoasford

BN St

Ae[ 1e]OS JO Ae| I]OS JO A®] IR[OS JO
9[8ue yoeoidde a13ue yoeoidde 918ue yoeoidde
HIE HIE HIE

Bale uonednoido

291} £10]SI3A0
P 1S9SO[0 9y} 0} JOUB)SIP

FENT I

xopul uonnaduod
RS

Aej 1e[0S JO
318ue yoeoidde

H¥E

umoIo pajosford

BEHB B 2Ry

BaJIE UMOID pajdaford

G e

eate [epusjod d[qe[ieae eale Jerjusjod S|qe[leAe eare [eljusjod d[qe[ieae eaJe [erjusjod s|qe[leAR

B3aIe UMOIO patodford
LIEID kdads )

sqeneA Arojeuefdxe

ede ede ede ede WM
UOT)BUIULISIP
JO JUSIOIYR0D

6€29°0 629L°0 €2€9°0 $9.9°0 £€989°0 )3 ELA S

9913 AJ0}SI3A0
1S9S0[0 9y} 0} due}stp

PN FHIOY
xopui uonjedwod
e
Ae] 1e[os jo o[8ue yoroidde
HKE

x3pul uonjedurod
peds s
Ae[ 1e10S JO 918ue yoroidde
BAE

BaIR Eomumaﬂooo
umord pajoaford

BEE 5 AR

BaIE UMOID Pajoafoid

B HIZE Ly

991} AI0)SI2A0
159S0[3 3y} O} 9oUB)SIp

PN T B
xapui uonnaduod
BHEH
Ae[ 1e[0S JO 918UE Yoroidde
HXE

eale uonednddo
umod pajasfoad

B L 230 s

9913} £10)S19A0
1S3S0[2 Y} 0} OUEISIP

oI B
xaput uonnadwod
SHERY
Ae] 18108 JO 318Ue Yoeoidde
HAE

eale [ennuajod s[qe[ieAe
ede

931} £10]S19A0
1S9SO[> 9y} 0} sdUe}SIp

PN T HIE
xXapul uonnaduod
B
Ae| 1e0s Jo 3[8ue yoeoidde

HidE

BaIe uonednodo
umold pajosford

IS biciad

Bale [erjuajod a[qejieAe
ede

3a1) A10)S19A0
1S3S0[0 9} O} SDUEB}SIP

PN HIE
xXoput uopnadwos
WEHE
Ae[ 1e[0s Jo s[3ue yoeoidde

HIE

BaIR Uonednsoo
umolId> pajosford

BB AR
BaIR UMOID DPajodford

By IR Uy

eaIR [BIIUAlOd S[qeR[IReAR
ede

s[qenea Alojeuedxs

WEEHITE

so[qerrea £10jeue[dxs USIM]S] UOIBRUIWLIS)SP JO SIUIIIPO0D pue SUOTRUIqUIO) 7 9[qRL

FHIAQ LA RGGCHOFERE ¥



AT ZBHRIC BT 2 & ORITE X CEEREEBE! FARKRE € 7 v O1ERK 327

BT i< B 1 B RS OEERERDIRE L AT R» &, AMDOBFRED, S BRI
BAERERBERDSORERNEUTH S L L, HEOBEERER L XRFRE CHEYRSITE
L7,

T IT, EERAHT &3, p EOBRAEH GRER) &b s HWER REBER oMic%
HTIRY, BUNEROEFBHLHOZEHIC L > TEOREFBINILENTT 2FETH
2, BSOS 3 LS TGRS BRSRAET B, £OBSRIEMOEVWE
BOoOWEFNh—HE2ROTHESMTEIT S,

AL TIRBRALEESBERRE THNERS TREROEERER TH 5, LHILFEHSFA
LB AERAERBIREO L, TE3MMOEL OEKABEL CERRMMEIT-&T 5, A
BhEB L CRERBIIE2 OBD TH » 1o BROMBEN LD » D3, BEMTHRE, Biffs
¥, SHbf, B EARESEZSERE LIBA1E > 1o ThZhORAZRKH OHEBIRE I
£ 30FEOTHY, TEHEHEREL TOWRVOTHRPFZKHICIEVHEHENH 2 L iV L
B, ROMHEESED - HllAELED SFHPENE 3T L cBEORERKIIRK bHBENE
Do AL EDORER LD 0.002 KD >z TFVEHET 2 HAEKII DT VENEF
LWEEZ LB, SEOBE, bIhirssd bIRERBICEND D, HBEXZEERST1+59
BEBBRSH SEh - koo, BEERERERYD 2 NcHEFHEMERL 7.

A4d=0.023986x, +0.004757x, —0.1249x3+0.030605x,— 0.28257 (r>=0.7629)
2L, dd: TAEROEFERER

x1: BOER R

x2: A

x3 BEFER

xe  BOTHEE FRERRE

ZoR MG B OBEREE L TZA, BARoBREE L TREMERR BREE
BRELAEEESATVADT, HEERERE SIRLEMBHR,L SRHTVELEVASE, &

-3 BAZHE OHBIRE

Table 3. Correlation coefficients between explanatory variables

FEBEATE poRsta AT SR g ek AR Nt g‘%ﬁgg

approach angle

distance to the closest .
of solar lay pa.i. of dbh

competition index overstory tree

correlation matrix projected crown area

R R 1.0000

projected crown area .

A 0.1741 1.0000

approach angle of

solar lay

B e —0.4862 —0.4093 1.0000

competition index

Bl E AR 0.2782 0.4548 —0.6018 1.0000
distance to the closest

overstory tree

ey LA 0.6339 0.6693 —0.5804 0.5812 1.0000
SRR

p.ai. of dbh
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B, ZFLUAOBBICIORABUTREIZNLEILIRILOMLSKE WV, £, MEBIKBELTHTAD
BERERSHBNZE L CE B0 7 — 4 2O TERBEIM2IT->- TV EDT, HEEEFD
&3 HEREROEHOA & VI LER RRETH 5 5,

—4, MECEL TRNSERRRER EHERREROMBESEDL - 20T, Bo0iE
BERBRERD OMSRREREHRAIT S Eic L,

h=7.77691n (d) —6.9598 (r=0.85)
2L, kb BIERERER (m)
d: MSERRRER

KB, SERDIBERRIEIN-14 DL 31T -7z, T3 1.15, EERZEIL 0.36, H/h
0.45, &KX 1.78 TH - 1,

T, REFRIIRAVIETREI v F+— Uy B THEDIZBONNS A -5 3FRA4D
LI 21,

fRITRER D SER S M- BRIBREZBUHRE T 7V (K-15) #FHL T, BRRox HBELL
B& s EARERBR LU BEOTAROMEER % YM4ED S 5 FEM TR L R (F-5), miFick
REBEOHBEESLL, EREOHEFREDEICL > TREICENHENSE EVWHSEEBE LN
126

MEcBAL T, BROFFHBLILBEE EAERKR L B0 TAKMEREEAYEDS 5
ERTFRIL R, FIFCHEAREOIBERES KL, ERE OBFREDEIC X > TREICE
BEHIZEOWHSERBE S, 18, Hlic/aL 7 5040 13 50 AKX, 10020 i3 100 KX, 15022
13 150 KXDOFARTH %,

DEO#RDP S, TOREETFNVEMED T EICLD, BEFIBETANCIA TERESTIL
LIz nERBN T AROBREFRSaIiEIcE 3 EEX 0N B, kh, COEFLEIGHTAI L

18 .
16 -
.
.
14 .
. g . . .
2 12
5% *
g5 .
£
o
“
08 . *
8 .
06
.
04 -
02
[}
501 503 504 10016 10020 10022 10030 10034 10040 10053 15012 15018 15022
WAHS
tree number
X-14 BIEHRK

Fig. 14. Correction coefficient.



AT BRI 5513 5k HEE O 5 & IR T AR E € 7 1 O fEK 329

F4 I9Fe—Y e A—%
Table 4. Parameters of Mitscherlich curve

number a b k
5018 22.167 1.165 0.060
5033 24.759 1.134 0.043
5040 40.129 1.142 0.036
10016 8.403 1.661 0.050
10020 123.128 1.032 0.007
10022 36.451 1.076 0.029
10030 15.667 1.516 0.104
10034 19.854 1.303 0.073
10040 14.425 1.352 0.097
100563 24.386 1.185 0.046
15012 47.428 1.026 0.024
15018 13.217 1.788 0.094
15022 34.649 1.310 0.052
BED
T3
past data
GELTTES BPRE
growth| curve competition indicator
BeIREN
LHED EELI-BED
BEERES EERRE
p.a.i. at the year p.a.i. at the time of changing
the competition condition
l I

FHEETO
EERE RO 1BIE R

sum of p.a.i. for the target year

I S 52 ]
prediction for total growth of dbh

modification coefficient

MEEE-EREmRR

regression equation for dbh — height

e RETR
prediction for total growth of height

M-15 BE®FVvoHEaK
Fig. 15. Flowchart of growth model.

T, FAOBUEARDRE, FABRBEBOBETFRNSITI S, KB, ¥ 7 0HKL D EERKE
—FE LT ERAEFNVOBERD—>TH D, BHRREB JUBLERRORENHELEERE
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Table 5. Example of difference in growth prediction between the case of cutting overstory
trees and present state
B R L S
dbh - height

5040 0= 10020 0z 15022 o Z& 5040 0 10020 % 15022 &
difference in 5040 differencein 10020 differencein 156022 differencein5040 differencein 10020 differencein 15022

(cm) (cm) (cm) (cm) " (cm) (cm)
E S 0.00 0.00 0.00 0.00 0.00 0.00
at the time
1 %1% 0.01 0.01 047 0.00 0.00 0.14
one year later
2 Etk 0.01 0.03 0.92 0.00 0.01 0.27
two years later
3E®R 0.02 0.04 1.34 0.01 0.01 0.39
three years later
4 % 0.02 0.05 1.74 0.01 0.02 0.50
four years later
5 F% 0.03 0.06 2.12 0.01 0.02 0.60
five years later

F: BETFHOE= EAREEKBRLIBE-RRO T $#HB L 15S
Note: difference in growth prediction=the case of cutting overstory trees—the case of present
state.
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Summary

In this study, aiming at developing a distance-dependent growth model for a double-
storied plantation forest, the stand structure of understory trees of a double-storied
plantation was analyzed. The study area is located at Chiba Experimental Forest of the
University of Tokyo. The experimental plot, a Sugi-Sugi stand, was divided into four parts
based on the density of the overstory trees. A survey on the stand structure was carried out
in each of the four parts and stem analysis was undertaken on 10 understory trees in each
part. Though the understoried trees were found to be influenced by the overstory trees in
terms of dbh growth, there were no significant differences for the four stands in terms of
tree height growth. Stem analysis showed that the double-storied forest has the same
process of dbh growth as that of the pure forest. To develop the growth model, competition
conditions were analyzed. We devised a “competition indicator” to represent the competi-
tion conditions but found that it could only express the upper limit and variance of the
growth. For that reason, we employed multiple regression analysis to model the growth of
dbh with several competition indicators. Tree height was not related to the competition
indicators. For growth prediction, we calculated a modification coefficient by dividing the
annual growth calculated from the multiple regression analysis by the annual growth
calculated from the growth curve. Growth was then calculated by multiplying the
coefficient by the annual growth calculated from the growth curve, considering the
competition conditions. This model enables temporal growth prediction for understory
trees under various competition conditions.

Key words: Understory trees, Double-storied plantation, Stand structure, Distance-
dependent growth model, Competition indicator, Modification coefficient



Wood Properties of Sugi (Cryptomeria japonica
D. Don) Planted at Gobo-zawa in
the University Forest in Chiba

Yoshitaka KuBojima, Hisashi Ousaki, Tomoyo Sawapa, Kazuhiro OricucHI,
Hiroshi Yosuigara and Takeshi OkaNO

Properties of 86-year-old sugi wood (Cryptomeria japonica D. Don) planted at Gobo-zawa
in Tokyo University Forests in Chiba were measured. The tests conducted were soft X-ray
measurements, static bending and impact bending tests, compression, torsion, shear and
hardness tests, and shrinking tests. The results were as follows:

1) The pattern of variation of the measured wood properties in the radial direction
(from pith to bark) mainly followed pattern (a) but some cases followed pattern (b).

a) Around the pith: the values of the properties increased or did not change in most
cases, and sometimes had peaks.

Heartwood region, and boundary between heartwood and sapwood: the properties
exhibited peaks.

Sapwood region: the properties decreased.

b) They were stable at the pith and heartwood regions.

2) The pattern of variation did not change with the diameter of the logs.
3) The wood properties were related to density and moduli of elasticity at the 195 or 5%
significant level in almost all of the cases.

An Analysis of Stand Structure of Understory Trees
of a Double-Storied Plantation and Development a
Distance-Dependent Growth Model for a
Double-Storied Plantation

Hiroshi Sasakawa, Mitsuhiro Minowa, Norihiko SHIRAISHI,
Maxkoto Suzuki, Isao Murakawa and Shigenari SaTomi1

In this study, aiming at developing a distance-dependent growth model for a double-
storied plantation, the stand structure of understory trees of a double-storied plantation
was analyzed. The experimental plot, a Sugi-Sugi stand at the Chiba University Forest, was
divided into four parts based on the density of the overstory trees. Though the understory
trees were found to be influenced by the overstory trees in terms of dbh growth, there were
no significant differences in the four stands to be in terms of tree height growth. This
model enables temporal growth prediction for understory trees in terms of changing
competition conditions. '



