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Table 1. Error Percent:ge in Shorten Measurement.

NEV T
_ Tree No.

IRERTE S

Verticilate 4 5 2 3 4 | 5
~Shoot No.

2

% & & % g

% & & % & & % g g %
6

c E M C E MC E M C E M C E M C|E
g

WL

Ist yr. 12151162 —4.4 9101015 11. 5510507 —0.611141158 3.911421164 1. 9‘1253‘1210—3.5
Leaves

| EAEZE | |
2nd yr. 487 490 0.5 432 487 12.8 — — — - - — 455 484\ 6.4\ 720 683|—5.1
Leaves

Shoot }27952826 1. 140723947 —2.5866861 —0.61621'1548 —4. 922142212} —0. 1'33933307 —=2.5

W% M....E0E, C.... M E...omeEx

Note: M....Measurement value, C....Calculated value, E....Error Percentage
TAEEREIHRIC X o TS ROMEICHE L, & D X 5 a5 TRIE L 7 2SI & » OFEED
ERHBD, 2, 3OWELELFRTRT .

B350 5 ORI Lo CERZR > T bHBEFHE L. KoM &Sz L1, dk
WEZHEL, BEEFELTHBR L Lofc. BEEDEIL, ¥v v 2~ X —THER b LDL, DL L
5 I RO HIED LIS W3 D1k, 0¥ e d LTk * e 2~ 2~ Th L, B4
WEMED LA OISO RT, MEREMBELIH L, L L, TEORT 1954 FENREEI T
LAV DT, FEIC X OTEARREE SR X ) ERL .

BWREER
52 £ AEHoOBS, BIE, REEE

Talbe 2. Ages, Heights, and Densmes of Sample Stands.
WA W BAEKX | AAEAK EJ‘A‘% MOm AREmE
e

Area . Plot No. | Tree No. g Height . Stand Density
! | ! yr. cm ! No./ha
4 11 418 300
5 | | 11 495 | 900
5 2 10 432 ‘ 900
3 1 12 465 1700
3 2 12 482 1700
9 12 496 4500
10 2 12 493 5900
- 10 1 ; 11 473 8200
LB 2 1 12 525 15000
Samuraihama 2 2 13 529 15000
1 | 12 522 22000
1 2 13 537 22000
‘ 6 1 12 543 30000
6 2 14 508 30000
8 1 13 485 32000
8 . 2 1 13 ‘ 466 32000
2] =
_‘ZMean ? ‘ 492
1 | 14 720 400
6 ! 13 805 . 1000
3 13 755 2300
— 7 B .
. . 2 13 935 5000
Ichinoseki 4 13 660 25000
# 775

Mean i ) i
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Fig. 1 Yearly increment of bole volume. (per one tree)
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Ll | | v S BRE
R Slir= atio of Diameter a
sty ‘J‘E’Xﬁﬁxh{a}é’{ WS AR e # Breast- | Width )Growth 1/2Height tO D.B.H.
‘Area Plot Stand D. il Clear | Live |Height| of [Ratio at19544 1953$ 2=
No. | density "7 Length | Crown | Form |Annual | Breast ‘ n in ‘ Diffe-
Ratio | Factor | Ring ‘ Height 1954 1953  rence
no./ha cm cm % mm % [
4 300 8.7 8 98 0.712 8.0 25 0.58 ' 0.67 —0.09
5 900 8.6 20 96 0.685 7.6 23 0.65 | 0.66 = —0.01
3 1700 8.3 80 | 83 0.697 5.7 17 | 0.64 | 0.65  —0.01
%O 9 4500 6.6 140 72 0.695 3.9 14 0.75 0.75‘ 0
Samurai- 102 5900 6.7 143 71 C.674 4.6 17 0.75 | 0.75 ‘ C
hama 101 8200 6.1 199 58 0.687 4.7 19 0.81 0.78 "' 0.03
2 15000 6.0 246 53 0.670 3.1 ) 12 ] 0.80  0.80 0
I 22000 5.3 | 208 | el ' 0.647 | 2.6 12 0.8 080 0.02
6 30000 4.1 296 44 0.664 1.4 7 0.85 | 0.83 0.02
8 32000 3.9 [ 235 | sl - 0.677 ‘ s |9 | 0.88 | 0.81 | 0.02
1 400 | 14.9 195 73 ) 0.435 | 7.2 12 0.60 } 0.62 | —0.02
— 7 6 1000 12.2 1 250 | 69 0.583 6.8 13 0.72 1 0.76 . —0.04
Ichino- 3 2300 9.2 320 58 0.620 4.8 13 0.77 | 0.81 ' —0.04
seki 2 5000 7.6 535 43 0.611 2.5 8 0.84 | 0.82 ‘ 0.02
4 25000 4.2 365 45 0.643 1.2 6 0.85,0.82 ' 0.03
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MEERCGTAESRTLDRIES L Y SHORTEDD, ThEEARL LTI TLLRTRS L,
BEOHEME LI T S Tivbb, BEOKRWAIIIALST L, BEOE WHIIIALK W\,
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An Analysis of Pine (Pinus densiflora) Stands in the Thicket Stage based
upon Different Stand Densities.
Katsumi SAXKAGUCHT, Kyoozi Do1, Takashi Axpo and Hidehiko FUKUDA

(Résumé)

As one of the writers has mentioned previously?'’, it is important to manage forests
efficiently so as to have the most economical value for a certain managing purpose. There
are various economical purposes, so the structures of forests which are most valuable for
the purpose are also various.

The structure of a forest is affected by a number of factors. In the crowded forest,
the penstration of light through the crown is less, the stem diameters are smaller, and the
clear length of stems are longer than in the dispersed forest. Therefore, it is interesting
to determine the relationships between stand density and the other factors which typify the
forest structures.

These relations have been observed and investigated from far back in the past. For
instance, in Japan, the yield and the structures of forests which were planted in various
stand density in 1904, have been reported by KAwADA™®, Sara, Osurro & Kotke®, and
KAWADA & KANAYA!”, SENDA et al.?”’, and SAT0O0, NAKAMURA & SENDA®* have discussed
the growth and structures of forests in similar expsriments. In Western countries, BAKER"
has discussed the relation between the yield and density of natural regenerated forest of
Ponderosa pine, and REINEKE?’ has reported the relations between stand density and
diameter of even-aged forest.

In addition KTRA et al.l!’!'®)'®) have investigated the relations between the density and
the growth of agricultural crops, and discovered a law applying to the intraspecific compe-
tition in plant population.

Even though forest treas could not be made an exception to the general law about plant
growth, they have been affected by complicated factors during the longer period. With
this in mind the writers have pursued these investigation to explain the growth and
structures of forests, and to contribute towards facilitating forest management practice.

This investigation was carried out at the two areas in Iwate Prefecture from November
11 to December 13, 1954. In both areas, youung Japanese red pine (Pinus densiflora) stands,
naturally regenerated, ware left untouched. Sample plots were set in these staunds.

The ages, heights and densities of sample stands are shown in table 2. There were
some differences in the ages and heights, but it was not possible to make them equal.
These phases of stands are shown in photographs 1—16. The stand density at that time was
measured, but its changes up to that time are not evident. Therefore, mainly the rela-
tionships between yearly growth in 1954 and measured stand density are discussed in this
paper.

1. Yearly increment and volume of leaves. The relation of yearly increments of stems,
branches, and total (stem+ branches) to the stand density are shown in figures 1—6, and
the volume of leaves in figures 7 and 8. Figures 1—3 and 7 show these volumes per one
tree, and figures 4—6 and 8 per unit area (he). In the case of psr one tree, when the
stand density is smaller than 1000 trees per ha, these volumes are nearly constant, and when
the stand density is larger than 1000 trees per ha, they decrease with the increase of stand
density. In logarithmic graphs, these relations become almost linear. In the case of per
ha, the correlation lines are inflected at the density of 1000 trees per Aa. In view of the
above mentioned facts, it seems in these stands that the competition among trees does not
yet appear in the region where the stand density is smaller than 1000 trees per ha. When
the stand density is 1000 trees per ha, the mean distance between trees, which is about
3.3m, becomes 40—60% of tree height.

2. D.B. H., clear length of stem, and breast-height form factor. These values are
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given in table 3, in order of the measured stand density. It is clear that D. B. H. decreases
and clezr length increases with the increase of stand density. The breast-height form factor
increases with the increase of stand density at Ichinoseki, but there is no upward tendency
at Samuraihamia.

3. Width of annual ring at breast height. The width of annual ring at breast height,
which has grown in 1954, decreases with the increase of stand deunsity, and the growth rate
to D. B. H. is similar.

4. Grade of tapering. The grade of tapering, which is expressed by the ratio of the
diameter at 1/2 tree height to D. B. H., decreases with the increase of stand density (table
3), and the value, which subtracts the grade cf tapering in 1953 from the one in 1954,
changes from negative to positive at the density of 4000—5000 trees per ha (figure 15).
Therefore, it is understood that the boles are apt to become tapered at lower density; but
if the stand is left intact, this converting point will move from higher density to lower
with increased intensity of competition.

5. Rztio of the bole volume to the total (bole+branches) in yearly increment. This
increases with the increase of stand density, and the value becomes near 0.9 at the density
of over 1000 trees per ha. In this region of stand density, it is not found that this value
becomes constant as is the case in Mashiko. (figure 16).

6. Ratio of volume increment to weight of leaves. The ratios of total (bole+ branches)
volume increment to 1 g. leaves are shown in figure 17-a. This value shows the productivity
of leaves. At Ichinoseki, it decreases with the increase of stand density, but at Samurai-
hama, it seems that the maximum value exists at the density of 4500 trees per ha. The
ratio of bole volume increment to 1g. leaves increases with increase of stand density at
Samuraihama, and is nearly constant at Ichinoseki. In the case of Mashiko, this value
becomes the maximum at a certain stand density. SAT00, NAKAMURA & SENDAX’ are of
the opinion that this value of bole volume seems to increase with the increase of density.
In fact the productivity of a unit volume of leaves varies with the factors which are
related to the location of leaves in the crown, i.e. the light intensity, the age of leaf, and
the other internal and external conditions. After these conditions for leaves were made
clear, the real productivity of leaves could be obtained. Thereafter, the above value should
be discussed.

7. Distribution of assimilated substances of leaves to the stem. Figure 18 shows the
vertical distribution of the yearly increments; boles are given at the right, and branches
at the left. From figure 18, it is clear that the location of the half line, which indicates
that the volume above the line is equal to one below the line, becomes higher with the
increase of stand deansity, and that the leaves of from top to the layer with the greatest
part of leaves, mainly control the bole increment.

8. Relation hetween D. B. H. and the volume of leaves. Figure 19 shows the relation
between D. B. H. and the fresh weight of leaves. The inclination of the “MA” line is
more gentle than the other lines. In each case of these lines, “SA”, “S”, “I”’, and “M”,
the age of the stand is nearly equal, and the stand density has a wide range. Therefore,
the lower density stands locate on the left side of these lines, and the higher density stands
on the right. On the other hand, the stands investigated by MARUYAMA & SATO', are
national forests which have been managed by the general working plan. Then, on the left-
hand side of the ‘“MA’’ line, younger stands locate, and on the right, older stands locate.
Even if the D. B. H. is equal, the volume of leaves disperses widely. Therefore, when the
volume of leaves is computed by D. B. H., as in the method of YAMA0OKA®" or KITTREDGE!’,
it will be noted that the volume of leaves has a high correlation to the stand deunsity.

9. Sum of basal area. The sum of basal area per ha increases with the increase of
stand density, as shown in figure 20, and the inclination of the lines becomes more gentle
with the increase of the height.

10. Sum of surface area of boles. The sum of surface area of boles (inside bark) per
ha increases with the increase of stand density, and in spite of the stand age, the inclination
of line is nearly constant (figure 21).
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Phot. 3 Samuraihama Plot 4.
Panoramic view of Samuraihama area. (1) Stand Density 300 trees/ha.

Phot. 2 Phot. 4 Samuraihama Plot 5.
Panoramic view of Samuraihama area. (2) S. D. 900 trees/ha.
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Phot. 6 Samuraihama P
S. D. 4500 trees/ha.
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vPhot. 7 Samuraihama Plot 10. Phot. 8 Samuraihama Plot 2.
S. D. 5900 & 8200 trees/ha. S. D. 15000 trees/ha.
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Phot. 9 Samuraihama Plot 1. Phot. 10 Samuraihama Plot 6.
S. D. 22000 trees/ha. S. D. 30000 trees/ha.

Phot. 11 Samuraihama Plot 8. Phot. 12 Ichinoseki Plot 1.
S. D. 32000 trees/ha. S. D. 400 trees/ha.
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Phot. 13 Ichinoszki Plot 6. Phot. 14 Ichinoseki Plot 3.
S. D.1000 trees/ha. S. D. 2300 trees/ha.
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Phot. 15 Ichinoseki Plot 2.

Phot. 16 Ichinoseki Plot 4.
S. D. 25000 trees/ha.



