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REROBENHLEEIN T B EZATH D,
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WERRE LTRERLI, FLRALMR C0BAMX AL T, WALARIRESEY BELIHED
MR AR EERN L, Ch oSS RENROBENERYRIRL T, HODIARRE LR
HEEREZH DO LBACDOVTELE I ETHLDTHS,

AENY, STV BLALHRER—EAYDW 5 EERR— D =T A BEL T ORMIREL T
WL, HECHBELERELRET S, MEOLOM L, MEBEEVERETHEDODIC & ) ARl
L, BEBIELTT A=Y AW TR STV 5,

Z OWEEBCHc o Tk, KERBRBNANZHERLEE—EL, AXHENTIREEREFEREY
D OREROEEY, FHRFEREFEHMREL, KA ARER S BRRE I UL OBk s/ v
— RN DI, BYLHECREY Wi, EDCEHT A LEWTH D,

1. CD #h R & 3/2 FAl

Bidh 3305 L RERERAEINL, FTEOOMODoFIcYERLZ L EL, T TIRRER
DEICERANED 25 B#H T 5,

Y, AFBELRTNRRLD, TOMOEERN, ok idtbdt, AFRRE ENBETHHED
MEEC BT, TOPHEKE () LEFERE (0) —BEMAEHH D OMEK— & Officik

1 _ ettt ettt e et et er e e ot on e
T—APJ.'B (1)

EWSRARDIOW, A, B ABBMC L > TRAIEHT, AFEEYHLHTLOL L TR
B D EEROEKE D, = O CD FE (B4mEDE, Competition-Density effect) 3%k

(1) AMXBERTRER « RERL
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3 (reciprocal equation) LFFIFh Tk D, Big EHSFOBMELYLTEDTIXOEMBRTRT I LNT
&%, FCBMEESCY OLAKERE (V) &

1 _ 1 _ B e s ‘
T A )

THEbEh3,

DEZ, i p, 0% hBENERES Y OEEKORRIMIC /5, MYRENERRET S &,
BATER LMY EROBAFR ORINE Bk 50, [EH2 ORMENKE B Lo, EIERMEER
DB b, TORKRE, FEEASERLIBZ RDT2, Licat-T, p RIXEEOH5Z
EnElEhd, ORI, EYECL > TEhZThOBRFRECE L TR TV 530 TH-T, TR
LMLz 0 EEE CD FRRNEFARO w £ p ZHVT
ThbbLiz, ORI ILHRECEFTRBLIEBRTH- T, & o (MEYEC L > TEERERT
BB a iTBE 3/2 TFEWER EBDOT (3) Rt 3/2 FEIEFITR T3,

2. THRIUYHNOEA

C-D 8 3/2 A% 7 » ~ Y MOBHBDOLDOBEIC OV THTULDIDA Fig. 1 THB, w -
R v PgRaE ) 2AVTH, ZAMOBIRSERIITS C ik, RO LT TRADLR
TWBEZATH 5D,

Fig. 1 QMBTINEERUEBTREEY OEBMEE 7 — 2 ¥ TR L L, ThTEDLY, F
b1, ALY, RELD, ARLODT — 2% 2FMLT, ThbOILKREE () L EHBRME ()
DOREFEERICLIcDTH D, RO 1 {1 GRS ObTa, FHEEE2mI LCHYEL, STHM:
BEEE e, CHIINARBECEEIh, LT it dbh, H ORI EYERL 5%
FEY VT, HMOOEBBREY ST L 5L L-bDTHS, D0, MM L OEF LM
RigoTH, A—PHREL I ORSERIBESRRN E, F—EFTERCH? LERT 5 b T Th.
%o LicatsT, EO%PHMER BEThEE—-EEEEL L ORSREDIIARE & TR
BIRE CD SRR CEBTHC LA TE B0, MOSTHREME (DR w ¥ FHBHE ) 1
BEDPZIE

+=AIJ+B RSOOSR T

THbbLIc, 4, BRI I TRPABREIC X - THREZEEEL D, T ORANLEORBIRD L.
SILTIIIR 5 2 eV T& %, C-D ZROFHR RO Base point——phiR TR $hih_b 0 BAR AR
P I BREENT B E 0~ 1 ELTBH, £ OGAEHL/2T T B R—% WENIC RS THEER
ZOWTR ETRDD, = Base point DFEEELFHHRE & A HPEEBEHRE oD E LTEEL.
Base point DEE@EHRET D, W FLOEEY (5 ve) L3254, 4, B Offix

' A=1/2 vpPp\¥
T&z2bhn (Table 1),

e (5)



Big-mERNE AV THRE L MR L B R & OBIR (RAR)

73

10

Mean height (m)

:0~2, 10~12, 20~22
o 10~4, 12-14, 2%~2%
A 14~6, W~[6. %-26
5 168, 16~B, %~28

W x :8+40, 8~20, B-30

1N

10 103

104

105 10

2 ("%ha)

Fig. 1 72 =Y ROILKEE (P) & FHEBEHRE (v) OBRICEKT 2%
Pepghs (full-density curve) X 4&EHiRERR

The full-density curve and equivalent-height curves on the
relation between stand density (0) and mean stem volume per tree
The diagram are drawn up using the data
of preparation of yield tableD, Kawara et al.¥, Saroo et al.1®,
SakacucH et al.®, ANpo et al.D,and Tapaxk1 et al.’®), The equivalent-
height curves are applied the reciprocal equation of density effect!®,i.e.

(v) in Pinus densiflora.

——=Ap+B

veerneneeeinens (4)

‘Where 4 ahd B are constants determined by the mean height in place

of growth stage (Table 1),

The full-density curve, which shows

the upper limit of stand density in regard to arbitrary mean stem
volume, is given by following equations.

general equation y=4F/p7a -crerererneene
v=2.6X1040"1:5 «eeue

Pinus densiflora

reveernens (10)
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Teble 1. &PHiEEACEE§ 5 AR OB
Constants A and B in the reciprocal equations
used as the equivalent-height curves representing

PRERBGVITRE 28166 5 .

the relation between p and » (Fig. 2).

1/v=Ap+B
Sl\ﬁe:?x lf’jighgt Constant
(m) A B

4 0.01023 128.04

6 655 33.512

8 477 12. 955
10 373 6.188
12 305 3.385
14 257 2.034
16 222 1. 308
18 195 0. 885
20 174 625
22 156 456
24 142 342

5 LTRSS THREHROEAEL, i
BENKRELRDBEBL DL 5THEH, &
ik, ZhEho ¥ RTIHGOBEOTE A
Ricn o b, THBENARE (bR EHER
ENEL T B sl lELzbhD,

Fig. 1 OFEMIOKE, FHBMECETS
3/2 FUME—F R MG OIAEECEIR
L7 L FOFMEEBMOEBE L vTioL
LT “MoBEORKEMR 02ikEXLTEDY,
FRETLDE “HrE A, i ol
density curve” LIEST LITTH5—%H D>
LTWw5, £0—BRix (3) Row & Fiy#ifk
@ TrEIZ

V=R 0 i (6)
TREND, ¥, o T X > TERLERT
H5,

= DI OB ORI T TIRONEINDN, 7 5 <Y DEEHRRIC DLW TR
v=4,232X10*0"1-(v: m3, p: A&/ /ha-DITFET) (7
EHE L1107 F i A THERBEE ) b RDI- b D%

V=5, 147 X 10407156 e seevre it (8)
EFE LI, S OICRE, PR 5 m DUT ORGSR o

log v=—1.9252 10g -+6, 5197 «wreveereversereraneenn(9)
FEEhx bt

v=3,309X 1050719252 e rrriiriinnini e ()
ZRDT B,

RET, SO T H =V HMIEIENEET B 0L, HREDBORSTILD 5 LEBERAD
RIS B ST E 0 b, SIRSHA & H I CIE L DRSS B DTIR RV £V 5 X 5 ICHER
LTV 573, HEOREDOFEL, FHBEORVC L IBEORENTSOZNERTH-T, TH~
Y OEREKS OER BAIHRIITEARRELEWDRTT S 5 5 b, Th VRIS R e
ZRALIELLRIL G, LA, ROEE v 2 0 OBEIC AZV ORIV OREDITH:
ETHI LR, HERWLBICIIRL AT oV R B2 < 5 X S B L ke ofFEN Eh

THH LR ECERRDD &

Bbhs,

Fig. 1 1, (D@ OREXPEETHDOERAINLLHOF — 2 HEAT WD, & DR FCHTORM:

HifRA DD L S ITgRdic,

v=2. 6)(104/3—1-5

e (10)

3. BFAMEORE LR ERIRE
COL5ILT, CDFRMEAGTH b LIS PHMERE, Fitlirikos L, 72~ vks



BB AV TR L - RIMR L B IR EE & OBSER (RAK) — 5 —

DBRHEREER L IR L BLCANTICS LW I BEL D TERNNCH bhT 2 L2 TE 5,
SPREANT, ML, M A BHETERL TV 30D, H5ITHIREC I % FilE & Sl OBIR
whhul, SEIHERIARED DL TRELTENTH D, Licdi- T SIARBEDOARMZR =Y T
a—/, TibblROBELR ETHEEL, TOHBEELHEC IS TRDDZLE, W22DR
EEBTH LW X5 THBEL S,

ARLMWEF TR, 5 LicHRE AL TAFROMRESCREEERR I & 22 TH 460 BED
EFARBELTEEREYHE TR TR Lic, 4T » < Y OBROWTHRHNTHZ LITL
Tl

EMRE D = F BT, SPEHERCHBEHRIEE LD, =T A 0OENHL Table 2 0 &
FHTHD, & TIHEREE (00) 4 &kY, FEFEARR (ML) 4 th, FHREAMR ) 3&
wb, RAER (D 4 &RV EREL,

FHEBEER ML) —FEOEEL RTHETH-C, BEHFRLECHD —EOHEXROL W
BHERTVB, IR0 & OF (TbbAORD 2.6X100) OLEXEILILTHY, ML=50% Li%

Table 2. RHfREeFrDFE—Table 3 D E2R
Schedules of thinning models.—See the notations of Table 3,

Po ML hf I P ML hf I
8 2, 4, 8,16 8 2, 4, 8, 16
10 12 2, 4 10 12 2, 4
16 2, 4, 8 16 2, 4, 8
8 — — 8, 16 8 2, 4, 8, 16
30 12 2, 4 30 12 2, 4
16 2, 4, 8 16 2, 4, 8
1500 6000
8 — — — 16 8 2, 4, 8, 16
12 - — 50 12 2, 4
16 — 4, 8 16 2, 4,
50 (18) 2
8 — — 8, 16
70 12 2, 4
16 2, 4, 8
#ERMR  Un-thinned 4EfEfR  Un-thinned
8 2, 4, 8, 16 i 8 2, 4, 8, 16
10 12 2, 4 10 12 2, 4
16 2, 4, 8 16 2, 4, 8
8 2, 4, 8, 16 8 2, 4, 8, 16
30 12 2, 4 30 12 2, 4
16 2, 4, 8 16 2, 4, 8
3000 12000
8 — — 8, 16 8 2, 4, 8, 16
50 12 2, 4 50 12 2, 4
16 2, 4, 8 16 2, 4, 8
8 — — — 16 8 2, 4, 8, 16
70 12 - — 70 12 2, 4
16 2, 4, 8 16 2, 4, 8
4EfAE%  Un-thinned fEREF  Un-thinned

T h=24m rEET S,
Final cutting is fixed at A=24m.
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The notations.

(/ha)

REE p

Initjal planting density (no./ha) 0

FAOTABE (/ha) —p

Present stand density (no./ha)

oNmE (%) e

Relative density* (%) T
LIPS %)

ﬁanagement base line** E"/Z) ML

BB AR P . (m) whf

Mean height at the first thinning (m)

PERAIESE (-m kR "

Interval of thinning*** (every -m hezght growth)

IR (m) -

Mean height (m)

Rl (m?) -

Mean stem volume (m3)

ke A (m®) ¥

Total thmmng yield of stem volume (m3) ¢

BHBEER (m3) T

Standing crop of stem volume (m3)

* 1 EERDOIMARBED,

*%
K%k
K%k

50

V=

100

Uy

10"
P A Mm \ N
. 12000 8 W4 T
o 6000 12 f2 50 ‘
x 3000 16 |2 30
s 1500 8 [8 10 \‘\
0-2
P 103 UG
("%/na)

X2.6X 104p—1.5= 1.3% 104p—1.5 cererisessannee

Fl— & PR L OREEER LomEC 35 R

: Percentage of actual stand density to full-density on the same equivalent-height curve.

D RREdAR & OFATER, (6)(10) R ¥ Oy

: Parallel with the full-density curve and shown

P —EEERRECE

: Every certain meter height growth.

2HBTHOHLT .
by percentage to %/ in equations (6)(10).

an

HbHbL T3, Fig. 2 Tz oBRER
LTHk<, & DRI - TRIRE AT 5%,
& PO ERIE DRERAE A BT YR Bl DRIRE: DRER
BA# D x 5 EFiED MLICETH X5,
EROMHER ZHR L TRB OIS,

PLBAsAR (W) —FHEEEE () b5
TRLT,

Fakram (D —2 O kE % - CTRA
L, % 2m Srepdm ZLEW5 X5
CRIRAMTebh B X 5L,

Fig. 2 p, v, b, ML OBFARTERIR
LR 7 L OREPOF—Table 3 DFEES
i

The diagram concerning P, v, A and
ML, and some examples of course of stand
density control in thinning models. —See
the notations of Table 3,



B mBE RN AV TR Lo RR & B a0 EE & OB (KD -7 —

kAR —RIRARE ML OIETRNI: LB D OFEKLT, BHEONE WL O LIERRIRS b D
15, MREI®RD p~v BIRIL, CD ZRERIBR— Z TREPHEER LOEL LD, Tt
¥, BREIED & IELLIKWLDERET S,

BEA—BEIC Licht o e fIROIIMIT, HHRIC X B AERD bE 2 L bic\ . FHR R iR
EoZTRIBBWHE TRV EFWS ETHL, o~v BErdbbT & Fig. 3 DX 5kBBLiD,
BEHARCERE T 2 R TR E N D, Z OREICIL (4) RO & IFT v e p Weii Uil
——Suivozakr HWDW5 C-D HfROBEVIE —F/cbd

IG‘ A\ 2.
AR\ -
N \ >
& ujensif/om. \ Pigf; bus
i’ .\ ? 10—,
14 N
il ? : \\ &
o —t
o [e ) %
10 "f ;\}\ V\ 1 \-\‘”\
|'\ ¥ \ \
30'03 |04 IOS ) /0 (rm/ha-) IGI '03 |

10*
P ("*/acre)
Fig. 3 p~v BIRICKT % SRNTEERAOH, KITLESD, Ak Spurr 59

DF— 2 X,

The examples of course of natural thinning (death) on the p~wv relation. The
pictures were drawn from the data of ANpo et al.D —left— and Spurr et al.’®

—right—. The p~uv relation before reaching to the full-density curve seems to be
given by following equation (Type VI of C-D curve by Sminozaxi et al.l®),
—}J—=AU+B(12)

Where A and B are constants and are determined by initial density and the full-
density curve.
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TRAEHRE BT BT L 75, 4, B IR & TR MEA ST X > THREDERTH B

Fhe—h=24m DL F LTI, UL, B, [ LOBEELEDILDOTHS, fodkzid, if=8m,
I=2m ZE7eni¥, h ©8m DL EEIEPR, &% 10m, 12m, & 2m FEI LKL T 24m D
EECER, ¥l Wf=16m, [=4m Zriebi¥, ko 16, 20m TR, 24m TEREVIZ LK
Bo LicdioC, Bf=12 T I=8, 16m Zk, HB\ME Af=16m T I=16m = LicX OEERHRIL,
h=24m ZRIZABL VO TERIRT W3,

DEDX 5 UTEMMRO L DL 45T 123 L) OREFARRE SN, TD5HDW L Oh%
Fig, 2 CHbETRLTE

4. FRETFIOBRMTNENE

BEHC LEento T, BMREFADERERD b KT HIRIED 0 & EFHELL,
S FI(DROBIEE ¥ Ofth )1 ha dich ORHEE (V) 2HCHEN2
V=p/(AP+FB) wrreereerrerriemsrsieinsesineensieens e (13)
LU, Table 1 0 A, B ik My, BRABEO V 2thZho b ©oWCELE, WRORE
EARTOEDL SIRETE Do % hem CHIRA TR, SIAKED Par—Pus 12, WSO
2 VarVas CEELIE L, hem CKT5UHEROREN A, Be Thote 235 & ADREHT

Ver= Pa1/(Ae PartBe) wwereeveeesssenssssenseesensnnns (14)

Vo= Pro/ (A PaztBz) wweermeressrsssuseessessansaneaenns (147)
Ligh, ha Hich ORIRHME (Vi) 12

T R O P PPN € 1))

Liedo &5 LIcitEE2 & =7 L OZRMRREA TR, h=2m OBFRHMEL, ThEToOMREYL
AR LTEMREFHE L LT

5 % o # R

FIEORRE A Table 4 WRT, ZOFHETR, IRBENREFLERTLIR-THY, LOEMEAFH
B V4V CHRELRAN T2 5 X CAIRBENXER L2500, HABE (o) 2HRHOFERL
LTHY B e, pr &id, B—EFREO LB CRIEHIRN DT 3EcdbbTIDT, HoHea

* o (12) el Eos L CEERERD 5 &
dlogv _ —1
dlogp 1-Bp
Lich, OORD @ 2% 1.5 (3/2) THD X Hickteiiiie pr THETSETDHL
=1 _ =3 _ . p=-1
1—Bps 2 3B .

(DR CHIIEE 0o HRDBIDIC =0 LTI, Qo=—g-LT8BhE

_1
/«7!——3 o

Tich, RMEiRE (ro o OfF 1.5) CERETAHEED v I BT, EHL I HZEETA
v v BT L BRI B L R OB E B E DL/3IC /- TWhW B b Th 5,



Table 4. [ifRe 7 VM BB SR —Table 3 OFERR
Results of calculated stem volume yield on each thinning model. — See the notations of Table 3,
2 (no./ha) 1500 3000 6000 12000
hf I
ML(%) 10 30 50 70 10 30 50 70 10 30 50 70 10 30 50 70
V+Ve (m3)| 424 458 598 489 629 654 512 652 678 673
2 Ve (m3) 187 221 180 252 211 142 275 234 166 103
pr (%) 4.2 4.2 13 4.2 13 24 4.2 13 24 40
V4Vt 402 436 590 466 620 652 490 644 675 674
4 Vi 165 199 172 229 202 140 253 226 163 104
8 Pr 2.9 2.9 8.8 2.9 8.8 17 2.9 8.8 17 30
V-V 360 527 394 561 610 424 591 641 649 448 615 664 673
8 Vi 123 109 157 143 98 187 173 129 79 211 197 152 103
Pr 1.5 4.8 1.5 4.8 9.4 1.5 4.8 9.4 17 1.5 4.8 9.4 1.7
V4Vt 301 464 537 334 498 571 604 365 529 602 635 388 552 625 658
16 Vi 64 46 25 97 80 59 34 128 111 90 65 151 134 113 88
Pr 0. 64 2.0 4.0 0. 64 2.0 4.0 7.3 0. 64 2.0 4.0 7.3 0. 64 2.0 4.0 7.3
V4V 449 556 496 602 621 528 635 654 649 550 656 675 672
2 Vi 212 138 259 184 109 291 217 142 79 313 238 163 101
Pr 5.1 15 5.1 15 27 5.1 15 27 45 5.1 15 27 45
12
V4Vt 435 551 482 597 620 515 630 652 652 536 652 674 673
4 Vi 198 133 245 179 108 278 212 140 82 299 234 162 103
Pr 3.7 11 3.7 11 21 3.7 11 21 36 3.7 11 21 36
V4Vt 489 559 573(|hf=18)| 536 605 619 616 567 636 650 647 591 661 675 672
2 Vi 252 141 61 299 187 107 46 330 218 138 77 354 243 163 101
Pr 5.4 16 30 5.4 16 29 47 5.4 1.6 29 47 5.4 16 29 47
V4Vt 480 558 572 526 604 618 617 557 635 649 647 581 659 673 672
16 4 Ve 243 140 60 289 186 106 47 320 217 137 77 344 241 161 102
Pr 4.3 13 24 4.3 13 24 40 4.3 13 24 40 4.3 13 24 40
V4V 463 548 569 510 594 615 616 541 625 646 647 565 649 671 672
8 Ve 226 130 57 273 176 103 46 304 207 134 77 328 231 159 102
Pr 2.9 8.8 17 2.9 8.8 17 29 2.9 8.8 17 29 2.9 8.8 17 29
| % 14 570 608 620 620
Un-thinned Pr 58 86 100 100

T=

(kY) ¥IBE @ 7 B 2 PRI RS D B R I T 53
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DR F OWKS & B — S THRERORMMR LOBEL OlR (%) TRLELLDTHB, #ETH
T, BERSOBEY, TONS LEUEHEEY b OKSHIED 5 5REHEL OURTHOHLL T
%o
ABHILFER D Tleblcwiaik, KEOBRBETER TSR b bREHRCHT T
BEOHBTEBTLTWL DX Fig. 3 D) THBND, &5 LIEHAD Pr 1% 100% TS0 T
RIBFTH B, LichioT, BRSO SR DWEBRCEBEE T feh bW Z LML D D
FTHBENH, T TRRMEREFAVCOWT, K VEBINBMMRO I D, o & bREMHE» blh:
BED pr, DFDRRAD 5 BEAD pr 2, TOEFAERETD pr HE 5 T EHD,
WE, ML, bf, I ZERLTEK =7 L O pr 2N, h=24m O V+Ve % T & 5 7o D A
Fig. 4 TH5, pr DRIV, FTiobbiEEME O OBhFINTLIIE LV ET LTI, Pr HURS
WMEE VAV OAZWERAVB LB LV, LL, pr BIHBBENEAE B E V4V ofin
AXBR e Ie D, DX SRBERIOEDLS Pr 1T 10~15% &\ 25 X 5T, KL Py TERHZE
2T7ry PLTHBA, AL pr TERCHBTELE pp pSAEVIEE VAVe 12AE L BHERSD
B, ETLTEDERIE Or DAEVTE, &IT O 22 10~15% X h AZ W FCHEETH-T, & O
T pr & VAV OBIRRBHE O 0 ZEREND D, BRI, or 2% 10~15% X h k&
WHEBTIE, Z® VAV ik 0o BSREVIEES LB DIXBELATSH B2, AL 0o THES LY,
ERIIZEA EZRIFDOIARVEVZ 2L 5TH D, 2FILYL 5T LRI OWTATAL Y,
THE (V)—F bbb h=24m k1353 V%, h=24m 2\ 5% PHEER 22hE—CD %
RREOHB LI B0 D, h=2m DLED P HREVIFEREL LD, BEFLDOIDELEED P X,

v+pe ()
700 -
o2 g
;.;.:4 X XXg Xk
° X
e00f X% oPosd® °°® °°  oX
o A a4 A A
[ ] : OXCBX A AAlP (S
X :AQAP Un-thinned
500 °© 9 . xa
a % [}
[ ] a
. x °© a, e A= 12000
400 ° a x /5= 6000
[ ]
o = 3000
X A a Q= 1500
o
00 &
1 I 1 I J
| 5 10 50 100
Pr (%)

Fig. 4 FEREHK (00) T L OEEHE (Pr) & EMRATE (V4T OBIR

The relations between relative density and total stem yield (V+Vi)
in each initial planting densty (0,). V+V: increased with higher p,
remarkably when 0, was under 10~15 percent. When 0, was over
10~15 percent, V+V: seemed to be different by 0, but to be not
particularly different by .



A = 3200 Ao = 12000

05 | 5 10 5 100 0.5 | s 10 50 100
Vo Ve (m3) I T T T T 1 T T T 1 I

700 [“ 11=70

500

400~

700~
ok
—O
%

500/— / Af=16

10 hf=1b : I{:i
- | 1 [ L i I I [ s L=8
05 I 5 10 50 10 05 I 5 10 o w9 x 1=6

£ = 1500 /% = 6000

Fig. 5 po if H—ic Liciao ML, I & V+Vi OBE— Table 3 0ISLM
V+V¢ concerning with ML and I, in which 0, and 4f were fixed. See
the notations of Table 3. V4V increased with shorter I and in nearer ML
to the full-density curve. These tendencies were more remarkable below
15 percent of Pre ' ’ o

CFY) WEIQ T WU 7 PO RGO B B HB 3R

o — I‘[ po—



A3 = 3000 £ =12000
1 5 10 50 100 | 5 10 50
V+ Ve (m3) [ I I I [ [ T T |
700 M=50 pr=70
=50 M =30,{Z§:i0-)£75 " 3o
R M=30_ g0 M=T0 o
600 Mi=30_1l=50 B —o® h - e
T —e— ) - o’
i o M0 J [-2 =10 4 -
50 o Mi=10 /4’ / ) i -
Me=10 =
S 1w P -2
400
30 g=Xe-0-
30 ,o—x-s.o—-x._ o o=re-Oxe— —
o— O o ~ 2
0 e o7 yd 104
w. - p 7
- [ ] U
,/ / o - 1-4
1-4
f’/ =4 ,o/ /
o / N n,
50 W 0_g—% 7 T
- or——— —0— - 30« - o//
600 , o - -
//O/—_.—— /°/ .// /‘ 1=8
S0 = o A 10 o
I-8 7 I-8 / o / oraf-8
y / d o x tAF=12
400 — o / o 4f=18
Lo ] | ] ] L | 1 1 J
I 5 10 50 100 | 5 10 50 100 Ar (%)
A = 1500 £ =6000

Fig. 6 pPo I #—s2ic LicBad ML, hf & V+Ve oBfi—Table 3 0il52R
V4V concerning with ML and &f, in which p, and I were fixed. —See
the notations of Table 3. V-V increased with later /sf and in nearer
ML to the full-density. These tendencies were not remarkable over 15
percent of 0.
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ThEho ML & h=24m SPHEERLEOZELRSD X IBEIShTwa0 5 ML OERAZF I
&, Tiebb, RBEEINCGE ML 38 p RREL, LMo T V b RE D, & IEHERo=
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ML & V+Vi—TFig. 5, 6 T po, hf, I %BERELIBEEO ML L V4V OBER 25 E, ML
BRELEDZEIL pr NREVEWSZET, VAV k&L B, LrL, pr2815% D E (ML
=50, 702D DINTLALE) THITEAERIXR . LU ML=T0%D €5 1Y, ML=50% D3 D
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of Table 3, V' decrease with longer [ and in farther ML to the full-density.



— 14— HERBRGTERE 166 5

DEADBRI, Lo, V4V OfiBECiid ¥ H K mBTel,

Po & V4 Vi—nf, I, ML @—831Ti%, 0o 28 AFWIZE V4TV K&,

DEEWmD ELDB L, pr BREVE, 2F hEEEROI ST TEFBIRBI1ZE V4V REL
75— ERIR A DR D, LnL, Pra15%LT &L ED 2 0 DI TRET 2 LENH B,
Pr HN15% X D/ANSVCHEEHTIE (ChIEEAE D ML=10%, 30% D% D) ML i3 kE\WER, I i3,
BWHD, B FARECHEN VAV 135 i 5 BERANE L,

pr 2315% X h REVGEEETIE, VAV KREERTBO 0o TH-T, A, I, ML OBV X
5 V4V 02 b Th D, BEALHEBER 2 it UL, ZOfETOMEEE LTI,
ML pUNEWET (ML=50, 70% OBHRT), 1= bf #/NSWHT VA Ve 538 <o FrkE b,
FloI=4m & I=2m ORBETIX I=4m OFn V4+Ve RELRBHLH B, ZhboZEiu
Fhb VAV 01 %t iVWBETS 505, pr 2515% X ) KEVIETIE VAVe 13 0y 25—5%
s DIFHMRERC X EEY S P~ B LV 2 & 5 (EMRE T MR ). P ZTED V4V —%
fER BB THBT 5 & £o=12000 DA% 100% L LT, Po=6000, 3000, 1500 DJEIC 96, 92, 85%
Lo T3, .

FtkB&st (Vo)—Fig. 5 wHET5E% Fig. 7T ©RLL2, P, i #—RETHERA—D ]
CRLTE ML /N eBi3E, ¥@—D ML Tk I p/N&L33E Vi k&3, L
L, Pr 2’ 15%LL Ei/ie & - OBERNIEE Ty, I=2m 051 L) [=4m OEFAD V;
NI hTIKREL LD LB B, ML=50, T0%T pr p315%LL EDHED Vi ik, I KksTh
EOBER OGO ECL D, Eh 00, [ H—BETHLA—D I TIX ML BNSVIEE Ve idkE
{, EXF@—D ML T bf RRECZE Vi PAREVERY S S, LivL, Pr 2 15%L ETiE A 4
INEWFED Vi BSREL I 5 BEEETHNEDRIET, I OBBILEIVRLIhL KB EVL
%o Po BFICOWTHIE, MOBEDE—Te bIE Lo HIREVES Vi iZRE,

6. & @

1‘1_!1:

D EORERAFETOME TEFENIC 5 L0 ED LR D TH D, FA—TARFETHET 5 /s DX TR
iy, REOILABESNEIZES kD, ThETOMRBHRBAITIERARS S\ B L, Kkl
MLOVERTEHEINZIEY, RGBS »BEBIh D, MRMEEIERE, Thehfiogst
M=l IS e BERH B, Lo L, & OERIIMEREBORTEZBR T Or 5115% X D /AE L
WETEETH - T, pr M5B EOFETIE, HRABLEES MRE G 2D L RELRT L
2Y, B—0OMREFH, SEROF CIIRMREHROBECHREMIMREATCH E h A& nPBEL &
E =374

FRE LOMREORET, 2% b EHRAHEIL, BRAMN SR E, RS CFESh
513E, BRIGELS »BBhIh 513 L, MMRARITE VY, FhEhtbogtirn—E i i £k
B, LaL, COMRD, MRANYRMOETF TR, A2 %N T TEETSH-T, £ 215%H
OB TIERARME — O € FABTIE, ZMRAHBEIIT—ELE Lo TL 2,

BEEAFHH L LTEAROBF LT o 1200, CORBRLSEDOL DL I {UTW e, Livl,



B mENRR L AV THRE UcRiR & 8 & OBSR (RK) — 15 —

- HERRICT S o E T, B Y DRVGF T BE SRS O LI, IR o BRI SRR
B, ZMRAHELLELRD LV HIBENELHCED ORI ETEED LD LR STV B, Zhik
BB X 22T, RETIESEOL DX D S HIREEHRCGI ST B BEL TV Bledic,
EFAREORBENEECH I &, IHRKRELLEL, FEIO D D R MR EcoaiEs B
ERELTWHORYL, 4EIRADRD X 5 nHEEE L HEOFAD TV B ETH S, HETIL,
NEEL L THESA DD 5D, SEIHEBRICE EXh3 b 0nb bbb, & RIS
MCEWEBIIE S e 0D, pr HAREWFTOMYREEARAC HRARE & REE & ORIRHBHEICH
bhighstcdbDTHA 5,

BT 5 LT, pr=10~15%, HB\MII5% &\ SBETRLTE A, D or (RO EDDRIER
ThbH, S PHiEHRes LTHAV K CD SR0FBFRHMOLh Eh D Base point (2EBR) © por
HEHETH L 13~14% & BTt > Tl 5, Base point i3, HYBEEOEBSEELMBVLODEE
%o T, Base point I h BEIEVHEIIBMEOEEN T b, FLTHESNBEBIRSL LW
52 &Iy, BENECHHEINA LV I ENKRELRTELTELLAS,

¥ro, WFEHWDRT <Y ROFHERE () &2 OB ST 5 8SERONABE (w/ha) ORERY

n=35000><h—1.5................................................(16)
THbobLich, ZORNLThZERD h THT5 n O pr #HETHE k% 8~24m OHHET 10
~15% &7 %

Lichis T, pr=10~15% HEFMEEMOBES RS h s IARBEYXHObTLE2D L, 2&D
X SHERTE 5, BeREREOREEEL DL, Pr<15% TIIHKEDOBE, Pr>15% TIHKED
ALV N TE D, —jic, BASLICHREORME S h ORI, WEYREC X > TT—%E
DOfEE DB, BAENT CCEETIIRROEAC I > THITLALEELY 53 Eubh T b
b, Pr>15% TREE—ETHB L5 (7TH<YDEE, FOERIIEFEET 12~13ton/ha), &
T35, HHEHEANOFORILEER R, SABECERL —BCBIITTH%, bbHA, IWAE
ErBCERRILEREY OB DESH S L5005, — IV 270025, pr<10~15%iCic Bty
Rh, —ZREDOEENRDOIHTWBITTT, pr>15% O T RHRBBICEN H - T HITERRE 7o
B.2% D, Pr>15%DMMREF AT, FRECEZ—FEETOOEEYNEREIND DT T, £ DEE
B—ETH B, Pr>15% OWEANTOMREROEILEL, ZREF TO—EROEEYOEMY R
&, MRECHS*EBL TREBLTWHITELRN LTS, T THBEL L2 ONHEETH D,
Hik, —EEEEORNLIREKE L TELSIDPNLDTHE2D, ThixrBEREETR, REOHFKL
hARBRS X SRR EFARERIE oD, HRIMEEHICOTSIRES B 506, pr>15%
T, —BEEEOAOLNLIFTIE pr VNIV HEERTREESRERE & LT LI AR A E
Vo Lo T, 0r>15%D&AREF VDR TY, ML=50%D =53 ML=10%D=5V XY, ¥
fo, I=4m QEFAHN I=2m DEFA LY EMRAETENSE LB EVS X 57, Pr AN WM
INHEERSNEWIBNFETTLBDOTHA 5,

HEREENE &, KEOHELE V. 2F) or>15%DREBICEERE TS, LT, HRE
TOER—EEERYERT NS LD 0 5, EREEOE 7ML EIMRA R
HLltoTWd,



— 16 — HERBBRRE F166 5

Pr<10~15%DEF 4T, T &d 1ERBEE MR- L2 RLTW5, Zhik, H#EOER
TOCHRSER 2 RD L, FoLMEREY TAMBCEPTEERMETLTWAI L EEWRT D, Lic
DBoT, Pr BREVIZERERERBCTSbITT, EMRAHEDLSRD, 0L 57 HA
BEFAORTIE, TZLTOHRFOEANT L, BEFREN AL 2O X5k e T A, Ttk
i, BMRBARALGE &2y, MIESEY (2 0FEHCHERORMERENT AW ERETD) E7A0E
A S R 5 BRI D 5o

AR D & 7 ik, TREEOIEBELEI BT, OBRONARBETHRESR, £ONREEZ
ADRDOBR, O TIERmE T E
BHLERBENAE VLT MEELD
IWHRIZL D, LaL, £=6000,
12000 &7 A-Tit, R (h=24m)
IR AR RIS o 7o DT DU
BidE LV, Po=1500 DEMREF 1
Tt AU po ORMRE 7 AVEORSIR
B ELVIREY BT Tw5, Th
1%, SRR 7 LT HBEIREEY T < e
MPolledThHD, ZHIHEL, P=
6000, 12000 DEERHERE 7 A TidAE
%<, FORBERIIFL p, Ok
NEEDRSINEL D is DT\ L

() KITA-KYUSHU

(2) KINKI . "
3) IWAKI fC?b‘of: Fﬂ&yhlofiﬁﬂ%%ﬁfé
4) IWATE 7ok, b LEMRTHREL TR

(5) SHIKOKU-NAIHAI ERFCIREHRRCERRT 5 © L2

(6 CHUGOKU-NAIKAI N .
I‘ \\ N HTEIREGOEBRABSMEL S
7 1 rwnss
102 103 104
£ ("/ha) DlE, FEREUC 5 e bif, iRy
Fig. 8 &HF D7 » ~ v HutED MRS T e h 513 £ MR
p~v Bk (b b) BEHEIS < T B A, TAEREE
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#MoEk Fig.l 0k 5 BHRREZ B LTABE, WTFRUEEHEL T EFCSEI R TL I,
Fi, BAEOEHEIUETH D HSREED OFRIHKREE DR L SORBE & OBIfRiL Fig.8 o
X 5 Tk TR AR L 1T AT & T o T B DILEBREE

1. 7h=U/HoORkiEEHE

Fig. 8 2 ob 5 L 51, BAEOCKRFEHEAIMEEHBCHTICERIN TV BT TR, H

Table 5. 7 # = HiEEEHKRIEe
The thinning schedule of Pinus densiflora, respected the mean height as variable.
FEIMASE == NN Bl # K AR N )
P TEE Totgl stan?iing h Total stem Stand age(yr.)
i crops Main crops innings .
Mean height D b g yield W Site
(m) P v P 14 P 14 (m3) 1|1 |1
6 13700 111 8250 94 ' 5450 17 111 11 14 17
7270 153 4820 134 2450 19 170 15 18 23
10 4400 195 3180 176 1220 19 231 19 23 29
12 2950 238 2230 219 720 19 293 23 29 37
14 2100 283 1640 263 460 20 357 28 35 | 48
16 1550 326 1250 306 300 20 420 33 43 68
18 1200 372 990 352 210 20 486 39 55 |>110
20 950 417 795 396 155 21 551 47 75
22 760 463 660 444 100 19 618 58 | 110
24 460 512 560 492 80 20 686 75
f: Z&# Tree-number (no./ha) V: &##E Stem volume (m3/ha)
AGm)
30— ) -
o
/O///
o_o - 1
i 5. c,/
/// ° °° ° o
.gfg° 0o ° ° o0 T
Lames o
o
o gom?o%/o 8 ® %o ° ° ) °
@ o 0, °° ———1
° °£ o5 © —O ° o
§X®° R ——
°8,° + v o
o ° o g °
o
| 1 1 1 1 1 1 1
50 00 Stand age (Yr) .

Fig. 9 BXLE®D 7 » <Y KO THBERE

The relation between stand age and mean height (k) of Pinus densiflora in Japan.
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Effect of Thinning on Stem Volume Yield studied with
Competition-Density Effect.

—— On the case of Pinus densiflora —

Yoshiya TApakI

(Résumé)

The thinning is one of the most important techniques in stand tending, but on the practice:
many serious problems are still remained unsolved theoretically and most foresters cannot.
help but carry out thinning treatments empirically and his subjective judgement.

It has already been recognized that the standing crop of stems increases when the stand’
density is higher in the same growth-stage and -condition, but for the total stem yield in--
cluding the removed thinnings, there are many questions still left concerning the grade of
thinning or the stand density control. It has been merely guessed that the total stem yield:
is not affected substantially by the difference of thinning grade.

In this report, the author computed total stem yields of supposed thinning models in:
numerous cases in which the author assumed varing grades, intervals, beginning time ofl
thinning and initial planting density on the case of Japanese red pine (Pinus densifiora),
using the general rules of the stand density for stem production, and compared them to:
each other.

The Competition-Density effect, which was found by Kira et al.5)13) with herbaceous.
plants, has been recognized to be applicable also on the case of stem volume of woody plants..

' When the growth factors other than stand density are equally supplied, after a certain:
period of growth, the relation between mean stem volume (v) or stem volume per hectare:
(V) and stand density () is given by the following equations (the reciprocal equation of
C-D effect1®).

0 =1/CAPHB) everrrenrerearnareevernnnisesessnnnenn e (4))

V=p0/(AP+B) «ieerrrerrriineinnreensneienasneneen e (13)
where A and B are constants determined by the growth stage.
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The full-density curve (3/2 power rule®)) on mean stem volume, which shows the upper
limit of stand density in regard to arbitrary mean stem volume, is found as following on
Pinus densiflora. )

V=2.6X 1040715 ceoeeerieiniiiiiinie e eee e (10)
where v and o denote the maximum of mean stem volume (m3) and of stand density (no./ha)
respectively.

In Fig. 1 the relations between » and o are shown. Here, assuming that the mean
height of stand expresses the growth stage or site condition of stand, and that stand having
uniform mean height are on the same growth stage, equivalent-height curves on the p~uv
relation can be expressed with the reciprocal equation (eq. (4)). Constants A and B of each
equivalent-height curve were decided as Table 1.

On this p~v diagram combining the curves of full-density and of equivalent-height, total
stem yield were calculated for numerous models of thinning scheduled as Table 2.

The course of p~uv relation on natural death can be expressed with Type VI of C-D
curveld),

> v+ 12)

where 4 and B are constants determined by the full-density curve and initial density (Fig. 3).

As p~v relation after thinning in the case of removing in the order of smaller individual
varies on the C-D curve based on the reciprocal equation, stem volume of a stand before
and after thinning can be calculated on the same equivalent-height curve.

‘When a stand is thinned at %, m height, constants of the reciprocal equation are 4, and
B; at hzm height, and stem volume and tree number are reduced Vz;—Vaz; and pg;— Oz
per hectare by thinning, Vz;, Vi, and Vi; (thinning yield per hectare) are shown by the
followings:

Var=Pz1/(AzPz1Bg) woreeveeseencecsessencsenenennnnnns (14)

Vo= Pzo/(AzPzatBz) seereereesesereamenanreisnecnnnnnnas (147)

Vig=Va1—Vag eeeeeereeressessesesresssssessssssasasineses (15)
The results obtained were as follows (Table 4, Fig. 4~7).

1. The yield in the final cutting increased with the higher final stand density.

2. The total yield, sum of final and thinning yields, increased with higher density control.
But this tendency was more remarkable below 15 percent relative density, which was defined
as the ratio of actual density reduced by thinning to the full-density estimated on the same
equivalent-height curve.

3. On the thinning models, which were thinned lower than 15 percent relative density,
total yield had tendencies to increase with nearer management base line to the full-density
curve, with later beginning of thinning, with shorter interval and with higher initial plan-
ting density.

4. On the thinning models, which were controlled higher than 15 percent relative density,
total yield seemed to be not particularly different by management base line, beginning time and
interval of thinning. But, it increased with higher initial planting density.

5. Total thinning yield increased with higher planting density, with farther management
base line from the full-denity curve, with later beginning and with shorter interval of thin-
ning. These tendencies were more remarkable when the relative density was under 15
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percent. When the relative density was over 15 percent, total thinning yield was affected
merely by initial planting density and management base line.

6. The value of 15 percent relative density seems to be show the density in which the
crowns nearly come to their closure or individual trees begin to compete with others, so
the following conclusion may be allowed that the total yield of stems is little affected by
various kind of thinning course (stand density of final cutting, beginning time and interval
of thinning), if the crown closure of the stand is kept unbroken.

Examining on the p~uv diagram, there are little differences in management courses of
present yield tables? of Pinus densiflora between several districts of Japan (Fig. 8).

Then, tentative thinning schedule was presented for Pinus densifiora, which were prepared
with reference to the results mentioned above (Table 5). In this table, the mean height of
stand was taken as the single variable, and the site and the stand age were understood to

be represented with the mean height.



