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Fig.1. Resources of artificial Abies sachalinensis stand
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1981a, b), ffkFiED LEREBAER ESND L o2 o7c (IrdH, 1984), EATHIIFI 55 4
(Z R RN TAROEHICE L TR 272 LT\ d GEAREREE, 1980), ZHuckdé, hRvY
IMEERRDS 28em (CET D EMEAERMZIFMEN LR 2 LD, ERDAIEILOED T,
ORI LT EERDZ N E ZAZFOCEFEZRESED L LTS,

UED XS, ZOREIKREREO ZFEROEENBEMALT 2 & L big, Lo EEMITEL
TR ISR L CORHTIENMEEICRF SN LR S W2 5, 512, MiEFEE AL
D12 DUHET RN B ER S EATZREH & bW 25, LavL, IUHETRITIUE GRS — 75 1 A
MHEDOHLDETTHY, HEHRTO N R~y OAEETFRIEHRITROREE W LI,

FH28 b N~ NIAROFSEA oS

1) RERALL
I EIIRERA R L RSB LT D, b =Y O E OS] 2 L ATz,



BAEO R & U CIELPURAIEZERIC I 1T 2RISR O S, ha 4720 1, 000 A7 L, 5] 3.0m,
EiF 1.8m? 1, 500 AFEFIZ N, WIZH I HIAFIZI 1T DMEFPIAOAH T L & 2 084, 1.2mAN4Fk
DENEEZ &0, FIf 2.7m,#H 1.8m D 2, 000 AFEFLN L\, 2 FHEROGEIE, .M 0.5~0.9m, #H
1% 1.8m, FIfI%4.0~3.6m T3, 000~2, 500 AHFF L 72>TWnD, £z, W40 FRNBITT L F—
PICE DN T U S 20T H L9220, ZO8HA1E 1.8m X 1.8md 3, 000 Akifk, EiEz &5
BAIIABEIC 8 SAlidk LT 2, 500 AFREE DREF B AL\,

EAROBAEDREFAENL 2, 500 A ha & FEHEIC LTV AERE 13 (AEHREARESES, 1986 a ) 73,
HIOBE = 70 & & OBURN D, EEEOMFALIT 2, 200 ANIIZ,

b RV I3EIAR DN IEFICELS, 9 > E THYICHN )1 D, — RIS A THAIL 5 - BB IS
WERNRNEZRL, ARELRKXEZTRT (AR, 1976), E->7T, BT oML L1L, AR
BOMKEXD Z L1220, FsbEICxT 285 bR T 5, TODITIMERBEELZRDDHZ &
DAFITH DD, EARREMRE OREN S, HEHRAEIZITHEDRH 5,

T AT ATRE 72 SEPH N Ol (E 72 MR A A TR D 72 DIT, RERAEAY 3, 000 A ha, 4, 500
A, ha, 6, 000 A ha @~ R~ VHHEEERBRIZRE L2 ORBEEH TR (EFE—-1), RBRXIX
MR 18 4FAERHCERE L2 OTH Y, FHERTIE, 6, 000 KX, 4, 500 AX(IHEIZ 9 ~FAMRTET L,

#—1 b P URREERBROMER (FIRAM 44 9E—8 /N3
Table 1. Spacing experimental plot of Abies sachalinensis at
Shimokawa,northern Hokkaido

X 6,000 A X. Number/ha 4,500 AX. Number/ha 3,000 A X. Number/ha
Plot
AE ME CFHESRE A MiE CHER A MiE  CPER
i Number/ha  Volume Meand.b.h  Number/ha Volume Meand.b.h  Number/ha Volume Mean d.b.h
Age(yrs)
%N m? cm /N m?3 cm /N m?3 cm
18 &4 5,290 181.2 9.2 3,430 139.7 10.0 2,550 72.9 8.8

20 4 5,290 252.9 10.1 3,430 199.8 11.1 2,550 111.5 10.3
22 A 5,270 307.3 10.7 3,430 250.7 12.0 2,540 165.0 11.5
24 A 5,130 377.1 11.7 3,390 317.8 13.1 2,510 225.7 13.0
26 4 4,930 430.8 12.4 3,380 375.2 13.8 2,510 287.8 14.1

3, 000 AKX >HAERIORIETH Y, JREEBBHNIRAL TV, 7ay MERERFORE TIE, #—
1WRLTIZX 9124, 500 A ha DFSAEN LV, LL, EEoORGE & & 612, mBEXIIEESRIC X
D, EEAEMET LIED, 3, 000 KXDOAEENLL 5,

WoT, MBERIIEKNLEIZ /> TE TS, B ) SPAZEL720121%, @EEICHEEL, 2
SHAESND, FEOREME Y ET ORIV, BIENZRFIETIER, 22T, /e AR
L CTHT,

A%, TEMRHIPNICI IO A MREAT D T2 DI FAWEERFATEN D, WREELEHT, 9 >H
BRDIZE L TH, KNEAREOREARL FCITEWR 2N L2k b, 22T, MAERZBELT, 9
> BT D HRED MR = & OREREE E 2 L C AT,

BEDORBEZ T WEBAIAOK R (HT) &A5EE (W) & ORNZIZR O AR RIS 5 (B,
1976 a ),

W=0.6454 HT "7 (1)

2 S ITBHEARDE N SNA S BIR EERT D L, HREE (N) TR THETE 2.



N =10, 000, W2

HT#% 2.5m &9 UL, ML 4,780 &, ha,HT % 3m &3 41%,3,460 A&, ha, HT % 3.5m &
UL 2,640 A ha L7725, KREADTHF I NIV Fd 4% RSO AGEEET 5 &,
BEASMRET) SHANBELDONRLEE LNEEZD I LN TE D - T,Z DA DIl
FE13 3,500 & ha & 725,

PLED X512, B I ) oBHEK D 72DI21E 3,000 KLU EORRRAE AL E LA, EEIT Z OfE X
02 ) REDNDIRNONRBETH D, b RV I35 F ISR 2 BT 03 A R E &850 o T 8%
NTRENDEANTIRLNC O >FASE L7201 bERAKIZZ O DR LW,

2) Mtk A
—HANLHRZASLTTWLSEHMND 5 b i bHEERODPALEHR L L TCORKERTH L. N K~
Db M FE & F o772 <R ToH O BHEAPASH L M E23 o T < 2 EIZ B O35 4 & f7 o
L, 7, ERBREZEIKT2ONENTH S, 2O L DR EZ TB & RRHZ BEITA % BRY
ELTHEITSIND N TRA BB ZFIESS KT ERFATIN TV DLORBRTH D, £2
T, Z O XTIk 2 B NS TE 2 L9 I SO IEIZ XL oMo 2Lk 325 X9
Wz L7,

3) MR OE 2T

MRIIBRHRITAEE DR EERE SO e ED. Thb b, BRINAZ EORESD DN, iz
PR AME DB 2 EFET D OIS 2 ED L IICHFE L6 LV R EEBE LN FLT
THHLDTHD, Lo CRREICITME A FEITT 52 L1280 b—2 L CERLL EIZAmE D &
WARZAFETEIUIHEIRDR  H -T2 2 812725, 22T, b R Y ATHMMITAF, b/ FIZik L T
R BT > & 0T FmiECEER MERM) O&MFE LTI ERICTH SRR 52 ZAET
(ZIEE > TWRW, o TTHFE S O ARM OMEZARE LK A2 FE T T 20138 LV H 5, [H
RN Z B 2 TH TS, Z TR IE A FOBEIAD X 5 RIS 22 BROKENZEN
1F MRS L2 WEE L H 5,

e, b R~ VX RAREDERIROTN BEDON T E 72, NTARE RIRE TIIERRBEN R D
DT, EEBFIC AN TAA TR U TREBHRD K 5 22 OAEFENRTREN & D D, HEAREE ) B <& M
FATHA D, BUTOMBBIENDEZ THAINDAF b ) FITH N5 K ) ITAEREZ BB ICERE L
7= EEREA) OEEICRERNTIBITTER Y, T, BAHROREFELZE 2 TH, T 57210
EHE LT DRMNICKEBMEEZITH 2 EBMETH D, b R~ YMO— 7R AF & LT 10.5cm
EfZLEY TAREMT 52 L 2B 1 THIUE, M&EERT36cm [INELRDL, £ T, LT
KGR ASI CH Z ERN, FTHE 1ML L TCOHELE X DD, > THIKB RISV T
R (1981) MEE LTV D KIS KREBERABMOLETITo Z LN L EELEEZ D2 LN TE
e

4) b K= RBEAFZE D B
TR DIEH 23N b R~ 02 H - T, it 7e » CRGE M 2538 2 7=y 3w L>-25 5, b K
<V N TR % 6 BB OO R R BR PN FERRBR I 8 BE LSRR E S U TRV, 21 6 O FE RSB RS
IHTWD (BB, 1982,1983 24,1983 b, AbH:E A%, 1974,1979,1984, &7, 1973, HiH:, 1981,



k|5, 1981),

S ORBR LIS AR £ - T2 DIEZIEFD 40 RS TH B, Y UNIBEFEDILHES D
KA BEIBED FRBEULMTOND Z L NED - T-, AR 7155 KD TR DL 7T
& F= ORBFRFFEICSIE U7 BROFIEN B SN D K )12 o 7= (U EIE,1971, 16,1971, 4
B,1971, ¥pH, 1971, FEAEIL (1971) 1L EARZEEAR, BELAR, HERIZKS L, RO
G BEEHIC & O % HEE SRS 2 BRICRIRT 5 5k Corfkik & ER) iR Lz, 2o ER b
R~ OEE,40 FRIBE S TH EMRAR L 72D 5 ZFEORHEZFIH U CBIEAR 2 /R0 FEMRAICH:
NTHThE LTHER L DD, BEEREETETRD L, B, BEEOIC A TR Z SRR L,
BEERPIGFERITE LI L 2ATRAELRTOUIIZE D 02 TRFEEOE WA K L
ML EMEMONTHREZERL L) ET2500THS, ZOHED, KT EEKELZHITHZ ETF
JERODERZRL ST b D EWR D, R 2 FERRAYIC B T 2 M5 & LT, RIS E A RO
MO%E (1971), H7E (1971), 4% (1971) R LTW5D,

Bz EEMWEZBIT 27200 T <, RRAROBREMBIOFIH 2 EX L= Bk k2 3E L-on B fEH
(1981 a, 1981 b) THh D, Z ORKICEIT HEARFGIEIL 5% L TORRROMEAERE O RENE & k-
TOBEOHAMEE ZHREL TIRD D] Z 2RO E LT, BARREASEE LT AEREN
—ELVIETEDEAAREKDE LTINS, ZOBZX SO 2> TN DO, EHAREICKIT HM
RIETH D, HFEHT TIE 20~30 4 THRIARZRE LR CIE 2 BADO K /r & 1 - 3H;EAD
—EAMEER S LD (R4&, 1982, K46, 1982) . —J7, H T DI EASTIEA72 0 IR < Shiis o 1 Jg
MM T TW5 (RREH,1981 b) . fkH 5(1981) 1% b K~ A Th A 5EIC BB R ER 4
RELT, TOMREBHHPTH D,

k R=Y N THOEFAERIIK — 1R Lz B0 TH O, BRI b, 2 2 HEE Tl e —
JICET DR D, 20X D ITHRT 2 KO By 2 0303 2 TV DB A AR TIELFHERY I
Mz FIT LT o3, M 2MKTEZHEBE L TV ORBURTH 5,

5) M

IR E FBTH D & FIRFIC, RN OINEL G2 FETH D, Re: (1970) 1L —FARDIEIL 2 [H]
%, HEAOZNZPIKEHE L T D, WNHETE L L ToOMKIIHYEREOBNZ RRD RN,
ZhRMZREE, 2 O WkE, WM, [EE, BRER, SDICED X ) RERE kRS 207 & AR RO
M HRRE NG L2 T TR 5720,

Z 9 LIz O O CThe b AR R DN TH 5, H2E IR A% X 5y (1982)
IR SN D EMMBAEN FETH 72D, IF, BERIGR IO LM Bt sn s L9
2720, EEEEAEL o7z, WO (1961) (XEROELFIREZID ELHTEBY, ZOH TR
D EHTEEMBEIEEZEH LTV D,

(1) MO OEEIREINED & &0, F—OMKIEIC L > THERLBRBRENBND, DFED, &
ITH O FBUC X0 MUK R v iy e R EIXE E 6720,

(2) BIRSERITEMER SIS N RO BN D720, FEARET 5 Z LIXTE R, £72, BRI
L DMUEKEGIIERNRE L, B0 LI & MRS & ORI AR 72 72 D ELEH
TRIBELINAE LT B,

B (1961) 13,LL B X5 ITEMERI A SUH L K5y 03 ORERCIRIEIZ & > TE o 72 < BRI 72

EWZ AR R 2B RINEIC Ko T E CORERELIR 28 U CONARE (BE) %



TEIL LD &9 Bk EE €& 7 (Quantitative or numerical) ke L TEFK L7z, ZOEEM
BITM B G B T M B, B, MEWmfaast, BhdiE, 2o 1 AM720 o 54 miE
HOERNORDDLHEOTH S, WHAISDIFTERMKORE L LT, PRI ELD S R AL
KEHE, RRAKEELZ 100 & L, BOBOOEAEIHIET DHEDSLARAI D F53 R0 b AL E
e L ONREERDT HEER LT,

FO%AR (1963) 1FIABE (p) LFEHMHMFE (v) L OMIC3 /2 FAIZRE LS FEk
MEMAEDE T, ERME~OHEGRIRILE 5 2 MR 248r Lz, ZOMHGRMORILC LY, E&
FIERIEIT X VISR SIS 2PN EVZ KD L (1968) 122 OBER A HIC, FEBTHEA x5
(2 MEREEEHI) 21 L CEERROM S E S 51—k L, BMRRemkisstZ R L7z, LaL,
7 R FRX CIE BRI 7B ATIEIC OV TUIBR RO N TE LT, EEMEILERA T EZ A L-E X
D BEORHRICHIE LToBRFIEE W2 5, T70b b, EREKIECE T S Mtkfaét & L TEER O, 7
AEBORIETH 5, BEFGEMTH LN D BRN7eEE & L Tidha Y720 A%, MHE, 3L 0%
O -LfE I EEA & WD o T E S D VITEREN N IR S B ISR T 5 ¥ & L CoOItE b,
HIRRESEAR CH D, 2 S OBAEIT A L~V Th 0, BB OMEEBEOHERILE A TR,
Fo, BEEFRKICI T D MR BREIOEIERS T 5, TR ERiHRIC L Tnd, Rtk
HRITBAT DAFFERCR (BIR, 1981) 7o b, BEMIEABRT 2 X 5 Rk FiEA RO b TEY , 2D
BWRNS L BEFHEKOLTIIRA 0 THD (B§R, 1981),

AEFE HARIZIR o TeHIFESH 245 & 5 & T UL EdEsH & BRBIAR A R R L 2T LR b0 8 &
z.5. %% (1980 a) IFBEICEAMRD b K~ N TARZ QAR A 2 T3 L 7o DER 23R LT,

ZOIERIL, b Y NTHROBERESAAICLEET DU A T4 & O TRABIAE Z T3 L
TbOTHD, TA TN EIIE, BRETEROMARE DS T, TS L TRIKEZ D56
ERBLITED (FRD, 1976), —J7, MERBEEREE I, MOEEFEOERIMEZ LI N R~y o
MY —BEM] PMERSN TS (Kikuzawa, 1981), ZAUIARS O X Al iED S FEE L -4
() &A% (N) L oRfRE T YN dhift & ERF BRI RS EER, S FEHERRN ORI D
HOT, RIIVERIEND T ENARETH 5,

DX ERS A E R LT BHERIIER STV D03, BRIZREARFIEIZOWTIE, 1IFEALESE
RSN TORW, IWHETE L L TRk ZRETHIE, BAZ L OAETH, L bBTRX S 2 & O
DB 725 TL D WHET D505 1%, S EENFE U CHIEIZ L > CTEDOROERIZENET D
DTHIUL, BARHIZ DO Z EZBE LR2TIUTR 520G Th D, ETRTITIERIEROKE NS,
KEFEDO—FE KA RS, EREMMENEEN TN D, 2O L5 REA, L 0 ENNREREENTEY,
kR N TMM OB % 5D 572 DI bR X 75 % B8 LI A TEN LI /2> T 5 B2 b
Do

O EO RN CThe b d VB 2 FF O H B ME CIIRFEDORBR 2 A LU im EMERIE S FZ TS hTn
% CEAK, 1970), K&5 (1982) 13X, HEHIFIZHIT B RRORE B L 21TV, 2 OGO ITF#
DHEBIZLE 5 ORI L CEME L EROMILZ#HE L THEBML TWDZ L&l L TV 5,
T A= I A E BRI IE AR Ao U IEAERIC 28 5 38R J7 151 SR IR s AR (X 4y % 208 L
T=ONFAE (1943) ORMKFIETH 5, FRAIZRIRO B Z BRI, BB, BRI H (S IE 2 ST AR
WREIZE < Z & & U JRFEMS DR 72 B HERFT 5 72 DISEA & FIR BB X L 72 b O TH
%o FXVLLBT ORI BRI 40 K 0 TR O FEWST R OIRTK 0O I % BT D53 & » 72 S RAE D
HIEARLDE 2 713, KO BRI 2T L TV D ERMRIC S RE REE%E 5 2 7=, KiG



(1949) 13,[Etk D B ZEAROEIKIZIE S 2 EICED VI3, KEEOE GO IT R EALK
DIFREHELEL TV 5,

ZD XL, EVERMRICE BRI AR AR T IEDE 2 7 DB SAUAD TV 23, JERIENK
DI, EEBEAERE 20, EVERRRAFTEE TREN R otz tE 20N, LirL, AN
ERIIEROEWESRE S B, BRI B ETSNTEZEERH Y, EVENRST & RN E R R
FRbolzbBEZ NG, —JFENTIE, ALEROBELENELS, EHN2R TNV EEIZ, ERM
KR AR 72 &2 b5, EMNZRRITOREE LTIELDTNCEN (1968) VR LIZEKANHITH
o,

—J5, EFHX, 35 FEMITh vk L TR SN CTE AR b M~ BBk & fghT LRIk IX
2B D REAABNEMKXOZNE A5 2 2FE L, 202 L1k, B CEAAKIIE 4
D0, B DL EORBUTIAIHINT 2 Z L2 ERL, B O TEERZ LZREBLTND &N
25D, ZOBEORKIITEREK TH L2, MEEEEN 31% & 0R0METH D, —F, M (1981)
I, BMETIEOEWIC X 2 UG R 2 bl U7 R, iR BRI OMEAEREN Pk Lo b
Fnwz i L TnD,

ZDO X, MR EIFRFCE DR IER, 2B bE, H0Eemooiitko ki, b
JEMTHE A BT D K 0 X TE L WH Z ENTE D, Lo ¢, MkGiEE LCidgEEEs c& b2
TRRANFIHT 272012, ETHERRAZEE L BT, BARYY O HEAERBEMIIEE 12D
EOICERT2ONHETH D, BERMICITREREAZEE LW, 2ERKEFEITT 22 LT, Mol
XKV 2 R BRDFAE L, AERERIZ b, F70, FEROARMFEFENZ LI MIKHG CE A & B 2D,
7235, FFIRFE DB X AW MR o U BRI B EMKICE ST 5 b0 TH 5,

6) Mkt & BB

HEAKRTIE, MEERE 28 cm LU EDOZFEN 50% L LDy 2 RN ATREA MRSy & L, Z DOEFEN 75%
PLEDOMSIEREMENTZE LD L LTS EAWERSE, 1980), ZOHAHEL oo BT,
FEDHE LT HRR 2 Bebih 37X it (FT¥5, 1980 b, 1981 b ) (C oW TIEAMMNEMAEAILY &,
ZOFEMO—HEHBIE LT, Db DO THD, TORFIZLD &, SIAROAMEITIEE R /NS
WO BIFRELRDIZLENVA LT, 28 em <HWDIZIFEIENE 72D, ZHUTHBEDO TS
TIE 28em LA EDSIARMNSAEFE S ND M OMIEIZH F 0 ZEZRX N0 TH Y, Z ORE CliEAR
DIEFIEFE Y, HEEFMBEEEDOHR LD, ZOLHIZ, P RIVIEAFX, B/ FOL D ITBKITILT
TAEAER M TIZAR WA, 22Tl MEMICLEL TWALED ARKRY TX L5 AL EER
HLEDD, ZDEDIiE, ME3.65mD 1 FEEDKALT 34 cm FLE, SAMEELT 36 cm Atk
FEE 2%, BB LXK 91, BIEOMSARICKBES N2 T, A% AT BRI THTHEIC
TTL DI LEEBEB L THD L, MEMICLE L TWDAREY NATREAR KEANAERNC/R B L EZ B
HDOT, ZZTIHEEAEL L T36cem MLEZHEIEE L,

BEFIE, MO OFEHELRNH Z1E 30em (ZEETIUE, EIREFHH S WD X5 RIRD RS20, B
TEIIM DB D EAEBELL EOASE Bt L35 K5I bo>TE e, ZiUud—FEE0 bRk
FRICEH L SO0H L EOKMTHAH, ZDEHIT, WOOFKBIEZRD DR UBERAR )N E
P/ o TE N5,

BEIZER (1980 a) 1L, KR ERERNOFR LA EMEEZ R R LI T R~ N TAROIHE TR
ERLTWD, SH%OMHEITE, 29 LIEERPETETHHEICR-TLHEEX LD,



5 3H WSROI

kR NTARDEY Tl & AR ARSI LT, IWHEERRS—RIC WS TE 2, b
R=Y OIERGALR L7 X 912, 2 (1962), AWEEMREE (1970) 2MER L, B CTIL< b
iz, LovL, BENRDOARBEENINHER ISR STV AR E K& BARD5808, wMiEhik
DMETIERL, HEVFEMANR L O T o7, BUFERSOSIRE KIS LT THEZ 155 729
DTN T DI, Z D, 2 (1962) 135 E IR % IR, LEOSNARIITH Uit 7Y
BN AN DB A2 3F L-, B (1974) 1%, LHEOR LR GEZGRE LT, Ry
TR ERX AR U R A O G 2R LT, S DICE (1982) 13, Ji 2Tl
AT DEARANLT, ZAUZ RO FHIS D R - 0 & S E 3 5 7o o OGSl S 2 7
Lz UTe, BEE PRI MR OB EA-$5, o0 TEEIELZRTHRE LT bDTHD,
BoNAERLREL L TCOBME, Y E L TOEWERTH L7720, BRI TIERNOE
WIIHFD Z N TE RN T,

— 7 WS FE B A IS L T AR OWFFE S ANTATION D X 5 IZhe o7z (HEIR, 1976, #liD,
1982, $37K,1979) .%E# (1980) (X b R~V OERGMIC L BEET D T A 70 Am = FH L TERA
A aForm LToB LWEDOIHE TR 2D TR LTz, D1k, YA 7V 2RI LRk OIE
FITMEES (1981), HA (1986) IZX V1ERENTWD, BRAIAS 2R Lz b DIZid KIKUZAWA
(1981) DWW E—FEEXNH 5,

IVHEFRNCEE L TlE, BEAMOBEAEMGREZ S LI 2 I L—3a SRR OEEBRREZHH L X
9 ET DML HIRIAATOIL TS, DAREICET D BEALREET VOMIEIZONTL, &H (1961)
WA NLHREXRIT, HRNIZEB T D3ROSO RNOB R AR EZHRAT 2 ET VAR LT
DOPIFED & SNTND, E D%, EFHEEIFIHTX 5 X 5127025 & NEWNHAM (1964) D Douglasfir
WAy 2kt G & UT=iF5E 4 f29) 0 (2, MITCHELL (1969) O X HICHAZ L iIcHEAEE2RD, FOHEO
BHERICIG U@ OIERAEEZRD D L) BElL, BEAHEMOEREEN LK 2ROEEEL Tl
B X0tz BEEEAR & OFSEIR L EADERIREZ BEMIZET /ML LT, [EEOEFERD
INHE TR 2 AT L= DA/ MK (1978) DA AERET LV TH D, —F, b R~ VIZB L T3 (1982)
DHARDERTHEIT-> T D,

B, AR 2 R E S, WO ER ORI SN ood 5, Hilly
(1982, 1983 a, 1983 b) IF =1~ B8¥A NE (1983,1984) 13V F v — RBIEAE X RITHFTE A 1T
S TW5b, UF ¥ — FEIEII KM (1976) I X 0 DAREICHEIT S DT, KBS (1983), KK (1985)
280 RARD AL BT ~DISH DG I AT TV D, 2D, Ito ©H (1984, 1985),

PIENAAR & (1973) A MEBrimfE S OERE FRIZHW TV,

U EDE ST, HEROINHERSBEEFIXI DY, BMNIASE T RT DL, L0 BRN e lask
HEZBIN.TE 5 L2220 2050z 5b, LnL, ZHOTHRIEE BRI Tk & Ofiftr
IR+ Thbr Nz b,

AR WHIESTA

N R NTARORESE 3R R — A & 0 b/ NARE SCCIRIRI I &2 S TR OIS~ L BAT
LooH D, ZOL ) RERMRREZEII LTS, TEROERRED X D IISIAARED Az B [ET % H



RCiE7e L, BARTIEEOSLS EERKOBEANKLE L 72> TL b, FUKBINEZSD TFETHD &
TAUE, BERFETREO IS TED S, flziX, FHIINELZ G L2, &M EE
kG & Uiz PRk ZFEITT 5 2 L1272 %,

—77, RANRTITH TEARZP.LE LIERBERKOZ 2 TR, KBREZEGFSED 2 ERE0,
ZDEINT, FEEOBRBRTIIERORE INANRER LD ZENRZ, 1o TSR RBARLIX ) b
FHERDOALEIZ L VEER, HBARERESKy LI, REOEAEWISUTHMET 20 THY,
EERDORE EBANRERTH 5, HEREEGR D b, - ITEROREVMEERIZ E &2 m <, #HiT
BERD/NSVMERIZ SRR MR, 1E > TSRRRBRRIX ITER DO R E SITIZTHIS L TWD & B X
LHTENTED, FHE, ThH, ®ERkzEzAZn, BERKRZESERNLEART DL HEARNLE
KT DT, BRO2HBARZ FRITKEyOEEENGEART L HELERT D &, HERddsFR=
BIRGRIX 53D 1R, 2R Z FOIZEAT 5 DRI, TIERfdd 2R d 15 & 3L &%
AT D ARERRIZ, RERSRIE 2 BARZ L OIEART 2 BRERIRICHIST 2 6 DO TH 5, BRERKIZ K
HFEEOBBATIE, EEPRKES TOHOREARITERSIND DT, MG EALOEEDEAR S
DT ENRZN,

ZD X, BEEITIERNEARB DI B2 TR 2120, iR & ICARRRZ T3l LT iul
B, T TEIARDFREROAER FRN S LT bEERINZER ST N AR TH D U Fv— FER
HifR A2 T, MRONOR R Z OE R Z2#EA S TEEZ T2 FIEEZB LG L, Z
DHIEZL, BRERET VIR T 2R & OBFR 12 EAE T, ARIRONT A= —%H
ET D ITERD THEGIMEEOER TR WRETH D, T O TRITTIEZ AV TH RHIARR] OFRIHE &2
RDT, ARG EEZH LML, BkHdiom E2X25 2 Lz Lz,

—J7, AN RV NTHROAEREEEZPFA LML, HAIDS CEBROMRRIbZR AR, Sk
REICRHSTED LI L,

o5 3F RAE AT OB & ARG

1) MEAERAR

(1) AR~ R~ kB AR

TEAAHL AR BB NACRE | 2 ARBE 52 /NFENIZ 8 2 AR b R~ N TR RGRBRAR I, BEFD 4 4512
ha Y472V 4,200 AL S0, Mls 20 FOEFD 23 IR E L TRRESNTZHDOTH D, i
LUK, 5 72 L 10 R CHEARBAICHNE S EFIFEICDZ2 b R~y ORERR E L TIIME—of
Lo TG, EHITZORBAICK L, i 47 FEOIEFN 50 E A ICHED > T& /-, Z ORI,
SEARNLE X OVERR, AR 50 4, 55 4-OMFN 53 4F, BEFN 58 L DFi#, X ONEEORER RO 21T
WARKLTWD BB, 1982), & HITHEHIME 50 FFIR L5 FE TOAERELZIY £ &
HTHE LTS (FIES, 1983 b, AL EMEES, 1984),

Z ORI IR 20 4 & 40 FFIZ 2 [BIOER A FAT L2 T AR R 40 412 1 AR AFAT L7 1 B
BRI 24 4F, 26 4, 30 4F, 33 4F, 364, 40 0 6 [Alfffka Fhi L7z i X s L OMEF&KX O T B
X EMBRES TVD, FRBRXIZH T D2 EBIME L AR EMERITER — 21TR LT,

55 FAERFOMRINERIZIB, TA, &£HI2900m ha #H X TEY, MEHEIKXIX 870 m,ha &%
TS, #EMKXZ 100 &9, TAXTI110, IBXTI111, MEXTIL &72210,100 % .l
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Tble.2. Stem volume increment of thinning experimental plot of

Abies sachalinensis at Kubo

(1) MiEpIHFE (m® ha)

(1) Volume
il Age(yrs)
PR plot 20 F4E 30 FHE 40 F4E 50 fF4E b5 iFAE
/O oM X 130.4 364.9 648.6 838.1 865.9
Unthinned
2 [RIfELRX 140.0 314.0 606.3 603.4 720.0
Two-times thinned
1 FI# X 128.8 384.5 690.9 666.6 747.7
One-time thinned
6 [EIfIkX 403.5 461.1 434.0
Six-times thinned
() AMEIEEkmE R,
Numerals show before thinning.
(2)  #IEE (m® ha)
(2) Total yield
il Age(yrs)
ABRIX plot 1—20 4 1—30 4 1—40 4 1—50 4 1—55 4
/O oM X 130.4 364.9 648.6 838.1 865.9
Unthinned
2 [RIfELRX 139.9 358.0 650.3 880.8 997.2
Two-times thinned
1 FI# X 128.8 384.5 690.9 929.3 1,009.9
One-time thinned
6 [RIfELRX 569.5 743.3 818.8
Six-times thinned
H (2 6 [EFIRXEIE, 1965 FRXER F T 5 [9],2,270,ha, 166m?®  ha DKM T iz,
Six times thinned plot was thinned five-times until 1965.
Accumulation thinned number and volume were 2,270 num.,”.ha and 166m? ha.
(3) HAEE (m®* ha)
(3) Gross increments
il Age(yrs)
ABRIX plot 1—20 4 21—30 4 31—40 4 41—50 F4E 51—55 F/E
/O oM X 130.4 237.0 315.4 275.9 82.0
Unthinned
2 [RIfELRIX 139.9 221.7 302.0 256.9 116.6
Two-times thinned
1 FIfF X 128.8 255.4 316.1 272.4 98.6
One-time thinned
6 [RIfELRX 236.3 75.4
Six-times thinned
(4) MiEFEE (m® ha)
(4) Net increments
il Age(yrs)
ABRIX  plot 1—20 4 21—30 4 31—40 4 41—50 F4E 51—55 F/E
/O oM X 130.4 234.5 283.7 189.5 27.8
Unthinned
2 [RIfELRX 139.9 218.1 292.3 230.5 116.5
Two-times thinned
1 FIfF X 128.8 255.8 306.4 238.4 80.6
One-time thinned
6 [EIfIkX 217.3 —27.6

Six-times thinned

) 6 EEMEXIE, 1981 FIC ha H7- ¥ 130 ARDBEEIRNBIEAE LI Te DICHIER R~ A F RIT8 -T2

Windfalls tree occured at six times thinned plot in 1981 and net production was mimus quantity.
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(2) TSR

OFREAT, HERZEOMEENR —EI272 5 X O ICHEOMK A FEIT LichHe, BUKFIEOENC LD
fx#&ﬁ%ﬁ@%%%ﬁﬂﬁﬁ”é TZDICRE LT b D TH D, RFAMRIL T 44 HPES/NFEZH Y, 1
35 AL D b R~V AT TH S, REXOKE Z(I4 0. 2ha TH Y, Wb ARG 23 FFRFC [
XEFAT LIz, TO®RSEMOAEREZFR - 31T LTE, FXOMUEEEEITIFIZER UEEZRT, BRI
HEEA X — 2 1R LTz, 2K 370m? & 1IN ORERX XV 1) 20m RS\ MEE R~ T,
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Fig. 2 Comparison of the total yield in the wvarious thinned plot

at Shimokawa



F—3  TINRMEGERBRE OB
Table 3. Outline of the thinning experimental plot of Abies
sachalinensis at Shimokawa

Mtk (%) WHAE RS
Thinning rate
Mtk X 4 ot A% ha 7FE, ha FH MHE m?®/ ha
Plot Age(yrs) Number, ha  Volume,ha Number Volume Volume increment
23 A iEBHED) 2,260 195 44 30
Before thinning
I X IR #S 990 59
TIERE%RX Removed
k% 1,270 136
Low thinning After thinning
plot 1,250 294 158
28 A
23 4/E e el 2,290 193
Before thinning
o X IR #S 465 60 20 31
LERRX Removed
k% 1,825 133
Crown thinning After thinning
plot 1,820 294 162
28 A
23 4/E el el 2,350 214
Before thinning
m X IR #S 835 70 36 33
2EEEX Removed
k% 1,515 144
Mechanical thinning After thinning
plot 1,505 300 157
28 A
IVIX 23 4R 2,345 178
MR
Unthinned plot 28 4 2,320 342 164

2>ﬁﬁ%gﬁ%%
@¢VAw:ﬁﬁéﬁ%&P@%@%%%ﬁ T 57202, RO NGB & R/ IR
FE % zfﬁ%éﬂfwt@%%ﬁ%_,ﬁﬁaaﬁ%%% HE LT, ZoaBRKRE, MBI AR
MEWEA ST CEEETNVEERT OO LOTH S, RERIXI, HF 35 4512 ha 2472V 6,000 A,
4,500 A, 3,000 AREEL S AVMEFTNIC, R 18 FEREIZ 0.1ha X E L, £D1%, 24F[RT 26 F4F
mewa o RERX OB AR — 11TR Lo, RS ERFIZIE 4,500 KX DERAERN Lo 7z
, EBEENEDRICON TREEXDOEREENL o TETWD,

3) MALERAIAE R

MR IFIER O AR B A2 TR D56 BN O AR EOBNICHEH T20ERH D, 5 2 FEOFH 2/ T
WIRART2 DI, K A ERI s Lo ER&BIIED DA RITZ R ZEIC RIS TE 5 & 9 Mk
ERLEENRTND, 2T, BEORKEE &bz, BAERKONRED XS IHRET D00, F-, Mk
7!< TED XD BRBIBIRIX 73 BIEAR STV D NEFHRD 7201, %%ﬁﬁﬁ%imﬁiﬁi%isimm@
ERRDEE LTz b K= N TARBREGRBR IO R (1984) @ 5 B WEFN 2 ARk 4% 35 L O TN 4 474
%m#mmﬂﬁﬁﬁmﬁﬁ%%v%_ﬁ%ﬂ BIF5 20 FRIOERRL (SFIRF,1928) OHER A — 3,
AR LTz, BUNSRLTIZE B Y, W LN BIRIERBEOHEE 2R LT 5, 2 [ ORI FEITRHIIX
QAL FARASND Z &#%woﬁ%ﬂ RERFOBIR X sy O & g3 5 &, BRHEE E%ZE
DOREMXZ 1L E AT 20 4EF0E L 7B TlE, 1HARDED DERNNR0 5L 72D,

I, AR R~ GRS OV AR Rk 2 %t G2l AR D BREE 73 AR X % [ — 5
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Fig.3. Stem class of thinned tress in Abies sachalinensis yield experimental plots.
Slashed bar : Symbol indicates thinned trees
Hiushinai Abies sachalinensis yield experimental plots (planted in 1929)
were established by Hokkaido Branch,For.& For.Res.Inst.
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Fig.4. Stem class of thinned tress in Abies sachalinensis yield experimental plots.
Slashed bar : Symbol indicates thinned trees
Tokiwa Abies sachalinensis yield experimental plots (planted in 1927)
were established by Hokkaido Branch,For.& For.Res.Inst.
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Fig.5. Component ratio of tree classification numbers of trees



4) ERERABH
b R~ s N TAHROER—ENEZ HIET 572012, HEEMGSEEN 112 #RUE 51 /NEN O KIE 8 4F4E
FATIZ, 29m X 100m O [E FE il 2 BEFD 49 FEIZERE Lz, Z O BRHIIIEFD 49 45 (M 56 )
B L OWEFN 53 4E (bRl 60 4F) IR FEITENT WD, RERHIOHIE IZIEFN 49 45, BRI 53 4EICEH
DTV, BEFD BT ARITAIE S (1982) 2MTo7z, MOEEDOHEREEK — 41TRT,

F—4 HIR b B~ IR O M S OHERS
Table.4. Change of the stand structure of Torasawa
yield experimental plot

1974 1978 1982
(kb 56 4F) N Ml (60 42) At (bkin 64 )
56 yrs. of age 60 yrs. of age 64 yrs. of age

FIfkE  MEok kg FeR BMkET Rfok WMk ReR

Before thinning  Removed  After thinning

(%) (%)
FHJE R (cm) 37.2 38.5 36.4 38.5 32.9 39.7 41.7
Mean d.b.h.
St (m) 26.9 27.0 26.9 27.3 26.3 27.5 27.6
Mean tree height
IR FE(m?) 1.416 1.543 1.342 1.487 1.077 1.571 1.737
Mean stem volume
AH ha 500 184 316 37 304 52 252 17 244
No. /ha
A& ha 708 284 424 452 56 396 424

Stem volume

Z ORBRHIERE O AN, mikvk b B~ N THROFHEFHIRD 7200 T, ZOA R TR U5 O]
BZHSNIT 5720 THD, il 4FEFOYRAEREREIL 28m*TH Y, FHLIATO 4 /- & il LT
HELERT LTV, ZOAREREITEAREE - RATRE X~ K< IR (1970) O 1 S & b
L CTHBRODIR,

5) AR H TIITOEE

ARHBROH TUIDICLI2EEET LA

TERT 272012, BENO b R~ N T

IR A D RO 5748 L C AR oD Hoo MRHARNT Sk

Table 5. List of stem analysis data

aE A sy g - LA ST _
WEEEHE LTS, FIEL T BmTA W REAE WG RN B
BHRER—-BITRLT, ) () (A% ha)
Mo ORI T 2 E R difro 3 F A : Number Age(yrs) Tree density(No./ha)
— 5 — BB, HEEOAL b o~ R o » > o
BaBRAR, )R Rk D & B2 N 3 40 1,380
T Ashikawa
- JIvE 2 40 2,190
HJ:@ﬂﬁlﬁiﬂlﬁﬁ‘é &)Tbi&)ﬁ%%@l/)b\f Kawanishi
35 4 EOERET L THIET 2, iR 6 29 1,646
Kaigen
B 2 30 2,450
Toyotomi
o 2 31 1,744
Utanobori
e g 2 50 740
Asajino
UNES 3 47 2,228
Kubo
R 3 56 500
Torasawa
th 2 42 BREBAA
Tkeda Open-grown tree
T 2 29 BRBAAR

Oumu Open-grown tree




6) HUALIXS) & IR DR
ALK 53 24T 9 728DIT, 40l b R~ RA M G Fehin S A7 LR A DR IR (1983) & v 7z,
Z ONHRFE T, Hx OMS 2 RICEATE M TONTEY, 7ry MUIEHT 1, 019 TH
50
—77, AR 50 FFEUED N THEATEFZE R AR 18 BEX) 1, 092 M4y Z /e,
ZOENT, FITRAENORIEE 2152 B TEWNK 20 #5 TIT o Tl ARTIE ORE R &2 V7,

FHARE WoERET NVOME L EEM

H1HE ERETVOEZTS

BRI R MERT D oDk 2 R FIC X 2AR 2 TFRIL 2 U od, ARETLVOEZ
FRREL D, ERETMIZOBZ 200 RIS o) (MUNRO, 1973),

(1) HBAHEMTEZ, BABOEMERZLELT5H0,

(2) HAAKHALTE 2, BARBOEEEREZLE L Lt 0,

(3) MBI TEZDHD,

(1) ORFEMRAEREETNAOFE LTI/ (1978) O T~ ZXRIC LI ERET LRSS
HiLD, ZAUTMEAEM OB R E RICEEINCARE TR ZIT) DO TH D, (2) OFE L TIERTER
(1980a) <>, PIENAAR © (1973), FIZEH (1981), HA (1986), Ito & (1985) MRHiFHivd, Z
DIEDN R Z VoM EBE O R @A, 1979) b Z0Fibw HITADL EBXHND, (3)
IR DIER M AR RA R T HIRAER ST N5,

MR DAL B ETIUX, BIRBOEEEREZAT (1) OFETADBINENZ S, LarL, (1)
DET IR EB T DEER OB e %2 T b T 20N H 5,

BEIZZESE (1983b) 1,82 30 AHIC
iz THkE L CllAE SV T E 72ALR B

R BB 2 S s, RO AR -t 8
 RIE B A L. = 0ostBbko "
TR L R 2 5, R4 R S

CRIETERAH— 6107 LL 51T,
47 AT TR AT T2, T R oeps Bl
— 711X H D EBARNBJEFEOBHER F

COBBEAE LT LA S 10 H S

\ZE DR, T —7 2 1IXERRICH

DRIBARNGITVIEIZ 10 & H £ TORE M—6 EHADAERICEEE KT T HHEAROREOR T

BEEEOEREZRE LD, T —T Li kP8R 6 OB
ST EARDER A HE CEADIT LT Di C:BEHERONEER
LD, TN—T7 A TEBER O WS = Gi BRI
FLeboThD, F—71~31Fxf n CEEEROARH

GAROERE (Y) &, bOIKGERNGIE
WIEIZ 10 ZBHIZEDE TOLHER (X) Fig.6. Environmental factors used to represent the influence
L @*E 3] Eg{;ﬁ, TN—7"4 01@7%@’&]39 ) of neighbour trees on growth of a single tree.

Li : Distance from the subject tree

Di: D.b.h. of the i-th nearest neighbour tree

gi : Basal area of the i-th nearest neighbour tree

n : Number of neighbouring tree



(CRIBEAROWNEFE (Y) &, HOMRARNGITVIAIZ 10 FHICED L TORER (X) & ORI E

BHHL, EWIEIC 8 HH L TOMEELE—6ICELDTRLE,

£—6 FEIEOEEL, Wrimfds, BEARORIE L OFBR
Table.6. Coefficients of correlation between d.b.h. or basal area
of a single tree and arrangement of its neighbour trees

oM Ok X

2 [FI IR IX

Tn—=7 Unthinned plot Two-times thinned plot
20 A 30 4R 40 £ 50 4FE 30 4R 40 £ 50 -4 Agelyrs)

n=1 0.112 0.118 0.143 0.168 0.155 0.165 0.269
2 0.113 0.129 0.168 0.209 0.215 0.228 0.243
3 0.092 0.126 0.189 0.223 0.224 0.240 0.244
4 0.068 0.121 0.193 0.210 0.255 0.242 0.239
5 0.066 0.123 0.182 0.203 0.201 0.219 0.241
6 0.058 0.123 0.180 0.192 0.180 0.197 0.244
7 0.047 0.115 0.180 0.181 0.164 0.179 0.244
8 0.038 0.112 0.174 0.171 0.145 0.159 0.239
1 0.030 —0.030 0.013 0.014 —0.108 —0.167 —0.212*
2 0.100* —0.022 —0.019 —0.055 —0.169* —0.171* —0.215*
3 0.142* —0.015 —0.042 —0.110* —0.182* —0.210* —0.216*
4 0.171% —0.005 —0.060 —0.146* —0.192* —0.232* —0.238*
5 0.182* —0.021 —0.056 —0.165* —0.176* —0.221* —0.235*
6 0.193* —0.011 —0.074 —0.174* —0.168* —0.215* —0.240*
7 0.205* —0.009 —0.090 —0.176* —1.156* —0.201* —0.247*
8 0.212*% —0.019 —0.091 —0.176* —0.132* —0.172* —0.251*
1 0.086 —0.058 —0.030 —0.020 0.009 —0.021 —0.053
2 0.204* —0.002 —0.024 —0.068 —0.047 —0.124 0.017
3 0.251% 0.027 —0.008* —0.105* 0.000 —0.114 0.072
4 0.283* 0.059 0.004 —0.137* 0.014 —0.116 0.019
5 0.295% 0.040 0.042 —0.145* 0.055 —0.080 0.101
6 0.304* 0.070 0.030 —0.133* 0.083 —0.043 0.119
7 0.313* 0.078 0.011 —0.128* 0.118 —0.001 0.116
8 0.316* 0.060 0.023 —0.123* 0.172 0.066 0.115
1 0.101% —0.044 —0.023 —0.027 0.010 —0.036 —0.052
2 0.206* —0.005 —0.025 —0.086 —0.057 —0.144* 0.013
3 0.257* 0.022 —0.011 —0.130* —0.006 —0.132 0.075
4 0.287* 0.047 —0.010 —0.161* 0.020 —0.117 0.009
5 0.301% 0.036 0.023 —0.170* 0.066 —0.073 0.089
6 0.305* 0.065 0.009 —0.156* 0.100 —0.040 0.108
7 0.316* 0.076 —0.006 —0.148* 0.127 0.000 0.106
8 0.317*% 0.058 0.007 —0.147* 0.179 0.056 0.107

* 5% /KIETHE.
5%level.
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L TCWDZ ENghnDd, LvL, MLl > THARR OB FMM L < 720,30 AT I
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HEZ A0, TA—71 ZFRuUT I,
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(2 3% [ £ TOVHIEEE OMBEREN- T2, DF Y, FHBEBEREENINT S, TabbAREZMN
IERHIEE, SIEBARDERIIREIVENZ R L TWA, 77205, M CTEBZEMMNIEN - - EIE s,
ERAENEN-T2Z L 2R LTS, MHBERED EOVHEIFE, JEEKXTIE n=3~4AK, BKXT
In=4AKL, REFEEREANZR LTS, 72720, & 2EHOMKFITEIL, n=1OR)FEER
BOBRKEZRT, ZIUISEARAEN D2 725272012, SR £ COMBED 2 b K& )
ST L ERLTVWD,

ZDEIT, HOAMNBROERERITEZ KEL TWARFE LTI, FEVIEIC 3 ~ 4 AFLE OB
BARE COVERENER CE 5, LarL, MHBBMRIZZEZEE LS 2L, HARDAERIZED L H 2K
THBEZNZ2OIEERIZITAER O S,

[AEE72f5 & LC TagaTA (1979) 1, I—w v S b U b Z%5UC 59 M ORIEME & FlZ, MRARND
D LIMERE, T ERE, XRR & IR A RSSO TEE 2 S50 CH E - AT OmAE & x5
AROAER L OMBEREAERDTND, THUCEDE, EPORTHLIZEAEFYTIERL, BROARIZ
BHBEBROHHRFIZDOHEDOHFDORE ETHD & DiEwmAEBRITND,

—J5, WEINER (1984) [I#H WY X4~ &t RIAROERRICKIET 2 mANOBHEAR DO F 2%
P, BRI AR & EROARRE OMBREN 0. 6 2T 2 E2HME LTS,

DX D ICRER A DA RWERNTH D03, EROAERIC B RITTMSLEEI AT 28R T 570>
IZOWTIEER R ERIX E T2 A0 > TIW eV, 52k R, B chrh T~ L8R
9 > FHRTOMMEEPED IR & Z LI Tl AR ORIEM & U COERIMZREBN RS Z L ITEE
THMERD D, B ZIXMEEOTROEEIE, AR TS B E SR8 & 7.5mLL Eo
BERAROARERE TR THD L, TS REIT 1.7 TH W EF Sz~ BE S, 1983¢), ZD XD
R FEPNIMORREERR T HBE SN TS (I, 1982),

FAER 72 EE DS o AR b B FEEBRAR DGR Z -V T, ARBFEDSEATZGEIZRE W)
5 OEERD 3 HRERN ED X I D0 E TR CTAHT, BRKX 2RI, MEORESWINLE
AED 10, 20, 30, 50%ITF%ENT DIEEDIAG & 16 F5%k% VT 4K 20 4E & 50 dEDBAZX— 7
IR LTz, ZHAUT L D &, 9 o FAEZ OMER 20 45 Cl, KE25005 10, 20%IZ5%4 T HEAEITEF 5
L TWDH, W 50 ETIEWTHORE ZOMEIRE 7 0 X LA L TND Z ENDhhd,

ZDO XN F=Y T, 9 - BARTOMEEEDFRORHRIZITAER O LOER, S EF 0/ %2 RT, L,
IoMAMNET L TUELL BT 2 &, THARMN ERD X 21272 0 BB 205 L5172 5,
ZORER, MARBEORELZTT R0, EPoMm L CWAERO JMERFICHENGEF AT,
SN THERORRM & & HIZT U H LRGHIIBATT D B2 bND, (E-T, BEARLDEDY GV
b T~V LT R, EFBRETEDSTL D, 20X LG, T TIHEHOEHRA LI L
LBRWET MZ L VIR ZERT 20D & Lz, T70bh, MONOMREERT & ICkEh#ra#e
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Fig.7.Changes of 15 index which were calculated by summing up the
tree number beginning with the largest one with age.

The whole quadrate area is 36m X 36m,and number of trees of trees are 510 numbers.
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EROAERIMEZ KT T2DIZ, FRx RERMHPARE SN, FERERIZHTUIDLNATWD, 1k
VARG DILIE, AR ERE, WA AR IR A EE ST DL AE RS T, FHED
KR81Z O b DIIFBEFROARIBEREZEZT O TIERV, HOAEEREIARS 2K L T DA AR
EREABERILDLOTHY, T EITHEE SNIMEL D EEEZ RO HREEEZ D, BADKAERE
FIH L TS EOARMBROBEE M TONTND, 22, TIIMAOARBREZHRICELRTEX D
UF v — REEMREZ O CERET VEER LT,

1) VFx— FROMHE
U F % — FX von BERTALANFFY (1968) OAERET MIZOHEFEEZB WL D THD, T74bb6
von BERTALANFFY (FEW) DERANZHOWT, £ DEREEIIAAEH OMEEE & 3 EH OME & O TR
bEN, RIFIIEEOMmBEIZLEIT 528, “EIXREEERICHHT D E Lz,

dw _ o m
a0 !
FEL, Wi kE 7, m, k: &K

—kw (2)



von BERTALANFFY | m OEO#IH%Z 2,/3=m<1 L EDT=, ZDHFE, KB (1985) 1L (2) KoFfEsS
AR A

W= {n/k— [n/ k—Wo'™] e "k 1i=m (3)
72721, Wo:t=0IZBIJHEE
ELTRLTWD,

Z ORI von Bertalanffy OAREHTH S, & ZAT, FJRIcHARDS (1959) 1%, HEMDOERIZEL
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Fig.28.Prediction of diameter distribution by equation

Solid curves indicate observed diameter distribution
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BAARHAD 60 FETIIMEAERE TEAER 1.3% ThH D,

F—8 EHM D R~ NIHIHE PAREK &7 /U & D TARRE RO
Table 8. Comparison of the diameter and volume growth of the yield
table Abies sachalinensis plantation in Hokkaido Prefectural
forest ) with model in the case of thinning stand in same

manner
K% - RRRE X T S ERETIV
Yield table Growth model
i BB} BB} k% LRI E RS EilE4il] k% ERJE RS

Age(yrs) NI 'S M M Mean MO M
Before Before After d.b.h Before After Mean
thinning thinning thinning thinning thinning d.b.h

Number/ha Volume Volume Volume Volume

4 VN m3 m3 cm m3 m3 cm
20 2,000 94 91 10.6 80 78 8.0

25 1,944 204 144 14.2 160 113 12.7
30 1,373 250 191 17.4 228 178 17.2
35 1,050 287 233 20.2 292 239 20.9
40 853 321 272 22.7 338 284 23.8
45 723 347 304 24.8 361 323 26.0
50 633 374 333 26.7 392 351 28.0
55 567 391 357 28.3 404 367 29.4
60 517 408 378 29.7 410 372 30.4

KABE BT MHE R — & L,

T

4) B %

AAERET VIEERZ L ICAERIBRO /R T A —2 —%2HE U CHEARBAIEERO AR %2 TRIF 5 51k
Thod, VFr— FMERMBIIBBREOS ERERIC %Tib%h FHEAT DI ERMENDHNT
W5, RTA—H—OREEICR X R D72 T IE, 12IEZS e THEASOND ZENRTHEIR
Do METNORE 2 IREERDERICY F v — %ﬁ%@méﬁkk:6,8@&5@@%K%i<ﬁé¢é
ZEDHEPD DI, W T, NTA—Z—DOpAE I, RICEDRT A—F—%E0 Y TLHH
BICEVAERETVEERLEZLDOTHD, ZOERET MIBEKR L OBREBFREZILIZ L Thiny
b, —EHDHERICEZ LN kI, AP L THEDD Z RN, HRIICBIT L KX
SOWERBRGITRE RN LT 5, ZTOMIZELT, HE L HROEREN EDOREDHEZ RT)N
DWT, AR M R~ EEEBRAR O SR X & 2 B X 2 6 RI, HE O Z 222 2203 B~ T
Too AERITFE - 9ITRT &RV T, MBI S OMER) SR 2ARIE T 2 IZEVME F LTV, L
ML, 9 oHNERICET Lt BN 25 FRFOERZ I EIC LIZ8E, il 50 4RO A BIfREL
T 0.8 L EERT, 1o T, ETOEEMNPEET2EARITE I REIBNEZZIHND,
BRICATE L0 ICHEICRI UK E SOfEETH > THOHIRHZIZIEE 5, Z0RRL, EREFHE
WCEIROBWE Nk XA —CHAEREOMEZRD ZmPEITH-DEEX L LN TEL, RAIImbk &
MSLIZIERS A 2T 5 &V O RE TALR b R~ GBS X 2 RICER M A HEE L& 2
5, K—=83 IZRT LIS HENELNT, ZOZENLbmAEHIELHZ L T,REIDW
HRHGAHHTELET VOERPAIREEBEZOND, ZORIFEHOBEE L2y,
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K—9 HIEOER L HIRER & OMHBEER

Table 9. Coefficients of correlation between the diameter at the
Beginning and that at the end of the period
Al
e il Age of the 25 4 30 35 4 40 50 4
Age of the end of period Age(yrs)
beginning of
period
2 [a kX
Two-times thinned 0.977 0.945 0.912 0.862 0.690
20 ¢
FL T 5
Unthinned 0.975 0.939 0.878 0.827 0.719
2 [a kX
Two-times thinned 0.967 0.942 0.923 0.821
25 4F
FL T 5
Unthinned 0.972 0.931 0.879 0.841
2 [a kX
Two-times thinned 0.992 0.971 0.925
30 4F
FL 5
Unthinned 0.988 0.966 0.934
2 [a kX
Two-times thinned 0.992 0.949
35 4F
FL T 5
Unthinned 0.992 0.956
2 [a kX
Two-times thinned 0.956
40
e[ & 0.983
Unthinned

B—33 AR b R~V ERIXE STk, m S ERE A

Ralative fraquency

Bl

Jop

1]! 12 86 10 M 719

521258 OERSAOHER

Fig.33. Prediction of the diameter distribution by parameters K and m

given from normal random numbers in unthinned plot of thinning
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experimental plot of Abies sachalinensis at Kubo
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method and diameter distribution in
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plot of Abies sachalinensis at Kubo Fig.35.  Flow chart of mechanical thinning
(fifty-five years of age) method
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A% 2 LA b N~ HEGEREBAR O TR X OFFTRER 0 Do T D (BT, 1983b ),
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Fig.36. Flow chart of low and crow thinning method
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LIk, FlEMfiE 18em L F 2 fff+ 5 Z & 25l L, HbE TRAEARE ARRE LM 200
LEULWMEKRZER L2 DO TH D, HFlBRXOMEEDOHERE 2K —10 TR L7, 2 b ORIEX D
AT 5 AR OMWIR AR EIT TRk, HEEKX, ME LEEEXOIETH Y, %45 FERIT T ERIk
X, JREE EJERKX, MERXOIEE 72> T2 (ALEEMEE, 1984),

IO ORBREOAEHLL BV, WOERETVEZEHA ST TRNT A= —DE & Zii~7,



F—10 HERAMEE b M~V REEBRBOARE B —ER
Table 10. Stem volume increment of thinning experimental plot at Oumu
ABRX 4, SR X TRk X X
plot Heavy crown thinning plot Low thinning plot Unthinned plot
Wi B
Age(yrs) 34 39 44 34 39 44 34 39 44
AE 1,030 947 936 901 901 897 1,783 1,682 1,608
Number/ha
TP om
Mean d.b.h 17.4 20.6 23.0 24.1 27.0 28.8 19.0 21.3 22.8
T m?
Volume 222.1 286.7 365.3 369.0 471.4 554.6 450.5 541.6 599.5
AR m?
Volume Increment 64.6 78.6 102.4 83.2 91.1 57.9
ERR %
Volume increment rate 5.1 4.8 4.9 3.2 3.7 2.0
ir 34 RS DA X OBEREBHNALICL YBETHE I, E Lo bRz, LT, —BRIA

BN R
B=atbo

DES A FLEIC, BRI, TEH

RIXIFEMERI RS TS &L, TOMBEIROESWE a DIEZE)

MU HRDT-, T O, AKX, FREEXXKOMKRIT2EEKR L D BEDREXDOEEE 2.0
INELTHZETRIA L, FMEXKICHWZAREET VONRNT A—F— 3K 11 1R LTz, Wo4EE

FT A TRBRIX O SEARAREL & R
ZARIA A TR LTz, TRIEERIE
EARAR#ZX-371C, MBEEEEX
—38ITr LT, 7ok, £—10D 34

F—11 HERHBEE b R~ RGER
ERETNDNRG A—4— —Ek
Table 11. Parameters of growth model in case of thinning
experimental plot at Oumu

AR IX

FERFOARLI LM DAL L 3o E o a
SN TS0 T, BIkHTOA TR g X 0.063 0.0079 —16.76
" . . Heavy crown thinning plot
e, HEREEXEFETE L
%H%Ek% Atk st TR 0.04 0.01 —18.76
=o Low thinning plot
MR X 0.05 0.01 —18.76
Unthinned plot
s} I =
: ] e $ﬂ | /a I
d ” E_':':-“-- -.'.‘_
i
G ; 10+ -
[¥] i i 5 iy i i 5 i L y B
34 3 a4 34 ET) a3 o4 39 44
" L] i L] L3 L
Age| yrs) Age(yrs ) Age{ yrs
—37 ARET ML DMER b M= YRGB A~DH I —ERER—
O MEFIKIX. NFRE FEX O Tz mkX
QLEETT L ALEETL BERET L
OTEMKXICH T 2R ELZ T2 5HE a=—16.76 L LIz458E
Fig.37. Prediction of the diameter increment in growth model in case of
the thinning experimental plot of Abies sachalinensis at Oumu
OUnthinned plot /AHeavy crown thinned plot [JLow thinned plot
@Growth model A Growth model B Growth model

©Change the thinning effect in low thinning in case of a =—16.76
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Fig.38. Prediction of the volume increment in growth model in case of

-

The thinning experimental plot of Abies sachalinensis at Oumu
OUnthinned plot ~AHeavy crown thinned plot [JLow thinned plot
@Growth model  AGrowth model B Growth model
©Change the thinning effect in low thinning in case of a =—16.76

—37, 38 MBLERETIVDOEEN LN NG D, T DOFFE LRI ITIER D5 B 5h 5B
K& LT, EEEOBESZ2EMT 5 HE, 2Bk

B=—16.76 —0.0044 p

THY, TRk HEHE5k,

B=—18.76 —0.0044 p

& L7z, =37, 38121F, THEBMEXZXERIT a DL LEREX L FRICLZSE ERLTHWD, £
DFER, FEEIRPBRIZRY TEL 2 Lnbnd, BEREARE 572012, TERETITeERK
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280 MOITIEN DT HIFR & B %

1) Rfkakat
PERAENROHN XSO 1 %1 (FEEMER 30 F—12 2,500 AREFRIZ I\ THERIE THERS

HEDOHIA S 14.9 wtiz, SV BR EEAL L7558 DSIARARE S
RO HLEEEL ) BRI h R HEER Table 12. Numbers of trees during 17 and

X (HiH, 1974) #=HEICMkE @W%ttiﬁ(‘% 70 yrs. of age with unthinning at
0.6 FIZICIRIZBT-AEE I E LT, &R the start 2,500/ha planning numbers
EHLRIUABERE Lz, —F, BRI IT i FREm . PRATSEARAEL
2,500 AfiAR L L, BIEHME L5 [ ARSER —sirsl  Uppertreohoight  Number ofreserved irees
EHIA U CRIBARE AT, KAEBBRMEDST 21 10 2,350
AAE RO T2 (F—12), AEFHEITFR—13 (1) gg ﬁ g’ggg
~ (B) ITRLEEBYTHY, BUEHIENDE 35 16 2,200
. g . 8 2,100
AT 2R & LT, a . 5000

60 22 1,970

70 24 1,950

80 25 1,940

#—13 (1) [AEREA ORISIEE e T ks
Table 13. (1) Thinning schedule for site special I Abies sachalinensis stand

H LIRSy NI ARSY
FrEE Medium schedule stand High schedule stand
Upper- el HE#S k% R el HE#S iz R
tree Before After Thinning Before After Thinning
height
thinning removed thinning rate thinning removed thinning rate
m % %

8 2,400 300 2,100 13 2,900 200 2,700 7

10 2,100 400 1,700 19 2,700 400 2,300 15

12 1,700 500 1,200 29 2,300 600 1,700 26

14 1,200 300 900 25 1,700 400 1,300 24

16 900 200 700 22 1,300 300 1,000 23

18 700 150 550 21 1,000 210 790 21

20 550 100 450 18 790 150 640 19

22 450 70 380 16 640 100 540 16

24 380 60 320 16 540 90 450 17

26 320 50 270 16 450 60 390 13

28 270 40 230 15 390 50 340 13

SIAAE T ha H72 0 2T
Number of trees/ha.
(2) MMkFESHR OMEERE T %H
(2) Thinning schedule for site I Abies sachalinensis stand
H LIRSy NI ARSY
FrEE Medium schedule stand High schedule stand
Upper- el HE#S k% R el HE#S iz R
tree Before After Thinning Before After Thinning
height
thinning removed thinning rate thinning removed thinning rate
m % %

8 2,400 300 2,100 13 2,900 200 2,700 7

10 2,100 400 1,700 19 2,700 400 2,300 15

12 1,700 500 1,200 29 2,300 600 1,700 26

14 1,200 300 900 25 1,700 400 1,300 24

16 900 200 700 22 1,300 300 1,000 23

18 700 150 550 21 1,000 210 790 21

20 550 100 450 18 790 150 640 19

22 450 70 380 16 640 100 540 16

24 380 60 320 16 540 60 480 17

25 320 50 270 16 480 50 430 13

SNARAH T ha B2 2IoRT

Number of trees/ha.



(3)  MMEIEEHARY ORIIEYE T 4H
(3) Thinning schedule for site I Abies sachalinensis stand

H LIRSy NI ARSY
FrEE Medium schedule stand High schedule stand
Upper- el CI[B#N k% R el CI[B#N k% R
tree Before After Thinning Before After Thinning
height
thinning Removed thinning rate thinning Removed thinning rate
% %
8 2,400 300 2,100 13 2,900 200 2,700 7
10 2,100 400 1,700 19 2,700 400 2,300 15
12 1,700 500 1,200 29 2,300 600 1,700 26
14 1,200 300 900 25 1,700 400 1,300 24
16 900 200 700 22 1,300 300 1,000 23
18 700 150 550 21 1,000 210 790 21
20 550 100 450 18 790 150 640 19
21 450 70 380 16 640 100 540 16
SIARAET ha H72 0 2T
Number of trees/ha.
(4)  MMFESHR OMEERE %
(4) Thinning schedule for site I Abies sachalinensis stand
H LIRSy BT ARSY
FEE Medium schedule stand High schedule stand
Upper- el CI[B#N iz R el CI[B#N iz R
tree Before After Thinning Before After Thinning
height
Thinning  Removed thinning rate thinning Removed thinning rate
% %
8 2,400 300 2,100 13 2,900 200 2,700 7
10 2,100 400 1,700 19 2,700 400 2,300 15
12 1,700 500 1,200 29 2,300 600 1,700 26
14 1,200 250 950 21 1,700 250 1,450 15
15 950 150 800 16 1,450 150 1,300 10
16 800 100 700 13 1,300 100 1,200 8
SIARAENT ha H72 0 2T

Number of trees/ha.

(5)  FMKFESIA I ORMKIEYE &5 1 %M
(5) Thinning schedule for site special I high dense stand
of Abies sachalinensis

LEHlIE Y VA
FrEE Special high schedule stand
Upper- sl CIfB#N Mtk Gilpes
tree height Before After Thinning
thinning Removed thinning rate
m %
8 6,500 2,000 4,500 31
10 4,500 1,500 3,000 33
12 3,000 500 2,500 17
14 2,500 500 2,000 20
16 2,000 500 1,600 25
18 1,600 400 1,200 25
20 1,200 400 900 33
22 900 300 700 33
24 700 200 600 29
26 600 100 500 17
28 500 500
SERAFT ha K720 2T

Number of trees/ha



(6)
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(6)  Thinning schedule for site I high dense stand of Abies
Sachalinensis
RERIEEALNT
FrEE Special high schedule stand
Upper- sl AR Mtk Gilpes
Tree height Before After Thinning
thinning Removed thinning rate
%
8 5,500 1,500 4,000 27
12 4,000 1,200 2,750 31
14 2,750 750 2,000 27
16 2,000 400 1,600 20
18 1,600 400 1,200 25
20 1,200 300 900 25
22 900 200 700 22
24 700 150 550 21
25 550 100 450 18
450 450
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Fig.39. (1) .Comparison of the total yield

of various thinning method
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Table 14. Comparison of the tree numbers from the largest size with the
three thinning methods and unthinned
D.b.hclass A% 40cm 36 32 28 24 20 16 12 8 4
EAFE  Number/ha LAk
Thinning
method R
Eilp%ED Age(yrs)
17 & 40 1,460 2,400
21 30 800 2,060
25 20 60 1,540 1,700
Rk 30 460 1,070 1,200
Mechanical 35 300 730 900
thinning 40 160 460 690
50 340 510 550
60 50 190 330 440
70 20 100 210 320 380
80 30 110 220 280 320
17 70 1,460 2,380
21 620 1,940 2,100
25 30 1,350 1,690 1,700
Btk 30 880 1,180 1,200
Crown 35 420 850 900
thinning 40 610 700
50 360 530 550
60 380 450
70 70 330 380
80 100 290 320
17 10 960 2,350
21 440 1,960
25 280 1,660 1,700
TE 30 370 1,200
Low 35 300 900
thinning 40 180 700
50 10 180 550
60 140 450
70 50 280 380
80 130 320
17 10 960 2,350
21 280 1,820 2,350
25 70 940 2,230 2,300
30 10 370 1,660 2,250
LS5 35 140 830 1,950 2,200
Unthinned 40 40 360 1,320 2,100
50 20 230 870 1,770 2,000
60 100 370 1,130 1,880 1,970
70 20 170 500 1,260 1,950
80 40 180 590 1,360 1,940
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Table 15. Value of K of self-thinning trees in the case of site I
at the start 2,500/ha planning numbers

#—15

M—41 (2) — NEhitk (1%H) —
Fig.41— (2) .Low thinning (site I)

i

L MRl FEEASK K o) E
Upper-tree height Age(yrs) Number of dead Mean K
tree
8 17 50 0.071
10 21 50 0.069
12 25 50 0.067
14 30 50 0.066
16 35 100 0.065
18 40 100 0.063
20 50 30 0.063
22 60 20 0.062
24 70 10 0.063
25 80 10 0.063
174 21 25 30 35 40 50 60 70 80
8.5% 11.4 14.8 19.1 22.5 25.6 29.0 31.3 32.8 33.7
8.5%* 11.4 14.6 18.8 22.6 25.4 28.8 31.3 32.5 33.3
2.97* 3.97 5.02 6.95 7.18 9.00 12.14 16.40 18.76 21.93
2.96%* 4.17 5.33 6.28 7.45 8.75 11.42 16.60 21.09 22.95
-1.21* -0.98 -1.00 -0.82 -0.78 -0.83 -0.89 -0.68 -0.60 -0.36
-1.19**  -0.92 -0.84 -0.93 -0.90 -0.83 -1.01 -0.75 -0.41 -0.25
-0.36* -0.55 -0.17 -0.67 -0.98 -0.76 -0.41 -0.66 -0.98 -0.67
-0.37**  -0.61 -0.53 -0.65 -0.87 -0.64 -0.06 -0.72 -1.20 -0.72
175 o LT
#00 Bemeved tres Befer thirding
it il B 4 50 H :J.ﬁ.m ree ..Tflv:-itﬁuninr
[]
M—41 (1) #EEFENOERSMOHERE —akEik (1%5#) —
Fig.41— (1). Prediction of the diameter distribution of various thinning method
17 21 25 30 35 40 50 60 70 80
7.5 10.6 14.3 19.4 23.6 27.1 31.7 35.0 37.5 39.5
8.0 11.2 15.1 20.0 24.1 27.6 32.1 35.5 38.0 40.0
3.67 3.65 2.83 3.04 2.77 2.95 3.88 3.90 4.47 4.70
2.79 2.77 2.45 1.90 2.15 2.32 3.01 3.70 3.87 4.11
-1.16 -1.00 -0.75 -1.02 -0.92 -0.99 -0.90 -0.79 -0.72 -0.72
-1.19 -1.02 -1.06 -0.82 -0.83 -1.08 -0.76 -1.08 -0.86 -0.90
-0.37 -0.59 -0.92 -0.92 -0.90 -1.01 -1.01 -1.29 -0.96 -0.91
-0.57 -0.93 -0.82 -1.59 -1.62 -0.73 -1.11 -0.97 -0.76 -0.58
o 1722
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1745
8.4
8.0
3.67
2.61

-1.18
-1.55
-0.01

0.50

17 4F
7.5
7.6
3.67
3.30

-1.16
-1.07
-0.37
-0.73

100

21
10.8
10.3
3.54
2.93
-1.58
-1.57
0.44
0.52

21
9.7
9.7
4.07
3.87
-1.01
-0.93
-0.64
-0.74

25
13.5
12.7
3.18
2.90
-1.76
-1.54
1.10
0.72

25
11.6
11.7
4.98
4.61
-0.90
-0.84
-0.62
-0.80

—41(3)
Fig.41—(3).Crown thinning(site

30
16.9
16.3
3.62
3.16
-1.73
-1.65
1.30
1.28

30
13.7
13.8
6.02
5.64
-0.73
-0.68
-0.64
-0.75

[X—41(4)

35
19.7
19.1
3.50
3.07
-1.72
-1.74
0.86
0.79

35
15.5
15.7
7.51
.87
-0.74
-0.73
-0.58
-0.55

—MmER (145 —
Fig.41—(4).Unthinned(site 1)

40
21.7
21.2
2.90
3.12
-2.15
-1.92
2.46
1.75

—bERf (151

40
17.3
17.5
8.39
7.83
-0.52
-0.52
-0.76
-0.73

50
24.2
23.8
2.76
2.63
-2.10
-2.24
2.71
2.99

50
19.8
19.9
10.67
10.48
-0.37
0.40
-0.75
-0.75
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60
25.5
25.2
3.60
3.85
-2.15
-1.96
2.42
1.72

60
21.2
21.2
12.21
11.94
-0.31
-0.25
-0.52
-0.50

70
26.3
25.9
4.46
3.46
-1.72
-1.93
1.03
1.53

70
22.0
22.1
14.11
14.06
-0.10
-0.16
-0.66
-0.70

80
26.7
26.3
4.73
4.55
-1.94
-1.88
1.90
1.70

80
22.5
22.6
15.90
15.83
-0.04
-0.09
-0.05
-0.58
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Table 16. Change of the stand structure of each thinning method (site 1)

I A}
Before thinning
Rk 71k N +tEE
S ha ¥%47-1
Thinning Age Top- Mean Per ha
method (yrs) height
B JiioREIERES SIARASKR MO
Height D.b.h No. of trees Volume
==t m m cm VN

17 8 7.0 8.5 2,400 62

21 10 9.1 11.4 2,100 118

25 12 10.4 14.8 1,700 176

e =1L 30 14 12.3 19.1 1,200 234

Mechanical 35 16 14.1 22.5 900 270

thinning 40 18 16.1 25.6 700 304

50 20 18.4 29.0 550 343

60 22 20.2 31.3 450 355

70 24 21.8 32.8 380 353

80 25 22.7 33.7 320 327

17 8 7.0 7.5 2,400 48

21 10 8.7 10.6 2,100 100

25 12 10.3 14.3 1,700 162

TRk 30 14 12.4 19.4 1,200 238

Low 35 16 14.2 23.6 900 292

Thinning 40 18 16.3 27.1 700 334

50 20 18.7 31.7 550 399

60 22 20.5 35.0 450 430

70 24 22.1 37.5 380 444

80 25 22.9 39.5 320 429

17 8 6.0 8.4 2,400 62

21 10 8.0 10.8 2,100 107

25 12 9.0 13.5 1,700 147

Btk 30 14 11.0 16.9 1,200 184

Crown 35 16 12.8 19.7 900 207

Thinning 40 18 14.5 21.7 700 218

50 20 17.0 24.2 550 237

60 22 17.7 25.5 450 235

70 24 18.8 26.3 380 224

80 25 19.7 26.7 320 201

17 8 6.5 7.5 2,400 48

21 10 8.2 9.7 2,350 91

25 12 9.4 11.6 2,300 140

30 14 11.3 13.7 2,250 221

e ok 35 16 13.1 15.5 2,200 313

Unthinned 40 18 15.1 17.3 2,100 419

50 20 17.4 19.8 2,000 584

60 22 18.1 21.2 1,970 678

70 24 19.2 22.0 1,950 767

80 25 20.1 22.5 1,940 840




] &k A Al 1k % IR

Removed After thinning Total yield
ha 4729 R ) ha 4729
Per ha Mean Per ha
MR R
SERAEL L% T Accum & v L Mo Mo
No. of trees Volume thinned vol. Height D.b.h Volume Volume
ZN m? m? m cm m? m°
300 8 8 7.0 8.5 54 62
400 22 30 9.1 11.4 96 126
500 55 85 10.4 14.6 121 206
300 65 150 12.2 18.8 169 319
200 58 208 14.1 22.6 212 420
150 69 277 16.0 25.4 235 512
100 68 345 18.3 28.8 275 620
70 54 399 20.2 31.3 301 700
60 62 461 21.6 32.5 291 752
50 59 520 22.5 33.3 268 788
300 2 2 7.3 8.0 46 48
400 10 12 9.0 11.2 90 102
500 34 46 10.6 15.1 128 174
300 47 93 12.7 20.0 191 284
200 53 146 14.4 24.1 239 385
150 60 206 16.5 27.7 274 480
100 60 266 18.9 32.1 339 605
70 55 321 22.6 35.5 375 696
60 58 379 22.2 38.0 386 765
50 55 434 30.1 40.0 374 808
300 15 15 5.8 8.0 47 62
400 30 45 7.8 10.3 77 122
500 58 103 8.7 12.7 89 192
300 59 162 10.8 16.3 125 287
200 58 220 12.5 19.1 149 369
150 57 277 14.2 21.2 161 438
100 51 328 16.8 23.8 185 514
70 43 371 17.5 25.2 192 563
60 42 413 18.6 25.9 182 595
50 38 451 19.4 26.3 163 614
50 0 0 6.5 7.6 48 48
50 1 1 8.3 9.7 90 91
50 1 2 9.4 11.7 139 141
50 2 4 11.3 13.8 219 223
100 6 10 13.3 15.1 307 317
100 9 19 15.3 17.5 410 429
30 4 23 17.5 19.9 580 603
20 3 26 18.1 21.2 675 701
10 2 28 19.2 22.1 765 793
10 2 30 20.1 22.6 838 868
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Table 18. Parameters of site index curves

i (%R , JpsHaE (D) o 3HE B O A k m TI
EE%%%,%Eﬁﬁmiﬁ@ﬁ&%ﬁTﬁ&to
IR HEH D TS Kok, MEE, b1, B o e o o
THY, FHXHEEZ D &, MALFEE16LL 1] E? 30 0.0291 0.2304 9
é*ﬂai idw Ha, H**hfw82~QW6_$¢‘ 28 0.0348 0.3639 13
Lo L ) 24 0.0461 0.5217 16
iﬂ{i?ﬁ?ﬁ(l2%?7ﬁ)38’\'65 /ofz H D, |—J XA 292 0.0517 0.5848 17
THERIZESOXIIEO NN, EHTEOE 20 0.057 0.6205 17
IZEEIMEIC H 38D B, HIALIC & 2 ST 4y AR g 8%3 %gg g
SIND, EAMROREXJOERE LR EN, F 14 0:074 0:7158 17
KMETI0O~16 LB nH 5, FM—HHETHLAERED 12 0.0800 0.7433 17
#*—19 AWK B2 N TR FE R #r
Table 19. Site index curves of Abies sachalinensis in Hokkaido private forest
PN (4F)
Age(yrs)
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Bk B A
Asymptotic
value of height
m
34 5.7 8.8 11.7 144 16.8 19.0 209 226 24.1 254 26.5 275 284 29.1 298
32 5.4 83 11.1 136 158 179 19.7 21.3 227 239 249 259 26.7 274 280
30 5.0 7.8 104 12.7 149 16.8 184 199 212 224 234 243 250 257 26.3
28 4.1 6.8 95 119 142 16.1 179 194 20.7 21.8 227 236 242 248 25.3
26 3.4 6.1 88 11.3 135 155 172 187 199 21.0 219 226 232 237 24.1
24 3.0 5.6 83 109 131 151 16.7 181 193 20.2 21.0 21.6 221 224 228
22 2.5 5.0 7.6 10.2 124 143 159 172 182 19.0 19.7 20.2 20.6 209 212
20 2.2 4.6 7.2 96 11.8 136 150 16.2 171 17.8 183 187 19.0 19.3 195
18 2.0 4.3 6.8 92 11.1 128 141 151 158 164 168 171 174 175 17.7
16 1.7 3.9 6.3 85 103 11.8 129 138 144 149 152 154 156 158 158
14 1.4 3.4 5.6 7.6 93 106 11.6 123 128 132 134 13.6 13.7 13.8 13.9
12 1.2 3.0 5.0 6.8 8.3 94 102 108 11.2 114 116 11.7 11.8 11.9 11.9
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Table 21. Thinning schedule for Abies sachalinensis

— NI —

—Medium stand density—

ESEY SIS
Hfir Mt LEE Remaining
N ha %479
Site Age TOP— Mean
(yrs) height
BOm o M@ AR M M PEERE
Mean annual
Height D.b.h No.of trees Volume Increment
m cm N m’ m?
15 8 7.0 8.5 2,100 56 4
18 10 8.9 11.1 1,700 91 5
22 12 10.4 14.8 1,200 124 6
26 14 12.2 18.8 900 169 7
30 16 14.1 22.6 700 214 7
Fr 1) 35 18 16.0 26.0 550 248 7
40 20 18.1 28.6 450 273 7
48 22 20.0 31.6 380 306 6
55 24 21.7 33.8 320 317 6
65 26 24.2 36.5 270 345 5
80 28 26.2 37.4 230 348 4
17 8 7.0 8.5 2,100 54 3
21 10 9.1 11.4 1,700 96 5
25 12 10.4 14.6 1,200 124 5
30 14 12.2 18.8 900 169 6
(1) 35 16 14.1 22.6 700 212 6
40 18 16.0 25.4 550 235 6
50 20 18.3 28.8 450 272 6
60 22 20.2 31.3 380 301 5
70 24 21.6 32.5 320 291 4
80 25 22.5 33.3 270 268 3
21 8 7.0 9.0 2,100 61 3
25 10 9.1 11.5 1,700 98 4
30 12 10.3 14.7 1,200 123 4
(1) 35 14 12.3 18.8 900 171 5
40 16 14.1 21.9 700 200 5
50 18 16.0 25.0 550 228 5
65 20 18.3 28.0 450 263 4
80 21 19.5 29.8 380 264 3
23 8 7.1 8.7 2,100 58 3
30 10 9.3 12.0 1,700 108 4
35 12 10.3 14.7 1,200 123 4
(Im) 45 14 12.3 19.3 950 191 4
55 15 13.1 22.2 800 224 4
70 16 14.4 24.0 700 250 4




I N S + Bl & Ff eI fE

Hol

Removed Before thinning Total yield
ooy N 'e Mo BRI Mo AR By Mo By
P e LR AR AR AR

No.of Current
Mean trees Volume Accum Volume annual Mean annual Volume Mean annual
d.b.h Thinned vol. volume volume volume
increment  increment increment
cm VN m? m? m? m? m? m? m

8.2 300 7 7 63 18 4 63 4
10.7 400 20 27 111 21 6 118 7
14.8 500 52 79 176 97 8 203 9
19.5 300 63 149 232 20 9 311 12
23.5 200 66 208 280 20 9 429 14
26.9 150 73 281 321 9 529 15
31.1 100 74 355 347 20 9 628 16
33.2 70 64 419 370 12 8 725 15
33.6 60 56 475 373 10 7 792 14
34.8 50 46 521 391 6 866 13
35.9 40 46 567 394 5 915 11

7.1 300 8 8 62 16 4 62 4
11.3 400 22 30 118 20 6 126 (]
15.1 500 55 85 176 23 7 206 8
20.0 300 65 150 234 20 8 319 11
22.2 200 58 208 270 8 420 12
26.2 150 69 277 304 18 8 512 13
29.2 100 68 345 343 1 7 620 12
31.1 70 54 399 355 6 700 12
34.5 60 62 461 353 5 752 11
35.9 50 59 520 327 4 788 10

9.2 300 9 9 70 16 3 70 3
12.0 400 26 35 124 16 5 133 5
15.3 500 56 91 179 91 6 214 7
18.6 300 56 147 227 » 6 318 9
22.0 200 59 206 259 10 6 406 10
26.1 150 71 277 299 6 505 10
26.4 100 48 325 311 6 588 9
28.0 70 42 367 306 5 631 8

4

8.3 300 7 7 65 11 3 65 3
12.0 400 26 33 134 14 4 141 5
15.4 500 57 90 180 19 5 213 6
19.4 250 51 141 242 7 5 332 7
21.2 150 37 178 261 5 402 7
25.2 100 40 218 290 4 4 468 7
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Table 22. Thinning schedule for Abies sachalinensis
—High stand density—

SO S N
Hfir Mt LEE Remaining
N ha %72V
Site Age TOP— Mean
(yrs) height
I e L SERAEL MM PR
Mean annual
Height D.b.h No.of trees Volume Increment
m m cm %N m’ m?
15 8 6.5 7.6 2,700 56 4
18 10 8.2 9.7 2,300 90 5
22 12 10.0 12.8 1,700 132 6
26 14 11.5 16.8 1,300 190 7
30 16 13.5 20.1 1,000 236 8
Fr 1) 35 18 15.5 24.0 790 298 9
40 20 17.5 27.2 640 341 9
48 22 19.1 30.6 540 393 8
55 24 20.9 32.7 450 405 7
65 26 23.0 34.5 390 468 7
80 28 25.5 36.2 340 516 6
17 8 6.4 7.5 2,700 53 2
21 10 8.2 9.8 2,300 92 4
25 12 9.9 12.5 1,700 126 5
30 14 11.7 16.7 1,300 189 6
(1) 35 16 13.6 20.6 1,000 247 7
40 18 15.6 24.1 790 299 7
50 20 18.1 27.6 640 361 7
60 22 20.1 30.4 540 403 7
70 24 21.0 32.2 450 415 6
80 25 21.8 33.0 390 407 5
21 8 6.4 7.9 2,700 57 3
25 10 8.3 9.9 2,300 93 4
30 12 10.0 12.7 1,700 130 4
(1) 35 14 11.5 16.5 1,300 182 5
40 16 13.5 19.7 1,000 226 6
50 18 15.6 23.5 790 286 6
65 20 17.4 26.3 640 319 5
80 21 18.5 27.8 540 315 4
23 8 6.5 7.4 2,700 51 2
30 10 8.4 10.0 2,300 94 3
35 12 9.8 12.4 1,700 121 3
(Im) 45 14 11.5 16.7 1,450 207 5
55 15 12.2 19.1 1,300 253 5
70 16 13.9 20.7 1,200 309 4




I N S + Bl & Ff eI fE

Hol

Removed Before thinning Total yield
ooy A Mo BRI Mo S By Mo By
P e LR AR AR AR

No.of Current
Mean trees Volume Accum Volume annual Mean annual Volume Mean annual
d.b.h Thinned vol. volume volume volume
increment  increment increment
cm N m? m? m? m? m? m? m’
7.3 200 3 3 59 17 4 59 4
9.9 400 16 19 106 929 6 109 (]
12.9 600 47 66 179 30 8 198 9
17.2 400 62 128 252 39 6 318 8
21.7 300 85 213 321 11 449 15
23.4 210 73 286 371 27 11 584 17
27.1 150 78 364 419 24 10 705 18
31.0 100 74 438 467 16 10 831 17
33.9 90 86 524 491 14 9 929 17
34.0 60 55 579 523 12 8 1,047 16
36.4 50 52 631 568 7 7 1,147 14
7.9 200 4 4 57 14 3 57 3
10.3 400 18 22 110 91 5 114 5
13.0 600 50 72 176 925 7 198 8
17.2 400 63 135 252 95 8 324 11
19.9 300 68 203 315 9 450 13
23.0 210 70 273 368 24 9 572 14
28.2 150 96 369 457 16 9 730 15
29.0 100 66 435 469 1 8 838 14
31.9 90 51 486 466 7 901 13
35.5 60 57 543 464 6 950 12
7.3 200 4 4 61 13 3 61 3
10.2 400 17 21 110 17 4 114 5
12.8 600 47 68 177 23 6 198 7
17.0 400 61 129 243 - 7 311 9
19.8 300 70 199 296 7 425 11
23.0 210 72 271 358 13 7 557 11
26.9 150 80 351 399 6 670 10
29.7 100 69 420 384 5 735 9
7.8 200 4 4 55 9 2 55 2
10.2 400 17 21 111 14 4 115 4
12.4 600 43 64 164 13 5 185 5
17.5 250 40 104 247 5 311 7
18.7 150 28 132 281 5 385 7
21.0 100 27 159 336 5 468 7
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Table 23. Thinning schedule for Abies sachalinensis

—Special high stand density—

SO S N
Hfir Mt LEE Remaining
o ha %72V
Site Age TOP— Mean
(yrs) height
I e L SERAEL MM PR
Mean annual
Height D.b.h No.of trees Volume Increment
m cm VN m m?
15 8.3 6.0 4.9 4,500 40 3
17 10.0 7.7 6.2 3,500 59 3
20 11.1 8.7 9.0 2,500 92 5
23 12.6 10.0 12.9 2,000 158 7
26 14.4 11.6 16.0 1,600 215 8
Fr 1) 30 15.8 13.5 19.5 1,300 292 10
35 17.9 15.4 23.1 1,100 383 11
40 19.9 17.1 26.1 900 437 11
45 21.3 18.5 28.8 800 500 11
50 22.7 19.9 31.0 710 549 11
55 23.9 20.8 32.6 640 566 10
60 24.9 22.1 34.4 600 622 10
65 25.9 23.1 35.5 580 667 10
70 26.7 23.9 36.6 560 695 10
80 28.0 25.2 37.4 550 759 9
17 8.0 6.0 5.4 4,000 42 2
20 9.5 7.8 6.7 3,000 59 3
25 11.9 9.6 10.6 2,200 118 5
30 14.2 11.3 14.9 1,700 198 7
(1) 35 16.1 13.2 18.8 1,300 268 8
40 17.9 15.2 22.4 1,100 357 9
45 19.4 16.7 25.0 900 394 9
50 20.7 18.0 27.1 800 433 9
55 21.8 18.9 28.7 710 453 8
60 22.7 20.0 30.3 650 485 8
65 23.6 20.5 31.2 610 491 8
70 24.2 21.0 31.8 590 503 7
80 25.3 21.4 32.6 580 546 7




ml Ak K * @l A& MU HE
Removed Before thinning Total yield
ooy N 'e Mo BRI Mo AR By Mo By
oh=NERES AR AR AR
No.of Current
Mean trees Volume Accum Volume annual Mean annual Volume Mean annual
d.b.h Thinned vol. volume volume volume
increment  increment increment
cm N m m? m’ m? m? m? m’
5.0 2,000 19 19 59 19 4 59 4
6.5 1,000 19 38 78 924 5 97 6
9.1 1,000 38 76 130 39 7 168 8
11.8 500 32 108 190 36 8 266 12
15.8 400 52 160 267 36 10 375 14
19.2 300 65 225 357 39 12 517 17
23.2 200 70 295 453 30 13 678 19
25.9 200 94 389 531 96 13 826 21
29.5 100 68 457 568 13 957 21
29.6 90 61 518 610 20 12 1,057 21
315 70 65 583 631 18 11 1,149 21
32.7 40 26 609 648 16 11 1,231 21
33.8 20 20 629 687 13 1 1,296 20
34.3 20 20 649 715 10 10 1,344 19
36.7 10 12 661 771 8 10 1,420 18
5.4 1,500 16 16 58 12 3 58 3
6.8 1,000 20 36 79 20 4 95 5
10.5 800 42 78 160 97 6 196 8
14.7 500 56 134 254 29 8 332 11
18.4 400 77 211 345 30 10 479 14
21.9 200 62 273 419 94 10 630 16
24.0 200 81 354 475 30 11 748 16
28.0 100 63 417 496 14 10 850 17
29.0 90 52 469 505 13 9 922 17
30.1 60 35 504 520 9 989 16
31.7 40 32 536 523 8 1,027 16
35.8 20 23 559 526 8 1,062 15
37.9 10 14 573 560 7 1,119 14
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Table 24. Tree numbers from the largest size in the thinning
sechedule for medium density stand

[IERE A
D.b.h No.of 40cm 36 32 28 24 20 16 12 8 4
class trees
Hufsr N PLE
Site Age(yrs)
3
15 50 1,440 2,390
18 740 1,960 2,100
22 560 1,510 1,690
26 480 1,050 1,190 1,200
30 340 720 880 900
B 1 35 250 510 680 690 690
40 130 350 510 540 550
48 90 220 370 430 440 440
55 30 150 230 360 370 380
65 70 150 220 300 310 320
80 120 140 230 250 260 270
17 40 1,480 2,400
21 30 800 2,060
25 20 460 1,540 1,700
30 460 1,070 1,200
I 35 300 730 900
40 160 460 690
50 340 510 550
60 50 190 330 440
70 20 100 210 320 380
80 30 110 220 280 320
21 130 1,730 2,390
25 20 880 2,020 2,100
30 510 1,520 1,700
Il 35 340 1,000 1,190
40 10 240 660 890 900
50 120 480 670
65 10 40 300 450 550
80 10 10 110 300 400
23 80 1,510 2,380
30 1,010 2,030
35 60 1,490 1,700
I 45 50 500 1,050 1,200
55 10 30 250 680 920
70 10 120 430 690 800

% %4 80 4E T 36ecm LA L& 40cm LA EDOAEAE U2 D1 36cm, 38cm 7372 < 40cm 12 10 KH 5720 Th D,
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Table 25. Tree numbers from the largest size in the thinning
sechedule for high density stand

[IERE A
D.b.h No.of 40cm 36 32 28 24 20 16 12 8 4
class trees
Hufsr N PLE
Site Age(yrs)
3
15 10 1,230 2,880
18 380 2,090 2,690
22 240 1,350 2,270 2,300
26 220 1,070 1,630 1,700
30 450 1,020 1,290 1,300
B 1 35 480 910 990 1,000
40 630 780 790
48 70 280 470 610 630 640
55 30 170 310 440 530 530 540
65 50 210 370 440 470 480
80 130 210 320 410 430
17 50 1,130 2,850
21 430 2,140 2,700
25 250 1,360 2,250 2,300
30 200 1,030 1,660
I 35 110 740 1,200
40 10 60 490 880 1,000
50 10 60 400 690 740
60 10 50 210 440 590 640
70 30 90 250 440 540
80 40 110 270 440 480
21 20 1,280 2,900
25 370 2,210 2,700
30 200 1,430 2,290
Il 35 160 980 1,680
40 110 560 1,190 1,300
50 70 440 830 1,000
65 270 560 780
80 10 90 420 530
20 1,080 2,870
23 330 2,330 2,700
30 70 1,290 2,270
35 180 1,040 1,650
I 45 550 1,290 1,450
55 750 1,260

70
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Table 26. Tree numbers from the largest size in the thinning
sechedule for special high density stand

JELEER A

D.b.h No.of 40cm 36 32 28 24 20 16 12 8 4

class trees PLE

Hiufsr i

Site Age(yrs)

i

15 200 4,540
17 800 4,050
20 2,270 3,490
23 220 1,540 2,420 2,500
26 1,060 1,830 2,000

B 1 30 730 1,380 1,600
35 30 600 1,080 1,270 1,300
40 390 750 1,000 1,100
45 560 790 880 900
50 350 580 720 800
55 190 510 600 680 710
60 60 290 430 550 630 640
65 100 300 460 550 590 600
70 150 300 460 530 580
80 220 340 460 510 560
17 390 4,500
20 920 3,830
25 30 730 2,600 3,000
30 90 680 1,900 2,190 2,200
35 90 540 1,380 1,690 1,700
40 80 390 940 1,280 1,300

I 45 30 200 650 970 1,100

50 100 400 740 870 900
55 40 170 450 680 780 800
60 80 230 470 620 710
65 10 100 290 500 630 650
70 40 130 280 470 590 610

80 80 160 320 490 570 590
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B D’ Table 27. Parameters of height curves
—7(054_’31))2 +1.3 TRE
Upper-tree a B
height
FTEAMEBNCER A ZHEE L, ha %720 8 0.2627 1.3026
250K Y+ % FBADTHEREEZDT, T 10 0.2427 1.3076
11 0.2332 1.3081
i’JIE D, F1-TFEALE L CHEEZD KX WIE 12 0.2247 1.3094
(2 SO Lfi 5 80% I HI T % 1 s o1ar e
%DS&L/-%M xﬂﬁ?éfmjkactE 18 0.1520 2.5876
20 0.1457 2.7837
H: L, TEK@F&TW iLEﬁ@@,ﬁ L q:iéjﬁj 22 0.1427 2.8587
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Summary

The thinning operation is one of the most important treatments in the growth process of an
planted forest. Therefore, the best choice of a thinning method for the quality and the quantity
of total yield is necessary in the management of an Abies sachalinensis planted forest. The
purpose of this paper is to analyze the thinning effect on different thinning methods and to
establish a thinning schedule based on the stand growth model for Abies sachalinensis. The
stand growth model reported here is constructed by RICHARDS growth function on the diameter
growth of individual trees in the stand. RICHARDS growth function is given by the following

equation

1

W=A— Kty 0m (14)

were A,k,m are constant.

Individual tree from thinning experimental plots of Abies sachalinensis were used in fitting
RICHARDS growth function on the diameter growth. As a result, the parameter k in the RICHARDS
growth function was approximated to normal distribution. And, the author proposed to evaluate

parameters A and m from k as follows;

A=a e (15)
m=a’+ bk (16)
Stand density has an effect on the value of parameter jas shown in eq. (15). That 1s to

say, the value of Bis given by the following relationship

B=a+bp (18)

where f1is the parameter evaluated from the relation between k and A, and pis the number of
trees per hectar. Value of parameter a is changed by each thinning method. Parameter a
was decided from thinning experiments of Abies sachalinensis stand (heavy crown thinning,
low thinning and unthinning) .
This paper deals with each thinning method as follows
Low thinning : Removed suppressed individuals in the lower story
classes. Kind of TERASAKI' s tree classification thinning is A—thinning.
Crown thin m ng : Removed dominant individuals in the upper crown classes.
Kind of TERASAKI s tree classfication thinning is D —thinning.
Mechanical thinning : Removed the decided number of individuals mechanically.
Kind of TERASAKT'S tree classfication thinning is B—thinng.
The crown and mechanical thinnings differ basically from the low thinning.  The crown and
mechanical thinnings frequently remove dominant trees were result in open space the main
canopy, and do not close for several years. Therefore, moreeffective ways are expected for the crown

and mechanical thinnings.  Parameter a of equation (18) represents the thinning effect.



Value of a is —16.76 in the case of the crown and mechanical thinnings, and —18.76 in the
unthinning-

The efficiency of the growth model was examined for thinning experiment plot of Abies
sachalinensis. In this case, the author supposed that the distribution of k was normal
distribution. Satisfactory results were obtained by comparing the observed results of the
diameter and volume increment with the calculated results by growth model. How to take
out the thinning trees in the growth model is as follows :

The growth model of this paper is constructed using the apportioned parameter of RICHARDS
function for individual tree in the stand. Parameter k has a great influence on estimation
of diameter increment. Therefore, method of thinning is as follows :

Low thinning : Removed individuals in order or k value, they are the third or the fourth-

class tree of TERASAKTS tree classification

Crown thinning : Removed individuals in order of small k value, they are the first-class

tree of TERASAKTS tree classification

Mechanical thinning : Removed individuals using normal random numbers, they are mainly
the second-class tree of TERASAKTS tree classification.

The computer program was written by the author (see Fig. 40—41) .The individual diameter
increment of each thinning method and unthinning was estimated by the program.

Individual volume increment was estimated with D—H curve. = The results (Table 19) obtained
were as follows :
(1) Comparison in these types of thinnings was quantified by comparing the total yield.
As a result, the total yield of stem was larger in mechanical thinning than the other thinning
method until 60 years.
(2) Mechanical thinning has the advantage of existing various size trees after thinning and
ecological stability.

From the above —mentioned results, the author embodies the three kind of thinning schedules
on the four site classes using mechanical thinning method in chapter 6 (Table 27—28). The
thinning schedules are constructed for three kinds of density control. The first is the standard
yield table.  This satisfies the common characteristics which can be seen in existing yield
tables. The second is a figure which shows diameter distribution at the every thinning times.

The third is the table which summation of individual number from the maximum diametered tree
to a certain boundary diametered one.This schedule shows that when density is higher,volume
becomes larger after 30 years in case of site . And, the best total yield was obtained from
specially high stand density with higher initial density.

The efficiency of the thinning schedule was examined for density control diagram in Hokkaido
district of Abies sachalinensis (MANABE 1974). Simulated results proved that the thinning
schedule could explain the effect of different density control. = The author’ s growth model is

available for predicting various thinning method and production of thinning schedule.



