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Lmg e Reverreeereeetie i (1)
logL =a; log Dby seeeerereemeniminiiiiiiiii i 2)
logL =az log D24 by eerereesrrerrenenromnienieiiiiiin s (3)
logL.=as log DZH +bg seeerereercertmmmmmmmmmmiii e (4)
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Table 1. ‘ha »7:Y OBFRES L OFHEGE HE
Standing crops per 4@ and average weight (Dry weight).
Block
Nl I I
Parts A | B|C|A]|B|C|A|B/|C
B # (ton/ha)
_ Stems weight 24.728| 38.854| 51.382] 18.697| 35.996| 36.686| 15.820| 18.482| 44.350
% & (ton/ha)
_ Branches weight 6.134 10.764| 8.936 7.715| 10.152 6.381) 4.623 5.120] 7.713
Per | ¥ & (lon/ha)
Teaves weight 4.623| 8.090| 7.350, 6.691| 7.494] 5.249| 4.587 3.896| 6.345
ha | 2 bEE (fon/ha)
Total weight of 35.485| 57.708| 67.668| 33.103| 53.642| 48.316| 25.030| 27.498| 58.408
above ground
ha 3129 X#(no./ha)
Tree no. per ha 4,500 9.100| 21.200 4,700 9,900 26,800| 6,300 9,900, 62,900
#® H (fon/tree)|; 0549)0.00426/0.002420.00397]0.0036300.001360. 00251]0. 001860 00070
Stem weight
® & (fon/tree)
Per | Branches weight |0-001360-001180.000420.001640.001020.000230.000730.00051/0.00012
tree * H (fon/treedly 0010200.000880.00034)0.001420.00075[0.000190.000720.00039l0.00010
Leaves weight
24 EEE (fon/tree)
Total weight of 0.00788/0.00634!0.00319,0. 00704|0.00541|0.00180|0.00397|0.00277|0.00092
__above ground
. #  Stem (%) 69.7 | 67.3 75.9| 56.5 | 67.1| 75.9| 63.2 67.2] 75.9
o0
fg # Branch (%) 17.3! 18.7 13.2| 23.3| 18.9| 13.2] 18.5 18.6| 13.2
Q
5| % Leaf (%) 13.0 | 14.0 1o.9| 20.2| 14.0| 10.9 | 18.3 r'f'14.2| 10.9
~
gt Total (%) 100.0 | 100.0 1oo.o|100.o 100.0 | 100.0 1oo.o| 1oo.ol1oo.o
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Relation between basal area at breast height and leaves weight.
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HEMEOLRK' L U THRERY Table 3 1077, BEROHET () RicoOVTit, LOHERE
RIZROBERICEL VAL '

]§=n~(n-i1_)§- (Tg?+R¥TL2—2R « YgL)

wRe SEx100  2xor,
(2). (3), (4) Riz—#iz
log y'=b log x'+a &n&lsi€d,
ZDRT log xX'=x, log y'=y LIt
Sx?=3(X—x)?
Sy?=33(F—y)?
Sxey=Y2(X—x)(¥—y)
nh

_Sxey
b Sx?

%7,



7 h = Y RIREBRIRBERAROMBT (E2H) (L) — 49 —
Table2. # & X © % &
Constant values of each estimate equation.
HE 5E = Estimate equation
Plot (1) (2) (3) (4)
R a, b: a, b: ag bs
A 688.89 2.2125 —1.4617 1.1063 —1.4617 0.8544 1.7132
B 723.43 2.4516 —1.6214 1.2268 —1.6854 0.9719 1.8441
C 559.83 2.7473 —1.9137 1.3737 —1.9142 1.0896 2.0107
¢ =L (S:-bSey) Table 3. HEEROBER (%)
n—2 Rate of error of each estimate equation,
cPEND SY:X/‘/H_ EbED, TOK # % A Estimate equation
BrALdad, BHERZ (A-1Dx100 T Plot :
53 bh3, (1) (25 (3) (4)
Table 3 bbhB X3, WTFhoH A 7.6 7.0 7.0 6.2
ERSRERIZRERDAVETR IR, K B 3.7 5.8 5.5 3.9
BEizbRvatisii hid, RaEEOHEEDOR C 6.5 6.2 6.5 6.3
BnEFlsBoRLIb 0N B E R &
W THHOFEDOHRT, HEDODIDEDIBELRAERT (DRICLDDINDTHS,
LosLigiih, ZZTRE MR RERI-FRE L 3 OBMRICHT5DDC, DH dbHuVi:

WARZEERFBEREOE D VIEBHRTH 200, BHRIZVWTHADOESLWICOREEIEFRTHE LV
Lizidlebiov, F7z, MARAEAETE® dHEML V3L 510, DH 23dbwizt FicizfEon
ERELIIMERELLINIDT, ZHEERTILRERIELIIRELEIRTTHS, EhiC
T TRY ORI, HEIRTOERYZORS AL L bUERIZ D ESWTHEETSIEH WV TH
DT, ZLORBIROVTTRCORINOBERE L OTRERYHEEL LI LToL &L, —Ri2Z
NETHIHLUTERLIC, BEOEEIIILV LD, AR TRERBOULARIESIE (2) (3)
RKEDBVBILNEFTHS 5, HEEKIBWTIERNRERINT, HBRPEEICHTIHOBEERN

Table 4. (1) (20 B) (W) KickVHEEL: ha H-VER

Estimate values of stand leaves weight per #a on each estimate equation.

Plot 4  E Fresh weight (fon/ha) #% & Dry weight (fon/ha)

££>\ A B c A B c
(1) 10.506 16.855 16.334 4.623 8.090 7.350
(2) 9.849 16.954 15.707 4.334 8.138 ' .7.068
(3) 9.681 17.167 16.239 4,260 8.240 7.308
(4) 9.785 16.726 15.725 4.305 8.028 7.076
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1 dw _ _w
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w:Lﬂ
1+ke “t

72720, k BHHEHIC L OTREDIBAFERTH D, (5) RIZFWVT 2 7221340 t DEBEIRBED L
(A=2(t), W=const.) & 2 &, L;/1=const. W=W(] DiEHVENE, (A1=4(1), W=W()] ®
$Hve AN Borozxsy 7l Wy, [(A=const., W=const.) DEME & 5L H4BDOTR
TE—RLo U AF v 7EREV S,

3ok d—itXhiz AN BE (6) RiZFRT,

_l_.£E£=zo)[L—7§%5]

w dt
T

w= 7:e f:ffl/ T=J th ................................. (6)
I %V dr+K J
K3EIFEBETH %,
FAEEBO W OhOEGEHEE S CAREHEOTICEE, BEEEE o(no./area) 72T HEERHTL
CHBHEICEZ T REYHET S, F0EE, DFOLHEENKRY 22 HET 5,
i) ESHOTHEGEE w ORBII—Bo o AF v 7#R (6) RTRENS,
i) REMREK 1 OEZEEIMBIR, Tiobb 81/00=0.
i) BN+ A7- 2 L SRMERD -V ORE (=wp) T, BEICEERIC—ELLS (BRNE
—ZOEI. Tihbbs Yhose=Y £T5E Wtp=Y(), »> dY/0p=0.
iv) FECHERL ARICRENIZILEY, 20 EOMMEOFHERI—E, Tisbb,
wlt—o=wWy =const., 2D w,/dp=0
PE4EDS B, iil) KOV TRERNCAD LI TEY, iv) Z—REBTI-3HEARICEED
FESER TSR 280D, ZO4DDEEND, DFD (7) Ri#Ih 3,
—3;)—=Ap+B EUBTRIIRE s 7
AR IUBIE, BHEILOTEEBERT, —BoTAFy 7 HHRO 4 DOMITE L TENER Table
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Table 5. (7) R D A% X KB O K&
Contents of A and B in equation (7).

oo AFy OB Types of general logistic curve
¥ M Simple 1% i-type N # N-type | AN % 2N-type
A (—e /Y Ga—e /Y e Tf(et/Y)dr e /Y)dr
B e_r/WO e_r/u)o e—T/WQ 'e_T/wo
T at Jadt it JAdt

Y B EREH-VIEO LEME  Upper limit of yield per unit area.
2 : REHE  Growth factor.:
wy : FHEGEOTHSEYE Initial condition of average weight.

'C, ﬁ%%éﬁﬁ;%@iﬁkﬁ (reciprocal equation of competition-density effect, B&L CTC —D%ED
ER) & XEhTW B, '

(7)) Rnb y=wp XY

1 B
¥ =A + g Tt tneeennenes P TS PRI TEI D) (8)

BEBICEIND, (8) RIZREDABMIC Y 2 BHEBEORMEMS - Y ONBICHLITTERLH

bhT DT, WEBFEMROYHE, (reciprocal equation of yield-density effect, gL TY—D %)
ROBHR) L LITA T3, : |
(7) (8) RIS AR, <7 SREVIRED VEEEHEIUH, HAICBTHIRE A LM T
ERROBREMET 5,
b) full density curve. )
MR L REEERIOE 2, BHREESTICHE, RECONTEAMEMERICHZ DTS
L5 HEBEEFICI VL, BEEE (o) LEDEOBRMNERS-Y 25EFE () /ol PHEEE
(w=y/p) LOMcIZ, HHSEMBIROSDZ EAMOATEPP, 02 LZABEAREOHR

WEICEET S “3/2 A L rIEhTV3B,

“3/2 A" &3

w=k'p"e }
y=k'pime

ThHbHTZENTES, (9) RINFIMERBE (full density) CBEL7:L EORBETTIOL

LT “full density curve” LT N TN B30,
¢) EHREEEEDER
ZhECRBR w g 72t y BEEWEORTH BN, BEEUMEESECOVTIRY 222 &A%

HHRT B, ZOHEEIZOFDT & nbEND,

TEHEOEROBMIDEE () 13, 2EKE (W) LT Hoxiey OHENBEREHRNILY 720z &
EOWTHZNETORED RS Y, SEOEMCOVTHT TE IO TREL, Thbd
log =k log W+1log bereereereereinennininnciiiiienianns otrbeeenaetesraennnrerarranaes 10)
2 OBEERIIERL C LTy 7 4 SREAEEOTEEED v~ BIRIC BT IR 2T £48
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Alicd &3&, Table 1 2R L7fEI X DT EEBIEIC OV TN &2

BT, LERICHT H2M EROMENRERKIC
BTk =1 THBEVZ B\ % Tableliz X
D 4ty FEEIC T B i A R DA R BIR
% Fig. 512, MENRERDOERODEY Table 6 iz
"7, Table 6 b k= 1ALELNICIRRE EN 5.
LEttoT, CHETRDEMLAT 3 & &
D, WHT BRI X VAT B & T

T, BHRICOWTHHER—ETH S bRAKES

R NTERE 185,
Table 6. IENREROUE

Constant values of relative growth equation.

¥ Constant|
N \ k log b
Tree parts
#  Stem 0.9090 —0.1139
#  Branch 1.2246 —0.9014
¥  Leaf 1.1946 —0.9763

KB,

£ FHE, BE, FESLIOEEBRZOWTOC—DHRBIVCY—D#HR% Fig. 6, Fig. 7 IZFR7,
DRI (7). (8) RTEREND, (7) (8) RiTKITBHEEA «- BOfEL Table 7 27T,

Fig. 7 ® ha 57-) ORICHVCH EHAGHE, BE, ERCOVTIINETHESN: SO LR
CER #RT2%, .ﬁ@ﬂ'ﬁlﬁ]GC’D\/‘“C&i-ﬁfx’Jf:ﬂ%ﬁ})Z)a ﬁ‘:ﬁf:"oz?.’(’)'ﬁﬁ? VIR BEREBROBERIC

b LOEFHFRON

B
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Table 7. #1 EEERSIE L2 HREOEES)
. ROBBEROHE " '
Constant values of density effect equation
of parts weight and total weight of
above ground.

~_## Constant A B
B Treepm (ha/ton) (tree/ton)
23 Stem 0.020 147
T’ Branch 0.128 137
¥ Leaf 0.156 181
shi Tl of | oo | o

F1H2 IR L 72195340 H19614E E COREMEIC L Y, BHBEOBEMROBERLERTCAL I
C—DHERB LY —DEDOEEREILY Fig. 8 Fig. 9 KTRL, BEYHERXDOHEH A+ B OFELE

{t#% Table 8 274, ’ '

HEROWHA « Bk (Sa) 3L OAREFICH 2RTHERE (H) LINER L CERNE LT
U (Fig. 10, Fig. 11), ZOBRIFKATREN D,

log A=-—1.9862 log Sa+0.5161
log B'=—3,9804 log Sa+6.5865}
log A=-—1.7032 log H—0.9366

log B =-—3.5440 log H +4.0085 }
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7 h = Y RRERKRBROBIT GB28H) (L) — 5 =

m&ﬁoﬁ&oﬁﬁ%%wﬁ*wbn6a,:nmbfmmesn%LtA-BoW§mom1@ﬁﬁ
T&EB'Y, HRROEEIT AN HEeEXBhBMD
B = € T Wy eveevereerenteataenii e e e a e (i3)
T2 T wo TRBBAAREOTERMBETH 3. wo OESHBEITIC LY 1952 FOMBEE KD, ThE
SBBRBHIAICOWTRE L7 E 0.000792m by 7z,
(13) Kb  BRACLVRDBNB,

r=—log e (WB) =—2.303 logiy (WpB) ++rererreersrremermmiiiiiiiiiinii (14) ‘
¥7: '

I L L U (15)
THoEMhb

A=A/ At eenreerrnmrerneeiiieeeiiiies e ee e e e e ba e e e e raa s (16)
L72232C, AP

G ST T OO PPPOPPPRRPIR an

L LTHEEORES5C 2 WEEMOTIEO 2 Ofin bi s,
X.BHiz Table 5 ¢
T

- e _
A =e f Y 1 P PPN (18)
(13) (18 Axb
Lo A—BAA s
T-A-BIE 19
L7e3o T, SRRz
AA/AB =dA /AR ceoreertuneenietiitii et a e cra e e (20)

EBSTEILEY. YOERERDDZZ ENTE S,

ZOL3ILTRSDY &, 2, Y Offik Table 8 IR L7z, Table 8 C © 4, Y Of#AE < Ah
TV HEBITINBEN HIBSEINT T Y 7 £V DREND Y, MENBREISO7:729T, ZOMO
IMRAFRAEERL, ADKENRBI DN 123, 7 A Y NEDL D IeBENRCHDI &
FIREDISIRBEMATENERS DI, ADRICLY B :‘:&bf:ﬁﬁoA, BofE#x D t&ié—l‘ﬁb Table

Table 8. BMBEOPBXNOHHA - BHLY 7, 2, Y O%{b

Constants of equation (7) on stem volume, and 7, 2 and Y.

SHEEE
MEE| K B t Average A B T 2 Y
Observed [Stand age height
year (yrs.) | (yrs.) (m) (ha/m3) (tree/ms3) (1/year) | (m*/ha)
| |
1952 9 ; 0 - 0.00000 1262.3 0.000
0.886 17.94
1953 10 1 2.2 0.03285 520.50 0.886
—0.069 9.27
1955 12 3 2.4 0.02178 597.62 0.748
0.530 48.43
1957 14 5 2.9 0.02104 207.10 1.808
' 0.269 292.40
1959 16 7 3.6 0.01361 119.86 2.345
0.360 179.53
1961 18 9 4.2 0.00952 58.85 3.065
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Table 9. (11) Kz L VkDd7-A - BOFEMHEE 7, 4, Y OfF
Adjusted values of A and B obtained by the equation (11), and 7, 4 and Y.

t A B : T ’y Y
(yrs.) (ha/m?) (tree/m?®) (1/year) (m¥/ha)

0 0.00000 1262.3 0

1 0.03388 751.8 0.518 0.518 8.50
2 0.02804 514.4 0.897 0.379 - 64.98
3 0.02358 370.7 1.245 0.348 82.71
4 0.02012 264.7 1.561 0.316 87.03
5 0.01737 197.1 1.858 0.297 100.60
6 0.01514 149.7 2.129 0.271 123.46
7 0.01332 115.8 2.386 0.257 149.25
8 0.01181 91.0 2.632 0.246 159.49
9 0.01054 72.4 2.865 0.233 178.57

9 IZFT,

Fig. 12~14 iC 7, 2, Y ORMELERT, ZORicit Table 8 DEZEMRT, Table 9 OfE¥
FBRTRLUT,

Fig. 12 KR 3Ni- © OBLrEREELZDE

T=(0,250 4 0 278 terrerrerrerrerarartenttottetaiiiiittititirertaieasttteaitaiatiattatcantontotaas (21)

2 b, ZORHOFENTE 2 OfEid 0.278(1/year) 185,

Fig. 13 WRENIZBRAE 2 OB L EEEHOFAPLDEL, WRTIEREME L 2 Lhk
VEBIBEY TR THAS LEXLDND, 22 TR7 »= Y ORREHMEA D LT, ZLEHHTH
BW, vV AVORETERTRLULMEIAESEANDN, BEMELRLFRIEBRSERL T
3,

09 fp
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EREYIZERTIIRESERL T B, 2K
' 07T
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FZBWTHEML, UT—ENEICE B2 TH
A5, BEINELRTRBTHEFEMELRL
TWwb,

(12) RTFRL7ZA, BETEEEOBFRLD
BERRIELDA, BORMEMLRD. BEEIL
DC—DHRBREFIEIRP T ENTE D,

ZDXHZLTH &P LI-C—DRFERE,
FEECBRRS, FHEECEEEL TS
oy b L Fig. 18 (60E) 2R,

JERHISER T, EEMEIICER R EEL TE
L EFED I WZ LT T TIREFEHP AR T
BBV THD, WFEHPIZZNL S hEEE S
ZIe0T, WEBARO h—n RERD, ARW
12C—D%REM, full density corve ¥ 5| ZHEK
FEHNORETFHE ST I8,

4) KBENERORN

EFERIBWREEZDPDOT < Y BERRBRO
R D, KECB W CIRERERR—EIC
DLW EINTNDHBN, ZhE<hVrbd
W ERAR 7Y,
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Fig. 14 Y ORMHE(L

& OBt (yrs)

Time-trend of Y.

y tha H:VEHE G:he H7-YEEER H: 5. { - BERK

Thd0b, BHELRESRENEEOESZY STV eThT, NEMEEI BRI\ N TE
C B, BERBREY COBERROBERTIE, BERIVARELFEYITHVWEINTWEHR, FEKREK
BEBEOHBEY TS, LLisab, Table 10 27T L 5 K- HOBERBRERD, SEORE

FERD, FOBINID SR,

2T, WEMERICOWTERROH I i B IsD7, Fig. 15, Fig. 16 2R L7 L 5 ITHE

B HEERRON, ZhbOEKDEY Table 11 12777,
Table 11 DEEDIMEIC 1T 2 ERK L FAECHE (Sa),

REEZ LoRTEEE (H) KNLAEY

Table 10. | & &
Form factor.
Yepk 7z 522 SaTo0 et al. A T MASHIEO
M #® B B  Spacing (m) i 7 Treatment
2.0 1.5 1.0 0.5 A B C
0.615 0.610 0.634 0.671 0.671 0.716 0.715
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Table 11. Kol ERE O PEROH K

Constants of the equation (7) on basal area at breast height.

A EE gﬁmlﬁe A B

Observed year (yrs.) (ha/m?) (tree/m?)
1953 1 10 0.07507 1571.97
1955 12 0.05052 1345.04
1957 14 0.04668 550.67
1959 16 0.03841 312.53
1961 18 0.03302 175.41

BLETERBERERL,

log A=-—1.3201 log Sa
+0.1711 l

log B =-—3.9245 log SaJ
+7.2341
e (23)

log A=-—1.0823 log H
—0.8180

log B=-—3.4480 log H J
+4.3916

............ (24)

BX BT,

5 3/2 RRAICHS 345

3/2 FAINR (9) RTFELBZ
LTIz e B Y T h B,
3/2F AN BEEAS100%C, HRRF]
BRI LTV BBELHSOREE
RTIDEEINTV B, LD
T, AR MBI ERHEG I X
VEED:OZ LT, FERBSL
TWaZ enb, HAR3/2FAER
TREZONDDIDEEZ T,
LLiedih, AR LEicZhAbo
KE7my b LTABE Fig. 8k
RT X 5Iz, 1953 4Ei2#7 30,000~
35,0004 /ha { B\ HDorzb DL,
#7 130,000 /ha IH27zd DL 274
OB\NRENTES T, ESRTHIA
DR LICED LIEZ DA, &
iz 30,000~35,000 & /ha # 5Hix
Lo7=dme, 130,000 A/ha i
BIXUED7d 0L TiE, BIEDH
MEZIVRERTHY, TOEEEH
BLB2IVREEH, bLAR
120,000 A /ha HHIT L E27-Kic
DWT (9) KD aDBEEZRDTH
bE, a=250 Ly, ZhET
IZHIBN TS a lcthRais D kE
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v, RERBARARE 2 1961 £ ¥ CORERIZ 130,000 A/ha TiXL
F o7 Kidky 53%, 35,000 A&/ha Tt U ¥ 27-Koti24% %7 L
TWwd, ZH7T ORERSHDOTS 3/28 AT 7bb full density
curve IZESEWZ 1T, ZHETHAD full density curve!®
W L P IFO/HE T, BEEOKRS CERMIIZEZ LT
BHSERICHL, ERBEFIC LW ZETROBLATV B,
DX KBIEN T B EETERC OV TSR
5 DERDS5 .

WEZZC, EDXDIEBE LT, HEA full density
curve CEBMDOVTEBEY ML THZ 5,

Fig. 17 KFRTLI10, o<<pr DBECAEBRIUDHEED
BBEEZLD. BRREVEDEZHIRVEBDH O B R C i,
p—v i & TEIC SETIZ ERBOoTW < 2%, BRMFINBZ 2L
Z ORI EMICEESIICLD B,

Z ORI pi<<p: 1o b p2 NEVEHICIZ B, o—v HAMEH
FFL»DEEFREOT TR LN, 2 7Ee OEET o
N e LYVPECRBERDIENRLEFERT 5.

XLIEERMEAT T E 0o OEEE, FOBEEAED (9)
KD alzZLT full density curve IZ3EY, BEOEBLE & DI
aDERREROLETERTE, ELT o dRHEOKB L & DI
full density curve DT, ZDXIEFEBE-EBID

FYT @ AAFFE Average stem volume

§

A # BWE
Stand dencit7

Fig. 17 full density curve
CET A8

Passage to full density curve.

L#E2 T, Fig. 8 @ 35,000 4/ka & 130,000 A/ka CiZ U % D7 d ORBEA—E EICO ST, &
EFOLNS ZLBBHASITBND, Ticbb, full density curve IZHE 7B BT B LY HRM
Blefild 7212 WHBREDO VAL » b b TREMICSKT 528 ERTHIOT, ZORLSBETZZ

ERBETHB,

ZDE3ITEZDE, 3/2 FRALTRTHREARZ BT [HAMG IR LrEA Tzt “full density
curve™® b7 Z Lid. BIHIRBEELLT VDA T, [HAM LI LisnHREAT 28] &

WS ERTHREOFOANEYITH 3,
6) EEVRRLOFME
C—D#RER

1_
7—AP+B
2T, p—0 Tebi¥ v—1/B

Fiebb, 1x=1/B 2 EREFBOTFHRIBOKREF I LEL DI LNTE B,

23
v =VxRc=Rc/B }
< pa<<
0 _-Re 1

755 vp, EVIEL C—D BHRBETEZ X5, FEHBRHEN vy, 755 L EDOEE pg, TC—DHR
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ENZT (12) RTRLU-BERL L AR & 0 C—DEHRR
e, FOLIZTry L, AU Rec DEOKEELRL, Re ML zEA/McTHI: Fig.
18 TRTHL OFTRBRZL DN B, Re RKRILBIFEFHFOLZ Y ANRFEL, MMedBEFEFOLIV A
DE, TD X 51T Re RFBD Ry L X0 TREZBEHRR LORE, BEDHRR LOFEE “Cha-
racteristic values on density effect curve” & L KRZ &2 T3, \WE, Rc REUKBIE, EEBRMHIC
BRI BEROBITFLWEEL D L, Fig. BRRLEZFTHRIIC-DHERLETCAUHESOBEHIZ
BONROPIHERTDIDOELELOND, £Z T Re #FHSHE (Competition index) & L&z &iz
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Characteristic values on C—D effect curve.
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ERICEBODIDTH B,

(25) (26) DBYRAD, A, BOMESFETNE, —BALLTHEHFLE Re 2L beiz e EOHER
ERTENRTE D,
(12) RoBIFRiE

A=aH™® }

EnElckE3,
26) 27) »b

Bl 1y o =R 8 it e
Pre A(Rc D Rc a H (28

(25) 27) »b

Vpe = _1% = %Hb' ........................................................................... (29)

H= (_R_aévnc)—%? ........................................ et (30)
(28) (30) b

— 1 \b-b’ _ b-b"  b-b’
(1—Rc) a’[ a’ ,,Rc)v] = (1=Ro) _a'(_a')Tv >

PRe = Re a Rc Rc a

_ k1
Vpe =Kz  Oge

1—Re¢ a’

L7z2282T, Gl REFHE Rec 25252 L12kY, C-DHRBLTEHESEB Y RTEM YR
URBE o7l TRbLPARCEZ B LNTE S,

3/2 FHIC X VREN7: “full density curve” ¥, FE®D I EERERE boMe L THEH
e XA, £72, “full density curve” IZZNETH IS B TN2 L5, WEHRRL OBEE
IV TEZ HRBANE S OTHBOWOW, 22T “full density curve” I22WT (31) DEERMD
FEREMLTHZ 5.

BIEICB~_72 369, “full density curve” i, & DEREE CHEL ONIHEMR, HHEFHHICHE
FRIILY, TORBRMEI LT LERDEFLHT, PR TIHBEBEOV-2A LD L TH—ER
EIZBEL7:3DTH B, E, ZOLILTRKTZ L&, EHRRE, Wi, MmEFcBiRnd,
full density IZB1 M BEITEBESHFOMBICH L THEFEBII—TOER2 L3 LE2 D, TibH(25)
BT, Ro & 17 Ro 2 0 &L7:4t Ro WERKICIE Ro—0 &idieb¥, »2AROMERTREL
LT&%, Z? Rec DEBUEIRIDOETCC—DHER LTI DL IFFORVRETT, THEEDD
B Y, ZORPOBSFILE ReCET 2RI T LR, C—DEHRREORITRAAICIL Re
CRENB AL, BB Re (CBLIEIE, Re REICROTEHRME R Ho Lisn bR

a.’

* ZoBRIE D RE

. .
A=CSY emahpte. a, b, a blEc, d, ¢ d'THEALTRTCL
B=c’sy® [dT&a,
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s,

Fiebb, C—DEERETHESLBAH Re 12X W RENDAOHBIE “full density curve” &&Z
BT ENTED, “full density curve” 12 3/2RANC LY, BEMEOEE M LEAEARD bR/,
ZZRBR7ZBERIC L O TC—DHRMEEEBEOOE LI LDIT LN TE D, Wi full density O
WEHH Re 0L TOPEBARRMEY o, BEY o 2IIE, “full density curve” I FRATRI
3,

vr=K" pf! [
__ b’

K,= DmDb’ g eeteeresressesseeceiiiiiiiiiieiiiiiiiaesetiies s 31’
, _ Ref Rt a- %',

K= a’(l—Rf a’)be

BicAiz, (9) RE B RE—BRELTROBIBELTH B, 72 B KOEREIT @D Ko
EWEE Re itk V52BN, ZOEHRRL Re iTBBOSMICL YIRE 205, “full density curve” iZ%
DRENCHEOBHEIIINDOTL I ThH B, ‘ ‘

Bl ROBRIZE bz, BME#H7-VOBE Y LBITE, y=0v THBhbD,

(B RiF

YRe = VRe * pRc=sz§::+l =Kz Pll;c!
...................................................... 32)
\ b L i_ b (
Ki'= b—-b’+ 1= =

LYY —DEHRBR DB EEX B2 LN TE D,

HERBRMEC BT 2Y —DHRR LT, BUERSH /) ORMR Y OERMAVISEAMERL, FEHEROHK
ADHEI/ATEZBND, LALEARD, EBEL LTy ORKAMER, full density ik V% 5,

Y—D#HFEMET, full density iZHLHBLEK Ry ¥ b01BMOK Uny) &E2 DL, TOMT
full density IZ3T2BEMEREH-YVONEyr ITHL

PRy=Ry ¢ P oerrereemromrrrniitiiiiiiti e (33)

TEXbND, Ry DAEFEE, 0.8, 0.7, 0.6, oo EniT, HEEBILOY -DHRR LK
L, AC Ry DfExisd5L, Fig. 19 KRTHTRNZOND, ZhbOFRITHIL, full density
XL, Y-DHRBRETCHUMBEEEERL, Ry ZZ0LEGERTHEETCHD00, WEREK (vield
index) & X&Z 22T 5B,

Fig. 19 KPFTRCRL7: full density 2L, Ry DHEE 3 OROBBNIOFDOL 5152 bh
%o

Y—DBEHETO full density it
b

ye=Ko prb-:_b' .................................................................................... (34)
INETOREID EROFATRA o ICHLT (83) REAUREEROZ LIBRICEZ DI S,
L7232, ThbOFATHIZ
b

PRy=Ks Pgy’ | werereereeene e freesarerbenresnesannes (35)

Wi, (25) »b
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ve=R¢/B
vp. =Rc/B

Fi2 Ve=YseepPr }
Yre =Ve * Pre
L7z32T, Ry 1% (33) (86) B37) ;b

YRe _ Rc | Pre
Ry =B = RC | FRC i (38)
7 T

Pre Pre BC—DHRBLEDOKTIHB0DH
=Bl _
e =3 (R 1)}
=Bl _
PRe A( Ro 1
L7282, Ry & Roc O—#isBiRIT (38) (39) »nb
B(1 _
o _Re AlRETL)
, = Re

= _1=RO e, Veeeacsneseniaatiaians (40) -
Re B( 1 _1) 1—-Re
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Ro=1—(1—R¢)Ry +-reeees T P PN 41D
lZEoTEZ BN D,

L7=532T, (35) @ Ksid (81) M Ke D Reiz (41) AT RZ LICL UV RDBNDB, THbD,
Y—D#HRMET full density IZHLINEHE Ry O&EE $OMB yry BT ROBBFHTRA TR
Thz,

Yry =K Plély./
/=__b

K= b=

K = 1—(1—Re)Ry [ a 1—(1—Rp) Ry]bf_'b, .................................... (42)

a’

a’  (1-RoRy

_(1—R0) Ry[i 1—(1_Rr)Ry]# _
a a’  (1—RoRy

L7:532T (41> @ Rc & Ry ORBEND, C—DHRB EOKMAEE Y —D BEE Lo EOE
HERE D LB LNTE S,

(42) X 5iz, {full density curve IR L ThBHEE dOMHIL, Zh ¥ CicdPEEEBRDL
LTRENTERD, ZHECIRINTE - PHEEBRIITEDHER L EEBEY b 28723 0Tk
fehotz, L1282, full density curve i L C50% DB EEMME LTRENS DO, H5H
BT full density KN L TH0%DEREETHIRNREINTWRILTE Y, BEYRRLOEHEOLT
VDERE Y, T THhR7FEIC LB, WERE Ry=0.5 &3RTHHNE, BEET L OBERHRE
EC, full density I230) B ERICH L0 OEREET 2 HNE TIch B HETRT LA TES, Ti
bbb, [GAMIIRELRE Ry LV FEN2 RELBHBRLEERL L CAVWRZ LICLY, BEY
RELT, £FBREZ LIC full density IZR L TINERE Ry OhRE bbb, MEEEELES
5 LNTE B,

TERDIBRI I, HIABETERINMNE, HIHHE CIEESECEET 08, RIOMHHE
RIS &y MOWEMCHESEYET S, BENEL LA LIETRMOEDIC L2, BRM
BIAIUE Y, BAMAI LI LAERSRNT full density KT 3, ZHEFTCRRTEZZEnb
Hboind 5 ic, BEMRR ETH4HBRN (Beginning point of competition), HAMFIBIMHER (Be-
ginning point of natural thinning) 35X 0¥ full density 2%, Wi 24EFBEREIC S WTD, ThFhE
UBSORE, TbbRAUBESLK, $7213 40) iR BE. SR LIBREICS\WTRY 2oL %
2B, R ER THSMAEHR (Beginning curve of competition), EI#AM5IBAMEIR (Beginning
curve of natural thinning). full density curve, 3L OUXEHEHE (Yield index curve) % (31)
(Bl (42) Itk Ex 2 enTED,

Fig. 18 7 HiEEansH, HARMSIBIAEI LT full density curve #5701 Ro, Re iz
P BEEEL S L VO REEMRL LS.

PSBARIIE LI TR U PABBERHR TE . b AT, BILKIX1955E 0 H195TEDMIcFF ML U &
DI eELXBNBDTC, ROEENH Re=0.8 BREXLNZ,

EIARMI5 BARARIE, 19534EiC 35,000 A/ka 07z [KIT19655EICITEARMB I I LT 7zL, F7z,
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10,000 A</ha X O—HIT19595E 5 HEIEDOM C BRMFIRIL E 272 E2XHNZDT, ThHORE
ZELT Rc=0.4 52503,
“full density curve”i¥, T TCizak~7= Xk 3z 130,000 A/ha T2 U E27-XAHEZE 7 full density
ZEL TV E WS Hilinh, £OHMICRS L 512 Re=0.072 52 Thiz,
UED LSz Re, Re #5225, BEEEBR. BAMIIBEER, full density curve 1 IKRAICL Y
Exbhi,
BB
log v=—1.9252 log p+4.6484
log y=—0.9252 log p+4.6484 }
B ARRE5 | BRAAHR
log v=—1.9252 log p+5.4529
log ¥y=—0.9252 log p+5.4529 }
full density curve
log v=—1.9252 log p+6.5197
log y=—0.9252 log p+6.5197 }
¥ NEHBHBRIRRTEZL BN D,

log y=—0.9252 log p—0.9252 1og(&l“°—°——

122
o 0.0000114)

+10g 8,038 Ry -reereerersserrneiimiiiiiiiie i (46)
(46) T Ry=0.8 oL &Fizix
log Yo.8=—0.9252 10g 0.5+ 5.8069 ++ervrreerernmmmmmniiiiiininiiniiiiiiieiiieaen (46)’
Tes EEMOBERIZ (12) Xab
A =0.1157H~"7032
B =10,198H ~3.5440 }
EhEDFEL

V. RERBICNT EEER

HE TR 7%, MmN EROBEHR L BESHRR LOBEEONEIC I 2 G AR ERT,
HERAR, MROMELEET OB EDND, SEE Y HON O ENE, FRRET »~ YR
REBEHND L ONT-BERTCHEND, 7hH<Y OREBEICOVWTEEBY LTI 5,

RREF DI EL BT ab7 h=rKiE, ZORBROFEITEILLD L 5T, ha Hi-VEFIs
LEBTTAROEBE b OTEBRIZILD D, Z0L S IABEFF - T\ 70Tk, MRBEEMICIEE
IZECRERALHESUILED, LB 2T, M) BURALBAKENRZICE Y, full density iz
BETD, COLSREBTHRARETESRDE, ha HY)OBEREE MBI DI LITTEEH, B
ROFENB N, EMBRSE Y, MREREORBRIMAL, AZECHTIEL S B o
Bo CO, BOBHICREE SRS DERD D, BREBIIS CBELTETELDE LI, B
BIZEDL BWOABEBTIE NI ZEThb, ZORRBITARTHE V5 MELBEDREL D
HIF L TRDTHEL S,



WERREMERE FUTF

(x1074)
00 e\ <
800 F o\ z o Wi £ g &
600 % < % ,iveh St%kelggsﬁéﬁ by lﬁﬁ R
F e e, ¢ BSFEHAFK FEER 14 G
wle ® ~c\>\ = j/i(‘ Over stocked. %&ﬁm%ﬁ@ RARE
- \ © BEihHhhEn
~ ® e Q)\\ ‘&; ?%o ﬁ\;eid. table on%wﬁrﬁﬁuiﬁiﬁ
S o gog \#E 2 X 3£ T B % B R
=~ N Experiment plot on MASHKO
200 AR~
%)) ® (900 \
I
- B ®
20 ¥\ 2 ¢
2.\ = =
v 0 F<z. z K
= 2.5\ &
3 B0 F 3 25 <
S A %
> I %; 4
g A0 %
g o
i )
2
200 %
o <
S0l %
2 A ——
K 100
g 80 [6r
2 Ol oo .
A P2
Wreem .
10
6 L
4 F
2 -
) P e P | PR | PR PR RPN RS L 19 | P |
04 0.6 0.8 1 2 4 6 8 10 20 49 60 80 100 (“0230)0

AW JE Thee no. per ha (r0./42)
Fig. 20 C—D%hEMR LK R & SRR

Characteristic curve and equally diameter curve on C—D effect curve.

XEFIRLE (12) R VR 7-HEEHIOBRMBREBEEDRK L, BEHRB LOKFEMEYL Fig. 20
& Fig. 21l BFRTo BEDLDHIT, T H=YDEFHTE BEMAONERFBUEGHEESOF L
BEBEOEL L TRENEE, BFHFINERD DEMOMEE A7z, full density curve {2id, R



7 A= Y RRERRRBHROMN F2H) (K — 67 —

1000
S00F D ® = FH T ENE MMM EL
600 o o> XN Yield table on |WATE
N

400F

[ =}
oo
.

40

201

0F

Y #tF FE  Stems volwne per i (m3)

had7z

N | N | I . I | 1 )
04 06 08 1 2 4 6 810 20 40 60 80 100 2:90
AW JE Tree no. per ha (70-/%a) 18

2 | s 1 . 1.

Fig. 21 Y—D#HRH EOEE L FhEEER

Characteristic curve and equally diameter curve on Y—D. effect curve.

FHEHRIR, AREZHORT =Y OBERROBER»HRD/-

D=5,147 X 10 071560 ceeumtiriiniiniii it 47
&, ACKELEHDT7 7= Yy MINERFARER L DWW T5 e
v=4.232 % 10¢ p‘1.59 .............................................................................. (48)

DEZANTHEL TAIz, ARELY diEHLTWD X5,
TETHDH, ZTHETLME TN OHEERDY .

@7 R (48) ROBHEBITLM
@7 Kz 48) RickkL v ANz TFh T
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Growth Analysis on the Natural Stands of Japanese Red Pine
(Pinus densiflora Sies. et Zvucc.).
I Analysis of stand density and growth.
Takashi Anxpo

(Résumé)

I Introduction

To study the effects of improvevement cutting on basic data of thicket stage stands of
Japanese red pine, the experimental plots of improvement cutting were established in the
National Fores Mashiko Town. Tochigi Prefecture, in 1951~1952. The plots were esta-
blished on the naturally regenerated stand 8 years old in 1951.

In a previous report?, it was shown that the growth process and the relative growth
were influenced by improvement cutting.

In this report, the author analyzes the relations between stand density and items, which
are the standing crops of each parts (leaves, branches, stems, and total of above ground)
in 1961, stem volume and basal area at breast height of each observed year. From the
results of this analysis, the author shows the standard of improvement cutting.

I Design of experimental plots.

The treatment of improvement cutting was done as follows :

Plot A : Wide spaced plot. When the stand begins the competition thinning is done.

Plot B :10,000 trees per Aa in 1952.

Plot C : Non-treatment plot.

The experimental plots were arranged on the randomized block method with 3 replications.

Il Estimation of standing crops.

Weight of stems, branches. leaves and total of above ground per tree and per ka was

estimated by ratio estimate method from sample trees. Table 1 is a tabulation of these

results. Leaves weight has been studied by various methods as given in equations (1) to (4)?
17)18)22>23)32)

S - S U (1)
log L=a, log DBy eeeevernii e (2)
10g L=as 1og D24 byeereerererenremenimiicnteeeeee e (3)
10g L=a5 log DEH +byereeerecsrsrasseseusinsnssiessssiss ittt (4)

L : Leaves weight per tree, D : Diameter at breast height, H : Tree height,
g=%Dﬁ, =—i;§., ay, by, as, by, as, bs: constant.

Constant values of these equations are shown in Table 2. The author compared the
estimative precision of these equations, and the results are shown in Table 3. On each
equation, the differences of estimative precision are very small.

IV Analysis between stand density and growth.

1) Theory of Density Effect.

Kira et al, 10021901918 have investigated the relation between the density (plants
number per unit area) and the growth of annual plants. and established a law applying to
the intraspecific competition in plant population. It is considered that the law is important
to determine the planting number per ka2 and thinning schedules. So, the author® and others

7202022)252262003030 have applied this law for the tree. SHIN0ZARI and Kira? showed theore-
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tically and experimentally that the growth curve of ordinary higher plants can be reasonably

formulated by the general logistic equation.

L e o]
_ et (6)
or w ——-—[J,% - +K] and T=J‘ 2dt

in which w: dry weight of plant, #:time or period of growing after seeding or planting.
A : growth coefficient and W': asymptote of w.

Seeds or plants are simultaneously planted on plots with various grades of planting
density (p), other growth factors being equivalent. After a certain period of growth.
samples are taken at the same time from all plots, the average individual weight (w) and
total weight per unit area (¥) on each plots is determined.

Starting from the following assumptions, they have succesfully derived the reciprocal
equation of density effect.

i) The growth of w is represented by a general logistic equation.

ii ) The coefficient of growth 2 is independent of p.

iii) Final yield per area is constant, W+ p=Y=const.

iv) Seeds or seedlings are planted simultaneously at f=0 indifferently to plant density,

w)i-o =W =const. independent of p.

S m AP Bere et e (7)
1 B

e PPN 8
¥y p (8)

Equation (7) formulates the effect of plant density on the average plant weight, and is
named “reciprocal equation of competition-density effect” or *“reciprocal equation of C—D
effect”. Equation (8) formulates the effect of plant density on the total yield per unit area.
and is named “reciprocal equation of yield-density effect” or “reciprocal equation of Y—D
effect”.

The values of A and B are the function of time as shown in Table 5 on each type
of logistic curve.

On the other hand, we have recognized that there is a simple quantitative relation
between the density (p) and average plant weight (w) or total weight per unit area ().
when the density is very high, and the natural thinning is being done actively in plant
population. This relation is shown by the following equation.

w=Fk p@
y=FK p\7® }
We have called the curve of these equations “full density curve”.

2) Analysis of stand density and standing crops.

C—D effect and Y—D effect of stem weight, branches weight, leaves weight and total
weight of above ground are given in Fig. 6 and Fig. 7, and the A and B of reciprocal
equation are given in Table 7.

3) Analysis of stand density and stem volume

Average stem volume and stem volume per %4 in every other year from 1953 to 1961
were given in the previous report. From these values, figures of C-D effect and Y-D
effect of stem volume on each growth stage are shown in Fig. 8 and Fig. 9, and the
values of A and ‘B of density effect equations are given in Table 8.
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Relation between the stand age (Sa) or the average height of each plot of same age
(H) and A or B of density effect equation show the linear relation on the log-log graph
(See Fig. 10 and Fig. 11). And these relations are shown by the following equations :

log A=-—1.9862 log Sa+0.5161 } an
log B=—3.9804 log Sa+6.5865
log A=—1.:7032 log H—0.9366 } 12)

log B=—3.5440 log H+4.0085
It is considered that the tree growth is AN type of general logistic curve. So. the
constant of A and B in Table 5 may be calculated by the values of A and B.
From Table (5)

e_T
S s (13)
T= -—loge (woB) =-—2.303 logm(woB) T PP (14)

Where w, is the average stem volume of initial stage, w,=0.000792m° is given from the

values of 1952 on the stem analysis of sample tree.

while, T JA Qe (15)
& ]=d1/dt¢df/dt ........................................................................ (16)
== = er ........................................................................
moreover A= ¢ ‘L'J‘ 7 dr (18)
From (13) and (18)
LA BAA - p BAA e
?_A B dB =A-B 4B (19

The results of these calculations and the adjusted values from the relation of equation
(11) are shown in table 8 and Table 9. Relation between the time and 7, 1 or Y are
shown in Fig. 12 to Fig. 14.

4) Analysis of stand density and basal area at breast height.

Figures of C-D effect and Y-D effect of basal area at breast height on each growth
stage are shown in Fig. 15 and Fig. 16, and the values of A and B of density effect
equation in Table 11. Relation betweens the stand age (Sa) or the average "height of each
plot of same age (H) and A or B of the density effect equation show the same linear
relation on the log-log graph as stem volume. These relations are shown by the following

-equations 3

log A=—1.3201 log Sa+0.1711 } o)
log B=—3.9345 log Sa+7.2341
log A=—1.0823 log H—0.8180 } o

log B=-—3.4480 log H+4.3916

5) Examination of full density curve.

On the non-treatment plots of this experiment, natural thinning has been investigated
on each measured year. We investigated whether non-treatment plots reach the full density
or not. The “@” of equation is larger than 1.5, so it is considered that this plot does not
reach the full density.

6) Characteristic values on the density effect curve.

On the C-D effect equation

l=A‘0+B
v

now, p—>0, then v—»—%.
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That is, v*=l is considered to be the average stem volume on the condition of non-com-—

B
petition.
Now. a certain value (¥rc) on the C-D effect curve is shown by
Rc
B } ........................................................................... (25)

VRe =0y Ro=
<p <
U R¢ - 1
Pre is given by the next equation when the average stem volume is Vrc

PR 3 S —— 26)

vRre that replaces Rc in the formula (25) 0.8, 0.7, 0.6------ and calculated, was dotted on C-D
effect curve. The curves that link the same R¢ values on C-D effect curve of each growth
stage are drawn by many parallel lines.

In the case of the same R¢, the intensities of competition in the stands are equal,
regardless of the growth stage. In other words; the parallel lines show the locus of the
same intensity of competition on C-D effect curve of each growth stage. The Re¢ is the
index that shows the intensity of competition. So the author named R¢ “competition index”.

These loci are given as follows :

from (12)
A=aH™? } ©n
B g gy T
from (26) (27)
Bl (\oQ=R0) @yt oo
ore =g (e —1) =552 GH @8
from (25) (27)
VRe =%=% & LT T T T T (29)
! L ittt tteetenateseancastansonasnsnnassssassancansntassnsnssesnsartsnennsossncans e
=) w
from (28) (30)
P (1=Ro) @ (& \i¥' o
ke Rc a (Rc ) ¥ URe
s URc =K2 ‘Dllgé
b e 3D
Bi=5—p
Rc( R i
=_1ftC c . 2 \—
Kz_ a (I_RC a )b—b

That is, the loci of the same intensity of competition on C—D effect curve of each
growth stage are given by (31). There is a minimum value of R¢, because after the natural
thinning began, natural thinning continued with the passage of growth stage, stand density
converged on the point of full density on the C—D effect curve of each growth stage in
spite of the various initital densities. Therefore, “full density curve” is given by the locus
of these converged points on the C—D effect curve of each growth stage.. Now, Ry indicates

the minimum “competition index” and the “full densiy curve” is given as follows :

vrr=Ky' ' ;
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b /
VR @ average stem volume of full density.
pry ¢ stand density.

Now. ¥ indicates the stem volume per unit area.
y=p-v

& from (31)

’
YRc=VRc * PRc =K, p’;el:-1=K2 plgc

. b _ S Rt R (32)
K/ = - +1_—b—b’

(32) shows the locus on the Y—D effect curve.

Actual maximum volume per unit area (¥s) on Y—D effect curve is given by full density..
That is; yr=vy- 0y .

The author now considers the value of yry on the Y—D effect curve. A certain value:
yry on the Y—D effect curve is shown by

YRYZRy o Jf oveerererrrrntesnitaie e ettt (33)

yry that replaces Ry in formula (3) 0.9,0.8,:- and calculated, was dotted on Y—D effect
curve. The curves that link the same Ry values on Y—D effect curve of each growth stage
are drawn by many parallel lines.
) That is, the parallel line is the locus of the stock having the same ratio for y5 on
Y—D effect curves of each growth stage. So, the author named Ry “yield index”. The
Ry is the index that shows the ratio of actual maximum yield. These loci are given as
follows :

“full density curve” on the Y—D effect curve is

b

y =K'2 pfb—p,l .................................................................................... (34)

whence
b

ny K, pRym? ................................................................................. (35)
Now. from (25)

DITRIIB N oo s eeeene (36)

vre=Re/B )

and yr=vseps }
YRc =VURc¢ * PRe
from (33) (36) (37)
SIBC _ RO | PR e
Ry vy Ry ers 8
moreover

........................................................................... (29)
pRc=—A—(T-—1)
Re—2 (L 1)
R A\ K 1RO e
y Rf_g;(}é _1) 1—R; (40)

O Re=1—(1 =Rf)Ry «+ecrerroermmemittiitiiiitieiiiii i (41)
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(40) and (41) show the general relation between R¢ and Ry. (35) is given by (81) and
(41) as follows : )

7
yry=Ks o)

. 1'—(1;’Rf)Ryr ¢ 1—(1—RPRy bfb/ ................................. 42)

U™ Ta—-RHR, ]_

U=ROR( o 1-Q=ROR, Y
a Ld (A-RpRy

The locus of the stock with the same ratio for full density on Y—D effect curve of
each growth stage is given by (42). There are some important points on the density effect
curve, with a practical meaning. The Ist point is the “beginning point of competition”,
the 2nd point is the “beginning point of natural thinning”, and the 3rd point is the above-
mentioned “full density”. Each locus of these points is named “beginning curve of com-
petition”, “beginning curve of natural thinning” and “full density curve”. )

Now, these curves may be determined with the equation. (31) and (31") from Fig. 19.
For this purpose, R¢ must be determined for these curves.

The wide-spaced plot began competition between 1955 and 1957, so the author gave
Rc=0.8 for “beginning curve of competition”. The 10,000 trees per ha plot began natural
thinning between 1959 and 1961, so Rc=0.4 was given for “beginning curve of natural
thinning”. The “full density curve” is drawn outside the non-treatment plot, because the
non-treatment plot did not reach the full density; accordingly R;=0.07 was given for
“full density curve”.

These curves can be set down as follows :

Beginning curve of competition :

log v=—1.9252 log p+4.6484} ........................................................ (43)
log y=-—0.9252 log p+4.6484
Beginning curve of natural thinning
log 0= —LOZ log p4SABIY .
log y=-—0.9252 log p+5.4529
Full density curve
log v=—1.9252 log p+6.5197} ......................................................... (45)
log ¥y=—0.9252 log p+6.5197
Moreover, the “yield index curve” is given from (42) as follows.
log yry=—0.9252 log_p—0.9252 log(®-2012%—0.000014)
+10g 8.038 Ry +-veerereeveereraiierineaiiint ettt (46)
Now, put Ry=0.8
log Yo.s =—0.9252 log p+5.8060:-«c+cr-sereerresirsrecierinans et e e ea e 46)"
The author gets (12') from (12) 'as follows :
4=0.1157 H-”m} ........................................................................ (12)’
B=10,198 H~3.5440

(43) (44) (45) (46) and (46)" are calculated by (12)’.

V Application of the density effect curve to improvement cutting practice.
In Fig. 20 and Fig. 21, A and B of density effect curve of stem volume is obtained
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from equation (12). and produces the density effect curve of each tree height class and the
4 characteristic curves from equation (43) (44) (45) and (46). Furthermore, A and B of
density effect equation of basal area on each hight class obtained from equation (24),
gives the certain average basal area to density effect equation of each height class. and
produces the density. And the D.B.H. obtained from the basal area. and dotted on the
Fig. 20 and Fig. 21, links the same average D.B.H values.

From Fig. 20 and Fig. 21, the author got the tentative standard of improvement
cutting on natural stand of Japanese red pine (See Table 12).

This tentative standard gave the remaining tree number per %@ to obtain the expected
average D.B.H., when the average tree had grown 4m or 5m. This standard is applied

on the stands of about 2m average height and with very large stand density.



