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Table 1 General description of the experimental plots

= & B BOoO® W E W
Initial i
e o s O — tial state — Final state o
Area  Altitude M & UAREHK HMEORE M= 1’3 O _L7f<$& WEM@ :Fﬁ?iﬁﬁ No. of
Plot name ge No.of  Degreeof Thinning Rate of Age No.of & & &f
(nrf) (m) trees thinning rate mean trees Basal helght measure
(yr)  (no./ha) (%) diameter (yr)  (no./ha) ?rrrg (m)
Japanese ceder
Yatakezawa A 2387 950 29 1596 Unthinned 0 - 54 1382 103.32  27.1 6
Yatakezawa B 3393 950 29 890 Heavily thn. 40 0.804 54 822 69.80  26.7 6
Yatakezawa C 3046 950 29 1080 Lightly thn. 37 0.822 54 1031 88.76  27.6 6
Yatakezawa D 710 950 29 1577 Unthinned 0 — 54 1394 102.31  26.2 6
Yatakezawa E 839 950 29 1299 Lightly thn. 30 0.838 54 1216 86.91 27.1 6
Iriyama A 1280 850 38 794 Properly thn. 26 0.834 59 760 61.89 26.5 4
Iriyama B 1184 850 38 1273 Unthinned 0 - 59 1141 81.66 27.3 4
Youkurazawa A 583 1080 40 1029 Properly thn, 29 0.902 55 1029 65.75 23.7 3
Youkurazawa B 502 1080 40 2251 Unthinned 0 — 55 1773 87.53  23.1 3
Hinoki cypress
Iriyama C 1054 1050 33 1205 Heavily thn, 46 0.777 57 1176 71.72 19.5 5
Iriyama D 1125 1050 33 1698 Lightly thn. 21 0.649 57 1476 72.91 19.1 5
Iriyama E 1106 1050 33 2061 Unthinned 0 - 57 1618  75.47  18.8 5
Yatakezawa F 707 950 32 1853 Unthinned 0 - 55 1513 75.14 21.0 5
Yatakezawa G 1002 950 32 1647  Properly thn. 6 0.868 55 1028 64.14 21.4 5
Youkurazawa C 546 1080 40 1026  Properly thn. 15 0.882 55 1026 51.01 18.6 3
Youkurazawa D 573 1080 40 2426 Unthinned 0 - 55 2129 80.47 17.7 3
Sawara cypress
Iriyama F 1360 1075 33 1184 Heavily. thn. 55 0.848 57 1081 65.13 21.3 5
Iriyama G 1668 1075 33 1739 Lightly thn. 36 0.791 57 1601 74.41 20.2 5
Iriyama H 703 1075 33 2987 Unthinned 0 - 57 2006 83.16 19.5 5
Yatakezawa H 724 950 32 1340 Unthinned 0 — 55 1105 74.16 23.3 4
Yatakezawa I 1514 950 32 575  Properly thn. 16 0.553 55 522 56.96 22.8 4
Youkurazawa E 713 1080 40 982  Properly thn, 33 0.866 55 982 58.31 22.6 3
Youkurazawa F 694 1080 40 1643 Unthinned 0 - 55 1427 69.54 21.6 3
Japanese larch
Iriyama I 1138 1100 33 756 Heavily thn. 44 0.804 57 747 33.83 21.4 5
Iriyama J 1111 1100 33 963 Lightly thn. 36 0.777 57 936 34.97 20.5 5
Iriyama K 1360 1100 33 1632 Unthinned 0 — 57 1088 42.09 20.5 5
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Table 2 Correction of diameter distribution by the weighted mean

i 74 B #® 9 £ #® 18 F #*® 25 3 ®
FHRK ® oM & K MK &M Ot K OMAR M & K RMKRR & B & K
EER FRoE EEOE # BERD EED EEO HEE0 EEO EEO Hriko ERo RO
(em)  BHHO BIHO Q= /@ HEM EEN EESH HEESH BEM EEM ERSH ERSN EENG Efxﬁﬁi
4 0 2 0 0 0 1 0 0 0 0 0 0 0
6 0 5 0 0 0 2 0 0 2 0 0 0 0
8 1 10 0.100 1 0 3 0 0 0 0 0 1 0
10 1 21 0.048 1 0 10 1 0 2 0 0 0 0
12 5 29 0.172 5 0 20 3 0 9 1 0 5 1
14 13 36 0.361 13 4 20 6 3 11 3 2 7 2
16 32 36 0.889 32 7 30 16 3 24 12 2 20 10
18 40 29 1.379 40 15 22 20 9 22 16 8 19 12
20 25 21 1.190 25 29 20 24 12 16 16 7 13 12
22 25 11 2.273 25 23 23 31 28 18 21 17 15 17
24 13 9 1.444 13 20 13 19 16 17 23 24 18 23
26 5 1 6.000 6 26 8 15 20 15 22 15 12 15
28 1 0 — 0 11 8 14 18 5 7 19 15 23
30 11 1 1 14 9 15 14 4 5
32 3 1 6 1 4 7 14 7 13
34 1 0 0 9 0 0 11 4 7
36 2 1 6 6 1 1
38 1 0 0 7 1 6
40 1 0 0
& Ft 161 210 161 150 182 156 149 155 149 147 142 147
FHEE 18.71@ 15.150 18.70® 22.99@ 17.850) 21.59® 25.50@ 20.400 23.66® 27.07@ 22.08® 25.06®
BEROFHEOHD/® 1.235 1.288 1.250 1.226
BMEROTHEOH®/® 1.001 1.065 1.078 1.080

SEA ®/® 1.234 1.210 1.160 1.135
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Fig. 1 Correction of diameter distribution by the weighted mean
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Table 3 Fluctuation of the coefficient of variation of diameter distribution

BE MOGRE ® & PIEAE HEDEA) BWROMEB) | HE(B-A)
species thinning Age No. of Initial Final Increment

intensity (yr) trees value value of the c.v.

Japanese ceder

29 — 32 302 0.229 0.226 —0.003
32 — 36 294 0.217 0.221 . 0.004
Heavily thn. 36 — 40 293 0.221 0.224 0.003
0 — 48 281 0.224 0.236 0.012
8 — 54 279 0.233 0.243 0.010
29 — 32 328 0.198 0.198 —0.000
32 — 36 325 0.198 0.203 0.005
Lightly thn, 36 — 40 322 0.204 0.214 0.010
0 — 48 317 0.208 0.224 0.016
8 — 54 314 0.219 0.231 0.012
29 — 32 363 0.256 0.258 0.002
32 — 36 360 0.257 0.264 0.007
Unthinned 36 — 40 359 0.262 0.274 0.012
40 — 48 344 0.254 0.271 0.017
8 — 54 330 0.255 0.268 0.013

Hinoki cypress
33 — 38 127 0.185 0.185 0.000
Heavily thn. B — 42 126 0.186 0.189 0.003
2 — 51 125 0.186 0.202 0.016
51 — 57 124 0.198 0.208 0.010
33 — 38 189 0.213 0.223 0.010
. 8 — 42 182 0.206 0.215 0.008
Lightly thn. 2 — 51 172 0.193 0.210 0.017
51 — 57 166 0.197 0.204 0.007
33 — 38 215 0.271 0.280 0.009
Unthinned 8 — 42 202 0.260 0.270 0.010
2 — 51 183 0.216 0.238 0.022

51 — 57 179 0.231 0.241 0.010
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Sawara cypress

33 — 38 153 0.180 0.187 0.007

Heavily thn 38 — 42 150 0.186 0.188 0.002

v ) 42 — 51 149 0.188 0.203 0.015

51 — 57 147 0.200 0.211 0.011

33 — 38 290 0.219 0.228 0.009

Lightly th. 38 — 42 285 0.215 0.225 0.010

42 — 51 275 0.201 0.220 0.020

51 — 57 267 0.204 0.217 0.012

33 — 38 189 0.260 0.280 0.020

38 — 42 182 0.273 0.294 0.021

Unthi
nthinned 2 — 51 155 0.248 0.277 0.029
51 — 57 141 0.244 0.262 0.018
Japanese larch

33 — 38 86 0.139 0.148 0.009

Heavily th. 38 — 42 86 0.148 0.162 0.014

42 — 51 86 0.162 0.177 0.015

51 — 57 85 0.177 0.191 0.015

33 — 38 107 S 0.121 0.133 0.012

Lightly thn. 38 — 42 107 0.133 0.149 0.016

42 — 51 105 0.148 0.175 0.027

51 — 57 104 0.174 0.187 0.013

33 — 38 212 0.234 0.249 0.016

Unthinned 38 — 42 208 0.249 0.272 0.023

42 — 51 161 0.208 0.237 0.029

51 — 57 148 0.223 0.242 0.019

#—4 TEOHHK
Table 4 Fluctuation of the skewness of diameter distribution

W MREE K B HEAM  WEOMA)  BROME®B)  AE(B-A)
species thinning Age No. of Initial Final Increment of
intensity (yr) trees value value the skewness

Japanese ceder

29 — 32 302 0.085 0.085 —0.000
32 — 36 294 0.161 0.233 0.072
Heavily thn. 36 — 40 293 0.227 0.203 —0.024
40 — 48 281 0.187 0.143 —0.044
48 — bH4 279 0.171 0.161 —0.010
29 — 32 328 —0.028 —0.056 —0.028
32 — 36 325 —0.049 —0.052 —0.003
Lightly thn, 36 — 40 322 —0.055 —0.064 —0.009
40 — 48 317 —0.025 —0.018 " 0.006

48 — 54 314 0.011 0.007 —0.004
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29 32 363 —0.306 —0.301 0.005
32 36 360 —0.304 —0.274 0.030
Unthinned 36 40 359 —0.263 ~0.217 0.045
40 48 344 ~0.090 ~0.061 0.029
48 54 330 ~0.017 —0.008 0.009
Hinoki cypress
33 38 127 0.063 0.039 —0.024
. 38 42 126 0.029 ~0.028 —0.057
Heavily thn.
42 51 125 —0.009 —0.046 ~0.038
51 57 124 —0.012 —0.046 ~0.033
33 38 189 —0.152 —0.255 —0.104
38 2 182 ~0.180 —0.186 —0.006
Lightly thn.
ightly thn 2 — 51 172 0.005 —0.073 ~0.078
51 57 166 0.008 0.051 0.042
33 38 215 —0.274 —0.285 —0.011
38 42 202 —0.315 —0.297 0.018
Unthi
nthinned 2 51 183 0.036 0.016 —0.020
51 57 179 0.023 0.010 —0.014
Sawara cypress
33 38 153 0.052 0.069 0.017
Heavily tha 38 42 150 0.036 0.027 ~0.009
y o 42 51 149 0.032 0.057 0.024
51 57 147 0.084 0.074 ~0.010
33 38 290 —0.285 —0.355 —0.069
38 42 285 —0.238 —0.271 —0.033
Lightly thn.
ightly thn 42 51 275 0.030 —0.005 —0.035
51 57 267 0.183 0.176 —0.007
33 38 189 0.016 0.054 0.039
Unthinned 38 42 182 0.086 0.153 0.067
42 51 155 0.166 0.220 0.055
51 57 141 0.428 0.392 —0.036
Japanese larch
33 38 86 0.209 0.185 ~0.024
Heavily h 38 42 86 0.185 0.206 0.021
cavily tha. 2 51 86 0.206 0.060 —0.146
51 57 85 0.037 ~0.023 —0.060
33 38 107 0.258 0.293 0.035
. 38 2 107 0.293 0.299 0.006
Lightly thn. 42 51 105 0.275 0.267 —0.008
51 57 104 0.253 0.220 ~0.033
33 38 212 0.226 0.276 0.049
Unthinned 38 42 208 0.276 10.349 0.074
nthinne 42 51 161 0.621 0.621 —0.000
51 57 148 0.647 0.612 —0.035
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Fig. 2 Compariso of annual diameter increment percent after thinning
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K—3 EEERMREREC & DOEFRERD HE1)

Fig. 3 Comparison of annual diameter increment percent in each ordered diameter

class
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low« ‘ordered diaméte,r class —up
HM—3 EREMNEREZ L DEFEEERDLKQ)

Fig. 3 Comparison of annual diameter increment percent in each ordered diameter

class
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Relative growth index

Relative growth index
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M—4 MENERBROLE
Fig. 4 Comparison of the relative growth index
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stand age
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O O 0 oo o
40 © @) O 401 o0 O
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301 2 30F
8
1773
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10f 10+~
i) 1 1 .| 0 1 1 1
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number of trees per pectare number of trees per hectare

K—5 FEREERER & ABER OBIR

Fig. 5 Relationship between the relative growth index and the number of trees per
hectare
i) © : Relative growth index>95
O : 95=Relative growth index >80
[ : 80=Relative growth index
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Japanese ceder Hinoki cypress
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M—6 ZEMRKEFIHEEORR

Fig. 6 Relationship between the coefficient of variation of diameter distribution and
the number of trees per hectare
¥) O : increment of ¢.v.<0.05
O : 0.05=increment of c.v.<0.15
O : 0.15=increment of c.v.
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ThbbEROBR, EREMARETHRLOBMOEREREDERINNE S BT KA T
i3, HENERBRIKE L, BERSAORHRBOELI/NEV, ZhIZNLT, BETA
RKOERFN EAARIIHL TNE L REHS TR, HMWEREBRIZ/NS D, BEESHO
EEIREII R E SHIML T 3,

IV MITSCHERLICH R (= & 2 HRR DO HHT

ZE THARDERDIEED—D L L TEFYERERE AW TE L, Lrl, ERER
FixHwe L bETL, SMERBEOBERAR—HRTR VLD, &Jﬁﬁ%ﬁ@i&%?ﬁ
BHEONE 2T 2B CREFHERERREZDEEMNAT L I LB TERY, £IT,
EHAROERER 2HHE t OBKTH 2 ERMBRC L - TRET 2 2 L 2RI T 2,

ZITRET, RENZERMEKRA, T+%bb, MITSCHERLICH X, GOMPERTZ X,
Logistic XM 3 D2 DWW THEE R 1T S 29),

EE S FIERAFHEREEARD R ¥224K « £/ FAXOHBETERZANT, T30
B/NZFEVIC & D MR ONR L 2 225 AU FOSERICB I 2ERERCOWT, £Rilf
BROBTEDET oD, ZORRRIE—5DLBY THI ADMHECHT 3 HREDOERE
YREC, pTROOEREFET % &, £/ DA, MITSCHERLICH R, GOMPERTZ
K, Logistic ROMEE %2, ZhENLT, AF¥FDFHE, ZOEFIYET S, LrL, 20
ERIZZAFT0.09m, £/ FT0.06eme Z/NSRETHZ, 2O b, ZDIDDER
BB BV TIR, ZRENVERFLER/ Y-V ERBEL TV, RISV T,

$—5 MITSCHERLICH, GOMPERTZ# X ULogisticRD2BEE LU LDEREERANDH TR O
DHEEHED L
Table 5 Comparison of goodness of fit among MITSCHERLICH, GOMPERTZ and Logistic
equation to diameter growth curve above 25 yr.

# § o ¥ By # # E £ 0 ¥ B #E

2 {2 | Yy-yy | /n}/N 2 {2 | Yy-yi | /yu e n}/N
& E ﬂﬂ {ﬁ e i=1 j=1 i=1 j=1 o
(cm) (%)

growth equation - - -
lapanese ceder Hinoki cypress Japanese ceder Hinoki cypress

MITSCHERLICH 0.092 0.052 0.399 0.346

GOMPERTZ 0.087 0.055 0.369 0.363

Logistic 0.083 0.058 0.349 0.387
HERLIC

MITSCHERLICH 0.151 0.114 0.667 0.799

(parameter L fix to 1)

Y: culculated diameter, y: observed diameter
n: number of data of the ith tree, N: number of trees
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ERBRTED, ChHIRERMEVRESREZERTILVIBKRTH S,
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w

P, &, t OBHRIZ, EBRAT B LPH
WML, t3BMNT2conPIXsERECR
DT B, LietsoT taEkicsyspigM N7 MITSCHERLICHR o ffsk & £ R %

P DB

DRESDODLLAZLLbLLOT EDKE . o
Fig. 7 Relationship between the parameter % of the
BRE>THREL, ZOZLIFINETH MITSCHERLICH equation and annual

diameter increment percent P
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EK—8 MITSCHERLICHR QM & kD537

Fig. 8 Distribution of the paramneters M and % of the MITSCHERLICH equation
i#) @ : unthinned
Q : thinned
Radius of circle is in propotion to diameter at thinning
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40F o Q.

@ o i
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o o oo .
20} Ce 'y
0 1 1 1 - 1
0.02 0.04 0.06 0.08 0.10 7

M—9 LS THEERZ 20 & 30cmTH - 72 AR DMITSCHERLICH
AOFREM & kD531

Fig. 9 Distribution of the paramneters M and % of the MITSCHERLICH equation of
trees with 20cm and 30cm of diameter at thinning
® : Unthinned QO : Thinned
Radius of circle is in proportion to diameter at thinning
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Fig. 10 Relationship between the parameter M and 2 Fig. 11 Transfer the growth curve by the change of
of the MITSCHERLICH equation with the the paramneters M and %, of the
fixed value of age t and diameter D MITSCHERLICH equation
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Frequency (N, ha)
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Fig. 12 Frequency distribution of the paramneters k¢ of the MITSCHERLICH

equation
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Sawara cypress
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Fig. 12 Frequency distribution of the paramneters # of the MITSCHERLICH

equation

309



310

LR e OFEIZ/NE L, DPHII/NEL B oTWE, ZOZ LR, E/2FHTU50DI1F S8
ERBOFHENBEL, FOESDENNIVI LERL TV S,

4 fR¥r:EREBORMF

FEEERBOS BT, POERREIHAROEBES» RSB T T3 b %,
MITSCHERLICH XKD f## & O 2151 EIC & T 5,

K—14i, BEMEKROMAREMERCB T 2WEEROK S ZDIHICE~MZ T, SEE
DAEBHEFEL B2 XKL, BB L cRERICE CEEE I b 2 BEREK - SEREK
ROMARDRE k OEEAFEXMLLIZ D TH B,

MITSCHERLICH XOf%# £ OEREMERE = L OAHORED 5, EREMAZIZEE LD
EXREVDHD, Thbb, ERABOASDR L, EEBEMSTHSIZLEN-T, £EFR
BROEENSZ 2EASTED SN B, BRICE>T, ZOEETRBROEENNS 5T
WHH, EONEL2BERER, BESLUEKEECEIVERRS,

AXOHE, BREROTHNATRERTRAOHEEHER B, BEMROREE, &
TR LB T T Z2ORENRNZORFHUATHZ, 2L T, MROBELEDZICLE:
Mo T EMIAR s TR KO BEIRA
Do TW LB, FRIRZBTBEDH %

JVEETH B, 0.05k O
E/F TR, BEEXROTHATOERE n
READRAHAFIHATES, Tk % 2?0 e ™
e ) L Ly —— o
AEv, BROBEORNFEAF LK |, T
2, MMROBEICEC THMAARL SRS
2, FHATORBORNFEAFED G O
ELu, 0 500 1000 1500 2000
¥US bt * LA, BEARKOT mumber of trees per hectare
UARTOERFRROFEBAFITHRT m—13 MITSCHERLICHR 0 f&#k © F#1# &
<, THAE EA L ORIORE k 02 FREEOBIR

” Fig. 13 Relationship between the mean of the
i3, HBEVNS . BROBEORNT paramneters % of the MITSCHERLICH

X, BEBIZOLVAF I LEETH S, equation and the number of trees per hectare
O : Japanese ceder
A7V, BEKAROTHARTOEE @ : Hinoki cypress
TRADEEHHE, FhAL HAL o M - Sawara Cypress

[J : Japanese larch
MOFEEEOERIIIERICKRE N, 708 HEOKRE S, kOSEOBERT



311

FicT aRIGL L, »uDBEREKIC L > T EIK - FARCHEOEERIRENLTY
T,

V #KBe L TOMRSBROLR

1 MRECL2RBREEFBOLER

RO BH%E & D& DREREEICRD 2358, BRICL > TENKROFHERERER
BE3T 20, EEOERBLBP TS, LichtoT, MRk 2 REREEDRIZ, —EEH
S5ENBEIEL DRBEANBONS D EMET 2 L BLETHS,

22T, EBOAERAEER,» S, SUERHAICE T 2 BAERNO —EERULOIAE
BE, BECBEBEI LKL (R—6),

2 ¥ OBERERIZBOTREEOREEDR LT &7, BXORKROERBREES
NTH, MO L LTOARBREERIBSA TR, 72, #T7IVIDOWTH EAIRD
ARIERNRVED, KERAREEOEEDZWEBERDIZI BH LI ERICE>T
w3, LHL, 2OMORAFOBFERMEKR, £/ F 77 OBEMEX BV TEIRERE
EMRBAEOND,

BRI X 2 ABEREEDROBNFDENRAD E, AFIDBE/ F - FTTDIEIH,
REREEDROBENSFNEETH S, Fl2iE, AXOSMELERTIZ4M4m EDORERDAEE
REMEEDIES 3%, BemA LT H FEMEROABIEMMERDL.055TLrRV, Z
NIZRLT, &/ FOBERKRK TIRSTEAERO M EOFHS|EERE 021158 5 %,
7z, V77 OMERKK TIRSTEEROM4m EORPH KK D2.16f55 5,

&1z, MITSCHERLICH ROBREMOEE BV T, ROABEAREEDOFHEZTH I LT
%, iz by L 8D, MITSCHERLICH ROFH & WERERFOEBRTH S, Zhicx
LTH 5 —FHDFREMIz, BRERAKCBIZEREOBRED () L LTEZDIELNTES,
ZLC, MEOMIZIZ k OEI/NE LR NIEMOEMNKE 2% LI BRBK D IO,

K—1513 &R K 12 81 3 MITSCHERLICH ROBREMOBEEAMF TH 5, IhiksdL
B EOFE L BHC, MEOBR, SFABMMEOREVHREVTWSE ZERbhdb, Ihik
RRIC & 2 EREESRIC K > T, SMARORHERKICE T 2 EEOBRIED (o) DIEHHE
MLTwBZEERLTWS,

72T, MOEMS0LLE, T0LLE, 6081 L, 5004E, 40LAEOMAKRSZNZNFAARD 2 0%
ha 7 D CHREL TROLOBR—T ThH 2, HEEL b, HERDE S B8R ELMOEEFF
DROEEHEV, 2L T, MOENTRBICONTEDERIZI/NE S HoTw3S, ZHIFH
BRROE> BeBORENI BB THE,



312

Japanese ceder

) Unthinned
0 | J—l‘d_ﬂ-rﬂ - _H_m-g—ﬂk
0.05 0.05 0.05 0.05 0.05
& Lightly thn.
o 50-, 1ghtly
Q
g L= | . , b
A . 0.05 0.05 0.05 0.05

Heavily thn.

0 0.05 0.05 0.05 0.05 0.05
class 1 class 2 class 3 class 4 class 5
Hinoki cypiess Unthinned

0 0.05
[—rLightlythn.
1
2 50— §
ol I o Tl .
g, -rmTf_l'H‘f—l A,
<) 0. 05 0. 05 0. 05 0.05

Heavily thn.

"l oL, e o2

T

.05 0. 05 0.05 0.05 0.05
class 1 class 2 class 3 class 4 class 5

K—14 BEERE & OREEDHEE (1)
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£—6 HUEMEDH ORBEREHO LK

Table 6 Comparison of the number of the large-sized trees per hectare

KERE K Number of the large-sized trees per hectare

B = ];rfg&er%f 42(40) years old 51(48) years old 57(54) years old
Species 4} inning % 08 »  ou 0B m M w0

>MAdem >(38)em >(32)em >(@dd)em >(38)em >(3em >(4d)em > (B)em > (32)em

Japanese ceder

Heavily thn, 18 80 271 29 156 383 7 221 436
Lightly thn. 3 76 332 49 174 489 82 269 578
Unthinned 4 109 402 38 180 532 88 256 595
Hinoki cypress
Heavily thn. 0 114 351 114 323 636 190 474 731
Lightly thn, 0 62 267 18 204 569 80 267 720
Unthinned 0 54 325 9 181 552 90 344 669
Sawara cypress
Heavily thn. 7 110 382 88 294 574 184 390 640
Lightly thn. 0 18 192 6 174 450 72 246 635
Unthinned 0 28 256 14 199 484 85 242 626
Japanese larch
Heavily thn, 0 0 79 0 53 228 0 97 281
Lightly thn. 0 0 9 0 0 117 0 36 189
Unthinned 0 15 88 22 59 206 22 118 265
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Sawara cypress
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Fig. 15 Frequency distribution of the paramneters M of the MITSCHERLICH
equation
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#—7 MITSCHERLICHRX D RHMIZ & 5 KEARLERIRO L

Table 7 Examination of the effects on the large-sized tree growth based on the parameter M of the
MITSCHERLICH equation

W @ k8 F:N 54
Species De.gre(.a of Number of trees per hectare
thinning M>80 M>70 M> 60 M>50 M>40
Japanese ceder
Heavily thn. 29 56 106 195 413
Lightly thn. 43 62 125 263 509
Unthinned 8 21 46 168 411
Hinoki cypress
Heavily thn. 114 123 237 370 598
Lightly thn. 44 44 53 107 382
Unthinned 27 27 27 90 353
Sawara cypress
Heavily thn. 118 147 243 338 574
Lightly thn. 96 138 204 366 564
Unthinned 0 43 57 156 341
Japanese larch :
Heavily thn, 18 26 44 70 114
Lightly thn. 0 9 9 36 90
Unthinned 0 15 22 44 169

#—8 MEWEROEFHERER SR

Table 8 Mean annual increment and accumulated increment of the basal area

i - - 2%
W s (MGEORE W WA groiin sEBEN
Species thinning after thinning mesurement increment increment
(yr) (yr) (m?/ha/yr) (m?/ha)
Japanese ceder
Heavily thn.
0o ~ 3 3 1.974 5.923
3 ~ 7 4 1.412 11.570
7 ~ 11 4 1.849 18.965
11 ~ 19 8 1.069 27.515
19 ~ 25 6 1.195 34.682
Lightly thn.
0 ~ 3 3 1.640 4.920
3 ~ 7 4 1.467 10.786
7 ~ 11 4 2.183 19.517 .
1 ~ 19 8 1.549 31.911
19 ~ 25 6 1.589 41.448
Unthinned
0 ~ 3 3 2.089 6.267
3 ~ 7 4 1.943 14.037
7 ~ 1 4 2.135 22.577
11 ~ 19 8 1.228 32.405
19 ~ 25 6 1.427 40.969
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Hinoki cypress
Heavily thn.

0 ~ 5 5 1.653 8.265
5 ~ 9 4 1.779 15.383
9 ~ 19 10 1.268 28.070
19 ~ 24 5 1.529 35.716
Lightly thn.
0 ~ 5 5 1.755 8.775
5 ~ 9 4 1.405 14.394
9 ~ 19 10 1.169 26.085
19 ~ 24 5 1.164 31.906
Unthinned
0 ~ 5 5 1.773 8.866
5 ~ 9 4 1.481 14.792
9 ~ 19 10 0.971 24.498
19 ~ 24 5 1.642 32.710
Sawara cypress
Heavily thn.
0 ~ 5 5 1.503 7.516
5 ~ 9 4 1.966 15.379
9 ~ 19 10 1.140 26.784
19 ~ 24 5 1.505 34.309
Lightly thn.
0 ~ 5 5 1.880 9.401
5 ~ 9 4 1.885 16.940
9 ~ 19 10 1.226 29.196
19 ~ 24 5 1.554 36.963
Unthinned
0 ~ 5 5 1.552 7.762
5 ~ 9 4 1.908 15.394
9 ~ 19 10 1.164 27.029
19 ~ 24 5 1.565 34.856
Japanese larch
Heavily thn.
0 ~ 5 5 0.499 2.495
5 ~ 9 4 0.678 5.205
9 ~ 19 10 0.551 10.717
19 ~ 24 5 0.572 13.578
Lightly thn.
0 ~ 5 5 0.522 2.609
5 ~ 9 4 0.546 4.793
9 ~ 19 10 0.536 10.150
19 ~ 24 5 0.620 13.248
Unthinned
0 ~ 5 5 0.658 3.289
5 ~ 9 4 0.670 5.969
9 ~ 19 10 0.670 12.674
19 ~ 24 5 0.705 16.197
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Log production (m*,ha)

Hinoki cypress
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Fig. 16 Log production in total and by size
t :stand age (yr.) V : Log production in total (mf/ha)
B : Log production at thinning
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Sawara cypress
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Top-end diameter (cm)

-



325

EERTHEESEAT 3720, BEESFORBHBENEZEL TS, Z0LD TKIFIOEESS
HROELE, MANOREERBOEREREOEVICL > THAT LI EVTE D,

IO L EHEELE, BEAEBROIKKOERAMORE R MINT 2R3, BE
TFTRRDKEESRFSRRETH 2 Z L2BERLTBY, BREETL IHROAERAFEHR
ETINERNHLLEZBILNTES, 203, EREAMOEBRBOEREIL, HAD
KB ANVF —DERSREEASF0»D £ 5,

MITSCHERLICH ROEH k DEEREB Z L OAFORBEHE L2 L 25, Rk DE
DK E LHADEIE S, ERBEMS T2 Lizoi> THAERSED Shiz, ZOREE
Oz, M—70B%»S, MRKOEFERERFEOERLART LB TES, ZLT,
Tz k2, EEERRNZOMKDOB TV EAKEOEETHZ o, MKICLS
B E OEOSHOEE, HEOEEC L ZRFHEOELCOBRTHLLEZLILNTE
%,

Lil, BRICE 2R L DEOHEORE, BECLY, RKBECLIRZZ, 20
BuikTr LCEEBOMBREORVWIZESbDLEZONS, EHEL b IT, BEOHMKD
BE, $TZORESENLORERFUARTHS, O Lrs, ELRRERTRERMFD
WEIERTFTAAZCRIET, TRAERGCEENCERENARDERCOFELZEL TR
WEWI T EMNTES, £/ F ¥ 7ITR, BROBEBORNFVEETUARCBNLT, A
FepSIVEIVEZETHD, iR/ F « 75 OHDMEESECD, &Y THROR
E COHREHEORBZEBCRELT, £RE2RBETIILCLIZbDEEILND, ATRY
REMRICHT B RS0, R DEBELEKC L > THERTUARCHROZEIRA T
2V, ZREIAEEOUBB TMAOEREZEET S ICEATATHoILERLTR S,

AL LCOMBIIREMIT 2202, ERWEHED S ORMUERY D ORERARHE,
v@&&kﬁﬁ&&?%&btt:a,t/#-&vawxamm@ﬁ@ﬁwﬁﬁwﬁiﬁ,E
RIZE 2EBRENADERBENEZE TH o7, HIIHLT, AF¥ - 2TV D& 2BEH
TRIAKRBBTH > EELMROEET IR, BEROBERI TV, 202 ers, BRIZL-
TEELIADERREE SN T, KEREEDRSPFSNZ, SHEOMBEDOE LI
EoT, HEDOECHHD, £/ % F 750 L 5 RREOIES M, FAEEEOELL, E
BEMARORFECHLTINBEEBEEZ S LI ILHTE L,

&C, KBZAVF—S—E0EATHERERBCERINS L E 25251, —EHER
CESNAKBIANVF—DBB—ETHS LT HRE0 T, BUERY Y OWERER
Bz, AMBECOOLOT—ELERBBTTHSL, 2O L, BRABMOAELRD S
BEs iz, AX « A5 °Y0 L3 2BHOBE, BERMKICL > THED S > ER,
52 o N3 KB ANF -2 ERERCTACERTEZV I LMD D2, —HHNCIR,



326

BEB %> THRBOEENT HO0ICE Zhbh, HEREEENAEAICEST B b,
BERCIET 2 00EBCEHZ 00, MEROBEIHIDbS THADKEREERIZIZIZ
—ETHDLEHRTIENTER, LT, MEOFEBBIUABE Co»b S TIRIE—E
THBEVIFIREB T, WERSHOMRIRZ D IHRIMEOBRICERT 2 2 L 5T
&, MRIKEBNEZ KB ANVE —DUREEC» b6 T—E0EE THRERB L
NTVRBHENI LN TES, 2D LR, MEMIFOMRCEEMEEZMZ 2 &, EHEMA
FOMBICELL LS EWIROOHOEZEM T T3,

Wiz, HNBHERE2HE->T, EMTLSONRKOEEERRERIICHEL-E 23, &
JFE YT IMFIBOTRHEKORER, REEELHEINT 2 L L CABRMOEESLEL %
L EBBOON, ZHIIR/LT, AFHFCBLTIZ, REEES L UREHRIINRAD
HXOBEBRIR oW E»olz, 2OLI I, MECEDZVZLrdbS T, IALERICE
BELZDR, RBEREMEROMZIIR» SHKCHET L L EDHEFVOERHZHH
THbd, 2L T, BEICL > THUREEROABTRE X 2MEOHENES DI, ZO0DEH
BEZSND, —Di, BCBRRILABAREEHROBNCLIZ2bDTHSE, £/ F %75
DX ICTREOEOREDIZS 23, BRI L2ERLUAOEREBENEEZETHY, LM
BcBEL TOREMOHENE 22, ZOBEOEEIZR, BBEOR 1B TSN, R
FOEIVE / FCHNTHBRESZERTHZ2DT, HEEROKISZDE 8O LRE T
e, —“AH, ZABOAKROROFE L REZERED, ZARNLT, £/ FOHER
4m, 8 mEWHEBN LN LIH>T, ROBRBNEL LB, 2D, KOFEED LT
LTRAHBEICHRET 2 L 212, HEEROKRI DRV, BOBBERTEVE/ FDIES
BAAMRICKE S HEL, MR TIIEMEX LT, IO RELIAMBEBL LI
%%, £LT, MMRORR, BBEL b ERRCB T 2 AKOBREIHDAIEO/NEL B o
T, ZOZ i, WERAMBSEEENSEZLERLTBY, AMEERET 3 LT3 FE
LWwZEiwnz 3,

ZIT, CNETOEBOHEREMD DI ERDEIBR I ENVZ B, BERSHAKRDOE
BERICRIZTHER, XRGFORBCIZERBHETHL LRI I LNTES, BELKS
PHERET 2720103, EETMARZ E THIRAERESEZ S0, D, KFicEz o3 K
BLANF -2 TOMRKNI0%FIATE S L5 2 BELAREE 2R 2 TRIER SR,
IO [EER] ABREEZ, BECIVRELD, BEL L L T2, EREOLEEBF
BOBBESHENWERBREEECLT, BFzv 7 T52n8TE2, 2L T, KAHD
KB ANVF —-ORMCELSEL, BEETMARCE CHAIRRFEBNELZONEL Kotk
EI2id, AR > THILEBTEMEEZ 2DEND 2, +OREBLME2E 2 55
EBVTE, BRAPSHSLEREREERL, RELREEMREDO I LBTES, 2L



327

T, EEINSAADER S S OCEICETT 5720, WEEAKEEET B I LB TE
2, UL, REAEOHBRIREED b OWRMIE L > THAF PR ERSHY, £/ *-
BI5D LS RREOIES D, AREEOELICHL T, REEVBEBCRIET 2.

B B

HEARBRREEMAORAE, £/ %, ¥77, #7vYoRMEREBMcsLT, HERL
WK OEREEAEERESHET 2 ZLi0E>T, HESHROERERICKZTREL
K EED SREL I,

RRZIE 5 Sl 3 3 72121, FEHREFCB 2EENHORVEERTNETHD EEZ,
s, RIS L BREKSOR CEEEOMAIZDWT, ThZROERERZHERT S
Zrizliz, #LT, BEEATIR, SEEKECDL Y ER LRSS TR TRIZ—K
KEREEERRLTVS I ENED SR, £z, THAZB» THEK & ERRROER
EORICEERERSEL, IOEAREECHKREToLANRRIC» OBEFCHNS Z &
BED 5hTze ZOTRACET3EREORSNERE 25T, EEERKH L TREBR
B BEOMEHSIML TWw 2 DI LT, BERIZEV TR IO DEROELSEBRNEE
LTEY, BEESHOEHEEL TW»5E I EMRBH LN,

Ric, B EAT 5 5, MITSCHERLICH D =M (1—e*) R EARQEMBEL LOE
BEERERT3OCENRFRTHL I LBED SNz, 2L T, MITSCHERLICH ROk
Bk OMER, BRICE > TR L, b —HOFEMIM=D/(1—e*) ORI & > THEMT 2
Cramb o, TDZEHS, EELE, MESELORAOERMRORIRZIE L
5LTWwW3 EE LT,

B, WEREER L AREEREREEL LT, AoV AV OMERZIRIC OV TaHF 21T
7o 2L, WEEAEERABEECrPDSTRIZ—ETHE ZLRBOLNT, LrL,
AAEEOE TR, MREOHRVEEICIBVLT, MEROFBRBEADEENE: LV IR
21872,

5 B X &

1) Deming, W.E.: Statistical adjustment of data. John Wiley & Sons, Inc., New York, 1943

2) YHEES - HPHEF  HXPOWE, RAEEKIZ: 196, 1984

3) RIWBWER - 4% 1 Mischerich Riz & 2 FHOERTH, FAREOL ! 37102, 1965

1) EERFRE ARAE - BRAFRET | AFNERAREO Y X7 AT PR ARFTERERA



328

FHERRE L T, FAMEHHTL: 269—330, 1981

5) PiENAAR, L.V. & TurnsuLL, K.J.: The CaPMAN—RICHARDS generalization of Von BERTALANFFY’'S
growth model for basal area growth and yield in even-aged stands. For. Sci. 19:2-22, 1973

6) ROEE  BROFRE T 2098, MM 1-95, 1961

7 BERE : AREMAOERTHICHE T 2%, RABEMR © 199-256, 1986

8) Swepa, T. & Kok, T.: Applicability of growth equation to the growth of trees in stem radius (1)
Application to white spruce. J. Jap. For. Soc. 63:113-124, 1981

10) BEAEBAROLR, £RMERE L UERE TV, WHDEEL : 36-41, 1985

11) PARAR I hiARSOoEBERERR, BMAE62 1 294-300, 1980

12) H$ME  £SRMBOHTII S (ABEEERE 72275 4 NO.4), J. Pc-For. 14) : 7-14, 1983

13) mEAYEYEHNBEEREAEREDH - ERAZBFRAERFEEEMAE | RREEHICB D 5
BRATRE. EEM GEX) 25

1) WA FEEh . A 7K RARTIE  RRTHEL | BRREERIC B 5 MESRBIERERRN. &
BH (EK) 2BRkEH

15) (LA — PEEt -2 BAM K BRKQHTCE T 2 ATHINERRAR BT 2R —FED
B3 AXMSOERNLE—, 96E B - 93-94, 1985

16) IUAE— « AR BEROME K X 2RI DV T, TRIAMBIR G  23-26, 1986

17) UAE— - 7 ERAERKEEROBBRTRENC X 2 BB oS, TEK (RX) Bic&EH

(19864 5 A31EH%HE)

Summary

In order to analyze the thinning effects on diameter increment, time-series stand data
of thinned plots was compared with that of unthinned plots from various angles.

The difference of the diameter distributions just after thinning between thinned plots
and unthinned plots influences the increment of the mean diameter. First the authors
compared thinned plot and unthinned plot by diameter class in terms of the average
growth rate. Then the increment percents of diameter were nearly equal in every
diameter class after thinning. The differnce of increment percent between thinned plots
and unthinned plots was marked in the lower diameter classes. This tenderncy appeared
more quickly and markedly in heavily thinned plots than in lightly thinned plots. The
difference of increment percent in the lower diameter classes caused the coefficient of
variation and the skewness of the diameter distribution to be more unstable in unthinned
plots than in thinned plots.

Next the MITSCHERLICH equation fitted well to the diameter growth curve above
25 years old. The parameter £ of MITSCHERLICH equation, in which the parameter
L was fixed to 1, decreased by thinning. And the parameter M increased by the following
equation. M=D/{1-EXP(-%t) } This fact showed that thinning changes the growth curve
of each tree.

Finally the stand level thinning effects were analyzed in terms of the basal area
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increment and timber yield. The increments of basal area were nearly equal regardless
of stand density. But timber yield and the percentage of large-sized tree of thinned plots
were larger than those of unthinned plots in shade-torelant species.



