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Fig. 1. Range of RICHARDS’ growth function.
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Table 1. Parameter estimates of the RICHARDS’ growth funetion for Ono-Sugi,
fitted individually to each growth data.
71\140.* Factor‘ ls)izza l m o A 7 k SSR
No.t H (m) = 10 0.4031 28.67 0.04444 | 0.19990
Do.o(em) —0.2698 51.80 0.01119 |  0.09100
Go.o(cm?) ? 0.3707 2028 0.01167 | 69.936
vV (m¥) 0.6683 2.3986  0.02175 1.982X107*
No.2 H (m) 9 0.2060 33.97 0.02768 | 0.03892
Dy.g(em) | !
Gro.o(cm?) | 0.4415 38551 0.00250  431.00
Vo (m¥) 07211 6.3886  0.01845 2.339X 1074
No.3 H (m) 10 0.4126 26.24 0.04596 | 0.04525
Dg.q(cm) —0.2663 244.86 0.00127 } 0.14214
Goolem?) |
Vo (m?) j 0.7078 3.3692  0.01961 |  1.283x107*
No.a H (m) | 9 0.3681 26.85 0.03736  0.01603
Do.o(cm) 0.1019 34.81 0.02812 . 0.30836
Gio.9 (cm?) 0.5022 1092 0.02305 | 349.01
VANCOR 0.6918 2.0328  0.02238 % 9.230% 107
No.5 H (m) 10 0.3298 29.98 0.03719 | 0.40040
Do.o(cm) | | 0.1223 41.24 0.02366 |  0.33866
Goolem?) | . 0.5090 1693 0.01792 | 181.00
| | 0.01998 | 1.211x107*

VvV  (m?)

0.6903

3.2685
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Fig. 3. Growth curves for Ono-sugi.

3 H :X10m D0.9
F Dog:x10cm
509 : x250Ccm?
y :x05m3 Gos
H
2L 4

I I X L s

0 10 20 30 40 50 60
age(years)

H :x10m
3 FDo9:x10cm
609 : X250Cm?2 Dos
YV  :x05m3
Gog
H
o b
V'
1 F
NO.4
1 1 i 1
0 10 20 30 40 50 60

age(yedars)

H :x10m Dog
3 [Do9:x10cm

(609 : x250cm?

V  :x05m3 Goo

H

2
1k
0 10 20 30 40 50 60

age(years)



1983

KB E— « G2 . BAROEEMITICK T 5 RICHARDS &R O EAICWNT 61

LH  x10m
Dog:x10cm
(09 : x250Ccm?
vV :xos5m3
Dog
i H
Go9g
\Y

NO.11

S I 1 P -

10 20 30 40 50
age(years)

LH x10m
Dog:x10cm
Gog : x250cm?
YV :x05m3

NO.12

1 i 1 1

10 20 30 40 50
age(years)

LH :x10om
Dog:x10cm
G09:x250cm?2
vV  :x05m3

NO.13

1 1 A 1

10 20 30 40 50
age(years)

3 LH :x10m

D09 :x10cm

GO9 : x250Ccm? Dosg

V  :x05m3

Gog
2
1 F
NO.14
1 1 1 1

0 10 20 30 40 50

age(years)

3 _H :X10m

Do9:x10cm

(09 :x250cm?

Y :X05m3 Dog

NO.15

1 1 A B S
o] 10 20 30 40 50
age(years)

Fig. 4. Growth curves for Yabukuguri-Sugi.
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Table 2. Parameter estimates of the RICHARDS’ growth function for Ono-Sugi,
fitted with a common estimate of parameter m for each growth factor.

Data Ak k  kygy 2m+2

No. Factor size m A k SSR omi2 omi2 m (%) =
No.1 H (m) 10 0.3587 29.50 0.04064 0.28045 0.4412 0.01496 11.3 66.9
Dy.o(cm) 0.0132 36.73 0.02570 1.11042 0.4658 0.01268 194.7 78.8
Go.s(em?) 0.5066 1162 0.02367 517.31 9.128  0.00786 4.7 127.3

V. (m®) 0.7048  1.6715 0.02933 1.216X1073| 0.01438 0.00860 4.2 116.2
No.2 H (m) 9 0.3587 30.16  0.03842  0.40308 0.4264 0.01414 10.7  70.7
Dy.g(em) 0.0132 88.10 0.00939  0.94565 0.4082 0.00463 71.1 215.8
Go.e(cm?) 0.5066 7183 0.00850 598.63 20.263  0.00282 1.7 354.5

V (m® 0.7048 9.7147 0.01456 1.064X1073| 0.04148 0.00427 2.1 234.2
No.3 H (m) 10 0.3587 27.12  0.04132  0.14857 0.4124 0.01521 11.5  65.8
Dy.o(em) 0.0132 50.08  0.01565 1.18743 0.3868 0.00772 118.6 129.5
Go.9(cm?) 0.5066 2435 0.01350 680.36 10.909  0.00448 2.7 223.2

V (m® 0.7048  3.0608 0.02037  3.323X107% 0.01829 0.00597 2.9 167.4
No.4 H (m) 9 0.3587 27.04  0.03664  0.01741 0.3646 0.01348 10.2  74.2
Dy.9(em) 0.0132 37.29  0.02321 0.37460 0.4271 0.01145 175.8  87.3
Go.9(cm?) 0.5066 1079 0.02346 349.36 8.401 0.00779 4.6 128.4

V (m?) 0.7048 1.6920 0.02559  2.772Xx107% 0.01270 0.00750 3.6 133.2
No.5 H (m) 10 0.3587 29.35  0.03953  0.42967 0.4270 0.01455 11.0  68.7
Dy.9(em) 0.0132 47.68  0.01714  0.59096 0.4033 0.00846 129.8 118.2
Go.p(cm?) 0.5066 1713 0.01768 181.20 10.051 0.00587 3.5 170.4

vV (m?% 0.7048 2.9025 0.02209 1.423%107%| 0.01880 0.00648 3.1 154.4
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Table 3. Parameter estimates of the RICHARDS' growth funection for
Yabukuguri-Sugi, fitted individually to each growth data.
N | Data M“M\M"“iA—k
No. Factor | size \ m A / k ‘ SSR
No.11 H (m) 8 0.5299 25.56 0.05190 0.01580
Dy.g(cm) 0.8847 20.91 0.2203 0.32877
Gy.9(em?) 0.9317 345.00 0.2095 293.76
vV  (m?®) 0.8181 0.4941 0.07135 7.755X 1078
No.12 H (m) 7 0.6709 24.69 0.06689 0.07198
Dy.o(em) 0.7986 23.69 0.14318 0.06035
Gy.9(cm?) 0.8956 441.87 0.14112 73.263
V (md 0.8842 0.5882 0.08429 4.400X 107
No.13 H (m) 7 0.6505 24.51 0.07148 0.06780
Dy.g(cm) 0.7787 27.39 0.14753 0.03471
Go.9(cm?) 0.8856  590.44 0.14559 46.417
V  (m3) 0.8758 0.7374 0.08848 1.351 X107
No.14 H (m) 8 0.5900 25.86 0.05976 0.12033
Dy.g(em) 0.7916 27.12 0.15338 0.27039
Go.9(em?) 0.8930 578.82 0.15180 328.73
VvV (m® 0.8875 0.6834 0.09513 1.636x10*
No.15 H (m) 7 0.6827 22.89 0.07410 0.09530
Dy.g(cm) 0.8814 24.75 0.17480 0.08682
G.9(em?) 0.9437 480.09 0.17776 67.670
V (m3) 0.9021 0.5385 0.09789 7.606%X 1075
Table 4. Parameter estimates of the RICHARDS’ growth function for Yabukuguri-Sugi,
fitted with a common estimate of parameter m for each growth factor.
Data | Ak k kK ;o 2m+2
No. Factor Size m A k SSR SmIo  mio Iﬁ-(ﬁ) T
No.11 H (m) | 8 0.6205 23.17 0.06564 0.15360 0.4693 0.02025 10.6 49.4
Dy.g(cm) ‘ 0.8223 21.06 0.19176 0.43781 1.1081 0.05261 23.3 19.0
Gy.9(cm?) \ 0.9067 348.24 0.18953 333.51 17.308 0.04970  20.9 20.1
V. (m? 0.8796 0.4208 0.09464 3.061X107*| 0.01059 0.02518 10.8 39.7
No.12 H (m) 7 0.6205 26.12 0.05841 0.12518 0.4707 0.01802 9.4 55.5
Dy.g(em) 0.8223  23.57 0.15056 0.07714 0.9737 0.04131 18.3  24.2
Go.9(cm?) 0.9067 438.25 0.14754  84.637 16.956 0.03869 16.3 25.8
V  (m3) 0.8796 0.5972 0.08225 4.276X107% 0.01307 0.02188 9.4 45.7
No.13 H (m) 7 0.6205 25.14  0.06651  0.08285 0.5159 0.02052 10.7 48.7
Dy-g(em) | 0.8223 27.19 0.16059 0.08544 1.1980 0.04406 19.5 22.7
Go.g(cm?) ‘ 0.9067 583.22 0.15742  99.463 24.076 0.04128 17.4 24.2
V (m®) 0.8796 0.7301 0.09011 1.377X10™% 0.01750 0.02397 10.2 41.7
No.14 H (m) 8 0.6205 25.05 0.06467 0.14188 0.4998 0.01995 10.4 50.1
Dy.9(em) 0.8223 26.96 0.16364 0.33018 1.2105 0.04490 19.9 22.3
Gro.9(cm?) 0.9067 573.67  0.16022 370.82 24.103  0.04202 17.7 23.8
V. (m? 0.8796  0.6980 0.09138 1.794X 107 0.01697 0.02431 10.4 41.1
No.15 H (m) 7 0.6205 24.26 0.06336 0.16241 0.4743  0.01955 10.2 51.2
Dy.q(cm) 0.8223 25.08 0.15101 0.27513 1.0392 0.04143 18.4 24.1
Gy.9(cm?) ‘ 0.9067 493.68 0.14912 327.42 19.305 0.03910 16.4 25.6
Vo(m¥) 0.8796  0.5751 0.08690  1.446X107* 0.01329 0.02312 9.9 43.2
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Table 5. Parameter estimates of the RICHARDS’ growth funetion for shoot of
Akamatsu (Pinus densiflora), fitted individually to each data.

No. Data m A k b SSR
No.1 (em) 14 1.7134 45.70 0.1015 79.70 6.1608
No.2 (em) 14 1.6741 49.32 0.0935 38.13 6.4428
No.3 (em) 14 1.5542 50.05 0.0847 28.68 5.1399
No.4 (em) 14 1.4936 43.98 0.0827 31.43 4.7883
No.5 (em) 14 1.6664 47.28 0.1026 65.46 3.0505
No.6 (em) 14 1.7303 38.83 0.1018 91.29 4.3466
No.7 (em) 14 1.8126 36.89 0.1122 115.51 1.8356
No.8 (em) 14 1.4507 52.54 0.0805 15.23 5.2590

Table 6. Parameter estimates of the RICHARDS’ growth funetion for shoot of

Kuromatsu (Pinus Thunbergii), fitted individually to each data.

No. Data m A k b SSR
No. 1 (em) 14 1.6120 - 40.41 0.0829 27.18 2.3376
No. 2 (em) 14 1.7363 47.84 0.0924 63.98 6.4339
No. 3 (em) 14 2.0182 28.67 0.1162 143.38 1.0977
No. 4 (cm) 14 1.5734 45.09 0.0830 34.90 6.1684
No. 5 (em) 14 1.7734 35.25 0.1082 167.62 2.0276
No. 6 (cm) 14 2.0801 30.74 0.1277 511.60 0.7453
No. 7 (em) 14 2.0623 34.54 0.1196 257.86 1.1871
No. 8 (em) 14 1.9085 51.42 0.1011 141.55 5.6328
No. 9 (em) 14 1.8482 42.43 0.1031 144.38 3.4557
No.10 (em) 14 1.6120 52.12 0.0820 31.00 5.2095
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Table 7. Parameter estimates of the RICHARDS’ growth function for shoot of Akamatsu
(Pinus densiflora), fitted with a common estimate of parameter m.
D i \

No. Datal A K b SSR | 26%"2/ s K ™2 Wo
No.l (em) | 14 | 1.6188 45.82 0.0976 55.20 | 6.2608 | 0.8538 0.01863 6.0  53.7  0.07
No.2 (em) 14 1.6188 49.40 0.0913 31.06 6.4847 | 0.8611 0.01743 5.6 57.4 0.18
No.3 (em) 14 1.6188 49.92 0.0872 37.04 5.1994 | 0.8311 0.01665 5.4 60.1 0.14
No.4 (em) 14 1.6188 43.73 0.0877 53.51 4.9470 | 0.7322 0.01674 5.4 59.7 0.07
No.5 (em) 14 1.6188 47.34 0.1007 54.35 { 3.0794 | 0.9102 0.01923 6.2 52.6 0.07
No.6 (ecm) 14 1.6188 38.96 0.0972 59.06 ‘ 4.4431 0.7230 0.01856 6.0 53.9 0.05
No.7 (em) 14 1.6188 37.05 0.1038 55.58 ‘ 2.1161 0.7343 0.01982 6.4 50.4 0.05
No.8 (em) 14 1.6188 52.20 0.0869 29.92 : 5.7302 0.8661 0.01659 5.4 60.3 0.20

Table 8 Parameter estimates of the RICHARDS' growth function for shoot of Kuromatsu
(Pinus Thunbergii), fitted with a common estimate of parameter m.
. Data | | Ak Kk om+2

No. ‘ size ; m A k b i SSR ‘l om-2  2m42 m(%) Tk Wo
No. 1 (em)| 14 ‘ 1.7784 40.16 0.0892 49.63 2.5750 0.6447 0.01605 5.0 62.3 0.26
No. 2 (em)| 14 ‘ 1.7784  47.77 0.0941 74.66 | 6.4527 ; 0.8089 0.01693 5.3 59.0 0.18
No. 3 (em)! 14 ‘ 1.7784 28.81 0.1060 63.72 1.3115 0.5496 0.01908 6.0 52.4 0.14
No. 4 (cm)‘ 14 ‘\ 1.7784  44.70 0.0910 77.06 6.5945 | 0.7320 0.01638 5.1 6l.1 0.16
No. 5 (em) 14 , 1.7784 35.24 0.1084 170.95 | 2.0277 | 0.6874 0.01951 6.1 51.3 0.05
No. 6 (cm)‘ 14 \ 1.7784 30.93 0.1138 166.26 1.1063 \ 0.6334 0.02048 6.4 48.8 0.04
No. 7 (em)| 14 | 1.7784 34.75 0.1071 94.45 | 1.6317 . 0.6698 0.01927 6.0 51.9 0.10
No. 8 (em)| 14 \ 1.7784 51.63 0.0958 &8.17 5.8285 ] 0.8901 0.01724 5.4 58.0 0.16
No. 9 (em)| 14 | 1.7784 42.51 0.1002 111.18 3.4955 0.7665 0.01803 5.6 55.4 0.10
No.10 (cm)§ 14 | 1.7784 51.76 0.0883 57.35 5.5856 % 0.8225 0.01589 5.0 62.9 0.28

Table 9. Parameter estimates of the RICHARDS’ growth function for bamboo shoot of
Mosoehiku (Phyllostachys pubescens), fitted individually to each data.

No. 32?' m oA k b OSSR
No.1 (em) 19 2.2645 11.28 0.2040 28.64 0.3457
No.2 (em) 20 1.7190 16.03 0.1424 6.61 0.9540
No.3 (em) 21 1.4003 17.14 0.1060 2.20 0.8262
No.4 (em) 18 1.4254 15.68 0.1153 3.32 0.6111
No.5 (em) 18 1.4001 14.52 0.1016 1.68 0.3961
No.6 (em) 18 1.5266 15.98 0.1172 2.90 0.4044
No.7 (em) 18 | 2.9215 12.89 0.2476 60.97 0.2404
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Table 10. Parameter estimates of the RICHARDS’ growth function for bamboo shoot of
Mosochiku (Phyllostachys pubescens), fitted with a common estimate of parameter m.

No. el m Ak b \ SRS Sy w0 TR Wo
No.1 (m) 19 1.7726  11.68 0.1642 8.37 ! 0.4613 | 0.3458 0.02961 9.3 33.8 0.65
No.2 (m) | 20 1.7726  15.95 0.1457 7.45 | 0.9557 | 0.4191 0.02627 8.2 38.0 1.01
No.3 (m) | 21 1.7726 16.15 0.1327 7.10 |0.9340 | 0.3865 0.02393 7.5 41.8 1.08
No.4 (m) 18 1.7726  14.15 0.1490 10.77 | 0.6573 | 0.3802 0.02687 8.4 37.2 0.58
No.5 (m) | 18 1.7726  13.40 0.1296 5.02 | 0.4260 | 0.3132 0.02337 7.3 42.3 1.31
No.6 (m) 18 1.7726  15.21 0.1368 5.83 | 0.4241 0.3752 0.02467 7.7 40.5 1.26
No.7 (m) 18 1.7726  14.08 0.1536 5.40 | 0.5640 | 0.3900 0.02770 8.7 36.1 1.27
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Table 11. Values of parameter m for the stem

growth.
Group ] my mp ma my
OnoSugi | 0-3587 0.0132 0.5066  0.7048

onobugl  120.2%) (1.2%) (25.2%) (30.6%)

Yabukuguri- | 0.6205 0.8223 0.9067 0.8796
_Sugi [(28.4%) (33.2%) (35.0%) (34.5%)
Number in parentheses shows the rate

of magnitude at inflection point of growth

curve to the asymptote for each growth

factor (= m's (I—m)},

Table 12. Comparisons of values of asymptote
for the stem growth between Ono-Sugi and
Yabukuguri-Sugi.

Group

Yabukuguri-Sugi

"No. " Ag(m)  Ap(em)
1| 2950 26.73
|2 3016 88.10
Ono-Sugi o3 27,12 50.08
4 | 27.04 37.29
5 [ 29.35 47.68
i 11 | 23.17 21.06
12 | 26.12 23.57

25.06 26.96
24.26 25.08

\

|

|

l
13 ‘ 25.14 27.19
5 |

]14
|
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Table 13. Comparisons of values of parameter
k for the stem growth between Ono-Sugi and
Yabukuguri-Sugi.

Group ‘No.‘ ky ko kv
X107 X107 X107

1 ‘4.064 2.570  2.933

Ono-Sugi 203.842  0.939  1.456

3/4.132  1.565  2.037

4 }3.664 2.321  2.559

513,953 1714 2.209

i 11 6.564 19.176  9.464

12 15.841 15.056  8.225

Yabukuguri-Sugi | 13 | 6.651  16.059 9.011

14 l6.467 16.364  9.138

15[6.336  15.101  8.690
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Table 14. Comparisons of values of combined
parameter k/(2m+2) for the stem growth
between Ono-Sugi and Yabukuguri-Sugi.

Group No, 215: +2 A2ml;[—){'—-72ﬁ /:zmli:-j
X107 X107 X108

14.96  12.68  8.60

Ono-Sugi 14.16 4.63 4.27

15.21 7.72 5.97
13.48 11.45 7.50
14.55 8.46 6.48

(92 B S

11 ] 20.25 52.61 25.18
12 | 18.02 41.31 21.88
Yabukuguri-Sugi | 13 | 20.52 44.06 23.97
14 | 19.95 44.90 24.31
15 | 19.55 41.43 23.12
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Table 15. Comparisons of values of “real time
of growth” for the stem growth between
Ono-Sugi and Yabukuguri-Sugi.

Group No.| Tu To Tvy
| 1 66.9 78.8 116.2

2 70.7 215.8 234.2

Ono-Sugi 3] 65.8 129.5  167.4
4 74.2 87.3 133.2

5 68.7 118.2 154.4

11 49.4 19.0 39.7

121 55.5 24.2 45.7

Yabukuguri Sugi | 13 | 48.7 22.7 41.7
14 50.1 22.3 41.1

15| 51.2 24.1 43.2
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Fig. 7. Comparisons of proportional growth
curves between Ono-Sugi and Yabu-
kuguri-Sugi.
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Fig. 8. p-w diagram for the RICHARDS’ growth
funetion.
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Summary

Applicability of the RICHARDS’ growth funetion
to analysis of the tree growth was examined
theoretically and experimentally.

The RICHARDS’ growth function is shown as:
W=A(1—b-exp(—kt)) 1 d-m, This

derived from the biological ground of growth, is

funetion,

found to be satisfactory for the tree growth model
in respect of the -capacities of description,
analysis, and prediction.

The RICHARDS’ growth function is regarded as a
general growth function covering the whole range
of growth types, which is composed of two parts,
the range of the MITSCHERLICH’s growth type
(0£m<(1) and that of the logistic growth type
A<m).

the GOMPERTZ’ function (m—1) to separate one

Between them, there is the “wall” of
from the other. Three types of growth,
MITSCHERLICH’s, logistic, and GOMPERTZ’, are
independent of each other for the allometric
relationship.

To verify the applicability of the RICHARDS’
growth function to tree growth analysis, it

was fitted to the following data: (1) a set of

growth data of stems from an artificial stand of Sugi
(Criptomeria japonica) in the Ono Experimental
Forest, (2) a set of growth data of stems from
an artificial stand of Yabukuguri-Sugi in Oita
Prefecture, (3) a set of growth data of shoots of
and Kuromatsu

Akamatsu  (Pinus densiflora)

(Pinus Thunbergii), and (4) a set of growth
data of bamboo shoots of MoOsochiku (Phyllostachys
pubescens).

Fitnesses of growth curves were generally good.

The growth types of Sugi stems were the
MITSCHERLICH’s type, while those of shoots of
Akamatsu and Kuromatsu as well as bamboo
shoots were the logistic type. The results suggest
that the life-long growth of the whole mass
or stem mass of a tree belongs to the MITSCHER-
LICH’s type, while the seasonal growth of an
organ of a tree belongs to the logistic type.

Remarkable differences were found in the growth
characteristics of stems between “Ono-Sugi” and
“Yabukuguri-Sugi”, and those were well explained
through the parameters of the RICHARDS’ growth

funetion.
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