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Height growth types of todo-fir (Abies sachalinensisMAST.) plantations
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Table 1 Sample trees
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Block Number of Range of age Range of height at 30 years
sample trees (years) (m)
e #® Oumu 22 30~42 8.8~16.7
% {# Bifuka 14 30~38 8.8~18.3
7 Total 36 30~42 8.8~18.3
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Table 2 Stand composition of plots
PRAADD ha 4 DR | ha 40 A% | ha 40 R
SOK| B B W o B M| BERER | g | e | Vo
Tree | Diameter | Height | Distance from | Basal area asatarea “
. . per ha trees per ha per ha
sampling point factor
No. (cm) (m) (m) (m?2) H) (m3)
Plot A
8 22.0 15.35 1.00 121.0000 60.50 1, 5924 493.7
7 21.0 16.00 2.10 25.0000 49.00 1, 303.4 403.8
14 23.0 16.10 0.70 18.1476 47.12 1, 278.6 397.9
13 9.0 8.95 1.20 14.0625 47.65 1, 5125 398.3
9 17.0 8.80 2.50 11.5600 48.52 1, 805.5 396.6
15 26.0 16.50 4.00 10.5625 50.12 2, 0135 402.4
2 20.5 15.45 3.80 7.2900 49.73 2, 0524 396.4
11 23.0 16.20 4.60 6.2500 49.37 2, 062.1 392.1
12 16.5 14.70 3.40 5.9049 49.46 2, 079.8 392.1
5 22.0 15.85 5.40 4.1616 48.47 2, 043.6 384.1
6 24.5 14.65 6.00 4.1616 48.04 2, 023.0 380.7
4 16.0 14.10 4.30 3.4596 47.35 1, 990.5 375.3
1 19.5 13.20 5.40 3.2761 46.86 1, 966.8 371.4
10 16.0 16.05 4.50 3.1684 46.57 1, 952.0 369.1
3 8.0 7.05 3.80 1.1025 44.53 1, 871.9 352.8
Plot B
1 18.0 14.00 1.00 81.0000 40.50 1, 594.9 317.0
5 18.5 13.45 2.20 17.6400 33.45 1, 308.7 259.6
9 14.5 12.75 2.00 13.1769 33.28 1, 5789 255.9
10 22.5 15.65 3.80 8.7616 32.63 1, 512.2 251.0
3 15.0 11.85 3.00 6.2500 31.73 1, 448.0 244.3
2 16.0 11.25 3.50 5.2441 31.25 1, 419.7 239.7
6 16.0 12.80 3.50 5.2441 31.65 1, 436.7 241.6
8 12.0 10.15 2.80 4.5796 31.99 1, 464.7 242.8
11 18.0 11.40 4.40 4.2025 32.40 1, 501.1 244.3
7 15.5 12.20 4.10 3.5721 32.50 1, 517.7 243.9
12 18.0 12.30 5.40 2.7889 31.96 1, 511.3 240.6
4 18.0 13.56 5.70 2.4964 31.69 1, 501.5 237.5
3 10.0 8.45 4.00 1.5625 30.75 1, 463.0 229.8

MATRF-OFHRIIFTIR (1966) DIRFIT L D AMFILZ L > TRDT,

Stand composition factors were calculated with angle summation method.
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Table 3 Correlation coefficient between log y , 1
and log y , ofeach sample tree
FEBIREL FEBIREL FEBIREL FEBIREL
Sample . Sample . Sample . Sample .
Correlation Correlation Correlation Correlation
tree . tree . tree . tree .
coefficient coefficient coefficient coefficient
No. No. No. No.

Oumul 0.9987 Oumul0 0.9737 Oumul9 0.9992 Bifuka6 0.9971
2 0.9981 11 0.9977 20 0.9963 7 0.9982
3 0.9983 12 0.9979 21 0.9344 8 0.8974
4 0.9988 13 0.9984 22 0.9970 9 0.9991
5 0.9987 14 0.9985 Bifuka 1 0.9984 10 0.9986
6 0.9802 15 0.9989 2 0.9983 11 0.9978
7 0.9639 16 0.9990 3 0.9196 12 0.9987
8 0.9982 17 0.9988 4 0.9958 13 0.9977
9 0.9986 18 0.9978 5 0.9975 14 0.9808
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TE AT log y a=1DE & D log y PNEZ T, F7-, K 13 O A0E#RE, Eftlogy ,=logy 1 &EDARET
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0 HaF FEEAROmR LA
(LR -TRIIE NS, Table 4 Curve equation and goodness of fit for each sample tree
EoRbA B A | ek | oo
Sample L= Goodnessionfﬁtb Sample L = GOOdneSS;fﬁEb
tree Curve equation 45wk i tree Curve equation 45wk P
No. Variance E]SZOT No. Variance E]SZOT
Oumul 3, = 27,70(0,013615)0-9342""t 0019516  1.44 | Oumul9 J, = 26.97(0.012920)%%453%2" 0025790  1.95
2 9,:2L3&00hﬂ7®°”””’ 0.066424  3.05 20 yt=168&00mm9%°%%%’ 0.101097  5.36
3§, =17.530.014248)°95' 0041416 2.52 21§, =18.99(0.002959)°°157" 0178045  4.86
4 3, = 2522(0.014402)°9%%' 0017344 1.66 22§, = 17.94(0.001907)0550™" 0034562 2.12
5 = 29.15(0.008100°%°" 0055968  2.72 | Bifuka 1 P, = 25.37(0.007584)013  0.142419 628
6 3 = 20.28(0.015541)°962" 0215752 5.03 2 j = 23.20(0.005942)°924964  0.058648  2.89
T, = 24.41(0.005366)°%15116" 0646084  8.08 3 = 21.74(0.009081)°1%565" 0041988 2.22
8 = 22.73(0.009646)°128%° 0017784 1.25 4 3, = 19.27(0.013533)°913%6" 0261060  5.51
9 y,=W5ﬂ0mmwwwm“” 0208691  5.84 5 y,=m4a0mmu$”””” 0.077040  3.07
10 3, = 27.97(0.005839)%953768° 0033224  2.21 6 5 = 22.74(0.003079)°%08"  0.184176  3.75
n = 21.32(0.001052)°%521" 0086904  3.45 7 5 = 15.66(0.016353)°9715'  0.187748  7.23
12 5 = 25.56(0.011250)°%29%3" 0409619  7.96 8 j = 18.39(0.014919)%9567" 0078814  3.28
13 9,:278%001m0n°%ﬁw’ 0.109071  4.09 9 yt=zLoﬂoomn9m°”““t 0.119184  4.47
14 y,=253K0mm36$°””&’ 0.027068  1.62 10 y,=247aooozm9w9%““ 0.112716  4.28
1B = 25.44(0.006627)°932" 0021276 2.38 1y, = 24.04(0.005120)°99016"  0.064260  2.71
16 3, = 2339(0.010221)°97" 0052928  3.45 12 3, = 17.16(0.014588)°%1215  0.008792  1.42
17 5, = 24.1400.009739)°2%% 0067067  2.34 13§, =17.14(0.002428)°%%7"  0.876500  11.00
18, = 27.52(0.011998)°%6%" 0094636 4,57 4 3 = 20.77(0.014905)°9'%2' 0039321  1.88

Used basic epuation : y ,=Ka® .
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Table 5 Classification of tree height and the calculated values
of height growth equation
I e o 25 50 FEDMENE | 30 RO
AR | PRI = # Inflection Estimated | Adjusted
Class Constant . . :

Growth | Plot interval point height at height at

type 50 years | 30 years
No. (b) b K a A t1 Vi (m) (m)
B6 0.896013 22.74 0.003079 0.141175 | 15698 8.37 22.20 18.35
011 0.905421 21.32 0.001052 0.125596 | 19.38 7.84 20.29 15.02
7 022 5 0.886079 1794 0.001907 0.142844 | 156.17 6.60 17.68 15.19
B13 0.9099 0.902374 17.14 0.002428 0.120468 | 17.47 6.31 16.54 13.00
H % o7 0.915116 24.41 0.005366 0.115031 | 18.65  8.98 22.95 16.94
7] B11 0.919016 24.04 0.005120 0.111830 | 19.69 8.84 22.25 15.82
Ao 08 0.9100 0.912889 22.73 0.009646 0.118175 | 16.84 8.36 21.65 16.81
E, B3 0.918865 21.74 0.009081 0.108506 | 18.29 8.00 20.31 15.00
E M B5 S 0.912367 21.46 0.004128 0.116701 | 1857 7.90 20.30 15.12
B14 0.9199 0.918932 20.77 0.014905 0.106794 | 16,99 7.64 19.53 14.88
- B4 ’ 0.913806 19.27 0.013533 0.110742 | 16.19 7.09 18.37 14.45
=+ 021 0.911157 1899 0.002953 0.113592 | 1894 6.99 17.96 13.29
03 0.919323 17.53 0.014248 0.100350 | 17.20 6.45 16.46 12.46
014 0.922382 23.31 0.008365 0.108921 | 19.37 9.31 23.27 16.57
=8| % B10 0.9200 0.925910 24.76 0.002789 0.103274 | 23.02 9.11 21.85 13.81
] k7] 017 0.928208 24.14 0.009739 0.099270 | 20.58 8.88 21.58 14.71
A B2 ¢ 0.924964 23.20 0.005942 0.102429 | 20.95 8.54 20.89 14.15
E % 02 0.9299 0.927949 21.36 0.014774 0.095802 | 19.24 7.86 19.32 13.66
1 S B9 : 0.924288 21.07 0.006190 0.100212 | 20.65 7.75 19.07 13.05
-+ B8 0.925637 1839 0.014913 0.094043 | 1859 6.77 16.84 12.16
06 0.938362 29.28 0.011541 0.090400 | 23.51 10.77 24.33 15.11
05 0.936909 29.15 0.008100 0.902543 | 24.12 10.72 24.35 14.82
010 0.933768 27.97 0.005839 0.095820 | 23.90 10.29 23.66 14.88
. 013 0.9300 0.935210 27.82 0.018807 0.093579 | 22.25 10.24 23.81 15.37
1 01 ’ 0.934266 27.70 0.013615 0.094822 | 21.44 10.19 24.00 15.81
012 ( 0.930043 25.56 0.011250 0.098464 | 20.70  9.40 22.68 15.36
# o B1 0.939173 2537 0.007584 0.085423 | 256.26  9.33 20.89 12.07
8 04 0.9399 0.939994 2522 0.014402 0.084113 | 23.34 9.28 20.81 13.00
i @ 09 0.932587 19.55 0.006689 0.087046 | 23.08 7.19 16.79 10.55
% B12 0.931215 17.61 0.014588 0.085697 | 20.23 6.48 15.62 10.70
— 020 0.932693 16.88 0.006699 0.082606 | 23.11 6.21 14.46 9.09
S B7 0.937315 15.66 0.016353 0.074902 | 21.85 5.76 13.32 8.68
) 018 0.956028 27.52 0.011998 0.063308 | 33.06 10.13 17.26 8.74
- 019 | 09400 | 0945382 26.97 0.012920 0.078148 | 26.17  9.92 20.75 12.04
015 G 0.943322 25.44 0.006627 0.079663 | 27.64 9.36 19.40 10.65
016 0.940597 23.39 0.010221 0.081333 | 24.86 8.61 18.80 11.28

* Plot No. (O IXRIRRIER e o oH X B RO X
Oumu block Bifuka Dblock
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Table 6 Standard curves of each growth type
, . - % 2R 50 FEORE | 30 DR
%rit’f %Tff ECons - fﬁ Inflection | Heightat | Heightat
type mark in by point 50 years 30 years
b K a t1 Vi (m) (m)
B I 0.900000 | 0.900000 19.23 0.010400 14.03  7.07 18.85 16.11
I | 0915000 | 0.915000 20.83 0.009602 17.29 7.66 19.72 15.07
M 0.925000 | 0.925000 22.15 0.009029 19.87 8.15 20.14 14.07
L I 0.935000 | 0.935000 24.02 0.008326 23.30 8.84 20.35 12.07
II | 0945000 | 0.945000 26.82 0.007451 28.09 9.87 20.08 10.93
The constants were caculated by the following equations
A; =1.134263—-1.117138b, K- A;
Yo " 1-b

a, =—

; using y0=0.2m

(7 ; growth type)

)
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where S, = Tu, (5,378 = ¥ Xy -5)
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t :yearsof age, O :overstory group, U : understory group,
n; : number of trees in each group,  y : tree height at ¢ years of age,
¥ :average height of all trees at t years of age.
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oA A e R 2 o
Tree Growth Constant Inflection point Error
No. type b K a t1 n %
Plot A
15 M 0.927600 23.14 0.012151 19.75 8.51
11 L. 0.940965 27.44 0.013393 24.02 10.10
14 L.I 0.941619 26.22 0.032269 20.51 9.65
10 LI 0.946339 30.86 0.015062 26.00 11.35
7 L.1 0.940252 28.41 0.011236 24.38 10.45
5 L1 0.951166 30.46 0.021243 26.93 11.21
2 E.II 0.912685 19.30 0.007644 17.36 7.10
8 E.II 0.910787 19.64 0.002540 19.13 7.12
12 LI 0.940514 27.80 0.005939 26.65 10.23
6 L.II 0.941488 24.95 0.015991 23.55 9.18
4 L. 0.944010 28.39 0.002463 217.42 10.45
BB
Average L.1 0.936493 25.01 0.012749 22.45 9.20 1.1
curve
Plot B
1 L.II 0.943884 22.81 0.031755 21.44 8.09
4 L.1 0.932891 21.11 0.001462 27.01 7.73
5 L1 0.950342 36.45 0.003830 34.00 13.25
6 L.a” 0.970185 77.52 0.058073 34.29 28.33
9 L. I 0.942993 21.86 0.031036 21.21 7.73
11 L1 0.973968 110.62 0.062693 38.62 40.47
12 L1 0.978972 169.81 0.069109 46.24 62.18
7 LI 0.957202 37.16 0.011823 34.07 13.61
3 L1’ 0.955894 33.74 0.076187 22.09 12.14
2 L1’ 0.952254 30.74 0.008259 32.05 11.04
BB
Average L.u” 0.960226 40.70 0.003383 42.83 14.97 0.8
curve
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Summary

Tree height has been and continues to be a very useful measure of site quality, though there remains
two questions that stand height growth curves do not show proportionality for each of several different site
qualities, 1. e., they are non-proportional (polymorphic), and that stand height growth is influenced by
factors other than site quality. In this paper the two questions were approached.

I. Classification of height growth curves

Sample trees were taken on 36 plots represented several site qualities in plantations of todo-fir (Abies

sachalinensis MAST. ) in northern Hokkaido. Hight-age data at every year of sample trees were obtained

from stem analysis. GOMPERTZ curve equation, y=Ka?, was used to fit height-age curves of individual

sample tree for describing numerically shapes of its growth curve (Table 4). Calculated height-age curves
were classified into five growth types, 1. e., early stageI, II, middle stage, andlate stageI, II, based on
values of constant “b” (Table 5 and Fig. 4).

II. Analysis on height growth of stand

Height-ages of all trees in two plots having different site quality were measured by climbing. All trees

in plots were grouped into both overstory group and understory group based on changing condition of
variance of the stand height (Fig. 6). Then, intensity of influences of factors other than site quality (e.
g.injury and past suppression) was indicated by divergence ratio n 2 between overstory group and
understory group, which tends to increase in age (Fig. 8). On the other hand, average height of stand was
little different even if trees of which height growth has been influenced by factors other than site quality
were eliminated (Fig. 7). The growth types of individual tree in the overstory of stand were not in the same

(Table 7). Consequently, the mean height at any time is not representative of the average in the overstory
at another time.



