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Table 1. Leaf amount in stand per hectare,
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Fagus sylvatica 3.3 EBERMEYER*
” 2.5 5.5 MoLLEr4D
4 3.1 5.4 Bovsen-JENsEN*
” 7.9 3.2 6.2-7.9 BurgerIDI®
Fagus crenata (7 5) 2.81 RBAiri6
Quercus robur 1.7-2.0 2.6-3.1 MoLLERSD
” 14.3 5.3 Burger®
Quercus serrata (27} 35) 2.33 Ko
Quercus mongolica
v. grosseserrata (3 X7 5) 0.93 R Bufte0)
2 7.3 2.5 4.4 rk
Quercus acutissima (7 2 ¥) 1.9-4.5 K fee>
Fraxinus excelsior 2.7 5.4 Boysgn-JENsENS?
Fraxinus mandshurica (v % %) 9.9 2.2 4.3 FHk101>
Betula sp. 1.3 Mogrk**
7 1.5 Norbprors**
” 1.6 KunpseN et al.**
7 4.9 HarTIo*
Betula verrucosa 2.5 6.5 OvINGTON et al.51D
Betula ermanii (K 751/ %) 10.6 2.4 5.2 #4102
Betula platyphylla (5 H v ) 4.0 1.2 3.5 FXk84)
Sapium sebiferum (F 2/ F vV ~¥) 1.1-2.2 2.1-6.9 KER T KM AR
Populus davidiana (F.7 /¥ <FF <) 5 2 2.2 1 A 862
Populus sieboldii (¥ <33 ) 1.3 KiPfihee
Zelkowa serrata (7 v %) 7 3 4 e A1 880
” 1.2-1.8 Ko
Ulmus parvifolia (7% =1) 11.0 3.0 7.1 *k83)
Alnus sieboldiana (FF+ ¥ v ¥ 7 ) 7.5 4.3 5.9 kK
Alnus hirsuta (ry—=<,~v/%) 9.0 2.6 4.6 Hok
7 . sibirica (¥Y=~vV ) F) 2-4 3-5 Fodok
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Salix vulpina (F Y x¥FF) 5.6 2.3 Hokk
Ligustrum tschonoskii (+ 7 A4 K %) 10.2 2.5 Fick
Spiraea salicifolia (R¥F eV ¥) 4.3 0.7 3.9 ok
Robinia pseudo-acacia (=%7 H7) 2.5-4.0 5-7 ook
Shisa staboldss Cx A5 13) 10.1-13.1 | 7.49.6 | dRfe
Distylium racemosum (A A/ ) 11.4 8.8 AR 330
Larix decidua 5-7 1.2-2.6 5-7 BurGER1®
7 2 MoLLer4®
Larix leptolepis (H5 =) 3.3 AR
” 2.03 K fieod
Pinus sylvestris 12-13 5 6.6-7.3 BurgEri®
2 4.9 Amrront*
» 5 TmREN**
4 5.1-10.5 5.3-10.8 OviNgToN{®
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Pinus densifiora (7 7<) 12-13 /A ST

” 12 UL ]38
Pinus strobus 19 Bt L A7

7 16-20 14-17 Buraer®
Pinus banksiana 4.9 3 Hansen*

” 6 Apawms*
Picea excelsa 12 13.1 MorLLer4D

” 33-34 15-20 17-28 Burger1®
Picea glehnii (7 h=/~<=) 35 7.35 HH488)
Pseudotsuga douglasii 27-44 18.4-27.1 Burcer®
Abies alba 29 17 Burcer1®
Abies sachaliensis (b F=) 55 19.1 ERE))
Abtes_ ng;theisiu 571/‘ 731‘ :: )7 S )) ‘ 8.6-12.1 OsHmva et al.4D
Chamaecyparis obtusa () %) 23-24 9.5-10 VRS

7 11.04 HEH:2D

7 25 ook
Cryptomeria japonica (AX) 44-46 17-18 ok
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Table 2. Net production of forests.

. ﬂ‘»}’ﬂ:l " H d%‘t' B
it L Species ¢ t?)n/plf: ‘u;e;c;r; Reference

Picea abies 11, 2-7. 5% 48)
Picea omorika 14. 3* 48)
Picea glehnii (7 H=/=) 6.7 88)
Abies sachaliensis (t+ F<=) 20.0 88)
Aes marist (14377 7) m
Abies grandis 18. 4-9. 3* 48)
Pseudotsuga taxifolia 9.8-7.2*% 48)
Tsuga heterophylla 12.9* 48)
Chamaecyparis lawsoniana 10.6* 48)
Chamaecyparis obtusa (ke /%) 8.4-6.5 74)
Thuja plicata 3.1* 48)
Cryptomeria japonica (AF) 12.7-6.5 74)
Pinus sylvestris 12.0-7.9* 48) 49)
Pinus nigra 10.3-5.9* 48)
Pinus densifiora (7 H=>) 20, * 81)
Larix decidua 6. 0% 48)
Larix eurolepis 9.6* 48)
Larix leptolepis (HhF <) 4,7-4.4* 48)

7 «C 7 ) 8.1 74)
Distylium racemosum (A A) 20. 26)
Fagus sylvatica 5.0% 48)

V4 9.6 43)
Nothofagus obliqua 4,3% 48)
Quercus robur 3. 9% 48)
Quercus rubra 2.1% 48)
Quercus petraca 2. 0% 48)
Quercus sp. 3.2% 48)
Castanea sativa 3.7* 48)
Alnus incana 6.3-5. 1% 48)
Betula alba 2.9-2,7* 48)
Betula verrucosa 7.9* 51)
Betula platyphylla (5 Hv .3 5. 0% 84)

*: flak <  exclusive of roots.

MENKRL, FhD X RBTR—RIEDOFRMLIERLT b AEEIAFTH L, Lichio
THET, PMERDOKED D, FILEEYXBICEFTR LD DI, TORSDORE AL =~ e
~ A LTRBLERD LD, GELOBD L 5 CUARBEXE TS Lick » TRA~0RMLAEED
DESVBL, BCETOSHEED L0 ) FHRIKENC A TERRCAEFIRBALTH Y, BHEED
ERT LR LOBLAEELZR LT %,

3. MKESLHMERE

3.1 MERYCH T DRKEER - 458 DR O S Lid Lt k, N, NABTca s oD,

HMATERE AW/ NOKS T, BB ORBR LT /2 - o
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REEEFCT, FHEDELRD b0, iR DELRD SO, RS0S4 Es b0,
ﬂ%,%%&@5%@?3$ﬁﬁ%btﬁ%,T@@&kﬁﬁ&fi@@%ﬁ%ﬁﬁﬁi,T@ﬁ&
LS50S MM CHAFEE®REILRE L otte FRTHIVEHEYRACERBR T, RETLT50% %1
|, 2@, 4B TR SO LERERO 4 L T4 FEOBRBROMBE, FHRAHEIBEEEY
K DETHPKRE LB EAP R DI NERNT K X 7072 » 7o

PENDKRD LS ICHETE I, EEBOBNERBIATETLHHIZLEREVY, BRAOEMIMK
HEHEREDL DI, FRACHPELICREBT, YRFECES LELRSERDObE -k
DEELDBELTHER LTS OBEFTSH S, MEOHMKe, KEAGEER L5 ki &,
BARIOS K X < eh, HIMiRiS 7 h O RIIBERT 5, LaL, FASEET 5 & EMKcy LS
BOIDLFAFEOEERTRT L S5REY, BEEESRMI T, F#ErEbh T cHOERE

BIHEFRBZL DRTHANCNDNEL %500, FHEAHBEOERIZLAEED DI t5,

500 4%A(1n2)
A I I
—{20
e | e W
i ===
100 |— =0 ¥
L Re@
50 §\0<.:WBTT50
E§$V/ﬁ«m o
AN -
/)é/ \\\\\O\ WB
10 e i
1000 5000 10000 P @eh)

IR I3FEET H= YD Y-D HR (EELTPOF~ 2 L HEL)
Fig. 1. Yield-Density effect in artificially planted stands of 13-years-old Pinus densifiora (after Saroo
et al.f0)
W:ha hi-h £ E4ER fresh weight of an organ per ha
e :ha H7-b KA number of trees per ha
Wy s o4 LiERATEE  fresh weight of total tops
Ws: 84T R fresh weight of stems
We: #it#:HER  fresh weight of branches
Wsir: bk UK E R fresh weight of stems and branches
Wi 345 fresh weight of leaves
Wy Blfe g ToORRER (HE) weight of dead branches (estimated)
Waes : Fids L OREERE ASTEE  total weight of present and estimated lost branches
Rp: Fi43 ratio of branches to stems
BA : fuElrmt  total basal area
Wy, Ws.p and Wy, are almost constant having no relation with stand density (the law of final yield
constant?). Wy tends to increase and, contrariwise, Wz tends to decrease with higher stand density.

3.2 TAMELHBER | (L1 HOT 7~ Y RERRCO\WC, REFEHL 27T L8 1Ko
L31ins, 2 EBERLATEChr2bbT—EL ), WE—EOENBRILOTNS T &4t
bm%o:@ﬁ@c—Dﬁgka%akofméo%%,ﬁﬁﬁ%%%ﬁmmwb&f~%f&6
2, BINEEFENE VT Y, HIREREEIMEIZE AT, BB X 5 BN ERDLY OER
PEE » BRI —ER DI T O REEYITEE T h b b TRIE—EL 2T T, TOLEY
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NMEBETIRCEI INIEENREL R0 TH D, HERIBEORFCULEL, BEET
DHBHETEREIFEEDOEWHNE CREBEEZ EEOMN EOPELVZ L HRL TV 30, My
BHEOK 2 D& ThbbREOREE COMEERBIIEFEEDHT NS\,

CDXSREERC L - CRLAEEYOBRSNES & T5H L, BEPEERNLTARECD > TiL,
FEEEYERTCHEF IR0, BEINKEVARBEC L TEEY TR TE501FMTH2, L
PLEEETHIEEEINAHIMER DR LD D, RINCHE L MAM Y AR T 2%H
UD%rﬁﬁ%s}th% L5, %'Mﬂﬁi%ﬁ)&fﬁfﬁ% Licdnidis s\,

HEOLDYF H A AYESKe, BEABLDA b e~ 7 < Y HEEFKTE, I RRNE—EITks
fv&ﬂftﬁ ®, BoBAREOMMIC W TR ERO 7 A=K ERABETH - oo

Baker 0%8,) B D BT iifibi o LT;'},’ 3;}16 &g~ & Ponderosa pine KT
#, Ruporr it Jack pine CHEREIT L o’CS[ZiLJM, GrzEn e L, FHERIEBEIZ KX EE
REHEERYHEL DL, BMMME%mRMpmeTTﬁL&kMPtﬂ ULBIHEIX T, BH
e fm?ﬁﬁfk%<n5# FAAK CRHEHMEAFIA CE AR IERLONB LA Rb o L%
%ﬁbfuaoitﬁma %7ﬁ7/fﬂMT¥F#HLﬁkﬁﬁﬁﬁm#@b;k% R T
o WTRIVATEINT G ERABTRIEZ L, NEEEGRORBCMAE LIV 5 Thhb,
FRo ERICOWCRE—EDO LA DRB /e - THBMOWTIRE—~EL e T, B
BENTWIE ELEYOBRANDOESIEL8D X5 Thb, Lvl, H1KOF G Es U E
—FED & EDBRIDONTO C—D HEIT0.86Th o 1o LEFBEIC X o TERHI BRIt b &
IR TE Vv, C—D $5%500.86 72 B, FEN 10578 THH L AGO®RMINME kT ¥
T\,

BHEIE AL ARTEED I E T TH A0, MERITEHETH 213 &7 ARBEILE < shbf A
FHATHDHL 2 L5, UL, R I - THAND S ORMS P CHIEMIFEERNEETHD
DHEMTHY, FRHKC X - T-HINCHPSHEL THRODEREIMET L T, MgHER
?hmﬁﬁéﬁﬁ%ﬂﬁb MRS BRI KA OERS £ D MEC bl kh L)
T, Hzi¥ MoLLer i‘obif“}f’fﬂi%TB‘JF?W?@%#%)(H’W:«:%&EE@ 60~50% LA FiCin s ﬁﬁ%”@
i3, HEARBIMREAC L > TESKWELTWA,

@&WAkéﬁk%?5¢<@ﬁif @ﬁ&mﬁéiﬂéﬁﬁTékaué ﬁﬁ%tbﬁﬁ
H R OWTIE MILLDR tX Virginia pine T, WAHLENBERG 1% Yellow poplar "C, Fi- MANN bi
Loblolly pine THREIE WV LITEEMZEIE E AV & 75_» ab KRAUCH)@ Ponderosa pine *C}}fﬂj;%ﬁ
EEAHIMEESTELT W2 LTERD, Fi- GAINES ai Long leaj pine G, ScuANTZ- HANSEN
b Red pine THRHDERVEARCARBHEIEDS U X AFE L Optimum 234 23 & LTV 54,
BL L2 E55HE%E, BEE TEENRCRLHAND S,

FIRES L MRS BiI o\ it ForLes ® Western white pine [ERREATI, WL S
DI AR EREKCTRATS - 722, HW#WLtﬁ%@ﬁﬁ&A%uﬁ&FAklork?
R, ERMELGLRBRETHLTHRRKTh %, 2 BENSON % SPURR B@ Easters .
wmwpme%&ﬁ%f%%@i@&Aﬁﬁﬁgu%ﬁ&M%ﬁ&%%&k&t X170

5 LIefERNBART, ﬁ%%ﬁmﬁ#fuﬁ«rué;ik,%ﬁﬁﬁ@ﬁ&ﬂnmbna%e
KL EMRAFRICIES E DEVE LWL Bo kL, BRCHELMEAFibh b BaE, M
HEEA I N D 2 LRHDOM ST AMOMS OEREE R & DS bRT, TMkaFHEE
UHRETTETHA S,

3.3 BHBWCHET 3 3/2 RAICSHER) : LB X 51, BHAERI T ABERG G L HFITH
DA, VAHERERICE SEBTELL 0TI, HD—EDOWECH L, FORIIEEL Y
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BRARDOBIERDL S YD, MONBFELH L CToRRIESHE, Esé%\:acréﬁﬁﬁiﬂosz*%"ﬁﬁ?

FEIIh D0 TO LS REKEE L ZORDOVHEGEOBRIISGTE LT 3238, HUoBFRIEL,

SEHBRME L UAEECHLTORIT S L Thb, sz R Eefkodtho s Eartk

2D THH I,
_®%Wmm%&%kkﬁéﬁﬁ%ﬂﬁﬁ#6,it&%@ﬁ@ﬁ%ﬁ%ﬁﬁ@ﬁﬁ%?@%ﬁ%

BATHE DR, :;%7\# 7 H =P ol TPHBEAME () LREE (o) OEAMART
LE2MD L3I d, — M v & 0 L ORI, T v T B3 EART

i °

10 y
U *
(lma) As A o ‘X
* ok
—
=205~
1 ‘\\\;i
—]
=10, |
10" =]
10* Crponeria MEAN HEIGHT ()
. 10~12,20~92, -
- 01 2w d, 12~14, 20~ - N
. e 4 4~6, 14~16, U~ 26, -
"o, s:6~8,16~18, %6~ 28, -
x: 8~10,18~20, 28~ 30
10°
3 4 . ('Y . °
10 10 10 f Whl)

B2 AXET H<YONREEE (p) & PERAE (v) OBRICKITS 3/2 TR & S PEREH
Fig. 2. The full-density curves and equivalent-height curves on the relation between stand density (p)
and mean stem volume (v) in Cryptomeria japonica and Pinus densiflora.
Diagrams were drawn up using the preparation data of yield tables.54)%6>
The specific constants % and g of the full-density curve on each species are showed in Table 3.
The equivalent-height curves are applied the reciprocal equation™, i. e.
v=1/(Ap+B)
where A and B are constants determined by mean height in place of growth stages.——ref. Table 6.

* R TR T — X A BT,
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B BT e s (3)
THREN, bk, CRBERBCL - TEBAOER LD, COERECAWARBEC NIRRT LE 3
Frirh, ¢ DHILL5~2 0D H B0, —RICEEOBEIZ L KE V., ThbbROBOEAE
BRIEE L5 ThbE, BHEONEBETHLB S VARLH I <Y T ¢=L5 ThHY, thiban
MNEWHDILH Bbhitv, B BROWTHEHEOBBEIZEKEVLX 5 TH 2D,

#3%& IAREE (pha) LPHBRME (v m®) ORFRICKITS 3/2 FAIX v=kp~2 DFH
Table 3. Constants in the full-density (natural thinning) equations on the relation
between stand density (p, ha) and mean stem volume (v, m3) v=Fkp-@

) T Species k 4 (),)?I];igglal_dafa
Cryptomeria japonica (1 ¥) 1.527 % 108 1.94 54)
Chamaecyparis obtusa (¢ ) =\‘—2 . 1.517 x 10° 1.74 55)

Abies sp. and Picea spp. (L1277 57 77) 1.484x10% 1.67 88)
Pinus densifiora (7 H=D) 4,232 x10* 1.59 56) 67)
Pinus strobus 4. 686 x 10* 1.66 78)
Pinus monticola : 2,489 % 10* 1.55 20)
Larix leptolepis (Hh 7<) 1. 046 x 10* 1.50 57)
Fraxinus mandshurica (¥ F &%) 5. 495 x 104 1.64 101)
Betula spp. (/' F AV B A/ e AL hvN) 1.144 x 104 1.50 84) 102)

WENIRTH - T, CORMIFHNEHBILEOED D EADLAALDLH B,

These curves are tentatively settled, some of which are recognized to be amended.

Remeke (3 10 BHEEIC o\ T O THEE (D) it 5 RAAK (o) %
logp— .__1 605 log D+ K’ ................................................................................. (4)
DA TH b Lo 0 & DIHEIEREECSH S & FET 2 L (1) ROBIRL O RICHEH Hrbb
nAo

£ E?lfi A F 10gp=—1.6307 10g D+5. 5010  +--veerrerreemrnersmeenineanienianirenroies )
v J % logp= —1. 3563 log D5, 1365  creeeeerrri (6)
TH=Y logp=—1.638310g D+5.3330 rerrrererrerrerimiiii Q)
HT =y logp=—1.7273 108 D+5, 3773 «wereeereerermminmreeemnniiiianiiiaaniiianans ®)
3R %, ¥ MacKinngy 5* (% Loblolly pine T
logp=—1.707 10g D+4, 1588 +rrrrerereurretearmamrrtiiit et e (9)
T 5,

20 &S CEHBICKT AR (ull-density) S WET B BIALC X > TEACIIRY, T
b%%&%ﬁm HHEBOFEHBRMBORSOHRAL S 2REHEELTL, ZhXvBuEERH
REBIC & > THEVBE LTV LD THEELRVDTH b, MYBHNEE L TIABECHb B
THNEE L) BRE—EORBC T, BEXREIZE 1Xb) OFBERI T kkdh
THBH, DWIKIREDOTEWERTORSHETIL. BREBYHEV-EATE, £EXELEL
DN R R M TE R R VBB E L Z bl de LI - T, & LA RHERT 2 & EED
KE XNB—THE, full-density K@T 5 &, £EGF—RECEENRT L, DVICihx LB

*  SrTABELIND [T L B,
*x ﬁ?ﬁfﬁkﬁﬂ’}‘b 3/2 TeSUER, HAMGIHE HTRMTIE iR, fulldensity curve 73 & LR Ih T2
» BRSOV TUL AR AV,
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e l7eh, FHOBAT—ERHN S —HRERBARNELTHH 5. LrL, HAZBWTIXZ
LI TH D, —BICITHRINOREROKE STRECTRH L7y, Stz LERD
BEELT W 7§>B full-density 12 e }UiE 43 7o Efk B BIEKIER TH L O Th B o
—MATHTIZ full-density LY 2/ BWFETHESh, HMOTOERI L > THRICX -
TRELFE T Tw5, 2R, HRZHOWAGARTHO, WALWALRTIRWE IR TR
M%ﬁﬁébfﬁghfvéﬁ,ﬁ@%o&%%%Lfvéato&@ofﬁﬁ%ﬁ&¥ﬁ&ﬂﬁﬂ
@%héo:hu%ﬁﬁﬁ%ﬁa@dn,?%%kﬁﬁMﬁ&?fkwa%zaﬂéo

T ORI, PAFIOTI -7 & 5P 2m Z Lk 5 bk b, LABEIR X T
ERzhDZ &®?<ﬁbTth%mL1mw MRS T EDi AR ERTIOL LD T, &
?ﬂmmﬁmﬁiu&ﬁu%wéﬁ%&ﬁwi %TLTL5%®&%ﬁfgbo®®%$%ﬁmﬁ
@ﬁ+%ﬁmx@ﬁﬁﬁ%%of&bbtoﬁ% M—PHlEcd, TAREEC X > TREMEL
b, TR ESEEHEL D& b,

. E7LHECSBEMEEHBORTE LB

2 OFEIRR &, BIS WG L 2 LS PBEREEAbEI LRI -T, 5B
HEE L ND IS OERFERYBRINCRT 2 220 TE, 3bRIHHMEHT, b5 THBEC

gar ®O9 — K

Table 4. The notations
i < T NI ' (&/ha)
Initial planting density (no./ha) Po
A F X K (& /ha)
Present stand density (no./ha) I3
#H *f # B (%)
Relative stand density* (%) pr
OB dh e (%)
Management line** (%) ML
mom M & & %)
Thinning-ratio in each thinning time (%) P
F B AR (m)
Mean height at the first thinning (m) hf
i I > R 1 N - (—m BEERI L)
Interval of thinning*** (every —m height growth) I
ooy OB & (m)
Mean height (m) R
B OB MR (m?)
Mean stem volume (m?3) v
Bt MR A R (m3/ha)
Total stem volume yield in thinnings (m3/ha) : Ve
BHHBR FE (m3/ha)
Standing crop of stem volume (ms/ha) v

*:EEOYAREED, F—SPEEER O 3/2 RAIR EOBECK T2 RHLR
* ; percentage of actual stand density to full-density on the same equivalent-
height curve
kWD B —EOHEMNEEL Lo, THCH - TREEEI b,
#*% 1 which is designed to keep a certain relative density and along which
stand densities are controlled.
L B — AR T L

#+¥ : every certain meter height growth.
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BHEREZMDI LI L - T, FPEHMERIINSEL Db TRELTHEY TH S, LA T, W
OMDEBLREETHZ LR L - THAOAEERBY R ETCHABCRELT, TOMBEEELHE
REIoTRDBZLIDHLIBENETHS S0

BT, KAPEBRKRYBEAEEL, HETEERMEA - T, 7 AFERX - THEIREY
HE L THaico BlE LTAFE A1,

1. HECHERENELERE

EFAFERTR S fbic, MRS FIHERR IR L e B, FOMKRD X5 IRERR
ENLETH D,

HAEROTTBIR
see the notations of Table 4.

#s5R MELETAAFr v~
Table 5. Schedules of thinning models

A-v Y =X 1 2DV — X TEBERRDOINNIZ 22 6T, et ORErERERTLL0T, £
DEBBHELTOZEL e D,

A-series: In this series, P; was fixed in each model regardless of p. 168 kinds of thinning
models were designed combining several factors showed bellow.

po (no./ha) Py (%) kf (m) I (m)
2000 ( 0 (un-thinned) ( 8 2
1 % | | é(hf 12)
20 -
5000 <30 12 8 (hf=8,16)
140J \ 12 (hf=12)
10000 150 (16 ] 16 (hf=8)

B-vY =X : v ) —X T, BEEZIRD, Thichbe TTOI L EMAGhby CHIkT %,
B-series : In this series, thinning models were designed to practice along ML. 223 kinds of
thinning models were planed combining several factors as follows.

po (n0./ha) ML (%) Bf (m) I (m)

100 (un-thinned)

2000 100 (8 2

l % P

60 | _— =

5000( 40 {12 | 8 (hf=8.16)
30 1 12 (hf=12)

10000J 1 ZOJ 16 l16 (hf=8)
10

C-v ) —x : HEHECDHE TR ET/D DRXBY Y —X MU, MRARY RUREMCTER
BREGETS I ORCRDTH D, TIehHIEERARITER L MEMGREEO 2RT2» LHE
FCRESh D, MARHHITO&ED,

C-series: In this series, p; was designed to determined as the density of expected ML on
equivalent-height curve of k7. Other factors were designed similarly as B-series. 67 kinds
of thinning models were planed combining several factors as follows.

ML (%) hf (m) I (m)

100 (un-thinned)

100 /'8 2

80 i { 4

60 SN PN 6 (hf=12)
40 1 8 (hf=8.16)
20, 12 (hf=12)
10, 16 16 (hf=8)

Assumption :—

1) Thinning is designed to practice at intervals of a certain meter height growth in stead
of years, i.e. to practice every 2m-, 4m-, 8m-height growth etc..

2) Trees to be thinned are selected in order of small individual, the mean height is not
changed and the relation between p and v is translocated only on the same equivalent-height
curve by thinning.

3) Trees die only on the full-density curve.

4) The final cutting is fixed at the time of 24m mean height.
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@ HOERARE (o), REBHIAR O T 988w (Af ), THURRIRE (D, FEAKR (P, EFEREBKE (ML)
R EEHALRIMEAr L 2 —ARESERCR L EEY THBY, TREEEELYL TR
fx, BEEE2Mm T b, hdm T ) X3RBEA T bbb L,

@ MHEREBHBEON D3O XD IRKTERBRFRBENRD b0 L L, HUKATHERE L TR
B () IREET, PR (0 L REE (o) 2 OBRIIF—FHB SR 0B THD 2T 5,
—/NMEES BIFER AN D LB AR ELS DI TCH B, T TR ERIKSORAHEEL
’C—OO)DE{%}_ LTHWTWSDT, ZOHREbEVMELeTERLYE, %7, Harr-Beckine-
ASsMANN DUs 5 “ Over-hohe ” (B diz 10x 10m? O E £ L b, FRFROFOEREHRD
BEa2¥972) olarx AhTEZLD L, MIKOMKIL L > ThREL > Th, EREHIL
BRIV SEE Y HLE LTLED TR D E\e i, Mk SIECKRY TR —5FiEl e
B FREEDRA E2BI< 20 TR, MEE: DIFECBRW B SOBERMED v ~ 0 DEJHR
mﬁ%%&@%ﬂﬁﬁﬁﬁ®égk%,??Kﬁ%%ﬂ%%ﬂéh,E%%K%ﬁ%ﬁ%®@¢§®
BRIk LRSS 705 2 L BIEWI A fE R X 5 Th B ™%,

@ KEPVIAY Y 2~ AR LT oI Dd 0L, B EoOMEDOLETH, —
IR R L R W T o &, Tk b full-density 0)%@%01@6 LD TiT e <, full-density iz
FLEE T AL RACE S R THIBIRA TS, ZIRBRERERTE VWY, 22T
IR T T AR A BB T A A R L TORED DL L,

@ FHIL h=2dm O L XL FDI, THERBTIEI3R A, I ZRDTHDH, & iik
Bf=8m, T4m#FEEE= 1 biE, h08, 12, 16, 20m X 4 EMK I T24m oD & T EMKE
W3 Z iR B, LMo T Bf=8m T, I=6, 12mERE =T+, bW Af=12m TI[=8, 16m
BRI M rofldbelt, A=2dm TEERAK LW OTHIIL TV B,

TFAFHBRMAE L TAFEYACLOTCTOREBRBERTFEIRTRT LI LR,

D=1, 527 3 L0801 coern it (1)
ThbbIN%, KLHEPHEERIBSEEDRIRA L HTCIDLOT
1/D= A0 B ooeerereremni L ()

Hek  SPHBEHRCETD p~v FRRORE GE2BD
Table 6. Constants A and Bin the reciprocal equations™>
used as the equivalent-height curves representing
the relations between p and » (Fig. 2) 1/v=Ap+B

= A ¥ 7 7 < 32
mfa%j }ﬁigﬁn ¢ Cryptomeria japonica Pinus densiflova
(m) A [ B A B

4 0.01413 75.510

6 0. 00561 19.190 849 22.961

8 388 8. 085 602 9. 602
10 273 4.573 444 4.875
12 217 2.562 360 2. 805
14 177 1.638 295 1.705
16 143 1.169 256 1.124
18 123 0.835 220 0.723
20 106 613 192 517
22 94 450 173 368
24 82 362 158 262
26 73 290 144 195
28 66 228 132 138
30 60 188 122 98

* O - FHEE S CRER), REL 5,
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LB, BUERMD- Y BME (V) 1k

Vo ceerere et st s st e (3)
TRENBD LV BRRTHES Lo

V=p/(Ap+B) ................................................................................................ (4)

A, BRAHBME, ThbbI Il TRACI > TRAERTHHH, FTERHE & FHEmR LD
BED, HLVGIE—ETABEORD v 2K L2 LEHENICRD, ThZholo v & h b ORFRY
MEEFE LTBEEL, S5 FPHOBEEHROA s BEFO6ED L HYICRE L, &5 LTI, &
FEBEREHALETHE IO X 5 /s 0 ~ v BIROBELARNTE RN, BFOERTIR LAY Y a
— AR UTe s o TR D B E & e

\

P 6/ha) 1000
3R p v, b ML ORSRATRIERR L HRE 7 A OREOF—F 4 ROTRLH,

Fig. 3. The diagram concerning p, », » and ML, and some examples of management
courses in thinning models.——see the notations of Table 4.

100 1000

2. XK ASHROETFLHE

21 AU =X : 20> ) —~XTCiE, £EFAVCHEMOAEIEE (P) BN—TThb, 12
Pr=5/10 75 IR Z LR KR ERE LD & DT 00=10000 7z HIEE 1 EHE T 5000 A2, B
2 |G 2500 A5 B Th 5,

TP B, I, po DHAHRIC L > Th=24m EFTORY ¥ o — VT X o THEIKIED 0 (LHEH
BT REIN Do KIEFRFROMBERED 0 T 2RO MM CaEIh 52, WEERED
S hx OWHRB L THERA T ebh, YARKED u—m CIo7ck L, hr st R
AROFEMN Az, By 2 T5H L, MERIEOMD) OBME (Var, Vi) 1T

Va1 = 0n/ (AagF Ba)  vvrereeiitieee i e e e (5)

Viaa= s/ (AaPsgt Bao)  ++reeerresssesmeisseomteistet st ettt (6)
Lich, Lic 2o THEME (Vi) 12

Viewm= Vigi— Viga  vvererrerr e e (7)

L75%e BED X ) iatEa & e 7 A ORI LTIy, h=24m TOBAEBHE L #h ¥ TP
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R EE A L CEERATRE L Ui,

22BLY=X: 0¥ ) —~XTE, BHHE (ML) 2R CHEN T 0T, Bf, I,
po XAV Y —XERAUTH B,

ML A% EHBER LT, BHBREBLD2—ED0REHALEORTHY, HHdELoR
KT D2EML TR L 7ok 21 60% D ML 213, ThXhoSFEHMERcEIT%, L0%
PR DO RE AR B D KRB D60% DR EFEAR S O T, B R TR MR L iiERETe
FIND, ZZTHWTWS ML 0BG KRR, SPEBEREOARLERTH - T, A—FH
BH BT T AR TR,

EEHGETIAYY ~XOBELARTH DY, BRPOBKEORRL, KEIOMERNICTERE
O ML w#T25 L 5RDLAT WA,

23 CLW—X:ML, bf, I 3B ) —ALAROHETH LY, 0o %5 1 BEEEC TERE
D ML 2 8FT5HL3CRDI, LT, ThFR Af OSEPHEERE ML OED 05
o LItBHTTH B,

PEDX3LT, EHEYEDTAYY —X168F), Bv Y ~X2235Y, C>V—~R6T@ED
OEkEFANET IR, ThZhOERMEAFTHMBHEC X » TRy bhvic, BT oMk
ND B 5 3 TR Lo

3. 0 & &R

3.1 A~ :zDY Y —ATiL, HbDOH—2DEFALEDONWTERL P N—EThHbd,
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Fig. 4. The relations between relative density (pr) and total stem yield (V+V;) in A- and B-series.—
see the notations of Table 4.

V+V, was increased with higher p. very remarkably when p, was under 25 percent. When p, was
over 25 percent, V+V; seemed to be not particularly different by p,. In the case of p,=2000, non-
thinning model could not reach to full-density at the time of final cutting (k=24m) and was upper
limit of V4V, On the contrary, in the case of p,=5000 or 10000, non-thinning models were on the
full-density curve at the time of final cutting and were lower limit of V+ V.
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Fig. 5. The relations between p. and V+V, concerning with Af and ML, in which p, and I were fixed,
in B-series.——see the notations in Table 4.
In the cases of fixing py, I and hf, V+V, had the inclination to increase in nearer ML to the fuil-
density curve. In the cases of fixing py, I and ML, V+V; tended to increase with later Af in farther
ML from the full-density curve but with earlier Af in nearer ML to the full-density curve.
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Fig. 6. The relations between p, and V; concerning with Af and ML, in which p, and I were fixed, in
B-series.——see the notations of Table 4.
In the cases of fixing py, I and &f, V; had the inclination to decrease in nearer ML to the full-density
curve. And in the cases of fixing py, I and ML, V; tended to increase with later Af in farther ML
from the full-density curve but with earlier Af in nearer ML to the full-density curve.
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Fig. 7. The relations between p, and V+V; concerning with I and ML, in which Af were fixed, in
C-series,——see the notations of Table 4.
In the cases of fixing hf, V+V; had the inclination to increase with higher density-ML and
with shorter I. These inclinations were distinguished in farther ML from the full-density curve.
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Fig. 8. The management courses showed with relation between p and v in the
thinning experimental stands’® of Cryptomeria japonica in Axira district.
Stand densities seem to be controlled almost parallel to the full-density curve.
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Table 7. The tentative thinning schedules respected the mean height as variable
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Résumé

In the past, almost all of the thinnings used to be treated according to Crown-class or stems
class systems, but under these systems it was impossible to have systematic or quantitative
informations on the number or volume of removed or reserved stems.

Then, the new thinning systems have been developed which can be expressed quantitatively
or numerically.

To practice quantitative thinning, it is necessary not only to obtain general rules on growth
of the stand and that of individual trees, but also to analyse the factors concerning with the
production or consumption and to make clear the production structure of the stand.

The leaf-amount is closely connected with the growth of stand or of individual trees. The
leaf-amount of the same species seems to keep the constant value per unit area regardless of the
stand-age, the site quality (within its reasonable range), tree-size or stand density, if the crowns
_are well closed (Table 1). Supposing the assimilation-rate of leaf is almost constant in the
same species, it may be possible to guess that the productions per unit area of the same species
will have little variations among closed stands. However, it has to be noticed that the extraor-
dinary changing of the soil conditions, such as by fertilization and ploughing, seems to result in
a changed leaf-amount and assimilation-rate.

The net production of a stand can be formulated as the balance of the assimilated products
by leaves and the consumption such as respiration, death of plants, leaf- and branch-fall etc.
The annual net productions of the dry matter have been estimated to amount to 5-20 ton per
ha. in coniferous stands and 3-10 ton per ha in deciduous broad-leaved stands (Table 2).

The allotment of produced matter to the stem is affected by stand density. As the total
amount of branches per unit area tends to decrease and that of stems tends to increase with
higher density (Fig. 1), the high stand density may be profitable for the purpose of stem produ-
ction. But when the stand density is higher, the number of dead trees caused by natural thinning
increases and the mean stem volume becomes smaller. So, the optimum stand density must be
determined on the point of which it is expected to produce as much stem volume as possible
per unit area, single stems having the favorable average size.

The authors estimated the full-density curves and the equivalent-height curves in several
species in relation to the stem volume and the stand density. These are very important for us
to discuss the stem volume yield (Fig. 2 and Table 3).

Further, the authors tried to draw up a diagram of stem volume and stand density, using
the case of Cryptomeria japomica as an example, combining the curves of full-density and of
equivalent-height (Fig. 3). 32)7’1;})1e latter curves were employed in place of the usual C-D curves
(competition-density curves). And using this diagram, or the rules of competition-density effect,
total yields were calculated and compared with each other for numerous models of thinning
which were designed on various grades, intervals, beginning times of thinning and initial planting
densities (Table 5).

The results obtained were as follows: (Fig. 4-7)

The yield in the final cutting increased with the higher final stand density. While the total
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thinning yields showed the tendency to increase with the initial planting density, the relative
density (the ratio of actual density to the full-density estimated by the same equivalent-height
curve), and the frequency of thinning. The earlier the beginning of thinning, the more the
total yields by thinning, ahove the 25 percent relative density, and the reverse, below 25 percent.

The total yield, i. e. the sum of final and intermediate yields, tended to increase similarly
with higher initial planting density, with higher relative density, with shorter interval, and with
earlier beginning of thinning over 25 percent level of the relative density or reverse for under
25 percent level. The above mentioned tendencies were very remarkable when the relative
density was under 25 percent, but were far less remarkable when the relative density was over
25 percent. Therefore, it may be approximately stated the sum of stem yields keeps the constant
value over 25 percent relative density, even if the factors, such as initial planting density, grade,
interval and beginning of thinning were changed. The density, of which the relative value is 25
percent, seems to be one in which the crowns nearly come to their closure, so the statment may
be allowed that the total yield of stems is little affected by various kinds of thinning manage-
ment, if the crown closure of the stand is kept unbroken. However, the above mentioned
relationship cannot be realized, when the initial planting density of the stand is not so high
that, the stand cannot reach the stage of full-density even at its final cutting under unthinned
conditions.

The tentative thinning schedules presented for Cryptomeria japonica, Chamaecyparis obtusa
and Pinus densiflora, which were calculated by the authors according to the relation between
stem production and stand density described above. Here, the mean height of the stands is
the single variable, the site and age being considered secondarily (Table 7).

Concerning the balance of the production and consumption in a stand, respiration is one of
the most important fractions of the consumption. Then the optimum thinning grade must be
found, in which the most efficient production is expected in the means of reducing the amount
of consumption in respiration. The studies on the respiration in the stand and the applications
of the results to the thinning problem are the important subjects left for the future.

The “L-shaped” distribution of stem volume in a stand could not be corrected with the
thinning of removing suppressed or smaller individuals. But the green-pruning on dominant or
larger individuals seems to be possible to correct the L-shaped distribution, so that it may be
effective for obtaining uniform individual stem volume to practice the green-pruning on dominant

individuals connecting with thinning.



