Density Effect on Individual Tree Size
An optimal density observed in experimental stands of Abies sachalinesis MAST
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—1 (1965 )

Table 1. Design of experimental plot in 1965.
No. 1 ha
investigated investigated
distance area number  number plot tree number plot area
among occupancy per ha per plot area per plot
Plot No. trees per tree
(m) () () ()
1 0.50 0.25 40,000 31x 10 78 29x 8 58
310 232
2 0.71 0.50 20,000 22x 10 110 20x 8 81
220 160
3 1.00 1.0 10,000 16x 10 160 14x 8 112
160 112
4 141 2.0 5,000 11x 10 220 9% 8 144
110 72
5 1.58 2.5 4,000 10x 12 300 8x 10 200
120 80
6 1.73 3.0 3,333 10x 12 360 8x 10 240
120 80

At investigation we excepted the individuals of plot edge from those of plot.
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2 (1980 )

Table 2. Outline of experimental plots in 1980

height D.B.H stem volume
stand mean mean
block density clear crown basal
| _ length  length v v max Total area
plot p H Hmax _ _ _
BO LO D Dmax
(number/ha) () () () () (cm)  (cm) (x 10 %) (x 10* ) (nf/ha) ( /ha)
1 31,034 290 5.3 0.95 1.96 325 7.0 27 128 83.29 34.07
2 15,185 460 6.5 1.33 3.20 5.01 9.6 73 244 111.88 33.19
3 8,304 493 7.2 1.41 3.52 6.08 9.2 105 240 87.33 25.66
4 4,444 529 74 1.26 4.02 7.00 113 150 435 66.69 18.63
5 3,650 4,12 7.0 0.95 3.17 5.61 9.6 90 262 32.90 10.38
6 2,708 445 6.5 0.81 3.63 6.46 12.3 115 417 31.03 9.79
1 31,379 3.18 6.2 1.21 1.96 357 75 32 132 98.97 35.88
2 12,840 514 7.5 1.31 3.83 542 9.2 97 266 126.53 33.75
3 6,964 3.65 5.8 1.05 2.60 458 9.2 54 229 37.71 12.87
4 3,264 497 8.0 0.66 4.30 6.57 112 132 398 43.19 12.27
5 2,950 3.96 55 0.68 3.28 572 9.2 84 214 24.85 8.39
6 2,333 3.81 5.9 0.46 3.56 5.13 9.6 74 240 17.27 5.72
1 17,931 433 7.3 1.81 2.43 4.67 9.6 69 317 123.41 35.69
2 12,716 507 7.5 1.66 3.41 551 9.8 95 338 121.70 33.60
3 8,036 425 6.2 1.23 3.01 532 10.2 77 256 62.15 19.85
4 4,524 472 6.7 0.95 3.76 6.03 9.5 104 262 47.23 14.01
5 3,550 6.33 9.7 0.74 571 8.25 14.2 253 853 89.92 21.18
6 2,875 524 7.2 0.88 4.36 7.39 10.9 162 391 46.53 12.84
3
Table 3 Transition of stand density and survival ratio
( /ha)
block stand density surval
I (number/ha) ratio(%)
plot 1968 1980 1980
1965 1968 1980 1965 1968 1965
1 40,000 35,690 31,034 89.2 87.0 77.6
2 20,000 15,625 15,185 78.1 97.2 75.9
3 10,000 8,571 8,304 85.7 96.9 83.4
4 5,000 4,792 4,444 95.8 92.8 88.9
5 4,000 3,650 3,650 91.3 100.0 91.3
6 3,333 3,041 2,708 91.3 89.0 81.3
1 40,000 36,379 31,379 91.0 86.3 78.4
2 20,000 16,000 12,840 80.0 80.3 64.2
3 10,000 8,482 6,964 84.8 82.1 69.6
4 5,000 3,472 3,264 69.4 94.0 65.3
5 4,000 3,150 2,950 78.8 93.7 73.8
6 3,333 2,416 2,333 72.5 96.6 70.0
1 40,000 33,276 17,931 83.2 53.9 44.8
2 20,000 18,000 12,716 90.0 70.6 63.6
3 10,000 8,750 8,036 87.5 91.8 80.4
4 5,000 4,583 4,524 91.7 98.7 90.5
5 4,000 3,550 3,550 88.8 100.0 88.8
6 3,333 2,875 2,875 86.3 100.0 86.3



15

69.4 95.8
18 15 1980
2,333 /ha 2,708 /ha
2,875 4,524 /ha

6,964 31,379 /ha

1
30,000 /ha
30,000 /ha
2
1943
v P
SHINOZAKI KIRA,1956

Ap 1

15
lik L b ]
. TP TN F
8% ook S o
5 rof
; - 4 ,-\-|1 g Blusch III 8 llllf
Himez 0L =
E & ﬁi & Blodk W Pl
Ih. Pl BRI | Lona
3 13* 4 'qu"-l.
o { namber ‘ha )
3 p 1968 1980
Fig .3. Relations between survival ratio
and stand density(p )(1968 1980)
;-I o Bzl 1
& - Hiok 31
"'1' e Bleck W
o o 5 & kL *
i o . y
ik L = \
i .!'_h_
: Bo =i} 50 lega-2.3
I 1 =p. 82
I:IuI d o "ﬁ.l-l-l‘\“?
T e -
I I A L
= i
-“m
i ™
&
I L 1 i a = &
¥ "
o+ L
| L i I ki L
I 10" ax e
i A
g | Mumber Sha b
4 H (BO)
(LO) p
Fig 4 Relations between actual stand

1

density(p )and mean height(H)

mean clear length(B)and mean

crown length(Lo)



[TLF s -0 A
T o Black 1 ‘? -
i 1 o [sek 11 ' -
e * Bleck Wl E:;‘ ' 5
= = -
e 2y s
E
v f s s
W
[ e 1Y -
- . L1 e ]
3” a0 -
4 h" 3
(=] ) -
E U [=]
= - - i
[ - = ki o Black 1
- '
IEE 1 a @ ® Hiach 0
L | - & Hlosk W
B
-
2 Lo vual i i Sl 1 1 o
: 3 E A I [Tid [TELEE Tah]

5 v D p 6
Fig 5 Relations between actual stand density Fig 6
(p )and mean stem volume (U )and mean D.B.H..(D)
2
1
6 12,000 /ha
112 127 /ha
83,99 /ha
30,000 /ha
1
0
3.3 1og ;0 NoO 1
1969 lcm

£ | sumber She )

p

Relations between actual stand density
(p )and stem volume and basal area.

33.2 359 /ha
12,000 18,000 /ha

30,000 /ha
m



Hieek — I Blesk—11 =
*[ Biack— [ Hlozk— II Eleck —IN
Ao T AmiTT (-3 IlE
" - T
marms L | arex L= =

relative freguency

(RENE) W & # B

g ar )
[ . hbr A A
= i EITsE e T L EET] [ =
- = forfTh,  _afifih T 1o
i = T ] A AT A =a _E o bE A iy ~r——
ta ]
#H 5
EE LY - 1red - dnId - - :\‘I.Fl'l '|.: -] | ] I:l-':. -|I - ' B I"|"I :." L B
B II -[..ﬂ [ S
é =. h] LR A el . h E H.
z 4 MED ea o L) LS -
1 ‘ B o=y T3 [y 13
Ei-] ‘ ‘] FRLr |
L
R Bl ZaaE = e =1} -
L
Valume Fia. 8 Frequency distribution of each diameter class

Histograms indicate relative frequencies of odserved
tree numbers and solid curves are relative frequencies
of the expected value from equation 13  Explanation

of figure as in figure 6

ns
ha

Fia 7 Frequency distribution of each

diameter class.
Histograms indicate relative frequencies of

observed tree numbers and solid curves are
relative frequencies of expected value from

equation * **stand for significant

difference at the and level between 8 10 30,000 /ha
observed and expected values while ns
stands for non significant difference at the 5
level. Numbers under histograms indicate actual

stand density number ha

9 17,000 /ha



F
B
=
.
-
d
e
E
H
.
i
-

PMumber of tree | Felative frequency
R M M M
=] L] @ -]

b

TEEE b ameE ETTEE
sk
1 ﬂ] ﬂ
o . ['.".
g 4§ B @ 14 & @ B 48 §W
M e 131 = INTR ®
14

Fig.9 friquency distribution of each height class
Histograms indicate relative frequencies of
observed tree numbers and solid curves are
relative frequenciea of theexqected value from
equation (14). Explanation figure as in figure 6.

Skewnsss

oW k- Blaok— 1
T - Black— 11
@it - B ok 1

[N i1

-
0ab WS -
Height B
Lo
i == -
%
d L]
— 4 e
& -
L]
|_I'--1 r= 1 4 i
1 ik EETTLAE 2T
o | nunber Jha
10
Fig.10 Relations between actual stand

density p and skewness of
frequency distributions of volume
D B H andheight

10



Kikuzawa 1981 Hozumi 1971
a
® U C { I U }ZA-l 7Q-R) ()
U U max 3
1) 4
=p AB nn ) (5)
v v U max p Hozumi
1971 Vi Uin Vi Uin
Vi Uin O v ¢ v du
vi
— 1 0 () 1 Uy t (6)
v a 2 b 7
1/ a " 1 = 8
* a b a h
7 1943 8
1980 8
1/ /N la 1/H* 9
2 7 9
h+2 (hb+2b-1) 2QD +2 + 1
@ ab a - ° 1 10
+QDh h b+1
(p (H) abcpZ/ a 2/ 1 - 2/ b A 1) (1 ) - 2 + H 2 J— 1 QH
1 QH 1 QH
(11
H* - o0 -0 8
a 12
Di, 10

i+1



N(D;Dyy) " @ (D) D

P a 1 o Di +2 B Al(1-A) a(A 1) a Di+1 +2 B Al(1-A) 13

Hi hin N(H;Hi.) 11 Q O

NH,H.) o™ e H) H

— a 1 P2/ H 2/ B MNA  gA )PP/ H,? T B AN 14
b
X 2
18 4=08 0B, 07 08 0.5
1
14 78 12 : 048
67 15 83 (
#
Is
A= 08 OB 0OF 08 a5
Hozumi 1971
[
11 048
H
0.79 0.56 11 A o(D) D, o(H) H
Fig 11 Shapesofthe ¢ D D curve and
12 ¢ H H curve as related to the change
in the value of A
11
12 A
i ﬁ - - il
[ =] = i
= O
E F =
L]
T It L .
a & nmber S ha |
12 A 0
Fig.12

Relation between value of parameter A and
actual stand density(p )



4

Table.4 Parameters of distribution function in each stand densities
P A C a b a
(ha 1) ( 3) 3 AADha (x 10 4
1 31,034 0.7891 0.0027 1.011 x 10% 1.157 0.832 1.123 0.7945
2 15,185 0.7008 0.0073 1.076 x 10° 1.100 0.8513 1.602 0.7744
3 8,304 0.5625 0.0105 1.635 x 106 0.9753 0.8805 1.496 0.6667
4 4,444 0.6552 0.0150 8.510 x 108 0.8340 0.9100 2.024 0.5002
5 3,650 0.6565 0.0090 1.947 x 107 0.9531 0.8873 1.118 0.7471
6 2,708 0.7242 0.0115 2.425 x 108 0.8933 0.9000 1.315 0.6557
1 31,379 0.7576 0.0032 1.491 x 10%? 1.070 0.8543 1.106 0.8320
2 12,840 0.6353 0.0097 2.621 x 107 0.7660 0.9236 1.583 0.7053
3 6,964 0.7642 0.0054 1.189 x 104 1.139 0.8463 1.119 0.7810
4 3,264 0.6683 0.0132 1.335 x 107 0.9785 0.8829 1.403 0.6707
5 2,950 0.6075 0.0084 2.925 x 108 1.182 0.8452 1.031 0.7750
6 2,333 0.6917 0.0074 9.737 x 107 0.8956 0.8995 1.255 0.6805
1 17,931 0.7823 0.0069 8.186 x 10% 0.8916 0.8953 1.317 0.7807
2 12,716 0.7189 0.0095 1.358 x 10° 0.9231 0.8882 1.572 0.6933
3 8,036 0.6992 0.0077 4597 x 108 0.8301 0.9084 1.420 0.6615
4 4524 0.6031 0.0104 2.812 x 108 0.8478 0.9068 1.083 0.8196
5 3,550 0.7034 0.0253 1.529 x 107 0.7683 0.9247 1.608 0.6502
6 2,875 0.5857 0.0162 5.722 x 10° 0.7986 0.9181 1.548 0.6193
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Summary

Experimental stands in order to test the effect of different stand densities on the growth
of Abirs sachalinensis MAST  were established at the experimental forest of Hokkaido Forest
Experiment Station Bibai table fig 1 2 in1965 The stands were investigated in 1980

The survival ratio was lower in the stands of high densities than those of low densities

fig

The mean values of height crown length diameter of burst height and volume were
maximum at the stands of middle densities 2,875 4,444 trees ha and each mean value
decreased gradually toward both high densities 6,694 31,379 trees ha and low densities

2,333 2,708 trees ha figs

As the stand density increased basal areaand stem volume per hectare increased and
reached the constant value in the stand densities higher than 2,000 trees ha But stem volume
per hectare indicated less value than a constant value at two stands in the densities higher than
30,000 trees ha fig

Skewness of frequency distribution of volume diameter of burst height and height
indicated minimum values at the stands of middle densities and the values increased gradually
toward low and high densities  figs 10 The ratio of large individuals in a plot was higher in
the stands of middle densities than those of low and high densities  From
the results mentioned above it is concluded that an optimal density for the growth of A
sachalinensis existed in the stands of middle density

There are three reasons why the optimal density appeared in the stands of middle
densities Growth impediment by interspecific competition in the stands of low densities

Clear increment of stand productivity by crown closure in the stands of middle densities.
Growth suppression by intraspecific competition in the stands of high densities

Utilizing the beta type distribution density function of individual tree weight
equation 2 and the equations 7 9 of the allometries the distribution density functions of
diameter and height equation 10 11 were derived And frequency distributions of observed
stands were well described by these functions figs 7 9  Relation between value of parameter
A and stand density also indicated the optimal density  figs 11 12



