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The Mechanism and Function of Tree Hoot

in the Process of Forest Production I

Root biomass and distribution in stands

Noboru Karizomi™

Swmmary > In this issue, the root biomass of the model stands in the nursery, the part
biomass per tree and per ha of each sample stand and those ratios in the ordinary planted
stands, and the horizontal and vertical distribution of root biomdss, were studied in relation
to the envirenmental conditions such as the growth of stands, planting density, soil condi-
tion, and w0 on

The root biomass per ha was 40 to 60 tons in the ordinary stands. That of fine root
was the largest, 1 ton, for Ch, sbfusa and 0.1 ton for P. densifiora. The fine .zoot biomass,
directly related to the root-fuociion goss up in the young stands and down in the matured
stands,  This relation agreed to the change of growth in this pericd. These phenomena aré
very interesting,

P densifiora and L, leptolepis were of dispersion-root type horizontally, €. jeponice and
Ch. obtusa of conceniration-root typé; and vertically, L. leptolepis and Ch. obtusa of flat-root
type, C. japonica and P. densiffora of deep-root type. This result of inspection demands the
semi-logarithmic formula and the Gram-Ceaver’s equation to be used in analysing a variation
curve of the root density, horizontal and vertical
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1. Imtroduction

The methods of investigation and estimation of the root biomass and the outline of the
sample stands, have been reported already in the report of Gov. For. Exp. Sta. No, 2599, The
interrelationship between the root biomass and the root density estimated on the investigation
of the standing biomass of stand and the soil conditions in relation to them has been reported

in this issue.
II. Sample stands

The stand 54 of C. japowica, the stand 8 of Ch. obtusa, the stand 12 of P. densiflora, and
the stand 29 of L. leptolepis have heen investigated with the purpose of the study and the
methods reported in the previous issue®. The situations and site conditions of these stands
are shown in the Appendix-Table 1, and the average standing biomass of the sample trees of
those stands in the Appendix-Table 2 on the preceding No. 259, The author actually drafted
the detailed data concerned with the standing biomass and production of each sample tree,
but partly for reasons of space finally decided not to include them, This issue, however, has
been based on those data, ’

1II. Representation of the structure of the underground
part and the distribution of the root biomass in the
model younz forest by nursery experiment

The method of measuring each factor and its accuracy for analyzing the structure of
the underground parts have been mentioned thus far. In the following chapters the structure
of the underground parts in forests will be analysed according to the above-mentioned methaod

and factors. Iis relation to the growth of forest will be dealt with. The ordinary forests



have such different nursing conditions as site conditions, stand densities, and the conditions

growing with them. [t is, therefore, difficult to examine the struciure of the underground

i

parts on a given condition. The horizontal distribution of the root bivmass, for example, differs
from one tree to another. As, however, the root systems intermingle with one another in the
ordinary forests, it is dithcult to know the properties of distribution of the root systems of
each tree as an isolated tree. In addition, the different site conditions there, as before, cause
the conditions of growth to vary extremely, making it is difficult to discern clearly the effects
of density on the distribution of the root system.

So prior to the study of the structure of the underground parts in the ordinary stands,

the model stands, dense and sparse, of the main spe such as C. japonica, Ch. obtusa, P.
densiflova, and L. leptolepis, were set up in the nurseries under the uniform soil conditions
(. japowniva stands with 156 to 20, 400 trees per ha were picked out and Ch. oblusa, L. lepiolepis,

B densi flova

inds with 156

es were done respectively), Then we tried to determine the
distribution of the root system, horizontal and vertical, under the isolated conditions and the
distribution of the root biomass in a sparse stand.

The investigation backs up that of the existing stands as will be mentioned afterwards.
It Is possible to know the properties of the distribution of the root biomass of every species,
for all that was done in these immature stands.

in this chapter we try to make clear the distribution of root biomass divided into two

groups, the stand under the isolated conditions and the formation group.

1. Isolated tree
Sample stand : Forests of 6-year-old C. japonica, Ch. obtusa, P. densiflora, and L. leptolepis
Lovation @ Asakawa nursery

Seil condition : Moderately moist Kanto loam soil

Number of the sample trees : 5 per speci

Growth condition of the sample trees : Moderate growth, their heights, part biomass of the
under-and-aboveground parts, T/R ratios, and the maximum depths of the root system are
shown in Fig. 20.

Density @ 156 trees per ha and per species, The distance between the sample trees was 8 m
wide and almost ne intermingling roots were recognized.

Process : Horizontal divisions are from [ to 8, divided by the concentric circles drawn at every
50 e up to 4m in radius as shown in Fig. 1. Vertically, soil horizons I and 11 were divided
at every 15om in depth and the other lower soil horizons at every 30cm in depth. The
root biomass were measured at every horizontal and vertical sample division,

The sample divisions were far finer than those of the ordinary forests, but the methods
of measurement were taken exactly in the same way as in the ordinary ones.

1) Horizontal distribution

The average root bicmass at every sample division has been measured. Although the root
density was high, the root biomass was small in horizontal division 1 near the root stock as
the investigated area was narrow. In horizontal division 8 the root biomass was small, though
the area was investigated widely. The distribution of the root biomass of all species reached
to the maximum in horizontal division 2. This is shown in Table 1 on the fine roots of sach

species according to the detailed data.

This tendency is clear in the upper parts of soil horizons I and I In the lower horizons
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Fig. 1 BSampling unit to investigate the root
biomass of an isolated tree.

the root biomass becomes larger in horizontal division 1, closest to the root stock. The biomass
of the roots larger than a large root, are distributed there even in the surface soil lavers as
well as in the lower soil horizons. Each ratio is shown in Table 2 when the total biomass of
the fine roots is to be 1. According to the table, in horizontal division 1 each biomass of the
fine roots was distributed at 20% of the total root biomass for C. jeponica, 18% for Ch. obtusa,
13% for P. densiflora, and 179% for L. leptolepis. -Hence it is that the root biomass near the root
stock is larger for C. japonica and smaller for P. demsiflove than for other species.

As already mentioned, most of the root biomass was distributed to horizontal division 2.
Each ratio of the distribution of root biomass was 24% of the total root biomass for C. japounica,
23% for Ch. obtusa, 22% for L. leptolepis, and 18% for P. densiflora. On the other hand, in
horizontal division 8, farthest away from the root stock, each biomass of the fine roots was
distributed at 4% of the total root blomass for . japonica, 11% for Ch. obtusa, 16% for P.
densifiora, and 139% for L. leptolepis.

This change occurred between horizontal divisions 5 and 6. The root biomass of P, densi-
flora were distributed to horizontal division 1 to 4 in a lower proportion than those of C
japonica and Ch. obtuse, whereas they were distributed to division 5 or 6 in the higher pro-
portion of 4 to 5%. The change of those of L. leptolepis took place in horizontal division 6.
The distribution ratios to horizontal divisions 1, 2, 3, and 4 were 77% for C. japowice, 68%
for Ch. obtusa, 649 for L. leptolepis, 51% for P. demsiflore showing the maximum of the
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Table 1. Fine root biomass in sach horizontal division (g)
. Horizontal :
.. division i 203 4 5 & 7 8 Total
C. japonica 26 a2 2% 1 a4 w | o8 7 130
Ch. obtusa 40 51 TR T 20 11 16 23 218
P, densiflova i3 2,00 1.0 1.0 2 0,9 1.2 1.8 10. 4
L. lepiolepis 7 9 6 4 2 13 4 5 40
Table 2. Ratio of the fine root biomass in each horizontal division io the
total fine root biomass, when the total biomass is to be 1 (%)
Horizontal ;
~... division 1 2 3 4 i [ | 7 3
Species T ; |
C. japonica 20 A S 8 6 5 4
~ ) ! 5 o .
Ch. oblusg 18 25 i 9 50 7 11
P. densiflove 13 £ 10 Hal 12 9 12 16
L. leptolepis 17 15 10 5 8 10 13
Table 3. Ratio of the fine root biomass of €. jeponice in each horizontal
division to the total fine root biomass in each soil horizon, when
the total biomass is to be 1 (%)
_ Horizontal |
T division 2 3 4 5 i é 7 8
Horizon e - f
1 17 23 9 i 5 a 6
i 23 16 7 13 e
i 22 22 0 e e L - - —
v 50 - e - —
1% 50 e — e I S —
Total 20 24 22 11 8 é 5 4
Table 4. Ratio of each root blomass in sach horizontal division
to the total root biomass (%)
.. Horizontal I
Root .. division ! 2 4 5 & 7 g
clagst |
i
f 20 24 22 1t 8 ! 6 ) 4
$ 24 78 18 12 6 | 4 4
m 21 37 15 10 T —~ ~
1 1o T T R — e ‘ ..... . o

harizontal distribution.

The distribution ratios

Table 3.

of the fine roots of C. japonice at every soil horizon are shown in

As the soil horizons go down lower, the root biomass distribution decreases in the order

of the horizontal divisions farther away from the root stock.

It was only recognized within

horizontal divisions 1 to 6 in horizon II, within those up to 3 in horizon III, and within those

up to 2 in scil horizons IV and V.

i1 and 1L

It showed a great horizontal change between soil horizons

For the root biomass distribution changes suddenly according to the change of the
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soil properties at the depth of 40 to 50 em. In soil horizons I to 1II, the root biomass goes up
in horizontal division 2 at the depth of 50 to 100 cm as the soil horizons go lower. The dis-
tribution ratio was 20% in soil horizon I, but 56% in soil horizon III; it increased by 36%
between them. There was no root distribution in horizontal divisions 4 to 8 of soil horizon 111

The distribution ratio increased by 50% in horizontal division 1 of soil horizons IV and V.

This relation is shown in Table 4 when applied to each root class of C. jeponica. As it
increases in size as shown there, the distribution of the root biomass becomes narrower from
the farther horizontal divisions in the order. The medium roots were observed to distribute
only within the divisions up to 6, and the large root to distribute only within the division up
to 1. As shown in Table 4, the fine and the small roots made similar distribution, but the
medium and the large roots made much different ones.

(1) Root density )

Fig. 2 shows the root density (the root weight per soil of a cubic meter) calculated from
the root biomass and the soll volume in each division,

In soil horizon I, the densities of the fine roots of C. japonica were 127 g/m®™, the highest
of all in horizontal division 1, 48 in divisiord 2, and 34 in division 3. Hence it goes down rapidly
as the divisions go farther away from the root stock.

A similar tendency holds true in the case of the fine roots in soil horizon II. And the
tendency of decreasing horizontally becémes clearer as the soil horizons go lower. As concerns
the fine roots of C. japonica, Ch. obtusa, P. densiflova, and L. leptolepis, Fig. 2 shows the changes
in root density at soil horizons, and the ratio of root density in each horizontal division to
that of 100 of horizontal division as the changing ratio of the root density. As is clear from
Fig. 2, the root density of every species increases to the maximum in horizontal division 1
nearest the root stock and decreases, describing a slow-curved line in inverse proportion to
the distance from the root stock. As the soil deepens, the gradient of this curve becomes
steeper and the root density decreases in an almost straight line.

‘This tendency of decreasing horizontally differed from species to species. The root density
in horizontal division 2, for example, of C. japonica decreased by 38% and that in division 3
by 27% of that in division 1. That of Ch. obiuse decreased by 47% in division 2 and by 24%
in division 3, that of P. densiflora by 56% in division 2 and by 24% in division 3. In the case
of P. densiflora it was by 56 % in division 2 and by 28 % in division 3. The root density near
the root stock becomes lower in the order of C. japonica, Ch. obtusa, L. leptolepis, and P. densiflora.
The gradient of the abovementioned slow-curved line becomes steeper in the same order in
the change of the root density at the distance of 100 ¢cm and farther than that from the root
stock. Besides, it is observed that P. demsiflora and L. lepiolepis distribute the fine roots more
widely to the divisions far from the root stock than C. japonica and Ch. obfusa do.

This tendency, however, has no relation to root density. For example, the maximum
densities of fine root in soil horizons I were 127 for C. japonica, 212 for Ch. oblusa, 4 for P.
densiflore and 25 for L. leptolepis. That for Ch. obtusa was more than 50 times as high as that
for P. densiflora. P. densiflora, however, which has a lower root density, makes a rather gentle
changing curve. Besides, the root density is high even at the parts far from the root stock.
It is likely that the horizontal distribution of the root system indicates the character of species

regardless of the biomass of the roots.

% g/m3s are omitied hereinafter.
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Table 5, Horizontal

f
100 Root class 8
m

C. japonica
Ch. obtusa
P. densiflova
L. leptolepis

Species

i

. \ Horison b

b it

\1——% v
O .

ROOT DENSITY

£3=
e - e

= T R i To sum up: C. jeponica and

DISTANCE FROM THE ROOT STOCK Ch. obtusa belong to the so-called

Fig. 3 Horizontal change in root density of each intensive-root type with high root

root class (C. japonica, horizon 1). density and comparatively many

fine roots near the root stock; F.

AN densiflora and L. lepiolepis belong

\ to the extensive-root type with few
e AN ' and widely spread fine roots.

o \\ \\ - The change of the density of

the small, medium and large roots

was observed in the same way.

The small reot showed similar

distribution with that of the fine

o — root; the difference among the

Croponics species was clear. The medium

and large rvoots, however, were

mostly distributed around the root

Lo leptolepis

ROOT DENSITY

stock; the difference among the

i . © species was vague. Hence it is
‘‘‘‘‘ z \ A Pde
£ B o & .. S derisiflora ) . .
- B . that the characters of the distribu-
a

tion of the root biomass are easier

55 o6 TaE0TEOG Tasy 300 380 ¢ 400cm and clearer to ohserve in the fine
DISTANCE FROM THE ROOT STGCK

- . and the small roots than in the
There are many roots growing far from the root stock,

The more exiensive root-typed the {ree is, the nearer to large roots,
the root stock the critical point is,

Fig. 4 Horizontal change in fine root density

(2) Representation of the de-
) creasing curve of the root density
of the typical species in horizgon L . .
; Things can go well for ana-
lysis of the root biomass distribution if such changing curves of root density as shown in Fig.

2 be expressed by a given equation. A few methods are taken here to express this curve.



change in root density expressed by the semi-logarithmic equation

Sat S Sxy a b (?:3?%?5& V;r}iat,i.()rz ‘fuwmhli:icm
eviation %C_’C“C'("'mf‘m&ﬁicieﬁt
5, 316435 0. 170166 0.1806 | 0.9476 |
3. 605988 02226210 01920 | 0.og05 | & Japowica,

Horizon 1

90811

0, 043790, 0.0438 0. 9892

- G74. 7l 0. 1606 (1, 9476 |

461, 0698 2. 3, 004391 0, 1396 0.9014 Fine root,
- 228, 86480 1, 08514( 5. 5509 0, 7762 Horizon 1
=379, 01900 1L 367915 0, 2632 0. 8874

- 574, 2.153561 0, 1606 0.9476

N 248, 75 1. 78200010,
I 30, 6914) 1, 134873
3 15,0818 0,908030

0. 1981 0,9115 | C. japonica,
2, 0906 0.0816 | Fine root.

2. Semi-ogarithmic squation

Great effort was made to express the horizontal change of the density of the fine roots of
every specles in soil horizon 1 by a logarithmic diagram or a semi-logarithmic one, After
due deliberation it was concluded that the former was of no use. When the distance from
theé root stock is drawn as the horizontal axis (the X-axis) in an even scale and the root
density as the vertical axis (the Y-axis) in a logarithmic scale, the change is to be expressed
by a nearly straight line. From this it is to be supposed thai its regression coefficients show
the tendency of the change. But as is clear from Fig. 3 and 4, the semi-logarithmic diagram
works well within the horizontal distance, 50 to 200 cm far from the root stock where the
change is great, but not in the area outside this, where the change is very slow. It follows
from these facts that this semi-logarithmic equation holds true in expressing any part but
the slow-curving parts coming up to over 200 cm.
b, Representation of the changing curve of root density in every root class

Let us apply the distribution curve of the root density of the fine, small and medium roots
of C. japomica to the semi-logarithmic graph. The result is shown in Fig. 3. 1t is evident
from this fgure that the regression line tends to hecome sﬁ;eépcr downward as the- root
becomes larger.

This fact, as already mentioned, verifies that the biomass of the thick roots are larger
than the fine roots near the root stock, decreas

ng rapidly as they go farther away from it
This relation is to be expressed as follows:

¥ Root density (g/m?®), x ! Distance from the root stock (vm)

Table 5 shows the constant coefficients and errors calculated by this regression. According
to the table, the difference between the coefficients of the fine and small roots was extremely
small; whereas the difference between those of the small and the medium roots was large.

Every coeficient of correlation of this equation gets up to over 90%. The errors, however,
were rather large, 10 to 20%, because not many samples were measured.
¢. Difference of the changing curves according to species

Table 5 shows the density of the fine root of each species in soil horizon 1 calculated by
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the same method. The gradient of the regression line got gentler in the order of C. japonica,
Ch. obtusa, L. leptolepis, and P. densiflora. The coefficients of regression were —0.0055 for C.
Japonica, —0.0044 for Ch. obtusa, —0.0036 for L. leplolepis and —0.0022 for P. densifiora. The
coefficients of variation ranged from 14 to 26% and the coefficients of correlation ranged from
77 to 95%.

d. Horizontal change in root density according to every soil horizon

The horizontal changing curve of the root density goes up gently in soil horizon 1 and
down steeply near the root stock in the lower horizons. This is shown in Fig. 5, the semi-
logarithmic graph.

The coefficients, as shown in Table 5.are —0.0055 in soil horizon I, —0. 0057 in II, —0. 0061
in 111, and —0.0020 in IV. That is to say, the coefficients of regression become gentler and
the gradient of the regression lines becomes steeper as the soil horizons go lower; and besides,
the root density becomes higher in horizontal division 1 as the soil horizons become lower.
Little difference is recognized between the regression coefficients in soil horizons I and IL
In the soil horizons below them, however, the difference shows a rapid rate of increase.

In addition, the pattern of the horizontal distribution of the root system changes greatly
at the depth of 40 to 50cm. The coefficients of variation of this regression are 16% in soil
horizon I, 20% in I, and 26% in III. In brief, they increase hand in hand with the lowering
soil horizons. A great change was here also recognized between soll horizous II and IIL

The regression line of the semi-logarithmic diagram is divided into two lines, one with a
gentle incline and the other with a steep incline, bending at the slow-curved part.

This bending point in the horizontal change of each fine root in soil horizen I, as shown
in Fig. 4, was about 250 cm away from the root stock of C. jepenica and Ch. obtusa, 200¢cm
away from that of L. lepiolepis, and 150 cm away from that of P. densiflora. "To sum up, the
semi-logarithmic lines of L. leptolepis and P. demsifiora go down with the steeper gradient
within the distance up to 100cm from the root stock, but with the gentler one beyond that.

The farther the bending point is away from the root stock, the wider the root biomass
is distributed near it. The closer it is to the root stock, the wider the root biomass is distri-
buted far away from it. It is, there-
fore, possible to know the character

of the root distribution from the

100 } g/m
A \\ HORIZONS 1= W position of the bending point of the
{ \\ . semi-logarithmic diagram.

\ \ Let us examine the horizontal

changes of the root density of (.
japomica in every soil horizon, We

. find out thereby the bending points
\v_‘—\:‘ in soil horizons I and II but not in
t 11l and below. Furthermore, it is

evident from the figure that the

ROOT DENSITY
5
s
y

N
W i slow-curving parts exist in the
¢ L x s L . N o - o i 5 g

¢ e & o 5 5 5 F Tl former and not in the latter when

DISTANCE FROM THE RO . T . -
PISTANCE FROM THE ROOT STOCK the root density decreases horizontal-
“ig. 5 Horiz i root it . o . )
Fig. 5 Horizontal change in fine root density ly. Briefly, in the latter, the root

of €. japomica in each soil horizon. density decreases -rapidly farther
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Table 6, Vertical distribution of fine root biomass

Hunm o ' C. japonica Ch. obtusa P. densijlora L. leptolepis
{ l gk gr)E 167 ( 76) 7o4 (71) 30 (74)
I ! ar o (z24) 2 (19) 1.9 (18) 7 (18)
il 9 (7)) 7 (3 o6 (6) 2 {8
v a2 oD 04 (4 1)

v (2 PO 01 (D
Total | (100) 218 (100} 10,4 (100) 40 (100)

w g, w96

from the root stock, )

This is clear even from the locational change of the bending points according to the root
class of C. jaeponica in soil horizon 1 o

There are the slow-curved parts in the fine and the small roots but not in the medium
roots,  This makes clear the characteristic difference between the distributions of the root
density of the former two and those of the latter one.

From the analysis of the horizontal distribution of the voot biomass and the root density,
it is clear that the root svstem distributes broad when it is far off from the root stock in the
case of P. densiflova of L. leptolepis, while it distributes breoad when it is near it in the case
of C. japonica or Ch. ebtusa. This explains a clear difference in the character of the horizontal
disiribution beiween them. Particularly, the rool system of P. densifiora has the character of
absorbing nutriment or water even in the area far away from the root stock owing to the
horizontal extention.

The horizontal extension of the root system decreased as the soil horizons became deeper,
and rapidly so below 30 cm in depth, It was also found that the root biomass of the large
and the very large roots was closely concentrated around the root stock.

23 Vertical distribution

Table 6 shows the vertical distribution of the root biomass of all the species and every
part of the isolated trees as above-mentioned. This table shows the distibution and the ratio
of the fine roots of each species in every soil horizon as shown in Table 6.

It is clear from this that P. densiflora and C. japonica are of the deep-root type with the
root biomass much distributed to the lower soils, while Ch. obtusa and P. densiflore are of the
shallow-rooted type with the root biomass maldistributed to the surface soils.

{1} Representation by the semi-logarithmic diagram
4. Species .

Table 6 is drawn as Fig. 6. According to the figure, the root biomass decreases rapidly
down to a given depth and then slowly in the lower soils, For this veason it is very difficult
to comprehend such decreasing curves systematically, 5o here again as in the study of the

horizontal distribution, these curves are put into a semi-loga

thmic graph (Fig. 7). According
to the figure, they become straight lines to ceriain depths where they bend into straight lines

with less acute inclines,

This relation to the biomass of the fine roots of every species is shown in Fig. 7. As is

clear from the figure, every species has this point where the gradient changes at the depth

of 60 to 80cm. The coeficients of regression became smaller in the order of the Increasing

ratio of root biomass to depth, that is, in the order of Ch obtusa, L. leptolepis, F. densiflora
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This tendency is vague in the case . .
and root density of each species.

of the medium and the large roots.
The regression line of the large root bends downward in the soil horizon Il in contrast with
that of the fine root (Fig. 9 and 10).
b. Root class

Fig. 11 shows the distribution of the root biomass according to every root class by depth.
The gradient of the semi-logarithmic
graph became less acute as the root
system  became larger in diameter
from a fine root to a medium root.
The lines of the fine and the small
rvoot bent upward at certain points
around the depth of 60~80cm, while
that of the medium root bent down-

ward.

The line of the large root also

oL prolepis bent downward at the depth of about
\\. 20cm. And at the same time, it was
T ° found that every root-size has its own

N\ way of distribution.

¢. The vertical distribution of the

! . - s . . root biomass in each horizontal
15 ) - 50 a6 120 om
DEPTH . division
Fig. 8 Vertical distribution of the small The tendencies of the horizontal

root biomass. distribution, as already described in
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Fig. 10 Vertical distribution of
the large root blomass,
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. Fig. 9 Vertical distribution of
DEFTH ' - e the medium root blomass.

the section dealing with the horizontal distribution, are different in each soil horizon.  Simi-
farly, the vertical distributions of the root biomass are different in each horizontal division.

The vertical change of the hiomass of the small roots in every horizontal division is shown
in Fig. 12, a semi-logarithmic graph. As shown there, the gradients of the graph of the root
stock in horizontal divisions 1 and 2 near the root stock are not so steep, and the root blomass
has a tendency to decrease slowly. In horizontal divisions 3 and 4, however, the gradienis
become steeper. Hence it is that the root weight decreases rapidly as the soil horizons go
lower,

In horizontal divisions 1 and %, where the roots are distributed to the deeper soils, the
regression line bends at a depth of
40 to B0cem.  In other words, the
character of the distribution of the
root. biomass changes here.  The
above-mentioned relation was also
expressed on root density by a semi-
logarithmic graph. The reader may
refer to Fig, 18,

2.  Distribution of the root

biomass in a communily ; S )
The question dealt with so far - . S e
has been how a tree makes the root
biomass distributing on an isolating T
condition. Here, we go into the argu- . ) . .
ment how a tree distributes the root -
biomass horizontally and vertically, Fig. 11 Vertical distribution of each

when the root system of it inter- root biomass,



mingles with that of another.
When a tree is in a position of
isolation, the root density goes down
rapidly as it goes farther from the
root stock. The root density of a
tree growing in a dense community
has, however, a tendency to be equa-
lized at each part of the forest floor
due to intermingling between root
systems. Hence it is that the root
density of the tree growing in high
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Fig. 12 Vertical distribution of the small
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root biomass of C. japonica in
each horizontal division.
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Fig. 18 Root density of each horizontal
division in each soil horizon.
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Fig, 14 Total blomass and tree density.

density decreases vertically more
rapidly than that of an isolated tree,
as the root systems intermingle with
one another remarkably in the
surface soil horizon.

An experiment was carried out
on these relations as to the changes
in root biomass by tree density. The
result is shown in Fig. 20.

(1) Establishment

blocs

of the sample

Along with the investigation of
the root system of the isolated trees
in Asakawa nursery, the investiga-
tion of distribution of the root bio-
mass was carried out as to the young
trees, 6-year-old C. juponica, where 5
blocs with 156, 625, 2, 500, 10, 000 and
20,000 trees per ha were established,
Each factor measurement of the in-
vestigated trees is shown in Fig. 20.
Density effect by competition was
recognized between the root density
and the total root biomass as shown
in Fig. 14.

The sample bloc was horizon-
tally divided at every 50cm width

Table 7. Design of the sample bloc for the study of relationship

between root biomass and tree density

Tree density : Trees per ha 156 { 625 J 2, 500 10, 000 l 20, 408
| é | T T
Horizontal division R EaE:) | ia I o2 1 |2
| ]
' ‘ !
Width of division (crm) P50 L 50 25 25 5 i 20 1 15
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HORIZON ¥

e

Ratio © Ratio of the root density in each borizontal division to that in borizontal divisien 1.

Fig. 15 Root density in each horizon, and tree density.

as in the isclated trees. In the stands with higher density, the distance between the horizontal
divisions was narrowed as shown in Table 7, Vertically, the sample bloc was divided at every
15 em width into soil horizons 1 to V.

{2) Horizontal change of the root biomass

Fig. 16 shows the vertical and horizontal distributions of the density of the fine roots at
every tree density, When a tree is in a position of isolation, the root density goes down,
describing a slow-curved line at the farther distance from the root stock, That of the tree
in a dense stand, however, is high as a whole, hbecause the internﬂngling between the root
systems takes place more and more remarkably as the tree density goes up. Particularly
halfway between two trees, the root density tends to increase and to be equalized.

This tendency was perceived at all the soil horizons. As the tree density became higher,
for example, difference decreased between the root densities around the root stock and halfway
between the sample tree and its neighboring tree. This difference tended to increase gradually
as the soll horizon went lower. In the blocs with over 10,000 trees, no root distribution could
be observed in soil horizons 1V and V, because the trees grew smaller and most of the roots
grew unbalancedly in the surface soll horizon.

When the bhorizontal distribution of the fine root in soil horizon I is to be expressed in a
semi-logarithmic graph, the gradient of the regression line becomes steeper as the root density
becomes higher except for the bloc with 20,000 trees (Fig. 16).

This relation was also recognized in the small and the medium roots. The gradient of
the regression line became steeper here again as the root system became larger and the density
higher (See Fig. 17).

Let us calculate this relation by a semi-logarithmic eguation. A result is shown in Table 8,

According to the table, the coefficients of regression became larger as the tree density
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Fig. 16 Tree density and horizontal change
in root density (Fine root, Horizon I,
C. japonica).

267 %

became higher concerning the fine,
In the

the coefficients of

small and medium roots.
sparse stands,
correlation became smaller ‘instead,
and the coefficients of variation
became larger. For the slow-curved
part is included in this calculation.
(3) Vertical change of the root

biomass

As can be seen from the vertical
distribution of the fine root biomass
by tree density (Table 9 and Fig. 18),
the distribution ratic by root biomass
tends to go down in soil horizons 1
and 11 as tree density goes up., For
example, in the bloc with 156 trees,

89% of the total biomass of the fine

roots was distributed to the soil 30 cm deep from the surface soll, whereas 94% of that was

distributed in the bloc with 20, 000 trees.

This is mainly due to the difference in size between individuals.

blocs, the root system grows in the deeper soils as each individual is large.

in the sparse planting

Inversely, in the

dense planting blocs, it grows remarkably in the surface soil as each individual is small.

It is evident from another experiment that the root system of the tree in a dense-planting

stand tends to grow in the lower soil horizons, because growth is checked in the surface soil

by root competition®.

This relation also differs according to soil conditions.

It was observed

in Asakawa nursery with black volcanic ash soil, that the content of water contained in the

SMALL ROOT

TREE DENSITY  TREES,
° 155
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a0 400 cm

: (% MEDIUM ROOT

DENSITY TREES PER ha

SITY

COT DER

R

50 100 150 2:0 250
DISTANCE FROM THE ROOT STOCK

300 &m

Fig, 17 Tree density and horizontal change in root density

(Horizon I, C. japonica).
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Table & Horizontal change in root biomass and tree density

Trees per ha ; 158 ! 625 P2,500 10, 060
@
{
| #
* a 2319487 | 2.479197 L 5,071995
Root R b
class Sarp
! ¥
I3
m
|
i
Table 8. Vertical distribution of fine roots and tree density
~N 1S e .
._per ha 156 875 20, 408

Horizon ™

i Bk 01 75 53 38 {74
ji 31 Z6 30 13 WG {200
i 9 6 ) i 308
}'V 7 i J’} 200 2y 0 e e

\4 2

Potal

£ DENSITY TREFS

REKFE BIOMASS

H
170 om
Fig. 18 Tree density and ratio of the Fig. 19 Tree density and vertical distribution

root biomass in each soil hori- of the fine root binmass of C. juponica.
zon to the fotal hiomass. ‘ ’
sased as the

surface soil i 2 tree density increased, and the fine rools grew dense the

S

The relation between the tree density and the vertical distribution of the root blomass is

shown in Fig. 19, a semi-logarithmic graph. According

to the figure, the slow-curving parts

tended to disappear and the gradient of the regression luoes tended to become stepper with

the increasing tree density.



— 18 — PERETIAE 5 267 5

10y 8 (4) Tree density and the part
ABOVE - GROUND PART

B TOTAL OF THE
~ WHOLE PARTS

biomass of a tree

The relation between the tree

i OF THE
o N . . .
9 — GROUND PART density and the partical biomass of
T . . . .
é a tree is shown in Fig. 20. As is

evident from it, each partial biomass

B H’"'"“"**‘\&\_\\ of the above-and-under ground parts
‘‘‘‘‘ e shows a rapid rate of increase as

the tree density reaches about

2,000 to 2,500, This is due to the

20 10° o effect of tree density. The pheno-
ﬁ'r UNDERGROUND PART menon does not take place so re-
Jobehon em . &TH‘F - \:\QCMAXiMU‘M DEEPS markably at the above-ground part
LN PAPTsX\& o as at the underground part. The

relation between the tree density

5
D . ' -
@ % TR R S N and the T/R ratio is shown in Fig.
4 £ LARGE ROOT R S x - s
& S \\“\\\; i~ 20, With decrease of the partial
& M ROOT:
o .,

§ N biomass by the effect of tree density,
TS, ® N the T/R ratios increased in a slightly

SMALL ROOT e, ™ .
: | Al concave curve upwards. They came
FINE ROOT .
up to about 3.5 in the most sparse

T o . s planting bloc, 3.8 in the bloc with

TREES PER ha

3,000 trees, and 4.4 in the bloc with
20,000 trees,

The influence by tree density

Fig., 20 Tree density and average part biomass’
per tree.

occurs greatly in the underground part rather than in the above-ground part; that is to say,
the biomass of the underground part decreases more remarkably than that of the above-ground
part along with the increasing tree density. It has not been made clear yet why the hiomass
of the underground part is easily affected by tree density. It is likely that the external forces
inflicted on the above-ground parts affect the growth of the root system to enhance the sup-
porting power of the root.

The effect of tree density on the ahove-ground part is remarkable at the leaves rather
than at a stem. The biomass of the stem and the leaf in the bloc with 20,000 trees are res-
pectively 34% and 229 of those in the bloc with 156 trees,

As concerns the underground part, the biomass of the fine root and the root stock in the
bloc with 20,000 trees are 40% and 28% of those in the hloc with 156 trees respectively., The
increase of tree density puts a limitation on the growth of root stocks rather than that of
fine roots. The same tendency is also recognized among the other roots. It means that as
the root becomes larger, the root biomass is affected more easily by tree density. For the
ratios of the fine and the small roots increase rather than those of the large root and the root
stock do, when the individual tree becomes smaller by the competitive density effect.

Thus, the supporting power of the root system decreases in the dense planting stands as
the roots larger than the large root supporting the above-ground parts, grow poor,

The maximum depth of the root system is not much affected by tree density., This factor

of the root system in the full density stand was about 60% of that in the sparse planting stands.
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3. Representation of the root biomass distribution curve by GRAM-CHARLIER's expansion

As already pointed out, it is difhcult to express the change of the slow-curved parts accu-
rately by the above-mentioned semi-logarithmic equation. It is also impossible to estimate the
root biomass at the slow-curved part by this egunation. Therefore, its representation by Gram-
Coarvier’s expansion was applied in order to express the change in root biomass accurately.

The eguations to be used in calculation are as follows:

Gran-Cnarvier’s expansion

f(f\) e M_,:(/f}z({"m(x) (lx;;z(x) . ]?M(x)d)(KX)
= Coo (¥ + C101(2) + Capa(x) o1 $u(x) = Lo
” [1 : Lg( at Z{;; 1

a’ a2

c{ & — { X - 23 gx{x-1)

eI NIETINET)) (e~ {x—9 x{x - .
e (FEEDEDG D_axemDG=D)  exoD)_ dx 1) J# (o)

at a?
I{’Ll/lr}:;-’va’} ,“Cj(’() a=py =M
py =St (x) l iy Sy 1
g’ = 28 f(x) - Ay pug’ o Bpng g 4 2py -
= Bt (x) J ----- Ay’ g4 120y ey 2 By J

o AgTm g
e g DAL
? b3

o =B Ty Bag Ay + 8 Ag—ap ¥
o — 5

1) Horizontal change in root density (extensive-rooi iype and intensive-root {ype)
Calculation was carried out on the density of the fine voots of O japenica, Ch. obtusa, P.
densifiora, and L. lepiolepis, at each horizontal division of soil horizon L For the sake of con-

venient comparison amoung species, the ratios of the root density at each hiorizontal division

were calculated first (Table 10).,  Then, calenlation by the above-mentioned eguations was
done with these ratios as the independent variable and distance from the root stock as de-
pendent variable (O for 0 to 50em, 1 for 50 to 100cem, 2 for 100 to 1B50cm. ).

From these calculations, the figures in Table 11 were obtained. The equation was made
up to represent the ratios of the root density of every species at each horizontal division.

The ratio of the root density at each depth calculated by this eguation is shown in Table
10 and Fig. 21, When it is used, the slow-curved part which was not well valculated by the
semi-logarithmic equation is obtained, although each species has small errors.

Such coefficients of the items as x4, 22 and #% used in this equation were small for P.
densiflova and L. lepiolepis with the widely distributed root systems and many slow-curved
parts, And yet they were large for C. japonica and Ch. ebluse with much root biomass around
the root stock. The difference by the property of species was found out in the latter,

~The trees with the large coefficients of the items, e g, ¥4, % and 2% may be called of the

extensive-root type, and those with the small coeficients, of the intensive-root type.
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Table 10, Calculated and measured values when
C. japonica Ch. oblusa
Horizontal
division Measured Calculated oM Measured Calculated /M
(cm) value (M) value (C) value (M) value () !
0~ 50 0. 535% 0.525 0,98 0,511 0, 5 0.98
50~100 Q, 202 0, 229 1.13 0,239 0. 1, 84
100~150 0, 142 0.114 0. 80 0,123 0.077 0, 63
150-~-200 0. 050 0,053 1. 06 0., 043 0,025 0.58
200~~250 0,034 0,038 1.12 0,027 0.053 1. 96
250~~300 0.013 0,025 1,92 0.019 0, 045 2,37
300~-350 0,021 0.011 0,52 0. 024 0. 021 0. 88
350400 | 0. 004 0, 004 1. 00 0,014 0. 007 0. 50
Total 1 1. 000 1. 000
+« Ratio of root density at each horizontal division to that of the total
Table 11. Independent variables, dependent variables, measured
values and calculated values used in calculation
Species ! C. japonica Ch, obtusa P. densifiova
Horizontal i
P Root i : Root : Root :
dlv&s;gr)l X density Ratic (¥ density Ratio (¥ density Ratio (¥g)
O~ 50 0 127 0,533 212 0.511 4,1 0.372
50~100 1 48 0, 202 99 0. 239 2.3 0, 20%
100~-150 2 34 0, 142 51 0,123 1.0 0. 091
150~~200 3 i2 0, 050 18 0,043 0,8 0,073
200~-250 4 0. 034 11 0.027 0.8 0,073
250-~-300 5 (0,013 8 0.019 0.7 0, 064
300~350 6 5 0.021 10 0. 024 0,8 0.073
350~~400 7 1 0, 004 0.014 0.5 0,045
Total 1, 000 1,000 1, 000
Calculated values
Species : : : “
Iy i e’ ’ g I AL Ag Ag l Ay ‘ G G
i i i i
C. japonica 0. 993 3, 045‘:: 12,405 60,189 0,993 2.0890 '5,2922, 13, 2954 lt 0
Ch. obtusa 1,017 3. 495% 16,473 89,195 11,0170 2.46Q7) 7,9135) 22,4973 1‘} U‘
P, densiflova 1,975 8.831] 46.783| 268.919  1.975| 4.9300 9.8668~ 12,5762 1 0
L. leptolepis 1. 461 5,841 26, 757] 145,893 1,461 3,4065 B8.7079 12,0086 1 Oi
| |

Species

Equations showing the changes in root density

C. japownica
Ch. obiusa
P, densifliora
L. leptolepis

Intensive-root type

Intensive-root type
Extensive-root type
Extensive-root type

F(x)=(0.070401x%~—0, 514561 %341, 44953752~
F (%)= (0, 08702554 —0, 4595034340, 7972082~

Fx)={~0,0017352440, 095988280, 173161 2%~




the Gram-Cuartier’s expansion is used
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P. densiflora

1. leptolepis

Measured
value (M)

value ()

Calculated

1 (0

1,000

0. 348

(3, Q6N

0. 024

Measured Calculated oM
value (M) value (C) t

0. 405 ‘ 0, 96

0.311 1.31

0,074 Q.62

0,048 3, 56

0. 074 2,18
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0, 040 0, 59

Q.65

L. leplolepis
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Fig. 21 Values measured and calculated by

using Gram-Crarisr's expansion,
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Fig. 22 Moment (p’) figured by a Gram-Cuarvier’s expansion.
Horizontal change in root density.
Table 12. Independent variables, dependent variables, measured
values, and calculated values used in calculation
L. leptolepis C. japonica L. leptolepis
(Shallow-rooted) (Deep-rooted) (Shallow-rooted)
Depth X ;
- Root . Root . Measured | Calculated .
(can) weight Ratio ¥, weight Ratio ¥ value (M) | value (C) cM
0~ 10 ¢} 233 51. 3 118 27.0 0.513 0, 502 0.98
10~ 20 1 72 15.8 87 20,0 0,158 0,193 1. 22
20~ 30 2 47 10,3 66 15.0 . 103 0.077 0.75
30~ 40 3 28 6,2 52 12,0 0, 062 0. 052 0. 84
40~ 50 4 22 4.8 44 16. 0 0,048 0. 055 1,15
50~ 80 5 21 4,6 31 7.0 0. 046 0,055 1.20
60~ 70 6 16 3.3 17 4.0 0,035 0,038 1. 09
70~ 80 7 12 2.6 9 2.0 0. 026 0,019 0.73
80~ 20 8 3 0,7 4 1.0 0. 007 0. 007 1. 00
90~~100 9 1 0.2 4 1,0 0, 002 0,002 1,00
100~110 10 0 0.0 0 0. + - - — —
Total 445 100, 0 432 100, 0
Calculated values
Species } ;
T T O Y g Ay ‘ Ao | Ag i Ay Co | G i
(Sééifgfjﬁi%tsed) 1,438 | 6,190 32,998 197. 446 1,438 4.1222 12,2414 20, 6367 1 o
5 . ! i : i
¢. japonica 22600 10,100 57.700| 388, 100 o

Species

Equations showing the changes in root density

L. leptolepis (Shallow-rooted)
C. japonica (Deep-rooted)

F(x)=(0,053718x4~0, 477049281, 70521 8x%—
F{x)=1(0, 020550440, 282387 28+ 1, 41938242~




) A MR D BN & e

n D)

It is better to examine the items py, po’, 1y and 1" used in the above-mentioned equation

for mere comparison of the difference among the changing tendencies. The correlation among
these numerical values of every species obtained from the above-mentioned materials is shown
i Fig. 22. According to the figure, the root density is comparatively high at the part far
from the root stock. The value of p’ became smaller in the order of P. densiflora, L. leplolepis,
Ch. obtusa, and C. japonica. Particularly, the value of py of P. densiflora was large. The diffe-
rence was clearly recognized among the figures of these species.
Also here the tree with the large value of p can be called to be of extensive-root type
and the tree with small value of it of intensive-root type.
2)  Vertical distribution of the root density (deep-rooted type and shallow-rooted type)
The Grem-Crarvisn’s expansion can express not only the horizontal change of the root
density but the vertical change of it
Let us. caloulate according to. the above-mentioned equation the wvertical change. of the
root densities of C, japonica and L. leptolepis, two years old, in Megure nursery. A result is
shown in Table 12 and Fig. 23. Clearly, the equation is very accurate. The calculated values
agree quite closely with the measured ones.
As concernus the vertical change as well as the horizontal change in ruot density, the co-
efficients of the items %% x% and »* were large for the
shallow-rooted L. leptolepis which root density went down

rapidly in the lower soil horizons and small for the deep-

C. japonica raoted C. japonica.
{Deep-rooted )
Measured Calculated C M
value (M)value () .
L 271 1.00
1199 1.00
0, 141 0. 93 BOGT TYPE Y
0,139 1,16
0. 098 .98
3, 0, 80
Q. 0, 93
0. € 1.35
G, 1. &l
. 010 0. 009 Q.90
] 40 B0 &3 100 em -
, -
ool GG
1
: 0,4586 | 0, 2297
i
1. 3660 ¢, 3087 10,5363 1
i v

Fig. 23 The measured values and the

calculated values by Graw-

ol G055 % 47 1 ); fo @ X
- E_}Lw@x o '\,]‘\) yPale m Craver’s expansion (Vertical
7 9058202 +2. 5936)po(a: 4) change in root density)
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This relation is shown in Fig. 24
when it is to be expressed by the values

TYPE of p/. The value of p' is small for the
leptolepis,

is maldistributed to

shallow-rooted L. the root

hiomass of which

N
a0 4 40 the surface soil, and large for the deep-
7 ) #3 # ” rooted C. juponica whose root biomass

w//« // was distributed to the deep. soils. A
Lo s remarkable difference was perceived
) P between them.

Fig. 24 Moment (p') figured by a Gram- In this way, the root distribution

Cuarier’s  expansion @ (Vertical

changes horizontally and vertically ac-
change in root density.)

cording to a slow-curved ling. Particu-
larly, this tendency is remarkable in the fine root. From the studies which have been  dealt
with so far, it is glear that.this curve could not be fully expressed by any semi-logarithmic
or logarithmic equation, and that the curve, inclusive of the slow-curving parts, could be

calculated very accurately by Gram-Cuarpipr’s expansion.

V. Analysis of the structure of the underground
part in the stand invesﬁ:igaﬁmx

1. Process for analysing the structure of the underground part

The factors indicating the structure of the underground parts in stands, such as the biomass
length, surface area or volume of the root system, were obtained according to such a process
as shown in Fig, 25.

At the first stage, the average diameter and bulk density were measured, from which
the root length and volume per unit root weight were calculated. The root length and volume
per gram were then multiplied by the average root weight to obtain the average root weight
and root volume of a tree from which factors of the root system per ha were calculated,

making use of the relation between the sample trees of stands and the basal area.

2. Part biomass
As concerns the sample trees in the stands, the average values of a tree and the proportion

to each part were first calculated from the sample trees which were already measured according

i 11 i v
Per unit root weight Average
T ] T
Ssvemga dimetsr}" ~1 Root length P Root length ——}

S oy ATETES ey | RGO sUTTEEE az‘eai ey

reat blomass -

1 . )

Bulk density Root surface areai‘" Root volume

Fig. 26 A procedure for the calculating of the factors of the underground



to such methode as have been already deslt with in the preceding number®, The part biomass
per ha were then caleulated from them and by a ratio estimate method of basal area, And
in addition, to get the toial production at full density, the partial weights were caleulated

from the density indices.

The root bicmass and the ratios of them to each soil horizon and to cach horizontal di-
vision were calculated,

The structure of a stand, above-and-under ground, will be explained henceforth dealing

mainly with these part biomass and their ratio.
1) Average value of sauple tree in 2 siand

The average values of the sample trees in cach sample stand are shown in Appendix-
Tubl

Let us examine the rels

2 on the preceeding number?,

il

v from it, the unique “regres

ion between the average values and the basal areas in each sample

0t CULrYes  wiers

stand, A result shown in P‘ig. 26, As ¢l

ohtained for cach part, such as stem, branch, leaf, root, clc.

Of all the parts, the acceumulating parts, suclh as a stem, branch, large root, very large

voot, and root steck, drew’d slightly concave increasing curve upward, whereas the working
parts, such as a leaf, fine root, serall root, and medium root, produced a straight increasing
line or a parabolic increasing curve. Thus, it is because the above-ground parts are highly
related to the underg
¥
to wedium roots, i is apparent that the root biomass

ound parts from the standpoint of function that they both have ao

almost similarity in variation. Furtherme

re, from the increasing curve of the leaves and fing

shows a great rate of increase rathev
than the leal biomass. A comparatively earlier time is when the current annual increment
of a tree comes up to its maximun. It Is in line with the changing time of the biomass of
fine to medium voots, Therefore, it 1 not unreasonable o say that there exists a high in-

ervelation between them. Hence it s that the incre

sing biomass of fine to medium rools
and the cons <>f;u<*ﬂdv inereasing absorption of nutriment and water are both connected with

the tree growth more closely than the leaf blomass,

j

The unworking parts® have n greater portion of

biomass and biomass of the

abave

and-under ground paris; and therefore, their change s to be expressed by a slightly

CoONnCave Curv

e upwards similar to these curves.

As explained above and in Fig. 25-1, each part and each species have thelr own increasing
curve, so it is quite difhicult to express those relations by a certain equation. For this reason
the coefficients of the measured individuals, all ran together in the normal stands of all the

sample stands, were calculated according to the eguations from

to (B A rvesult is shown

in Table 42 on the preceeding number?, Specifically, the coeflicients of regression selected

from it as an indication of growth and calculated
v Vi by equation

Fur ha L.
— - see that the accumulating parts, such as a stem,
{ Ront leagth

pare shown in Table 13, There we

} above-ground part, and the underground part, got

the large coefficients of 0,8 to 1.0, whereas the

: {--mt»m I king parts, such as a leaf, branch, fine root,
Ratlo ﬁst‘, mate £ s 'l

Y surface arns N 4
by bassl area | (Ri’i ! and small root, got the remarkably small coef-

ficients of 0.2 to 0.4, These are characteristic of

Root volume | # The working parts are the leaf and the {ine root

RSSO

which are related to absorption and assimilation,
part in a stand. and the unworking parts the others
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The sign * indicates the other species except for C. japonica, Ch. oblusa, F.
densiflora, and L. leptolepis. 'This is applied to the tables which have been used
hereafter. See M 1 to M 10 on the Bulletin No, 259 of For. Exp. Sta. The other
species here are Ch. pisifera (x1,2), Eucalypius globulus (* 8), Zelkova servaia (% 4),
Abies firma (%5), Tsuga canadensis (x6), Quercus mongolica v. grosseservata (8),
Betula platyphylla v, jeponica (x9), and B. davarica (% 10).
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them. These coefficients also differ with species. They were, for example, 0,24 for the fine
root of P. densifiora with a low rate of increase, and 0. 44 for that of . jeponica with a high
rate of increase. ‘

Each species’s root biomass is shown in Table 14 when it is estimated from Fig. 26 at the
basal area of 500 cm?® There, each part is cl&zariy characteristic of each species, The biomass

of the stem and the branches of €. jeponica were much smaller than those of the other species.

Table 13. Regression coefficients in each part biomass

of trees calculated by equation No. § (%)

e Part () i ?
™ 213405 67 819 100! 14118
Species -
C. japonica 95 80 57 84| 44 42 50 69 —i 94 63 67 !
Ch. oblusa 950 60| 410 79 370 81l 43 69 38 80 270 420 870 46; 83 85j 38 19
P. densiflora 91l 75 64 B85 241 45 61 - -l 88 611 450 88 41| 87 861 54 20
L. leptolepis 88| 105] 77) 90, 38 26] 50| 635 16| 79 7701070 900 300 82 88| 95| 33
]

« Bauation No. 5 log y=a-+b log (D?H)
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Table 14, Estimated part blomass of each species,

500 cm® in basal area (kg)

’ pm.tm . japowica | Ch. obtusa P, densiflora L. lepilolepis
Stem 130
Branch 12 7
Leaf 4 8 4
Above-ground part 3 257
{ 0.8
b 1.3
1 4
i 18
1.
St ;
Underground part 3 56, ¢

The main reasons for this are the following two. First, their part blomass are small,  Second,

they hold many voung tissues and high water content, due to favorable growth., “The part

biomass of the fine roots were 0.8 kg for (. jeponica, 1.3%kg for Ch obtusa, 0.1kg for P.
densiflora, and 0.5 kg for L. leplelepis. Clearly, those of O jeponica and Ch. obiuse were much
larger than those of P densiflora and L. fepiolepis.

2) Part biomass per ha

The part hiomass per ha was calculated from the average values in relation to basal area.
They are shown in Fig. 27,

The curves of Fig, 27 can be classified into two tvpes, the one describing a parabolic curve
of the part blomass increasing, which answers to the increasing basal aveas, and the other
showing the part biomass increasing temporarily in the prematured stands at the hasal area
of 150~-200 cm? and then theilr decreasing with the growing stands.

The former is the curve of the accumulating parts, such as the stem, branch, large root,
very large root, root stock, biomass of the above-and-underground parts, and the total hiomass,
occupied preponderantly by those parts. The latter is the curve of the working parts, such
as the leaf, fine, small and medium roots, and parts relating to them. It has a clear and direct
redation to the form of the curves showing the average values of a tree.  This is j)’mxfc:%i by
the curves describing the average values of a tree,

The part hiomass per ha varies with stands due to thelr number 6f trees. Generally

speaking, the change of this caleutation is much greater than that of the average value of a tree.

(1) Above-ground parts

Stem @ The stem biomass per ha at the basal aren of 500 cm?® were 100~ 120 tons for C.
Japonica, Q‘lz. obtusa, P. densiflora, and L. leptofepis. Particularly in the stand of 822 with a high
density index, it got up to 400 tons. The stands which show a comparatively large stem

a9

biomass in Fig. 27, say, $23, 516, etc, are all the stands of which density indic

are large.
Branch : The species do not make so great a difference in branch biomass as in the average

values of a wee. And yet P densifiora, L. leptolepis, and Ch. obfuse tend to get larger values

than C. jepownica. The standing branch biomass, for example, of the former three wers almost
15 tons, but that of . jepowica about 10 tons a stand at the hbasal ared of about 500 cm?
The basal area-branch blomass curve goes up at a rapid rate of increase before the basal

area comes up to 200 or 300 em® After that, it goes gentler. This, however, is dominant
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in the cace of the large diameter trees. That is to say, the branch blomass per ha shows a
very low rate of increase in the stands with them. For branches are, though one of the
accumulating parts, regenerated with growth after dying and falling.

Leaf @ As already mentioned, the leaf biomass per ha of a small diameter tree goes up to
the maximum point at the younger stage, and then down slightly to a given point regardless
of species. The tendency is particularly clear for P. deusiflora but not for L. leptolepis. We
must leave it for a future study to make clear why L. leptolepis does not show the same
change in branch biomass per ha as the other species. Its little shade tolerance or defoliation
may, however, be among the reasons.

P. densifiora gets the branch blomass to increase to the peak at the basal area of about
50 cm® when its density is high enough. It may be partly owing to the temporary increase
of tree density at an earlier time. Young trees, however, have much larger leaf biomass even
at the same density. Judged from this fact, that may reveal one of the phenomena in the
growing process of stands. To sum up, that may cause trees to grow vigorously at an earlier
time, along with growth of the working parts of the underground parts, such as fine or small
routs, corresponding to that change.

Of all the four kinds of species, C. japornica had the largest branch biomass. The branch
biomass increased, for example, to the maximum of 22~-25 tons at the younger stage at the
basal area of about 150~200m?2 After that, it decreased slightly by 20 tons at the basal area
of 600 cm?  And in addition, it was 29 tons in the 522 stand with high tree density (tree
density index 1.2), and 34 tons in the $17 stand with high tree density and sufficient growth.

Ch, obtuse had a standing leaf biomass per ha smaller than C. japonica, owing to the low
tree density of the investigated stand. The biomass was 12 tons, sixty per cent of that of
C. japonica, at the basal area of 500 cm?®  That of the younger stands was large enough to
reach 10 tons in the H 1 stand, 10 years old. The density was about 0.3 in this stand. In
spite of this rarity, decay of under branches got slower and the leaves were distributed corn-
like from down to upper stem, making the biomass as large as in the close planting stand.

At an earlier time the leaf biomass of P, densifiore increase temporarily up to 10 tons,
mainly because of high density. The mature stand, say, the A 8 stand (85 years old and 361 cm?
in basal area) had 5.8 tons, owing to the tree density decreasing.

L. leptolepis did not make the distinctive change in leaf biomass as the other three kinds
of species at an earlier time. At the basal area of 150 cm? that biomass increased, for example,
slightly by 4.5 tons, say, in the stands of K 23 and K26, The variation was little scattered.
Most of all stands had only about two or three tons. The widest stand of the investigated
ones, the K 28 stand, had only 1.9 tons.

The leaf biomass of each species, about 200 cm? in basal area, which was obtained from

Table 15, Leaf bhiomass per ha of each species

C Japonica Ch. obtusa \P. denstfiova) L. leptolepis| Ch, pisifera: E. plobulus

Stand 510 H3 A3 K29 M3
Basal area (cm®) 208 4 198 200 77
Density index 0. 59 0,57 0.75 0. 57 3. 22 #*
Leaf biomass 17.0 13,0 7.0 1.7 3.4 4,0




o CHID = 38

Appendix-Table 2 on the preceeding number??,
T

is shown in Table 16, According to the table,
it becomes smaller in the order of C. japonica, Ch. obtusa, Acacia decurrens, P. densiflova, Tsuga
canudensis, Fucalyplus globulus, Ch. pisifera, Abjes firma, and Zelkova servata, or L. lepiolepis
{(These biomass depend partly upon the density index). Hence it is that the evergreen coni-

ferous irees have all the large leaf blomass, whereas the deciduous trees, broad-leaved and

coniferous, such as Zelkova servaia, L. leptolepis, ete,, have the small I biomass.

As concerns the biomass of the above-ground parts, all the species as shown in Fig. 27
are affected by the change in stem blomass, which has a greater part of the total biomass of
a tree. They drew a parabolic increasing curve upward, where it is cobserved they made
constant the bioniass of the aboveground parts when the basal area increased from 400 to
500 cm?. At the basal area of 500 cm?, they all had the branch biomass of 100 to 200 tons In
average. And that biomass became smalier in the order of Ch oblusae, C. japonica, P densiflove
and L. lepiolepis.

{2) Underground parts

Fine root : The fine root biomass of (. japonice and Ch. obiusa increases to the largest, I~

1.5 tons, within the range of the basal avea of 150~-200 cm®  After that, it decreases gradually

to be constant. That of Ch obluse, for example, was 1 ton and that of O jeponica 0.7 ton.

That of P. densiflora shows a different change from those of . jeponice and Ch. obiusa. That
biomass is largest for the small diameter tree, about 500cm? in basal area, as is the leaf
biomass. It reached, for example, 0.7~-1 0 ton in the stands of A6, A 10 and A 11 and rapidly
decreased to about 100 kg in the case of a tree, 100 cm® in basal area.  And further, it decreased

to 89 kg in the A8 stand, 361 cm?® in basal area.

The fine root biomass of L. leplolepis does not show a distinctive peak ; it tends to increase
E

gradually, answering the increasing basal area. As shown In Fig. 27, it was 200500 kg re-
of the K23, K25 and K 26

8 times as large as those of the other stands. They are all on the highly

gardless of the small or large trees, Buf the fine rool biomass

stands were 4~
dense and dry sites (The density indices and soil types of the K28, K 26 stands are 1, 03, Bl (1),
and 1.27, Bie respectively). The same is true of O japonica, Ch, oblusa and P. densiflova.
Their fine root biomass showed a remarkably larger value than the averages of each species.
The $23, 524, A6, A10 and A 11 stands are all on the close planting or dry site.

That the fing root biomass show their own change corresponding to basal area thus is
related to the pattern of root systems spreading or the property of root biomass € jepowica
and Ch. obtusa bad a similar tendency. P densiflora and L. lepiviepis had sz different one from
the former, though.

This changing type in Fig. 27 is contrasted clearly with the changing types of leaf biomass
in the same Agure. C japonica and Ch. obtusa both had the largest fine root biomass just as

the leaf biomass went up to the peak within

" the range of the basal area of 150~200 cm®,

{tons)
P, densiflora had their largest blomass of the
2 servata | Abies Tsuga decf:fcrﬁ . leaves and the fine roots at the basal area
9 > 3 “.,7}( . o F 474 ‘,", N5 Z . } - . .
forma canadessis dealbata of about 50cm% L. lepiolepis drew their
Ma M A M6 M7 gentle parabolic increasing curves upward.
4 Gt 6 3
188 156 211 135 : It is quite an important fact in analysing
* * K * tree prowth that a leaf, 2 working part of
1.7 201 5.7 8. 4 B s
the - above-ground parts, has 2 similar
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Table 16. Fine root biomass per ha of each species (kg)

C. japownica | Ch. obtusa P. densifloval L. leptolepis| Ch. pisifera| E. globulus

Stand 510 H3 A3 K2 M2 M3

Basal area (cm®) 208 254 198 200 238 177
Density index 0.59 0.57 0.75 0.57 0. 22 #
Fine root biomass 1, 438 1,453 104 350 562 671

Table 17. Small root biomass per ha (tons)

Species C. japonica ‘ Ch. obtusa P densiflova L. lepiolepis
Maximum value in a young stand age 3.0 ‘ 3.7 ] 1.4 1.2
Root biomass at the basal area of 500em?®| 1,0 | 2.0 0.7 0.7

I

Table 18, Root biomass per ha at the average basal area of 500 cm? (tons)

Species 1 C. japonica Ch. obtusa l P. densiflora | L. leptolepis
i | j
1 5.0 1 ' 5.0
Root class L 10 1 9
St i 25 1 | o 18

tendency in the changes in biomass to a fine root, a2 working part of the underground parts.
Their increasing biomass reveal their growing vigorously at an earlier time, and it is note-
worthy that this is the time when a tree picks up speed to the peak of growth.

Let us compare the change of the leaf biomass in Fig, 27 with that of the fine root biomass
in Fig. 27. There we find that the latter is recognized clearer than the former, from which
it follows that it is greatly concerned with the growth of the above-ground parts.

The fine root biomass per ha is shown in Table 16. Asg is clear from this table, Zelkova
serratn, C. japonica, Ch. obtusa, and Acacia decurrems have the large fine root biomass,

Small root : The small root has the maximum growing point at the younger stage. Table
17 shows the small root biomass both at the maximum growing point and the basal area of
500 cm? At an earlier time, the small root biomass, as shown there, became smaller in the
order of Ch. obtusa, C. japonica, P. densiflora, and L. leplolepis. In the mature stand, however,
difference was little observed among C. japounica, P. densiflova, and L. leptolepis. Only Ch. obfusa
had the large biomass of the small roots regardless of tree size.

Medium root : As shown in Fig. 27, the medium root biomass got smaller at an earlier
time than the fine and the small roots. And the difference became smaller among species.
At the basal area of 500 cm?, all the species had as much as 2 to 8 tons,

The reason why its difference gets smaller with the root system growing is that the
characters each species shows of its fine root biomass, rooting, and branching are clear in the
smaller parts and not so in the larger paris.

The biomass of the fine and the small roots are affected mainly by the soil conditions,
Their biomass were observed not to be large even in the stands with high density indices,
$22 and $23. On the other hand, the biomass of the large root and above are not so easily

affected by the soil conditions as by tree density. The difference in root biomass between the




stand with high density and the stand with

low density was recognized to become much

{ ‘ T Acacia . j ) .
Z. serrala | AL firma ’ca.mzdﬁnsis d?:"uﬂ:ezzs v, larger. For instance, the medium root
! 3 dealbata biomass is 2 tons in the 526 stand in which
M6 M7 density is 0.45. Yet it is 5 tons in the 522
f | 211 135 stand in which density is 1,2, To sum uyp,
‘ <
), *b’e ;7 }{u . )kA the bilomass of the working parts, above-

and-under ground, per ha tends to be con-
stant regardless of tree density in the like manner with the leaf biomass. But the blomass
of the branch, stem, large root, very large root, and root stock are likely to be affected by
tree density,

Large and very large roots, and root stock : The biomass of these parts increase, describing
a parabolic curve upward answering the basal area, and they become almost constant when a
tree iz grown up. That curve is getting gentler as the root system is growing. The blomass
of the root stock showed an almost straight increasing line.

For the growth rate differs from part to part. That of thinner roots slows down and that
of thicker roots speeds up as a tree grows.

The large root, very large root, and root stock biomass at the basal area of 500 cm? are
given in Table 18, As shown there, the large root biomass becomes smaller in the order of
Ch. obtusa, C. japonica, L. leptolepis, and P. densiflora; the very large root biomass in the order
of Ch. obtuse, P. densiflora, C. japonica, and L. leptolepis: the root stock blomass in the order
of O japonica, Ch. obiusa, P, densiflora, and L. leptolepis. Hence it is that those species get each
root system to make each development.

Underground part 1 A greater part of the underground part biomass consists of the accumu-
lating parts, larger than the large root. The changing curve corresponds to the change of
those parts and thereby describes either a gentle parabolic curve upward or an almost straight
line. The blomass of the underground parts became smaller in the ovder of Ch. obiusa, .
japonica, P densiflora, and L. leptolepis.

Total biomass @ Similarly, the total biomass describes a parabolic curve upward corre-

sponding to the changing biomass of the accumulating parts, such as the stem, thick root, ete.

The large diameter trees described a very gentle increasing curve, due to the decrease of both
growth rate and tree density.

The total accumulated biomass of a stand per ha estimated from Fig. 27 at the bhasal area
of 800 cm?® is 200/{150-250) tons.
3y Part blomass per ha at full density )

The standing bilomass of a stand per ha differs greatly according to tree density, and for
this reason it is not easy to determine the growth of a stand from its standing biomass. 5o
the part biomass at foll density was estimated from its density index. Its relation to basal
area is shown in Fig. 28

The actual accumulated volume of a stand at full density, even if converted into the tree
number at full density as it is, is not the standing biomass at full density, because of the
various kinds of growth rates of a tree caused by density. It is advantageous, however, to
examine either the difference in part biomass by density or the standing accumulation at full
density.

A comparison between Fig. 28 and Fig. 27 showing the part blomass per ha proves that
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the calculated accumulation at full density is not scattered so much as the standing bilomass
per ha.

In brief, the formative influence on it is not the difference in formation by density, but
the difference in density among stands.
(1) Above-ground part

Stem @ The calculated biomass per ha at full density increases in such a parabolic curve
upward as Fig. 28 and the species show very small variance. The accumulated biomass at
the basal area of 500 cm? were 330 tons for Ch. obtusa, 250 tons for C. japonica, and 200 tons for
P. densiflora or L. leptolepis. P. densiflora and L. leptolepis with intolerance had the biomass
smaller by 80 to 130 tons than Ch obiusa and C. jepowica with tolerance.

Calculation results in the above-mentioned. The true value, however, is expected to be
larger. Let us examine it on the stand of 522 beyond full density and the stand of 826,
almost the same in basal area, with the density index of 0,4. This done, it was found that
the standing biomass of $22 and S26 were 400 tons and 75 tons respectively. There was,
that is, a difference by 325 tons. The calculated values of them at full density were still 360
tons and 170 tons respectively. There was a difference by 190 tons, which was nearly half
that of the former, This difference is due to a difference in the stem formation caused by the
difference in density between both stands. In other words, the stem formation is cylindrical
in a close planting stand and conic in a spdrse planting stand even at the same basal area.

The calculated average stem biomass was 220 tons at the same basal arca as of 522
There was a difference by 140 tons. Awnd its rate of increase is 64% of the average value,

Branch @ The calculated values are large in the sparse planting stand with many branches
spreading rather than in the tree stand of full density. The actual biomass were, for example,
22 tons and 16 tons in the stand of $22 and & 26 respectively., There was, that is, a difference
by 6 tons between them, while the calculated biomass were 18 tons and 24 tons for the former
and latter respectively. From this it is very clear that the sparse planting stand of 526 gains
a branch biomass larger by 4 tons than the close-planting stand of $22. This difference, as
with the stem biomass, is due to the difference of branching pattern by tree density. The
calculated branch biomass at full density at the basal area of 500 cm? is shown in Table 19,

Leaf : The leaf biomass, as shown in Fig. 28, is almost constant, although the small
diameter trees shows a slight increase. In L. leplolepis there was no change in the leaf
biomass of its small and large trees, The average leal biomass is shown in Table 20.

That the actual leaf biomass per ha at full density showed a slight increase at an earlier
time means that an increase of branch biomass during that period was not caused so much
by tree density as by the leaving pattern.

The calculated leaf blomass, as with the calculated branch biomass, at full density is
larger than the actual leaf biomass at the near full density. For example, the stand of 522
had the difference by two to three tons between the calculated values and true ones, This
difference may not be, as with the difference in branch biomass, due to density but due to
the leaving pattern; however, it is much smaller than that in branch biomass.

But the actual stand, if very close-planted, is induced to make it increasef In proof of this,
there was a difference by 27 tons between the $26 stand at the density of 0.4 and the 522
stand at full density.

Biomass of the above-ground parts : The calculated values at full density are shown in

Fig. 28. They increased parabolically, becoming smaller in the order of Ch. obtusa, C. japonica,
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Table 19. Branch biomass at the average basal area 500 cm?

and at full tree density (tons)

Species l C. japonica ‘ Ch. obtusa l £, densiflory L. leptolepis

Branch biomass | 21 40 \ 31 \ 26

Table 20. Leaf biomass at full tree density (tons)

e Species | o » ] ) | ]
Basal | €. Japonica Ch, obtusa | P. densiflora L. leptolepis
area (cm?) i -
160 | 35 10 | 5
500 50 7 i 5
Table 21. Root biomass per ha at the average basal area 500 cm?
and at full tree density (tons)
Species | ‘ ;
] T | . japonica Ch. obtusa P densiflora | L. leptolepis
Root class ) ; |
f P ; 55 0.1 0.4
S 6.0 e 1.0
m ; 5.8 3.0
1 ; 12,0 7.0
L | 40,0 23.0
I { 21,0
Total 55, 4

B odensiflora, and L. lepiolepis. The above-ground parts cancels one another among stems,
branches, and leaves the differences between the calculated values and the actual biomass at
full density., But since the stem had the greater portion of the above-ground parts, the
calculated values at full density were appreciably smaller than the actual biomass at full
density. 522 and the line of average valugs proves this relation.
(2) Underground part

Fine to medium roots : The underground part has a tendency towards similarity of the
above-ground part.  As shown in Fig, 28, the fine to medium root biomass made a somewhat
increasing step at an earlier time, just as the leal biomass, and then decreased gradually

along with the increase of basal area.

Table 21 shows the root biomass of each species at full density in the mature stands
extracted from Fig, 28, According to the table, Ch. obtuse had the larger biomass at every
root classification on the whole, 1t alsc had the fine root biomass of 2,5 tons, the small root
biomass of 6.0 tons, and the medium root biomass of 5.5 tons. Judged from the position of
the S22 stand in Fig. 28, the values in Table 21 are larger than the actual biomass at full
dentity. This difference is big in the fine roots, and small in the small and the medium roots,
evidencing that the small and the medium roots are not so much influenced by density as by
the fine roots,

Large and very large roots : Their root biomass trend gradually to not change so rapidly
with roots thickening., In fact those of large roots trend to go up parabolically, with the

basal area increasing. The tendency is to be more distinguishable from a very large root to
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a root stock. Considered generally, it seems very similar to the tendency of root biomass
per ha. Their variance, however, is much smaller owing to their decreasing variation by
tree density.

Table 21 shows the biomass of large roots to underground parts at full density at the
basal area of 500 cm? in Fig. 28 :

Fig. 28 shows on the $22 stand the difference between the values calculated at full
density and the actual values at quasi-full density. It is evident from this figure that there is
almost no difference in root biomass hetween large roots and very large ones. The calculated
values were just in line with the actual root biomass at full density, which verifies that these
part biomass are not greatly infiuenced by density effect.

The root stock had the biomass of 63 tons and the average of 45 tons corresponding to
those in the S22 stand. In other words, there was a difference by 18 tons between them.
This is because a close-planting stand has a larger biomass of root stock than a sparse-
planting stand at the same basal area. »

The biomass of underground parts : The underground part biomass including all fine to
very large roots make a parabolic increase with comparatively small variance, as shown in
Fig. 28, According to Table 21, Ch. obtusa has an extremely large biomass of 118 tons. And
C. japonica, P. densifiora, and L. leptolepis have the biomass of 85, 49, and 55 tons respectively.
The species with possibility of close planting, such as Ch. obfuse or C. japonica, has over two
times as large a blomass as P. densiflore and L. lepiolepis.

The close-planting stand of S22 had a slightly larger biomass than the average C. japonica
had. This i1s due to & great difference in biomass at root stock between them.

Total biomass : A stern, large root and root stock account for a great part of the total
biomass of a tree, and influence that biomass accordingly. The values draw a parabolic
'.increasing curve upward as shown in Fig. 28.

Estimating the total biomass of each species at the basal area of 500 cm? in Fig. 28, we get
the results shown in Table 22. According to the table, the total biomass of each species at full
density becomes smaller in the order of Ch. obiuse, C. japonice, P. densiflova, and L. leplolepis.
Ch. obitusa had the largest accumulation and L. leplolepis the smallest one. There was almost
twice the difference in accumulation between them. That is to say, Ch obtuse came in first,
and L: leptolepis came at the other end. It is the proportion of the total accumulated biomass
pach species had when the tree density gets to the maximum.

The total biomass per ha at full density is always smaller than the true blomass at full
density. At the same basal area, for example, the former was 380 tons when that of the S22
stand was 500 tons, showing a difference of 120 tons between them, equivalent to 24% of 500
tons. This percentage explains the different degree of growth by density between the above-
ground and the underground parts.

The average density index of C. japowmica ranges from 0.6 to 0.7 in general. That of the

522 stand, however, is the one converted into the density index of 1. The ordinary stand can

Table 22. Total tree bhiomass per ha in full tree density
and at the basal area 500 cm? (tons)

Species e japonica Ch. obfusa P. densiflova LoL leptolepis

Tatal biomass 410 520 350 270
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be estimated to have the above-mentioned difference by 24% between the calculated values
and the values the actual stand had at full density.

For the calculated blomass of the stem, large to very large roots, root stock, the accumu-
lating parts which have the greater portion of the total biomass of a tree, are smaller than
the standing biomass of the densest stand.

4y Part bomass ratio

When the total biomass s to be 1, the ratio of each part biomass to the total biomass is
calculated, and the Fig. 29 shows it in relation to basal area.

(1) Above-ground part

Stem : The ratic of the stem blomass to the tatal biomass is the highest of all, 65~-75%,

after grown up. It differs to tree size. Those ratio of the small diameter trees of ecach
species were, for example, 20~-30% as shown in Fig. 29, They increased rapidly in a parabola
as they grew up to the basal area of 150--200 cm? and then became almost ¢onstant when the
basal area got to 300 cm%  When the basal area went bevond it, they showed almost no increase.

The incr

asing tendency stems make at an.earlier time is related to the growth rate of
stems during that period. All parts of a tree grow vigorously then. Both the annual incre-
ment and the ratios increase greatly. This is also characteristic of the accumulated parts.
As the growth multiplies every year, it increases gradually, It is peculiar in a young stage
of small diameter trees; large diameter trees show constant accumulation, instead.

The proportion of stems changes according to stand size, and its change and ratio are
different to species. The ratio of each part biomass to the total biomass of a tree at the
Basal area of 500 cm?, in which all the ratios become almost constant, is shown in Table 28
According to the table, it becomes lower in the order of L.leplolepis, P. densiflora, €. japonica,
and Ch. obtusa. '

In this table, the proportion of the stem of L. leptolepis is higher than that of C jeponice
and Ch. obfuse, because the proportion of the leaf of L. leptolepis is comparatively lower.

The other species involved in the proportion of the part biomass of each species at the
basal area of 200 cm?® or thereabouts is shown in Table 24, As is clear from it, Zelkovae servata,
Eucalypivs globulus, Ch. pisifera, etc., show the high percentage: whereas Acacia decurvens,
Quercus mongolica, etc.,, show the low percentage. For there are distinctively observed to exist

the main stems in the former case: and instead, the branches have the high percentage in

Table 23, Part biomass ratio of the trees in the mature stands (%)

Specles C. japenica Ch. obtusa ; P. densiflora | L. leptolepis
Stand No. S K1
Stem 67,3 73,4
Branch 4.7 6.
Leaf 5.9 1.6
Above-ground part 78.1 311
f 0.3 0.2
3 0,5 . 5 3
m 1.2 11 7
i 1.7 2,04
I 4,49 7.9
5t 13.3 10,1 10.4 18
Underground part 21.9 23,2 20, 2 18,9
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Table 24. Part biomass ratic of each species at the

Species O, japonica | Ch. obtusa P, densiflora) L. leptolepz's; Ch. pisifera
‘
Stand 510 HS3 A3 K29 M2
Stem 61,2 60, 4 64,9 62.2 60, 6
Branch 4.3 9.0 1.5 12,9 12.1
Leaf 10,7 7.0 4.6 1.9 4,9
Above-ground part 76,2 76,4 81,0 77.0 77.6
f 0.9 0,8 0,1 0. 4 0.8
3 1.8 1.7 0.9 1.4 1.4
m 2.8 2.1 1.8 3.4 2.1
1 2.7 2,8 2.5 4,0 2.7
L 3.3 6.0 2.7 4,5 7.0
St 12.3 10, 2 11.0 9.3 8.4
Underground part 23.8 23.6 19.0 23.0 22,4
Table 25. Tree density and part biomass ratio (%)
C. japonica i P. densiflova L. leptolepis
Stand 523 513 522 526 A0 Alt | K18 K24
Basal area 152 196 419 425 18 32 346 410
Density index 0.798% | 0,598%% 1, 158% | 0, 449%% 1, 243% | 0, 884%* 0, 811% | 0, 538%%
Stem 69,4 58,2 72.2 53,4 58, 3 53,1 74.3 63,2
Branch 3.2 3.5 3.8 7.2 13.5 15,9 4,8 13, 4
Leaf 7.0 16,1 5.0 16.0 10,1 11,7 1.5 1.7
Above-ground part 79.6 77.8 80.9 76,6 81.9 80.7 80. 6 78. 3
f 0.6 0.8 0,1 0.4 1.0 0.7 0.2 0.2
8 1.5 1,2 0.3 0.7 3.2 1.8 0.4 0.5
11 2.2 2,6 0.9 1.5 4,8 3.7 13 1.4
i 1.8 2.7 1.3 2.0 0,01 2.1 3.9 3.6
L 2.7 2.2 3.8 4,9 | e | e - 5,2 6.9
St 11.6 12,7 12,7 13.9 9.0 11.0 8.4 9.5
Underground part 20, 4 22.2 1 19.1 PACRE I 19.3  19.4 21,7

% Close planting stand. 4% Sparse planting stand,

the latter case. That is to say, it is caused by the difference in formation between the stem
and the branch.

The proportion of stems are easy to go up and down by tree density, For example, they
increase in a highly dense stand. To clarify the relation, examinations as shown in Table 25
were carried out between the stands of $23 and $138, the stands of 522 and 526, the stands
of P. densiflora A 10 and A 11, and the stands of L. leptolepis K 18 and K 24, which stands are
all almost equal in tree size. It was found that the differences in stem portion for species
arc as follows : 11% between 523 and $13; 19% between 522 and $26; 5% for P. densiflora;
and 11% for L. leptolepis.

The main reasons for it are as follows : First, the stem formation is caused to change by
close planting. Second, the branches and the leaves are caused to decrease their percentage
in a close-planting stand. And finally, the underground parts to decrease their percentage
along with them.

To sum up, when production per area proceeds constantly, a close-planting stand causes

the deposition of products to the stems to be larger than a sparse-planting stand, and thereby
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average basal area of about 200 em? (%)

- - : ’ ‘ 2 | 2 ;
Bucaispius | Zolbowa | avies | Taga | Aoz | Quews | Betule g
olaobulus serrata fivme canadensis dealbata  grosseservata V. iaporica deavurice
M3 M4 MS Mo M8 .o M9 M1
61,7 82,0 41,7 61,7 44,9 56,4 35,2
4.6 2.1 e 11,8 28,9 22,6 13,0 18,6
49 | 06 18. 6 507 9, 3.1 20 L
71,2 84,7 78.8 77,2 70 70,6 71,4 75.3
0.8 G, 8 0,3 0,5 0.2 0,72
4,8 1.0 .8 2.8 4.2 e 1 14
6.9 2,3 2.2 3.6 10,9 4,9 & 3.6
3.0 2.2 3 2.0 2.3 3 2.7
4,1 2.7 O 2 2.9 1 2.6
9.2 6,3 4,04 7. 17.8 4.7
28.8 15 79 904 24,7
¥

the proportion of the stem to be higher relatively.  Thus, it is not unreasonable to conclude
that cloge planting is more effective for stem productivity than sparse planting,

Branch : The proportion of branches decreases gradually in contrast with the case of
stems, when the basal area increases. Tt decreases as a tree grows up to the basal areas of
50~-200 em®, where the rate of increase goes almost constant.  After that, it becomes almost
constant (Fig. 29).

Three reasons account for this : First, branches grow vigorously at an earlier time and at
the stage of small trees. Second, underbranches begin to decay gradually as trees grow up,
although the amount of accumulation becomes larger because of the small amount of dead
branches, Third, the amount of accumulation does not increase greatly because branches fall
at a given rate every year.

Branches are quite different from stems, an accumulating part, in this respect. In short,
their gquantitative change makes clear a property as a working part.

The proportion of branches differs from one species to another.  According to Table 38,
the proportion of the branches the main épecics have in the matured stands are 7.9% for P,
densiflove, 7.7% for Ch. obtusa, 8. 1% for L. lepiolepis, and 4.7% for . japonica.

C. japonice has a lower percentage than any other specles, Although it has a large amount

of branches, L. leptolepis has a lower percentage than Ch. obfuse, becavse the species’s stem
has a greater part. ’

The relation between the tree density and the proportion of branches is shown in Table
25, As is clear from this table, the proportion is.all low in the dense stand. There was, for

&

ample, a difference of 0,34 between 323 and 513, and of 4 4% between S22 and 526, L.
leptolepis still had as large a difference as 8.6%. This explains that high density hinders
hranches’ growth very remarkably for that species with intolerance,

f.eaf : The ratio of the leaf biomass to the total biomass, as shown in Fig. 29, decreased
gradually as trees grew up. It is quite in contrast to that of stems.  As already mentioned
on the leaf biomass, it is partly because leaves do not make so much accumulation as stems,
as they are regenerated every vear, and partly because they slow down growing speéd when
trees are grown up, The decrease of the ratio of the leaf biomass and the increase of ac-

cumulated parts with tree growth are the decrease of production and the increase of con-
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sumptive parts. As a result, the growth rate of large diameter trees decreases.

The ratio of the leaf biomass differs from one species to another. At the basal area of
500 cm?, for example, they were 7% for C. japonica, 5% for Ch. obtusa, 2.5% for P. densiflora,
and 1% for L. leptolepis. P. densiflora and L. leptolepis with intolerance had a lower ratio of
leaf biomass than C. jeponica and Ch. obtuse. The reader may refer to Table 23 on the ratios
of leaf biomass of 85 to K 19.

The ratios of the leaf biomass, inclusive of the other species, are shown in Table 24, and
Abies firma had the highest ratio of 19%. According to the table, they became lower in the
order of Abies firma, C. japowica, Acacia decurvens, Ch. obtusa, and Ch. pisifera. Hence it is
that all these evergreen trees have high percentages, whereas the deciduous trees, such as L.
leptolepis, Zelkova sevrata, Betula platyphylla, Betula davurica, Quercus mongolica, etc., have much
lower percentages.

in relation to tree density, the ratio of the leaf hiomass of a dense stand was always
lower than that of a sparse stand, as shown in Table 25. [t tended to decrease by competitive
density effect. C. jepownica had a difference of 9% between either 523 and S 13 or between S22
and $26. P. densiflora and L. lepiolepis had both that by 2%, '

(2) Above-and-under ground parts ratios (T/R ratio)

Fig. 29 shows the ratios of the above-ground parts, inclusive of the stems, branches and
leaves altogether, to the total biomass, relating to basal area. This ratio also indicates the
rélati{m between the above-ground and the underground parts.

The ratios of the stem, branch, and leaf differ from stand to stand, and they vary greatly.
Their differences are, however, offset if the biomass of the above-ground parts are run together,
and consequently the variance becomes small. Hence it is that a high correlation exists bet-
ween the above-and-under ground parts.

According to Fig. 29, the ratios of the above-ground part biomass to the total biomass
are 75~-80%, and they go almost constant for both large and small tress. And yet, those
ratio& of the underground part biomass range from 20 to 25¢%. It is, as shown in Fig. 29,
guite in contrast with those of the above-ground part biomass.

Those ratios of the above-ground parts of the matured stands from S5 to K 19, as shown
in Table 23, are 78% for C. japonica, 77% for Ch. obtusa, 80% for P. densiflore, and 81% for
L. leptolepis. They become lower in the order-of L. lepiolepis, P. densiflora, C. japenica, and
Ch. obtusa. The other species counted in, those in Table 24, are 85% (the highest) for Zelkova
servata, 70~71% for Acacia decurrens or Quercus mongolica var. grosseserrvata, and almost 75~
80% for the other species. Indeed, it is true here thaﬁ P. densiflora and L. leptolepis have a
slightly higher percentage than- C. japonica and Ch. obiusa, but the difference between them
is low.

Calculation of the T/R ratio resulted in the following correlative changes of the biomass

of the above-and-under ground parts. The variance of regression between T/R ratio and basal

# T/R ratio : Ratio of the above-

i i — e ground part biomass to the
=% O 2, , N ¢
— %—’Aﬂ; : ’ underground part biomass.

T/R RATIO

EY S f?" awo
o] . .
Yoa Fig. 30 T/R ratio®* and

166 08 WO a 50 600 a0 GO0 1000 o basal area,




Table 26. Basal area and T/R ratio

Basal areal i :
(cm?) 100 200 ] 300 500 800 1, 000
Species | ' \
C. japonica ; 3.1 3.1 3 a0 3.8 3.6
Ch. obiusa ‘ 3.1 3.1 3.1 3.2 3.3 3.4
P densiflora 3.6 3.6 3.7 3.8 3.9 4.0
L. leptolepis 3.3 3.5 3.8 4,3 4,5 4,

Table 27, Tree density index
and T/K ratio

) Density |
.. index | 0.5 1.0
Species ;
. japonica 3.2 4,3
Ch. oblusa ! 3,2 3.6
. P, densiflova | 3.7 4,4
oy e ; o . L. leptolepis | 3.5 4,8
Fig. 31 Tree density index and T/R ratio. plosep i o )

area, as shown in Fig. 30, was large regardless of species. The other species included, the
distribution of T/R ratio ranged from 2.5 to 4.5, due to tree density and site condition.

it is evident from this figure that the T/R ratios increase slightly as a tree grows up.
L. leptolepis had, for example, a slightly higher percentage than C. japonice, Ch. obiusa and P,
densiflora.
a. T/R ratio and tree growth

The relation between T/R ratio and basal area draws an almost straight increasing line
ar an extremely gentle parabolic increasing curve upwards. C. japonica, Ch. odtuse and P,
densiflove drew, for examyple, a nearly straight line, L. leptolepis made a gentle curve upward
for the large diameter tree and a rapid rate of increase of T/R ratio for the small diameter tree.

Table 26 shows the average changes in T/R ratios each species makes, based on these
changing curves. When the basal area increased from 100cm? to 1,000 cm?, the T/R ratios
of C. japenicu, Ch. obtusz, P. densiflora, and L. leptolepis increased by 0.5, 0.3, 0.4, and 1.3
respectively. That of L. lepfolepis was a little higher. Those ratios of the small diameter
trees became lower in the ovder of P densiflora, L. leptolepis, and C. japonica or Ch. obtusa.
Those of the large diameter irees, however, became lower in the order of 1. lepiolepis, P.
densiflora, and C. japonica or Ch. obiusa.
b, T/R ratio and tree density

The ratios of above-ground part biomass in both a dense stand and a sparse stand were
calculated. . japonica, P. densiflovg and L. leptolepis had, as shown there, a higher percentage
in a close planting stand. Examples are : a difference of 1.8% between $23 and 513, and of
4.5% hetween 522 and 826, P densiflora differed by 1. 2%, and L. lepiolepis by 2.3%. Hence

it is that all these species tend to increase the T/R rativs, corresponding to the increase of the
density indices. If we convert this relation into the T/R ratios concerning the whole sample
stands, we get the result shown in Fig, 81, According to the figure, the rates of increase of
the T/R ratios become lower in the order of L. leplolepis, C. japonica, P. densiflora, and Ch. obtusa.
Ch. obtusa had a difference of only 0.4 between the density indices of 0.5 and 1,0, because the

species with great tolerance was given almost no influence by density (See Table 27),
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Fig. 32 Various soil properties and T/R ratio.

¢. T/R ratic and soil condition

The rool system owes its
growth to soil conditions, so it'is
likely that the T/R ratio depen(is
strongly upon soil conditions.

Soil type : The relation be-
tween soil types and T/R ratios
is shown in Fig. 32,

As can be seen there, the
T/R ratios have a tendency to
go lower in the dry-typed soils,
such as Er, Ba, Bl, and Bls(m),
but to go higher in the Blo(w),
Bis and Er type soils.

But the T/R ratios have a
tendency to go lower in the
heavy wet soils, such as Bler,
Bir and Blo either due to the easy
decay of absorption and pro-
duction structures or due to the
remarkable drop-off of the bio-
mass of leaves and branches.
it is evident from these that L.
leptolepis, as shown in Fig. 32, has
the low T/R ratios in the stands,
such as K4, K5 K6, and K7,
the
absorption and production struc-

This® explains decay of

tures of the above-and-under

ground parts, and besides, this

“leads to the natural decay’ of

tree.
It changes by species. The
following - provide  good ex-

C. japonica and Ch.
the high
content are seldom affected by
them, but L. leptolepis with the
low water

amples ¢

obtusa  with- water

content responds
easily to such an influence,

In the dry Ba typed soil,
which causes T/R ratios to be
low in general, that ratio of the
stands of P. densiflora, A 10 and
A1l of

gave the indications
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Table 28. Typical soil types and T/R ratios

Muoderately moist l

g acs P, § ar e v
Species Dry soil type soil type Moist soil type | Wet soil type
. japonicn 3.8
Ch. obiusa 8.4 e
P, densi flora 3,2 3.5 —
L. leptolepis 3.3 4.0 2.7
Table 28, C/N ratio and T/R ratio
C/N ratio ‘ !
. / ) ! 7 05
Species S 1 15 ] (4] 25
. japonica 4.0 3.4 1 3.0
Ch, oblusy 3.4 | 3.8 1 2.8 2,7
P, densifiora 4.5 i 4.3 i 3.8 3.6
L. leptolepis 4.0 | 5.3 { 3.0 ‘ 2.9

being high, This is due to the high density index of the two stands.

Judged from Fig. 32, the relation of the T/R ratios to the main soil types is shown in
Table 28. According to the table, the T/R ratio is lower in the dry-typed soils than in the
moderately moist soils.

The differences each species has in T/R ratio between both solls are as follows L. leplolepis
differs by 1.2, Ch. obtusa by 0.9; P. densiflora by 0.8; C. japonice by 0.5 Hence it is that
L. leptolepis is much more influenced by dryness than Ch. obiusa and P. densi ﬂmv'a‘

Un the other hand, the difference in T/R ratio between the moderately moist soils and
the moist soils is as follows @ L. leptolepis and F. densiflora differed by 0.5 in the moist soils;
. japowica and Ch. oblusa had no difference.  The T/R ratios of L. leptolepis and P. densifora
decreased a bit when in the more moist soil, but those of C. jepenica and Ch. obfuse showed
almost no change. In the excessively moist soil, L. leptolepis made the T/R ratio of 2,7, which
difference was 1, 8 in the moderately moist soil. These differences were caused by the decrease
of the ahoveground part biomass according to the decay of branches and leaves.

The soil factors of every species are highly related to the soll types. When we examing
the relation to them, we can anticipate the relation of these factors to them as a whole. A
few examples for this relation are explained henceforth.

CiN ratio @ The C/N ratio is one of the factors that indicates the chemical property of soil
in general. The relation between CiN ratio and T/R ratio is shown in Fig. 32, verifying that
the soil of the high C/N ratio has a low T/R ratio. This explainsg why poorly nutritive loca-
tion of the high O/N ratio is genervally dry soil-typed.

The T/R ratio decreases rapidly, as shown in Fig. 32, when the C/N ratio ranges from
10 to 15, Table 29 proves that there exists such a correlation as will make the T/R ratio
constant when the C/N ratio goes cross 20.

The influence of the T/R ratio on the C/N ratio is greater for C. japowica and L. lepiolepis
than for P densijlora and Ch. obtusa. 1t follows from this that those ratios of the latter are
less affected by soil chemical property than the former., It can be related to the property
that P. densiflora and Ch. obtusa grow well in the soils with a meager supply of nutriment.

Percolation rate : The percolation rate and the T/R ratio have the tendency to go up to-
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gether. This does not necessarily prove that all the species cause them to change at the
same rate. The rate of change of their T/R ratios by percolation rate, for example, became
lower in the order of L. leptolepis, P. densiflove, C. japonica, and Ch. obtusa. That is to say,
the former two are caused to make their T/R ratios more changeable by percolation rate.

In the sites with high percolation rates can be found much moderately moist soils with
well-developed crumbled structure, but in the sites with low percolation rate, lots of heavy
wet soils with wall-like structure or dry soils are present. In the latter case, the T/R ratios
have a tendency to go higher in general in the heavy wet soil although the percolation rates
get lower. (Here, we do not take into account the decay of productive structures.) It is in
marked contrast with the general tendency in Fig. 32. On the other hand, the T/R ratio
becomes low in the dry soils. So such a tendency as shown in Fig. 32 is presumed to resuli
from the dry soil as the sample soil.

Even when the percolation rate slows down, the T/R ratio, as already described, does not
always go down, due to the extremely different soil conditions. The ratio is subjected to
change by the conditions that make the percolation rate low.

pF values in field condition : The above-mentioned explanation may lead the reader to
conclude that moisture condition gives the greatest influence to the T/R ratio. The following,
however, makes it clearer. Fig. 32 shows the relationship between the T/R ratios and the pF
values in field condition, which indicate directly the moisture condition of soil. According to
the figure, the T/R ratios of each species get lower as soils become drier, and the pF wvalues
get larger. These factors have a closer relativity than any other factor; they both have a
close connection.

The relation between the pF walues and T/R ratios, obtained from Fig. 32, is shown in
Table 30. Aczcbrding to the table, the T/R ratio of P. demsifiora is higher than that of Ch.
obtusa, as that of P. densiflora is 4.4, that of C. japonica 3.6 and that of Ch. obtusa 3.2, in the
moderately moist soil with the pF value of 2.0. The differences among species, however,
decrease in the dry soil with a pF value of 3.5; the T/R ratio of P. densiflora is 3.2, that of
. japowica 3.1 and that of Ch. obluse 2.7.

As concerns the rate of decrease of the T/R ratio which answers the increase of the pF
value, P. densiflove shows a higher percentage. That rate with the range of the pF value
from 2.0 to 3.5, for example, was 0.5 for C. jeponica and Ch. obiusa, but 1.2 for P. densifiora.
The latter species showed over twice as high a rate of decrease as the former two.

This explains that P. demsiflora has a tendency to make changeable the guantitative
balance between the above-and-under ground parts on the dry condition, as against C. japonica
and Ch. oblusa. Accordingly, it is not necessarily unreasonable to conclude that it is related
to the strong adaptability of that species to drought.

Site index : Fig. 32 shows the relation between site indices and T/R ratios by putting the

above-mentioned soil conditions together. The T/R ratios of each species increased, as shown

Table 30. Value of pF in field condition and T/R ratio

e Value of pF| . = i . | -
Specics e o PY 2.0 2.5 | 3.0 | 3.5
C. japonica a6 3.4 \ 3.2 ‘ 3.1

Ch. obtusa 3.2 j 3.0 ’ 2.9 ! 2.7

| 3.6 | 3.2

P, densiflora ; 4,4 4,0
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in the figure, in a slightly concave curve upward

. L . free Density ! Modis ture i‘/b? ratio
ag site indices increased. ;

This can be observed guite clearly and the Close planting  ~—-= Mot e High

. . rrn . R . Aparse planting e lry JRERS W
variance is small. There is a close relationship
between them, Fig. 33 The conditions concerning

. . . L . TR ratio.
It is related mainly to the water condition of /R ratio

soil.  The stands with small site indices are mostly on the dry soils, and those with large

site indices are mostly. on the moderately moist soils. Concerning the C/N ratio, it is possible
to predict that the T/R ratic goes higher in the sites with the small site index, due to the
excessive moisture, When this happens in the sample stands, the relation of the T/R ratios to
the site indices is not very clear, as shown in Fig. 32.

The various conditions, which cause the T/R ratios to change, have too close a relation-
ship among them to conform to one rule. Figures 31 and 32 show the different conditions
in all sample stands. Variance is caused to increase by the conditions that affect T/R ratio.

Let us pick out of the factors that have a great influence on the T/R ratic on the whole.
We can gei two factors, namely, tree density and water conditions.  Fig. 33 shows that the
higher the T/R ratios, the higher the tree densities and the more moist the soils. Further-
more, it shows that they have a tendency to go lower under the sparse planting and dry
condition.

The above-mentioned change takes place within the given range of T/E ratio. That ratio
can not get to over five even in a close planting and meist stand, and it never goes down
under two even in a sparse-planting and dry stand. For example, the 822 stand of C. japonica,

close planting, Be soil-typed and of large diameter irees, showed the T/R ratio of 4.2, whereas

the A6 stand of P. demsiflora of small diameter trees showed that of 2.6 on the dry Er to B
typed soils.

It is possilile to predict thereby that each factor does not give an intertwined influence
ta the T/R ratio, i. e., that the effect of the coaction between each factor on that ratio is not
coming out at both ends of each factor. Nevertheless, it is difficult to know these relations
by

siraight regression.
{letailed examination reveals that the tree density and the site condition make the T/R
ratio change slightly. No big errors are caused, even when the T/R ratios are, say, 3 to 3.5

in a moderate and ordinary forest on the whole. Eve

n the one to two-year-old seedlings have
almost the same valuss,  In other words, the T/R ratios remain constant regardless of tree
growth. 1t has some connection with the given proportion of the assimilated products the
under-and-above ground parts make in every growth stage. This is very interesting.

{3y Underground part

Fine root : The ratic of the fine root biomass to the total biomass, as shown in Fig. 29,
was high for the small diameter trees of species. It decreased gradually with tree growth,
and became almost constant when the basal area arrived at 400 cm?

The similarity takes place in the fine to large roots of the underground parts, correspond-
ing to the changing ratios of the blomass of Jeaves and branches of the above-ground parts.
This can be made a comparison with and correspondency to either of a stem, one of the ac~
cumulating parts of the above-ground parts, or of the very large roots and root stock of the
underground parts, which increase parabolically. This indicates that their function has a

close relationship to thelr assimilation. It is very interesting in making an analysis of iree
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growth.
As already explained on the above-ground parts, the decreasing fendency of fine to large
roots is different from the parabolic increase of the very large roots and root stock. This is

traceable to the different growth property of each part; but in the case of those parts below

Table 31. Ratio of the fine root biomass to the total tree
biomass at the basal areas of 100 and 500 cm?

“““““““ o Species i
Basal T C. japonica Ch. obiusa P. densiflora L. leptolepis
area {cm%) B
100 1.3 1.8 0.2 0.3
500 0,3 0.4 0.1 0.2

Table 32. Soil type and ratio by root biomass (%)

Stand s20 | 812 | 87 S13 | S10 | S238  S15 | Si8
Basal area 265 267 160 196 208 152 451 554
Tree density index 0.482 1 0,672 0.575 | 0.598 ¢ 0.585 | 0.798 | 0.682| 0.545
Soil type Ba Bls(w) Bic Bio Bib(d) Bo Bio Bz
i 1, 1% 0, 6% 1, 1% 0, g*%# 0, %K 0, 6% 0, 4% 0. 2%*%
s 2.7 1.0 2.0 1.2 1.8 1.5 0.5 0.4
m 3.2 1.8 3,1 2.6 2.8 2.2 1.3 1.3
1 2,8 2,0 2.6 2,7 2.7 1.8 1.6 1.8
L 2.9 3.2 2.8 2.2 3.3 2.7 4,6 5.4
5t 11,2 12,2 12,1 12,7 12.3 1.6 13.3 13.9

% Dry soil. #x Moderately molst soil,

Table 33. Ratio of the small root biomass to the total root biomass (%)

T Species ]
Basal ™. C. japownica Ch. obtusa P, densifiora L. leptolepis
area {cm?) T

100 2.5 4,0 1.2 1.7
500 0.8 1.2 0.4 0.4

Table 34. Ratio of the medium root biomass to the total root biomass
at the basal areas of 100 and 500 cm?® (%)

T Species | )
Basal T C. japonica Ch. obiusa P, densifiora | L. lepiolepis
area (cm?) U ‘

100 3.8 3.5 2,3 4.6
500 1.3 1.2 1.9 1.7

Table 35. Ratio of the large root biomass to the total root biomass
at the basal areas of 100 and 500 cm? (%)

e Species |
Basal T C. japonica Ch. obluse P, densiflora L. leptolepis
area (cm®)
100 | 3.2 3.2 3.5 4.2
500 | 1.8 2.5 2.5 2.5




¢ b

Bhe 0 CGHED — 53 -

a large root, it is caused by the small accumulation and slow growth of root biomass.

These decreasing curves differ according to species. The indices at the basal areas of
100 cm? and 500 cm? are shown in Table 31, The differences in index between them are, as
shown there, 1.4% for Ch. obiusa, 1.0% for C. japomice, and 0.1% for P. densifiora or L.
leptolepis.  From this we see that Ch. obfuse has the highest changing rate. Small diameter
trees have a difference of 1. 6% because of large disparity between speciss, but large diameter
trees have a small difference of 0.3%.

This is partly because a small diameter tree makes a large distribution of the total biomass
to the fine roots, and partly because the properties of species must be taken into account. As
is clear from Fig. 29, C. japonica and Ch. obtuse have large values regardless of the small and
large diameter of trees, but P, demnsiflova and L. leptolepis have not.

The ratios the fine roots of each species occupy, as shown in Table 24, are as follows :
2.8% for Acacia decurvens; 0.9% for C. japonica; 0.8% for Ch. obtusa, Ch. pisifern, Eucalypius
Zlobulys, and Zelkova servala; 0.1 to 0.4% for P. densiflora, L. leptolepis, Abies firmu, Quercus
mongolica var., grossesevvata, Betula plalyphylla var, japonica and Betula davurica.

According to Table 25 on the relationship between the density index and the proportion
of fine rool biomass, the dense stands, such as $23 and 822, have the higher percentage of
the fine root biomass by 0.2 to 0. 3% than the stands of normal tree density. This is a relative
decrease caused by the fact that the proportion of the stems increases by density effect. This
relation was not clear for P, densiflora, and L. leptolepis. Particularly in the dense stand of
P. densiflova, the proportion of the fine root biomass was high, because A 10 was smaller than
any other stand, This holds good in the case of the small and medium roots.

The relation between the soil conditions and the portion of fine root biomass was examined
in the C japowica stands, in which the basal area and density index are almost equal. Results
appear in Table 32, The proportion of fine to medinm roots, as shown in the table, goes up
in the moderately moist soils, such as Br to Bp, and down in the dry soils, such as Ba-Bhh(d).
Those of the large roots and root stock decrease.

Small root 1 The ratio of the small root biomass of the total biomass of the main species
in Fig. 29 is shown in Table 33. As revealed there, Ch. oblusa showed, regardless of the small
and large diameter trees, a higher percentage than C. japonica, P. densiflora and L. leptolepis.
The percentages at the basal area of 500 cm?® are as follows : 1,2% for Ch. obtusa, 0.5% for
C. japonica, and 0,4% for P. densiffora or L. leptolepis: the more intricats branching of the
small roots accounting for the higher percentage of Ch, obluse. The other species put together,
Eucalyptus globulus and Acacia decurrens showed high percentages. And Abies firma, P. densiflova,
Zelkovn servata, Betula platyphylle var. japonica, @uercus mongolica var. grosseservate, Betula
davurica, etc. showed the low percentages of 0.8 to 1.4, It follows from these facts that small
roots grow less favourably than any other part.

The stands, such as 56, 520, $24, H6, A 6 and A 10, all had, as shown in Fig. 29, higher
ratios than the average values of the rest. These were all sparse-planting and dry stands,
and just as in the case of fine roots, those percentages increased under such conditions, Table
32 proves these relations to seil conditions.

Mediwm root : As concerns the ratio of the fine and small root biomass to the total biomass,
Ch. obtusa showed a higher percentage than the rest. This does not apply in the case of the
medium root biomass. The root biomass, as shown in Table 34, makes the difference in ratioc

smaller among species. And the smaller diamster tree of each species caused the percentage
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to become lower in the order of L. lepiolepis, C. japonice, Ch. obtuss, and P. densifiora. lin the
large diameter tree it became lower in the order of P. densiflora, L. leptolepis, C. japonica, and
Ch. obtusa. The reason for this is that these four kinds of species all have similar properties
of the medium roots to each other. Of the other species put together, Acacia decurrens showed
the higher percentage of 119 in particbuiar.' The medium root ratios by biomass of other
species, such as Eucalypius globwlus and Quercus mongolica var. grosseservata, were comparatively
high. On the other hand, those of P. densiflora, Ch. obtusa, Ch. pisifera, Zelkova servata, Abies
firma, etc. ranged from 1.8 to 2.3%. The influences tree density and site condition give to
the medium root ratio by biomass are shown in Table 25, from which it can be seen that
they have a tendency to make the ratio higher in a sparse-planting and dry stand.

Large root : As shown in Fig. 29 the decreasing curves were not so steep as those of fine
root-medium root. The large root ratio by biomass is shown in Table 35 on the small and
large diameter trees in the same way as the study of fine to medium roots. In the small
diameter trees, L. leptolepis showed higher percentage than . japonica, Ch. obtusa and P.
densiflora. In the large diameter trees, C. japomice had a lower percentage. At this point, the
large roots, like the medium roots, have almost no difference between species.

Large roots are affected not only by the properties of species, but also by tree size, so not
all difference are caused only by the former. According to Table 24, L. lepiolepis has the
difference of 4. 0%, and Betula platyphylia var. japonica and Tsugae canadensis have 3,3%. Almost
species have those differences of 2 to 3%.

The large root ratio changes by tree density. Fig. 29 shows that the stands with high
tree density, such as 523, $22, 516, and $17, take a lower value than the average. On the

other hand, as shown in Table 32 it has a tendency to go slightly higher in a dry stand.

Table 36. Ratio of the very large root to the total tree biomass
at the basal areas of 200 and 500 cm?® (%)

. Species | ] )
Basal T—_ C. japonica | Ch. nbtusa i P densiflora L. leptolepis
area {cm?) T
1 i
200 3.0 5.5 4.2 4.0
500 5.0 8.0 5.4 6.5
i : —
Table 37. Ratio of the very large root to the total tree
hiomass and tree density index
Stand ! : s 22 s 26
! ' o
Basal area (cm?®) 419 425
Site index 21.8 19, 4
Tree density index B 0.4
Ratio of very large voot (%) ‘ 3.8 4.9

Table 38. Ratio of the root stock biomass to the total tree biomass
at the basal areas of 100 and 500 cm? (%)

. . | . i v
C. japonica Ch. obtusa U P odensiflore | L. leptolepis
area {(cm?) |

100 S 10,0 9.5 11 i
500 14,0 10.8 11,5 L

0 ®
o

O
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Very large root : The very large root ratin increased, describing a parabolic curve upward,
with the increase of basal area, It became constant when the basal area increased from 400 cm?®
to about 500 cm®  This is different from the changes seen in the fine and small roots, and
-t (See Fig. 29). Table 36 shows the

very large root ratio at the basal areas of 200cm® and 500 cm?® obtained from Fig. 25, Those

indicates that the very large root is an accumulating ps

of the small diameter trees became lower in the order of Ch. obtusa, P. densiflora, L. leptolepis,
and (. japonica, whereas those of the large diameter trees became lower in the order of Ch
obtusa, L. leptolepis, £. densiflora, and C. japonica. Ch. obtuse showed the high part blomass
ratio in the small and large diameter trees, but C. jeponice showed the opposite ratio with it.

It is owing to the growth property of the root system of species, The high ratio by the
very large root is clear from the morphological observations of those two species, too, The
ratio of the very large root biomass to the total root biomass of the species, almost equal in
free size, is shown in Table 24, Those of Quercus and Betula spp., such as Quercus mongolica
var. grossesevvata, Betula plalyphylla var, japonica, etc. showed, for example, a high percentage
from 15 to 18, while those of L. leptolepis, Ch. pisifera, Fucalypius globulus, Zelkova serrate, and
Tsuga canadensis showed & low percentage from 6 to 10.

The relation between tree density and very large root ratio was compared between 526

and $22, both almost equal in basal area and site index, and the finding is shown in Table 37,

As is clear from the table, the difference between them was 1.1%, verifying that the very

large voot ratio is slightly lower in a dense stand.

In relation to soil condition, those ratios change, as shown in Table 32, regavdless of the
soil type; thus soil condition does not cause difference in ratio.

Root stock @ The root stock ratio increased, describing such a parabolic curve as in Fig. 28,
Those of P. densiflora, Ch. obtusa and L. leptolepis became constant at an earlier time when the
hasal areas ranged from 150 cm® to 200 cm® However, that of C. jeponica did not become
constant until the basal area increased to 300 cm?

L. leptolepis showed a rather slightly decreasing tendency, probably because its branching
of the root system was remarkable and because it did not form a lump as C. japowica. The
root stock ratio is shown in Table 38 on the small and large diameter trees. According to
the table, those of the small diameter trees became lower in the order of P. densiflora, C.
Japonica, Ch. oblusa, and L. leplolepis. There, P. densiflora showed the highest percentage of
all because of its developing tap roots; whereas those of the large diameter trees became lower
in the order of C. japonica, P. densiflova, Ch. oblusa, and L. lepiolepis. In this case, C. japonica
had the highest ratio of 14%, because it took a crumbling root stock.

As already mentioned, L. feplolepis tends to diverge very large roots from the root stock.
When these roots are cut around the point of branching, the lump left becomes smaller.

Cercus mongolica vay. grosseserrala, Betule platyphylla var. japonica, Betula dovurica, whose

root stocks were all crumbled, had the high ratios of 1518%, contrasting with the root pro-

perty of L. leptolepis. The ratios for Zelkova serrata, Acacia decurvens, Ch. pisifera, Tsugn

Zelkova serrata is easily iofluenced by

vanadensis, L. leptolepis, etc., were low, ranging 6--9%,
density effect.

As mentioned before, tree density effect causes a slight increase of the ratio, The effect
is remarkable in all the parts of fine roots to a reot stock, and that has a significant effect on
the root biomass because a large root, a very large one and a root stock account for the

greater part of the total biomass. It would be to good purpose if we examine the influgnce
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Table 39, Ratio of the root biomass in horizon I to the total

root biomass at three basal areas

""" e Species i
Basal " C. japownica Ch. obtusa P. densiflora L. lepiolepis
area (em?®) e
100 58 60 40 58
500 40 42 37 50
1,000 45 — e

of tree density effect on the T/R ratio of those roots.

The influence of the site condition on T/R ratio is remarkable in the fine, small and medium
roots, and not in the roots larger than the medium root. It is the reverse of the case of tree
density effect.

There is a similar tendency in the change of the ratio either between leaves, which are
working parts above the ground, and fine roots under the ground, or between stems, which are
an accumulating part above the ground, and the large, very large roots and root stock under
the ground. It indicates that there is a close relation between production and accumulation.

5) Distribution ratios of root biomass according te every soil horizon

The distribution ratio of all the root biomass from fine root to root stock at every soil
horizon, is shown in Fig. 34 in relation to bascl area in Table 39, Asis clear from the Ggure,
that ratio is different depending on tree size. Examinations were carried out at every soil
horizon, and relevant observations are:

So0il horizon I: The ratios of root biomass in soil horizon 1, as shown in Fig. 34 are high
for small diameter trees, decreasing gradually as trees grow up. And they make a slight
increase for large diameter trees. Looked through the main species, they range from 40 to
60% for small diameter trees as shown in Table 39. According to the table, they became lower
in the order of Ch. obiusa, C. japownica or L. leptolepis, and P, denmsiflora. There was, however,
no great difference in ratio among C. japonica, Ch. obtusa and L. leptolepis. Only P. densiflora
showed a considerably lower percentage.

At the basal area of 500 cm?, they were 37 to 50% and lower than those of small diameter
trees. They became lower in the orvder of L. leptolepis, Ch. obtusa, C. juponica, and P. densifiova.

Table 40, Ratio of the root hiomass in each

Species C. japonica  Ch. obtusa | P. densifiora| L. leptolepis| Ch. pisifera
Stand 510 H3 A3 K29 M2
Basal area (cm?) L 208 T 198 200 238
|
1 i
Soil type L Blo(d) Bo Bin(d) Bls Bip
1 53.2 50. 9 39.3 53.0 53. 4
I 34,0 39.0 28,6 36.0 39.2
il 7.9 9.1 28.0 9.8 6.2
Horizon v 3.8 0.9 2.1 1.7 1.0
A% 1,1 0.1 1.5 — 0,2
Vi — — 0.7 — e
I-+H 87.2 89.9 67.9 89.0 92,6




The shallow rocted species, L. leptolepis and Ch. ebiuse, had a higher ratio than C, jeponiva and
P, densiflova.  There was, above all, no great difference between Ch. obiusg and C. japowica.
Only L. lepiolepis had a considerably higher ratio. P densiflora had the lowest ratio of 374,
partly because its rools larger than a large voot, which had a greater part of the biomass,
were tap-rooted, and partly because they were distributed much wider to deep soils than those
of any other species, The decrease of the ratios with tres growth was examined within the
range of the basal areas 100 cm® and 500 cm® It was found that C. japonica and Ch. obtusa had
that of 18%, L. lepiolepis that of 8%, and P densiflora that of 3%, The change was remarkable
for €. jeponica and Ch. obluse, but not for P densiflora and L. lepioiepis,

When the other species were included, the ratios of Acacia decuvvens, FEucalypius globulus,
. japonica, L. leptolepis, Zelkova servata, etc. vanged from 52 to 77%. They were higher than

those of P. densiflora, Abies firma, and Quercus mongolica var. grosseservaia (See Table 40).

Fig. 34 shows on . jeponica the relation between the tree density and ratios of the root
biomass according to every soil horizon. The 522 stand with high density took a low ratio,
and the sparse planting stand was contrary to it

A comparison of the relation to the basal areas on a few stands which have nearly equal

soil conditions wi

s made, and Table 41 gives results, According to the table, the ratio of a

sparse stand in soil horizon 1 is higher by 3 to 6% than that of a dense stand. It was evident

from these that a close planting stand had 2 wider distribution of root biomass in the lower
soil horizons than a sparse planting stand. 1t is not clear whether this phenomenon is due to
root competition or not.

They are shown in Table 42 in relation to soil conditions. According to the table, they
became higher in soll horizon I of the soils of dry tvpes, such as Ba, Bl, etc,, than of the soils,
moderately moist type.  The difference between the 520 stand of Ba soil type and the %12 stand

of Blo(w) soil type was 1.7%. The same differences were observed among the other species.

=y

According to Fig. 34 and Table 39, C. japonica gave the ratio of . at the basal area of

500 cm?, and that of 45% at the basal area of 1,000 cm® 1t is a very interesting phenomenon
that the root system may grow sclecting the soil horizon after they develop well enough in the
soil horizons,

Soil horizon II: Fig. 34 shows the relation of the basal arvas to the ratios of the root

horizon to the total root hiomass
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Ratio of the root biomass in each scil horizon

to the total root biomass and tree density (%)

Species . japonica 1 P, densiflora L. leptolepis
Stand $23 | 813 | 822 . 826 | A0 | All | K18 | K24
Basal area (cm?) 152 i 425 18 ‘ 32 ‘ 346 410
. . . " .
Tree density index 0, 798%* ‘ 0. 598**1 1, 158% | 0, 449%¥ 1, 243% | 0, 884%% 0, 811% | 0, 538%*
T [ | a
% 1 50.6 | 52.4 | 37.8 | 43.1 | 50.6 | 48.4 { 42,6 | 48.9
I 36.8 | 37.4 i 4.6 | 40,7 | 26,9 | 26.0 | 40.6 | 36.8
Horizon | i 8.5 7.6 | 13.1 1LS | 2201 | 240 | 149 | 12,4
! v 3.3 2.0 5.6 3.6 0.4 1,1 1.9 1.9
v 0.8 0.6 1.9 11 0.5 -
| 1+n §7.4 | 89.8 | 79.4 | 83.8 | 775 | 744 | 83.2 | 857
% Close planting stand s+ Sparse planting stand
Table 42. Soil type and ratio by root biomass in each soil horizon (%)
Stand $20 | 812 | §7 513 ‘ S0 | 823 | S13 | S18
Basal area (cm?) 265 267 160 | 196 ‘ 208 152 ? 451 | 554
7 : i
Tree density index | 0.482 | 0.672 | 0.575| 0.598  0.585 | €.798 | 0.682| 0.545
i § | i
. | i ) )
Soil type Ba Bin(w) Bic Biv Blo(d) | Bo Bip Be
I 48,9 47.2 53. 9 52,4 53, 2 50. 6 39.8 39, 1
I 37,8 37,6 33,7 37.4 34,0 36. 8 41,4 40. 4
Horizon T 11,0 10, 6 /8 7.6 /9 8.5 14,0 13.9
v 2.1 3.9 3.7 2,0 3.8 3.8 3.6 5,1
Y% 0.2 0.7 1.3 0.6 11 .8 1.2 ]
I+4 86.7 84.8 87.2 89, 6 87.2 87.4 81.2 79.5
Table 43. Ratio by root biomass in soil horizon I (%)
e “)pecies | ] ) .
Basal " . japonica Ch. obtusa P, densiflora L. leplolepis
area (cm?) e
100 35 36 27 39
500 40 40 30 3%
Table 44. Ratio by root biomass in soil horizons I and 11 (%)
R Species ] ) - ]
Basal T C. japonica Ch, obiusa P. densifiora | L. leplolepis
area (cm?) T |
100 93 96 &7 97
500 80 82 67 85
Table 45. Ratio by root biomass in scil horizon III and below (%)
T Spcues o ‘
Baodl C. japonica i Ch. oblusa P. densifiora | L. leptolepis
aresn (cmﬂ | :
100 7 4 33 3
500 20 18 33 13




biomass in soil horizon I 15 to 30 cm deep. According to the figure, the vatio of L. leplolepis
decreased gradually with the tree growth, but those of C. juponica, Ch. obtuse and P. densiflora
increased, describing a parabolic curve upward. The curves were drawn very gently, however,
as shown in Table 43, and the difference between the basal areas, H0om? and 500 cm?®, was
very small; 3~-5%,

The ratios got lower in the order of (. japonice ov Ch. ebtusa, L. leptolepis, and P, densi flora.
C. juponica got a higher percentage in this horizon than in soil horizon 1, because of its root
system’s property of growing well in a deep molst soil condition which soil horizon II has,
On the other hand, L. lepiolepis distributed the root system much wider to the surface horizon
than to soil horizon I, because it grew well on an aerobic condition. P densi flora spread fewer
roots in this horizon than in lower soil horizons because of its tap rootedness.

The other species added to the distribution ratios of root biomass ranged from 19 to 43¢
in this horizon as shown in Table 40,  Quercus mongolica, Betnla duvurica, Betula platyphyila var,
Japonice, Ch. obtusa, Ch. pisifera, etc, showed the high percentage from 39 to 43 while Acacie
decurrens, Abies firma, Tsuga canadensis, etc. showed the low one from 19 to 29.

The difference in ratio due to tree density and site condition was low, as shown in Tables
41 and 42. Soil horizon II appeared to be more or less like a transitional horizon betwesn
soil horizons I and {11,

Soil horizons 1 and It The ratios of the root biomass distributed to soil horizons 1 and
i, 30 cm deep from the surface horizon, as shown in Table 44, range from 67 to 7% at the
basal area of 100 cm? and from 67 to 85% at that of 500 cm®

These percentages are very high, because the large root, through the very large root to
the root stock, are maldistributed to the surface horizon. When the other species were included,
for exapmle, Eucalypius giobulns, Acacia decurrens, Betula platyphylla var. japonica, Betula davurica,
Ch, obtusa, Ch., pisifera, etc. showed the high percentage of over 90 as given in Table 40,
Eucalyptus globulus went shove all to take the highest percentage of 97. Although they had a
relation to soil conditions, these species showed a special property of shallow rootedness, It is
very interesting if added either to a result of general observation or to such a phenomenon
as windfall, Next to Ch. obtusa, L. leptolepis registered the percentage of 89, making # special
feature of shallow rooctedness.

P densiflora and Abies firma had the comparatively low percentages from 68 to 71 in soil
horizons 1 and 1L All those species were tap-rooted and their root biomass were distributed
more widely to soil horizon 115

The refation between the tree density and ratics of the root biomass in soil horizons [
and il is shown in Table 41, The ratio was found to be higher by 3 to 4% in @ sparse-planting
stand than in a close-planting stand, In a dense stand the root system tended to distribute
wider to deeper soils,

Similarly, as concerns the soil conditions, even in the stands almost equal in basal area
and density index, the distribution ratio in a dry soil tended, as shown in Table 42, to bse
high in the surface horizon rather than in the moderately mwoist colluvial soil (these results,
however, were not clear owing to the physical and chemical changes of soil in 513 and S 10).

Soil horizon 111 and below: The distribution ratio to soil horizon I and below increased,
as shown in Fig. 34, describing a parabolic curve upward as the basal areas increased. This
is entirvely contrary to that to soil horizon L

From these facts, it was recognized that the root distribution changed distinctly at the
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depth of 30cm. This depth has, therefore, an important meaning for the root function.

The distribution ratic becomes higher as the diameter gets larger in such a low horizon.
But in the large diameter trees the rate of increase gets down to almost constancy. It means
that the root system grows rapidly to a certain diameter but that its growlh rate decreases
after then. Owing to this tendency, the curve of basal area and root biomass moves upward

" gently as the horizon descends from horizon III to V. And the lower soil horizons go, the less
root distribution such shallow-rooted species as Ch. obfusa and L. lepiolepis show. The upturn
point of the curve moves to the larger diameter tree. In soil horizon IV, the root distribution
becomes narrower in such stands as H1 and $11 of small diameter trees, In soil horizon V,
Ch, obtusa and L. leptelepis have no root biomass at the basal area of 150 cm? and below.

On the other hand, the root distribution of P. demsiflore, of which the main root grew
well in lower horizons, reached even to soil horizons V in the small diameter trees, 50 cm?in
basal area. Al the basal area of 350 cm? it reached to soil horizon VI over 3m deep.

The distribution ratios of root biomass to soil horizon III and below are shown in Table 45,
At the basal area of 100 cm?, as shown there, they became lower in the order of P. densiflova
(339%), C. japonica (79%), Ch. ebtusa (496), and L. leptolepis (39). 'There, P. densiflova had the
considerably higher percentage. Ch. obiusa and L. leptolepis had almost the greater part of the
total root biomass within the horizon 30 cm deep from the surface horizon. At the basal area
of 500 cm?, the developed root systern made the difference in distribution decreasing among
gach species. The distribution ratio of the root biomass became lower in the order of P
densiflova (83%), C. japonica (20%), Ch. obiuse (189%), and L. leptolepis (15%). Three species
except for F. densiflora showed ratios decreased in the lower horizons. The contrary applies
in soil horizons I and Il

The rate of increase of root biomass at the basal areas 100cm?® and 500 cm? were 13% for
C. japonica, 14% for Ch. obtusa, 0% for P. demsiflora, and 12% for L. leptolepis. In short, €.
Japowica, Ch. obtuse and L. lepiolepis took an almost similar percentage, but P. densi flova did not.
This is because the curve in soil horizon II was described at the comsiderably high points for
small diameter trees as shown in Fig. 34, That species, however, made an almost parabholic
curve as did the other species in soil horizon IV or below.

In soil horizon 111, P. densiflora had the highest ratio of 25% at the basal area of 500 cm?,
However, L leplolepis, C. japonica and Ch. obtusa had the ratios of 10--1595. There was no great
difference between each species.

In soil horizon 1V, that ratio became lower in the order of . japonica, Ch. obtusa, P. densi-
flora, and L. leptolepis. The difference among species ranged only from 4 to 5% at the basal
area of 500 cm?2

In soil horizon IV, the shallow-rooted species such as Ch. obtuse and L. leptolepis had the
lower ratios, They became lower in the order of P. densiflora, deep rooted, (2.5%), C. japonica
(1.99%), L. leptolepis (1.1%), and Ch. oblusa (0.5%).

The difference between the shallow-rooted type and deep-rooted type was clear in this soil
horizon. Only P. densiflore, deep rooted, and the 517 stand of C. japonica, a large diameter
tree, distributed the root system to soil horizon VI or below. In soil horizons VII and helow,
only P. densiflora, tap-rooted, took roots. The effect of tree density on the ratio of root biomass
in soil horizon Il or below is shown in Table 41, According to the table, a close planting
stand took the higher distribution ratio in lower soil horizons than a sparse planting stand.

The difference in ratio between S22, one of the typical close planting stands, and 5 26, one of
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Table 46. Ratio by fine root biomass in horizon I and basal area (%)

~~~~~~~~ . Species ‘ ]
Basal " C. japonica Ch. obtusa P, densiflora L. leptolepis
area (cm?®) e |

100 65 65 55 78

500 38 52 45 55

1,000 : 60 65 58 70

the typical sparse planting stands, was 1.6% in soil horizon III, 2.0% in IV, and 0.8% in V
When comparison is carried out between these differences and the ratios of the sparse planting
526 stand, it becomes clearer that the ratios are higher in the under horizons than in the
upper horizons.

The ratios, as shown in Table 42, are higher in the under horizons of a moderately moist
colluvial soil than of a dry residual soil. When a comparison of ratio was made between S 20
on the Ba typed soil and S12 on the Blo(w) typed soil, the ratios of the latter were higher
by 0.4% in soil horizon III, by 1.9% in IV and by 0.5% in the V than those of the former.
Hence it is that the latter stand had a higher percentage in each soil horizon, I to I,

6) Distribution ratios of each root class according to every seil horizon

We have so far examined the distribution ratios of the total biomass each root has at
every soil horizon. These relations may also be applicable to each root classification.

Fine root: Fig. 35 shows the relationship between the basal areas and the distribution
ratios of fine roots at every soil horizon. As can be seen in the figure, the fine root biomass
made a concave curve upward in soil horizon I, a straight or gently parabolic one upward in
11, and a parabolic one upward in III or below. In this case, it had the smaller and clearer
variance than the total root biomass.

Table 46 shows the ratios of fine roots by biomass in soil borizon I at the basal areas,
100 cm? and 500 cm?, obtained from Fig. 35. At the basal area of 100cm?® they bhecame, as
shown there, lower in the order of L. leptelepis (78%), Ch. obiusa or C. jepenica (659, and
P. densiflore (55%).

At the basal areas of 500 cm? and 1,000 cm?, they became lower in the order of L. leptolepis,
Ch. obtusa, P. densiflova, and C. japonica. There, C. japonica and Ch. obiusa had an almost equal
percentage of 65 for the small diameter trees. Those order in ratio was constant for the
grown-up trees. In soil horizon I, those of L. leptolepis, and Ch. obtusa were higher than those
of C. japonica and P. densiflora, which tended to go higher in the lower horizons. This was
corapatible with the tendency of distribution of all root biomass.

The distribution ratio of the total root biomass in soil horizon I ranged from 40 to 60%
at the basal area of 100cm?, and from 37 to 50% at that of 500 cm?  The fine roots of small
and large diameter trees, therefrom, were distributed more widely to soil horizon L

For fine roots grow well, judged from their function, near the surface horizon with good
aerobic. In short, they are distributed much wider there.

The distribution ratios of the fine roots in soll horizon I according to tree size concerning
C. japonice were investigated and results shown in Table 34, According to the table, they are
65% at the basal area of 100 cm?, 38% at that of 500 cm? and 60% at that of 1,000cm?® When
a comparison is made between these and each ratio of the total root biomass in Table 39, it
is B8%, 40 or 45% respectively at each basal area. It would seem that fine roots have a tendency

to take high increasing and decreasing ratios in general, indicating that the various conditions



have a stronger effect on the growth of these roots than on that of thicker roots.

Asg already explained, the large-diameter trees made the ratios of root biomass increase in
soil horizon I, which was due to the selective growth by root in soil horizons. The special
feature was remarkable for a fine voot, one of the working parts.

In soll horizon II or below: Fig. 30 shows that the fine root blomass draws a straight

line downward or a remarkably gentle and parabolic curve upward in seil horizon 1. Besides,

the small and large-diameter trees both have thelr ratio by voot biomass (from 15 to 2095
almost unchangeable.
In horizon 111 or below, as with the total biomass, they draw a parabolic curve upward.

Their variance, however, is small, and iostead thelr coefficient of correlation is larger than

that of the total blomass,
In soil horizon Il each species increases the ratio by root blomass for the small-diameter

tree very vemarkably, A tree, 100 cm? in basal ares, for example, showed the percentage of

rraki

only 10, And vet it increased p Hy to get {o 156 to 20% at the basal area of 500 cm®.
It hecame lower in the order of C. japonica, Ch. obtusa, L. leptolepis, and P, densiflora. There
was no clear difference in ratio between deep-rooted species and shallow-rooted species,

In soil horizon IV, the ratios by root bilomass at the basal area of 500 om® were 129 for
C. japowica, 10% for Ch, ebtuse, 8% for P. densiflove, ansd 295 for L. lepiolepis. . japonica and
Ch. obtusa showed almost the same. L. lepiolepis, shallow-rooted, took a remarkably lower ratio
in this horizon than any other species. 1t is because L. lepiolepis are prevented by the anarohic

comdition in particular from growing the fine root fre

In soil horizon V, thev were 6% for (. japonica, 4. 5% for P. densifiora, 3% for Ch. obtusa,

and 1% for L. leptolepis.  Ch. obtusa decreased the distribution io in this horizon. The
difference between P, densiflora and O. japonice, deep-rooted, and Ch. obtusa and L. lepiolepis,
shallow-rooted, became clear in soil horizon 1V, 80 to 120 cm deep.

And what is move, L. lepiolepiz and Ch. obtuse, shallow-rooted, had no distribution of root
biomass for the small diameter trees in this horizon., The conclusion to be drawn from the

foregoing is that this horizon plavs an importa role, physiological and ecological, in influ-

encing root distribution and tree growth.

Only the root distribution of P. dewsiflorg, deep-rooted, was observed in soil horizon VI and
below, Moreover, its distribution reached to soil horizon XL

The above-mentioned changes in fine root blomass according to soil horizon prove that
fine roots function as a working and growing part., Those changes either correspond directly
i soil condition or characterize the properties each species has.  Accordingly, they are very

meaningful in examining the growth property of root system {The correspondence to tree

Table 47, Ratio by root blomass of O jeponice in horizon |1

and tree size (¢

Basal area |

Stand Comd) § s 11 1 1,
S11 &0 BO 59 -
$1 42 : 47

Gl 50
A1 34 21
G4 4 10

&0
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Fig. 36 Vertical disribution by biomass of each root
class of C. japonica.

density and soil condition will be mentioned when root density is referred to).

Small root to root stock : As mentioned above, the ratio by root biomass-basal area curve
changes from a decreasing curve to an increasing curve according as roots become larger.
This relation may be recognized in each soil horizon. It is shown in Fig. 36 on each root
class larger than a small root in soil horizon I, where fine roots make the most distinctive
changing curve. According to the figure, each ratio by biomass from a small to very large
root became lower as the tree grew from a small-diameter treeto a large-diameter tree. This
inclination of decrease became steeper with tree diameter. Table 47 shows those ratios on
the stands which take the average values from Fig. 36. As is clear from the table, they

decrease disproportionately with basal areas. For example, the differences in root biomass a
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Table 48, Ratio by root biomass of €. japonica in horizon 111

and tree size (%)

Stand Bd?(‘*mi 3 ea § S l 1 i | L
s : TN s | 6 1 5 A
G 24 15 ! 1 e
S 4 30 i 28
$18 24 48 I 31
517 26 i 24 { 25

tree between $11 and 518, both small in diameter, were 49% for a fine root, 59% for a small

root, 87% for a medium root, and 89% for a large root, That they became bigger as the

>
root system got thicker i3 partly because among small-diameter trees the root biomass tended
to maldistribute to the upper horizons as the rool system got thicker, and partly because

among large-diameter trees it tended to decrease.

I the stand of $11, small in diameter, 999 of the root biomass of a large-diameter tree

was distributed to soil horizon I and there were no very large root The very large root,

however, made the distributions of 100% and 88% in the stands of 51 and 524 respectively.
That is, when the root system became thicker, the distribution ratio by root biomass became
higher in soil horizon 1. And at the same time, its maximum value moved toward the large
diameter tree. This relation is remarkable in the large and very large roots.

These phenomena are regarded as the combination of the root class and soll horizon, The
ratios by root hiomase increased, corresponding to basal area and described a parabolic curve
upward as the soil horizon went down. This is the reverse of those on soil horizon 1. The
origin of the paraholic curve, however, moved towards the larger area.

The distribution ratios by root blomass to soil horizon I, as mentioned so far, are different
in each root class. The 811 stand of Table 47 shows, for example, the distribution proportion
of 83, 80, and 9

short, the fine and large root took the larger value than the small and medium roots. Tt is

> to the fine roots, small or medium roots, and large roots respectively, In

also dominant over the other stands. As a stand is growing up, the minimum value moves
toward a large root, as shown in Table 47, In the 51 stand, the small root took the minimum
percentage of 423 in the 824 stand, the medinm root took 43, and in the 54-5 18 stands, the
large voot took 21 or 1L

Hence it is that tree growth causes thick roots to go toward the increasing distribution
of rout biomass in deep soils. When adding it to the fact that the proportion to each root

lass go down disproportionately with increasing hasal area, it turns out that the propoption

ta soil horizon | is decreasing as a stand is growing up or as the root system is enlarging.

Since distribution is greatly affected by the soil properties, such as aeration, fertility, ete., fing

roots take a higher percentage in soll horizen 1 than small and medivm roots in all stands,

This, hawever, goes opposite to the distribution ratio to soil horizon III as Table 48 proves.
There, the ratio is increasing in parabolic form as a tree is growing. And the point showing

the maximum value moves to a farge root. It follows from Tables 47 and 48 that root distribu-

tion is different : rding to soil horizon, tree size, and root class, and that although the root

ribution

system of small-diameter trees are maldisiributed to the surface soil horizon, the d

ratios of large diameter roots increase gradually in the horizons downward as trees grow up.
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Table 49. Average root volume of the
Chamaecy- | 5
Species C. japewnica | Ch. obtusa P. densiflora) L. leptolepis puris szswly b t%’is
Y globulus
pisifera
Stand | 85 HS A8 K14 Mz | M3
Basal area {(cm?) 439 427 361 422 238 177
Root volume (m®) 0.13 0.13 0.09 0.14 0.07 0.0z
Table 50, Root volume per ha
Chamaecy~ o Tarbetas
Species C. japonica | Ch. obtusa P, densiflova L. leplolepis pavis E”]’gg‘? ffjé
pisifera Brooulus
Stand S8 HS A8 K14 M2 M3
Basal area (cm?) 439 427 361 422 238 177
Root volume per ha 116, 2 91. 3 69,7 105, 0 34,8 58, 4

3. Root volume

From the root biomass and the bulk density, the volumes of each class of the root system
in each soil horizon were calculated,

1) Volume of 2 root system per tree

As the bulk density differs among species, the root volume of each species have some
difference in relativity from the root biomass. The average root volumes of each species per
tree are shown in Table 43, According to the table, those of main trees ranged from 0.09
to 0.14 m? at the basal areas of 360~440 cm?, and those of the other species ranged from (.02
to 0.09 m?® at the same basal areas. They differ according to tree size and bulk density. L.
leptolepis, Acacia decurvens, Quercus wmongolica, and Betula devurica with low bulk density, for
example, showed a large average root volume per tree for their basal areas, Since each
species does not make a great difference in bulk density, the average root volume goss up

and down almost proportionately with the root volume,

Table 51. Ratio of each root volume to the total root volume (%)

Species Stand 1 £ s m i I St
C. japowica , S5 2.3 2.4 5.4 7.8 | 22,0 | 0.1
Ch. obtusa HS 3.7 6.5 5.4 10.0 32.6 41,8
P. densiflove A8 0.4 3.3 9.3 12.7 24,7 49, 4
L. leptolepis K14 1.2 2.2 6,9 11.4 34.2 44,1
Chamaecyparis pisifera M2 5.8 7 10. 4 12.1 29,5 34.9
Eucalypius globulus 3 4.2 18,3 25,2 10,1 13,1 29,1
Zelkove servaia M4 9,3 7.8 16.7 14,0 5.5 36.2
Abigs flrma M5 2.2 4,2 10.7 10.6 8,9 63,4
Tsuge canadensis M6 3.8 11,6 17.3 14.3 16. 4
Acacia decurvens v. dealbala M7 14,0 15.3 38. 4 6, 4 6.0
Quercus mongolica v. grosseseyvata 8 i.0 55 19,3 7.8 9.3
Betula platyphylla v. japonica M9 1.0 4,6 13,2 11,0 10. 5
B. davurice M10 1.1 7.4 17,3 9.1 10,0
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2y Volume of 3 root system per ha

The root volumes per ha are shown in Table 50, As is evident from it, they range from
70 to 116 m? at the average basal aveas from 361 to 439c¢m? in the stands of C. faponica, Ch.
obtusa, £ densiflove, and L. leptolepis.
31 Tree size and root volume per ha according io each root class

The change of the root volume in each rool class, answering tree growth, is shown in
Fig. 37, The root volume per ha from a fine root through a small root to a medium root,

ag with the root biomass, incr

ses, as shown in the figure, to the peak when the basal area

rang

from 150 to 200 cm?, then decreases with tree growth. And that volume from a large

root throu

1 a very large root to a root stock draws a parabolic curve upward. That runs
almost paraliel to the change in root biomass. The average bulle density of the root system
does not go up and down greatly with tree size.

1) -~ Roet volume ratio by every ront class

Table 51 shows the volume ratios by root class in the stands from Table 48 and 50,
Those to the fine roots ranged from 0.40 to 3.70% although difference in growth has

some influence on them. OF all main trees, F. densiflora got the lowest percentage and Ch.

obtusa the highest. Those to the small roots ranged from 2.2 to 6.5%, and those to the

mediam roots from 5 to 99, It is evident from the fact that as the root system becomes
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Fig. 38 Ratio each root velume to the total,

and basal area.
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Fig. 38 (Continued)

larger, the difference in ratio between species becomes lower, For example, those to root stocks
ranged from 42 to 60%.

In the other species, such as Acacia decurrens, Zelkova serrata and Ch, pisifera, the volume
ratios to the fine roots were 6~14%, and those to the small roots 7--15%. In Abies jfirma,
Quercus mongolica, Betula platyphylle and Betula davurice, those to the fine or small roots were
comparatively low. Those to the root stock, howsver, occupied 55 to 63% of the total root
volume,

(1} Tree growth and volume ratio by root class

The relation between basal area and ratio in root volume is shown in Fig. 38. As is
clear from it, the ratios to the fine, small, medium, and large roots decreased gradually with
the growth of trees. However, those to the very large root and the root stock increased,
describing a parabolic curve.

These changes in volume ratio are due to the different stages in growth between the
whole root system and each part of a root. They are also due to the increasing ratios the

accumulated part occupies in the root volume as trees get older.



Ratio of the root volume in each horizon to the total,

and basal area.
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Table b2 o oof the roob volume to the fotal root volume

in each horizon (%)

. f L LR oy L Zelhova | Acacia
Species O, japonica Ch, obiuse 1", - e deptolepis TOUUET
pecie L gaporsca Ch. onlusa | denst fora 3J n[[«)!(‘}zs: servala- - decurvens

S5 s Al K14 N 7

M3

450 427 361 % 422

177
Bio(w) B f Bin Bio Bin L Eresa Im-aw

796

H

Horizon

This relation was alse observed in each soll horizon.,  In soil horizon 1, the ratio of each

root volume to the whole root volume had a

ndency, as shown in Fig. 39, to decrease

lly with the growth of

a tendency to ine ¢ slowly, describing

a parabolic curve, was seen in soil horizon 11 or below.

Small trees mast of thelr voots to the surface soil horizon, bub decrease

such distribut

horizon; on the other hand, large trees distribute 2 number of

their roots to it

Table 52 shows on a few sta the root volume ratios by soil horizon. In soil horizon

1, they were, as shown there, 47

or Ch. oblusa, 44¢

L. leptolepis, 4075 for (. japonica,

for P densiflove.  Of all {our species, the fourth species had a low volume ratio by

voot in the horizons upward and a high one in the horizons downwa Ctherwise expr

the roots of Ch obtusa larger ¢

re roots which occupy the er part the root

red mostly fo the

volume are disty surface soil, and that those of P densiflory, tap-rocted,
are distributed mostly to the deeper soils.

The ratios distributed to soll horizons 1 and I 30 cm deep from the surface soil horizon

5 for (. jopowica, §

for Ok oblusa, 69% for P densiflora, and for L. leptolepis.

[

Zelkova servaia, Acacia decavvens, and Fucalyptus plotuius had the high root distribution rati

the

by volume of 54 in soil horizon 1. Poss

why they are

small tre

Aracia decurrens had 809, the highest ratio

that it has a

greater part of - root volumes in the surface soil horizon.
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Table 53. Ratio of the root volume to the total root

Species C. japonica
Seil water condition Moaoderately moist soil l‘ Dry soil
Stand 83 si3 823 824 S6 87 $ 20
Basal area {(cm®) 10e 196 | 152 99 105 160 | 265
Sail type Bin(d) Bb | Bo Ba Bia Blc | Ba
Site index 17.0 24.5 15,0 11.0 11,3 13.6 { 15.4
I 52,7 511 56, 3 57.7 53,7 ! 49,0
I 36,7 25,8 31,0 33.8 33,1 37.2
i 8.0 15,7 8. 4 5,9 8,2 ! 11,3
v 3.6 2.1 6.2 3.9 1.7 3.9 ! 2.3
v 0.2 0.5 1.2 0.4 0.9 1.1 \ 0.2
]
Table 54. Average root length a
: Chamaecy- | 1o ] l
Species C. japonica | Ch. obtusa P. densiflova L. leptolepis paris ﬁ”&%@fjﬁ‘s |
pisifera Brovuius |
Stand $s A8 Ki4 : M3 ;
Basal area (cm?®) 439 361 422 238 177
Root length (km) 4,1 1.2 3.1 5,4 2.4 }

(2) Soil conditions and vertical distribution of the root volume

In looking through soil types for the relationship between the soil conditions and root
volume, we get the results shown in Table 53, According to the table, C. juponica and Ch.
obiusa show the high ratic by volume in the lower horizons of the moderately moist soils and
the low ratio in the surface horizon of the dry or moist soils, This tendency was more
remarkable in the dry or moist soil for L. leplolepis than for C. japonica.

As mentioned before, the root volumes are distributed in the same way as the root bio-
mass. Fine and small roots, however, have a considerably low bulk density, because they
take much higher water content than large roots, very large ones, and a root stock. Those
roots, therefore, accupy the greater ratio by volume than the ratio by hiomass. As concerns
the vertical distributions at every soil horizon, the ratios by volume in the surface soil ho-
rizon, where fine and small roots are maldistributed, are higher than those by biomass.

After trees are cut down, their roots remain in the soil, get rotten and in time leave
cavities in the soil. They affect the physical and chemical features of soil, and there come

to be many fine porosities in the surface soil horizon.

4. Root length

From the average root length per tree got from the root length per unit weight multiplied
by the average root biomass per tree, the root length per ha was calculated through the
basal area ratic estimate.

1) Average root length per tree
(1) Tree species

Each species has its own biomass ratio, branching pattern, average diameter, and bulk
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volume in each seil horizon and soil types {4)

L. lepiolepis

Moist soil ; Moderately moist soil Dry soil

Kii

Ka Ke | K7 | KB

183 92 128 346 310 | S 200 | 164
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density of the root svstem, and naturally, rout length. Let us make thereupon a comparison

of the average root length per tree bhetween the main species with nearly the same basal aress

and soms other species with different bhasal areas from the detalled table on the root length.
Table 54 gives results, and sccording to the table, the maximum of those of the main trees
were 6, 4 km for Ch, obtusa with many fine routs, 4, L km fov O, japonica, 2.1 km for L. leptolepis,

and L 2hkm for & densiffore.  The last species had the extremely shorter root length, due to

having a considerably smaller amount of fine roots.

The root leagth of the other trees was the maximum of 17,0 elkave servata, or

10,8 km for Acaria decwrvens. 1t was 2 to 3 times as long as that of O jaf,‘()m(:(z ar Ch., obtusa

with broa

he fine root of Zelkove serrade is so small in diameter that its length per unit welght

is very rvemarkable, Although its length by unit is short, the fing root of Acecia decuvvens

has a large amount, 0 its voot is long on the whole, For Ch. pisiferc the amount is large

and its length is almoest the same as that of Ch obisa. The voots of Beiwla platvihylle, Befuln

davurica, Quercus mongolics and Ables firma are much sho

r, because their fine roots grow
sparsely and thely amount is smalll

the

Generally speaking, ses with longer routs have a strong drought resistance hecause
their roots are distributed wider to absorh water and nutriment from broad areas, The

examples are such trees as Ch obtusa, Zelkovy serraie, and Acacia decusvens.  This tdea, how-

ever, proves to be imperfect when it iz shown that the root is comparativ short in the

case of P, deusiflora, Teunga canadensis, Quercns mongolica, and Betula spes »

g, all with strong

drought resistance,
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Table 55. Tree growth and average root length a tree
C. japonica
Stand S 1 83 S5z S 4 518 517
Basal area (cm?) 61 109 249 335 451 1,042
Root length (km) 1.4 2.0 3.1 4.1 4.4 7.4
Ch. obtusa
Stand H1 Hz H3 Hs e
Basal area (cm?) 42 104 254 427 e
Root length (km) 1.6 1.6 3.1 6.4 ——
P. densiflora
Stand Al Az A3 A4 AB
Basal area (cm?) 24 63 198 311 361 e
Root length (km) 0,1 0.2 0.6 0.8 2 -
L. leptolepis
Stand L5 K23 K27 K22 K20
Basal area (cm?) 90 141 363 459 599
Root Inegth (km) 0.8 2.0 2.8 2.6 2.8
(2) Tree growth and root length
Table 55 shows the relationship to the basal area of the increasing root length with tree

As can be seen from the table, the root length increased steadily with the basal
At

of increase became

growth.
area in the case of C. japonica, Ch. obiusa, P. densiflora, and L. lepilolepis. the basal area
of over 200 cm?, however, it made a parabolic increasing curve as the rate
lower. In this case, the species were almost 20 to 25 vears old.

This is the result of rapid growth of the fine and small roots in the case of small trees.
And at the

increase of

same time, the rapid increase of the root length in a sapling stage is due to the
these roots. The rate of increase of the root length falls off in the case of large
trees, because the growth of roots occurs mostly in large roots, instead of the fine or small root.
(3) Soil type and the root length of a tree

The relation between the soil types and the average root length per tree is shown in
Table 586,

The root length per tree of every species is longer in the dry soils than in the wet or
moderately moist soils. C. japonica, taken here as an example, had the root length per tree of
2.6 km in the stand of $12, Blo(w) soil-typed, and 4.3 km in the stand of $20, Ba soil-typed.

Table 56, 5oil types and average

C. japonica : Ch. obtusa
Moderately moist soil Dry soil Modemtei y| bry
i | oISt s0il SO}..{
Stand 55 S8 12  S$24 S6 87 " H4 H2 | Hs
Basal area (cm?) 439 238 267 99 1105 | 160 104 | 91
Soil type | Bla | Ble | ] ‘Bl)(”\v) Bo Bs
bite index F1L0 11,8136 L . 17.6 | 11,4
3;’;”5“ root length a 4.1 2.5 2.5 4, ‘ 25| 5.2 1.6 4.6
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msal area was almost the same

There was a great difference between them even though

in these two stands, And it was the same 2,8 km in both stands, 58 of Blo(w) soil-type and

S6 of Bla soil-type.  The basal aveas, however, were 238 cm?2 and 105 cm? in the former and

the latter stand respectively., If calculated as the tree In which basal ares is almost the same,

the root length per tree may be much longer in the latter stand than in the former.

This is true of the root length of Ch ebiuse. The root length was 3.6 km in the Bs soil-
typed stand of HE, It was 1.6 km in the moderately molst soib-typed stand of H 2, larger in
diameter, and 2.7 km in the stapnd of W4, over twice in diameter. That is to say, it was
shorter in both stand than in the stand of H 6. _

That holds true in the case of the root rength of P densiflova and L. lepdolepis.  For
tostance, the average root lengih was 2.6 km both in the Bioe(oy) soil-typed and wet stand
of K24, 410 cm? in bhasal area, and in the Bio(d) soil-typed and slightly dry stand of K16
The basal area, howsver, was 271 cm? in the latter stand.

The difference in root growth by this soll condition tends to be greater for L. lepivlepis

and P. densiflora, and yet to be smaller for . jeponica. The roots become longer in the dry

soils and absorb water and nutriment in the broad areas, while in the wet and moist soils

*y

they become comparatively shorter and absorption is done in the narrow areas. Either the

deterioration of absorption eff due to the lack of water or a large consumption of ener-

gy by the increase of shifting distance of water and nutriment has also to be taken into ac-

count in regard to the function of the root system in the dry soil. In other words, these cause

ion effic

the produc ency of the root svstem to be lower in the dry solls than in the moderately

moist seils.

{(4)  Ratios the root length to the total of svery root class

As concerns the main species in Table 54, the ratios by root length of every root class

which composes the total root length are shown in Table 57.

The ratio of a fine root stock was the highest of all regardless of species. 1t ranged
from 39% for P deusiflora to 9659 for Zelkova serrata.  Most species had the ratios of 80 to
MN%.

Although the ratio by wei

ght a fine root took was only 1 io 5%

of the total root weight,
he root was remarkably long because of s narrow average diameter and of its low bulk
t { kably long b £ it age diameter and of its | bul

density. The very large root, on the other hand, was short.  Accordingly, the order of roots

in length was the reverse of their vrder in biomass. The species with the particularly high

ratios (over 90%) by fine root length were . japonica, L. leptolepis, Ch. pisifera, and Zelkove

the highest ratio of all.  As concerns the main species,
y, Che obluse (88%.

serraia,  The last species had 96%

s

a0

they became lower in the order of C. japonica (9395, L. leptolepis (91

"

root length of a ©

B densiflora L. lepiolepis

Moderately j Dry soil Moderately moist soil | Maderately ¢
moist soil : : " !

A A7 A9 K24 K17

198 | 12 | ELO D297 L 410 164 8 14l
Blo(d) S ¢ Bh Ay Blo-m
16, & 9.5
0,2 0. Go4 0 004 919 2.9 | 2 1
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Table 57, Ratio of sach root length to the total root
length when the total length is to be 1 (%)

Species Stand £ 8 m i L
C. japonica §5 92,6 6.0 0.9 0.3 0.1
Ch. obtusa ’ HS 87.9 11.3 0.5 0,2 a1
P, densifiora A8 58,6 36,2 3.7 1.0 0.5
L. leptolepis K14 0,7 7.1 1.3 0.5 0. 4
Chamaecyparis pisifers 2 90. 8 8.1 ). 8 0.2 0.1
Eucalypins globuins M3 79,6 18.5 1.8 0.1 0.0
Zelkove servata M4 96,0 3.4 0.5 0,1 0.0
Abies firma M3 80. 2 16,1 3.2 0,4 0.1
Tsuga canadensis [ M6 69. 6 26,9 3.1 0.3 0.1
Acacig decurrens v. dealbate | M7 84. 8 12,5 2.6 0.1 0.0
Quercus mongolica v. grosseservata M8 79.0 16.5 | 4,2 0.2 0.1
Betula platyphylla v. japonica MY 81,5 15,0 3.1 0.3 0.1
B, davurica M10 76,9 20.3 2.6 0.2 0.0

and P. densiflora {59%). The species with low ratio by fine root length (about 80%) were P.
densiflora, Tsuga canadensis and so forth.

The ratios by small root length were 6 to 36%. That of P. densiflora was higher, as
compared with the ratio by fine root length, and highest of all those of other species. Con-
trary to P. densiflova, Zelkova servate had the lowest ratio of only 3%. Those of the main

species became lower in the order of P. densiflora, Ch. obtusa, L. lepiolepis, and C. japonica.

Table 58 Tree growth and ratio of each root length
io the total root length (%)

Stand 511 $3 $12 S4 55 517

Basal area . o .. o - B
(cm®) 19 109 267 333 451 1,042

f 93.5 92,8 92,8 92, 4 92.6 94,2

S 5.5 6.3 6.0 6.4 6.0 4,7

m 0.8 0.8 0.9 0,9 0,9 0.7

1 0,2 0.1 G, 2 0.2 0.3 0.3

L — -+ 0.1 0.1 0.1 0.1

Table 59, Ratio of the root length in each horizon
Species C. japonica
Soil water condition Moderately moist soil } Diry soll

Stand S 3 S13 | 823 s 24 $6 $7 $20
Basal area (cm?) 109 196 152 99 105 160 265
Soil type Bin(d) = Bh Bo Ba Bix | Bk Ba
Site index 17,0 24.5 15,0 1.0 1.3 13,6 15, 4
1 63, 4 55,6 56,3 67.5 72,0 61,1 60, 1
iy 16,2 16,7 18,2 16.7 1,1 18.0 20, 4
Horizon i 12.7 19,7 16,5 10,8 g.1 13,5 12,4
v 7.3 7.3 8.0 4,7 6.2 8.1 6.1
% 0,4 0.7 0,1 0.3 1.6 1.3 1.0




There was a considerable difference between that (36%) of P. densijlova and those (6 to 11%)
of the latter three species.

The ratios by medium root length were 1 to 4% and lowest of the total reot length. P
densiflora, Abies firmea, and Quercus mongolica had comparatively high ratios, while Ch. obtusa,
Zelkova servata and C. japonica had low ratios.

The ratios by large root length were 0.1 to 1,0%. The ratios by very large root length
were -+ to 0,.5%. They both had a small part of the total root length.

From the stand point of ecology, it is not unreasonable to conclude that the species having
a high proportion of the fine root length absorb nuiriment and water sufficiently and thershy
stand well against drought., To know the species’ drought resistance, this is applicable, as a
temporal standard, though not for P densiflora, Quercus mongolica and Betula davurica, for Ch.
obtusn, L. leptolepis, and Zelkova servata.

P, densiflora, the fine root of which is short, has the root halrs, develops ihe small and
the medium roots, and thereby makes more effective the absorptive structure in functioning.
Thus, each species has iis own characteristic of the absorptive structure for nutriment amd
water. It is therefore inappropriate to construe the physiological difference of the water in
trees only by the above-mentioned proportion of fine root.

(8) Tree growth and the changes of the ratios by root length according to each root class

Table 58 shows on . jeponice the changes of the ratios by root length according to sach

root class to the total root length. In the lromature stand S 11, 94% of the total root length

was that of the fine root as shown in the table. 1t decreased with tree growth to 92% in the

54 stand at the basal area of 335 cm?, increasing again to 9424 in the mature stand of $17.
This verifies that the fine roots of large irees prow densely in the surface goll with favorable
condition for their growth, and hesides that, it causes them to increase their growth amount.

5 in the 55 stand and 5% in the § 17 stand.

Those of small roots were 6% in the $11 stand,
They decreased slightly in the case of large trees.  Those of large roots were, however, the
reverse of these changes.

The above-mentioned relation between the tree growth and the raties by root length has
a connection with each root’s own growing pattern. In the case of the young and small

trees, the fine and small roots grow more remarkably than the large root, absorbing water

to the total root length and soil types (%)

L. leptolepis

Moist soil Moderately moist soil Dry soil

K3 Ks K7 K18 K11 K 4 K23 K z9 K26
183 w2 128 346 310 86 141 200 164
Bls | Blir Blo Bio B Bl Blo-m | Bl | Bb
14.8 6.8 f 11.0 18,4 | 168 9.5 10,5 9.6
£6. 6 79,2 71,4

18,8 17,5 19,01 1.2

13,2 2.6 9,6

!
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and nutriment from considerably broad areas for large individuals. In the case of the large
irees, contrary to them, those two roots are not distributed so widely when compared with
their increasing individual biomass. These special growth properties of the root system have
a great influence on the tree growth through absorption of water and nutriment.

(6) Soil conditions and the vertical distribution ratio of the root length

Table 59 shows the ratios of each root length to the total root length in each soil horizon
under different soil conditions. )

The root length ratics of C. japonica in the moderately moist soile were 56 to€3% in soil
horiz.on I, 56% in the 513 stand with the largest site index of 24,5, and 63% in the 53 stand
with the site index of 17.0 and Bip(d) soil type, while in the dry soils 60 to 72%. When the
difference in distribution by tree size was taken into account, the ratios were higher by 4 to
5% in the dry soils than in the moderately moist soils. In the dry soil they were inclined to
be distributed mostly {o the surface soil.

L. leptolepis has the same tendency as before; its ratios by root length become higher in
the dry soils than in the moderately moist soils. They were, for example, 69% in soil horizon
I of the Bip soil-tvped stand of K 11, and yet, 82% in the same horizon of the dry stand of
K 29. That means a difference of 13% between them. This species has a stronger tendency
than C. japonica. 1t follows from the fact that L. leptolepis has a tendency that its root length
is maldistributed to the surface soil horizon under the dry conditions.  Moreover, it is clear
that the root system of L. lepiolepis are distributed mostly to the surface soil under the wet
condition. .

The distribution ratio, on the one hand, was 69% in soil horizon I of the Blp soil-typed
stand of K11, and on the other hand, 84% in the same horizon of the Ble soil-typed and
heavy wet stand of K 7. That shows a diffierence of 15% between them. From this it follows
that the root length is maldistributed to the surface soil horizon on the dry and the moist
condition. In addition, both of the stand have a small site index on the condition like those.
The site indices were 17 in the moderately moist stand of K11, and vet, 11 both in the Bl
soil-typed stand of K7 and in the Ble soil-typed stand of K 29,

This is because the growth of the fine rocts which occupy the greater part of the root
length is restricted by the soil condition. As it is relative to the diameter of the fine root,
the root becomes longer in the dry forest ground where the root becomes smaller in diameter,
especially in the surface soil.

2) Root length per ha

The root length per ha is quite different from the root length per tree as it is greatly
influenced by tree density. The root length per ha of each stand in Table 54 was calculated
and shown in Table 60,

According to Table 60, the root length per ha was 4, B48 km, the greatest, in the H5 stand

Table 60. Root length per ha

| i
1. Chamaecy- | ¢ o i
Species L C. japownica i Ch. obiusa F. densiflora) L. leptolepis paris | ‘Mf;(%:g fgs i
; pisifera ghove
Stand S5 Hs | Asg K14 M 2 M 3
Basal area (cin?) 439 427 361 422 238 177
Root 16?@5’3 per ha) 5 504 4,848 922 2,265 2,574 6,031
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d of . japonica, 2,263 km in the K 14 stand of L, leptoiepis,

or 922 kra, about one-fifth of Ch oblusa, in the A8 stand of P densiflore. This is not only

of Ch. obtusa, 3,596 km in the

because P densiflore with intolerance takes a low tree density, but because its fine roots grow

sparsely, itg root amount being rvemarkably smaller than that in the other species. Zelkova

sevrate with a large amount of fine roots and long root length per unit weight has the re-

has a basal area narrower than O

I
£y

markable root of 22,684 km, although the spec

&

japonica or Ch, ebtuse.  Acacle decwrrens has the comparatively long root length of 7,843 km,

becauss the spec has a large amount of the fine roots for short root length per unit.

Um the other hand, the broaddeaved irees, such as Quercus mongotica, Betula platyphyila
and Betule dovuriva, had a remarkably shorter root length per ha than the former, ranging
from 138 to 421 km.  Among the coniferous trees, the root length of Tsuga canadensis is com-
paratively long as s fiwe and small roots are highly ramified

(13 Tree growth and root length per ha

The root length of a free increases with the tree growth, lis rate of increase, however,

grows lower as the tree grows jarger, increasing in a pe

curve,  In the imumature stand,

the increase of the root length per ha falls In spite of the growth of the stand, because of its

This growth of roots in length in relation to the basal area is shown in Fig. 40, As can

be seen from it, the total root length of every species increased temporarily at the basal

areas of 150 to 200 cm?, decreasing slowly at the broader areas, and then remaining constant

300 to 400 cm2  This is malnly due to the change in root blomass.

at the basal are
g

tion revealed that the total root length was 10,000 km in a voung forest of C. japonice, and

le 61 was derived from the root length per ha at each basal area in Fig. 40, Investiga~

cles was

for Ch. obtuze it van to 8,000 ke In the voung stands, the difference betwesn s

rery big, and was about § 000 km between O jeponica and L. feptolepis. This is due to the

iad

length was 3,500 km in the mature fovest of €. japonica and Ch. ebtusz and 1,000 km in the

rences in the spe ree densities. The total root

properiles of the yoot system and the

mature lifference in root length between €. juponiva and L.

leptolepi

of P densiflora, The

aller by 2,500 ko than it was at the young stage. This is mainly due to the

rent fine root biomass.

ent patterns of branching of the fine yoot and the diffe

Fig. 40 shows the relation betwesn the basal ares and the fength per ha according to each

voot,  As is evident from if, the fine or small root length increase mporarily at the young

;g

<

g from 100 to 200 cn

rger from the medium to very large root, ti

stage when the basal area 1 As, however, the root syvstem becomes

&

> increase becomes less remarkable, and the

length of the large root incresses in a parabolic curve.

decreases little for large trees,

It is due to the vigorous branching and growth of f ne and small roots at the young stage,

and to the increasing secondayy growth at the middie-aged stage or over. Such a phenomenon

of each species
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Fig. 40 Root length per ha and basal area.
Table 61. Maximum root length in an immature stand age
and root length in a mature stand age (km/ha)
[ SHpecies . : - ‘ :
N S 2. ca | Ch, obtuse P 57 L. leptolepis
Basal area (cm?) S C. japonica | Ch. obtusa densiflora, L. leptolep
Maximum root length in -

PN - 100~-200 10, 000 6, 000 5, 000 2,000
an immature stand age 020 0, : ’ ’
Root length in a mature N - .
! length &r 13 re 050 3500 3 50 )
stand age 400~-500 , 500 , 500 1, 000 1, 500
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Table 62, Root length per ha in close planting stands

.
ablusa

. japonica B, densiflove L. leplolepis

Stand 58 S22z Hs

Tree density index 0. 90 118 0,57 |y
Soil type Bln(

w) Be i r-n

i
i
|

Root length (km)
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Table 63. Tree density and root length per ha

Stand ‘ A10 All A2
Tree density index 1,24 0. 88 0, 62
Root length (km) 7,631 4,542 3,764

is also observed at the factors such as the biomasé, length, volume, and surface area of the
root system. For the amount of the fine root is large at the young stage, on which calculation
of these factors is based.

The root length in Table 60 or in Fig. 40 is beyond our imagination. Photo. 1 shows an
exposed root from a C. japonica stand, 25 years, taken in the jurisdiction of Shirakawa Regional
Forestry Office, and the surface soils washed off by a pump. It shows that the root systems
are distributed mattedly on the forest floor, and that they are very long.

(2) ’T'ree density and root length per ha

The root length per ha goes along with increasing tree density. Let us pick out of the
detailed table the root length in stands. By so doing, we see that it was, as shown in Table
62, 4,000 to 7,000 km for C. juponica in the moderately moist soil, 5,000 km for Ch. obfusa with
the density index of .57, 5,000 to 8,000 km for P. densiflora in the dry scil, or 5,000 to 6,000
km for L. leptolepis in the dry soil.

The root length per ha of P. densiflora stands, A 10, A1l and A 12, of the same age and
of the different densities is shown in Table 63. The total root length was 7,631 km in the
dense stand A 10 (density index : 1. 24), while it was 3,764 km in the sparse stand A 12 (density
index @ 0.62).

The density index and the root length were both half of those in the stand of A 10.

The basal areas were 18 cm?, 32 cm? and 49 cm? for the dense planting stand of A 10, the
stand of A 1l, and for the sparse planting stand of A 12 respectively. This proves that tree
density causes a very big difference in tree size. The root biomass per ha were 18 tons, 17
tons and 12 tons for the stands of A 10, A 11 and A 12 respectively. The biomass in the stand
of A 10 was two-thirds of that in the stand of A 12, The root was short for root biomass in
the latter stand and half of that in the former.

The total length was 4,120 km and comparatively short for its high density in the dense
522 stand of C. japomnica. For its root length per unit was short on account of the moist soil,

and the trees were large in diameter.
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11, Washing method of roots by a 1—2. The roots cover the mat-like forest
gasoline pump. Stand age 25yrs, floor.

.B.H 15¢m, tree height 11 m.

&

1—3. A sample tree having a lateral root of more than 10m in
that stand above Photo. 1—2. Stand age 2Z5vrs, D.B. H 14 cm,
tree height 10 m.

1—4. A sample tree having a lateral root that runs more than 18m in the

surface soil of the Acacia decurvens stand M 7. Tree No, 1, D.B. H 16 cm,
tree height 6 m.



—Plate 2

BEIGUEHE 2675

Photo. 2 Root competition

2—1. Vegetation of Mallotus japonicus

£

The lateral roots are short and 23, Vegetation of Idesia polycarpa
the top roots long in the center of

the vegetation. The roots around

the vegetation grow outward of the

vegetation.

24, The difference in root growth in the center
and the side of the dense vegetation.
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23, Inclined growth of roots by the competition with the

neighboring trees, the roots of Melloius japonicus.

2—6. Root of Zanthoxylum wilunthoides 2—7. Root of L. leptolepis

28, Fine roots of Zelkova servaia in 2--9. Pendant roots stopped growing

soil horizon 1. in the volcanic gravel horizons.
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Photo. 3 Fine roots in different soil horizons.

3-—1. A : Fine roots in horizon I, B: 8-—2. The soil in Oneyama
Fine roots in the volcanic gravel National Forest is deposit-
horizon, C: Fine roots in horizon V. ed alternately by the vol-

canic gravel and ashes in the
C. japonica stand 5 11-517.

Photo. 4 The relationship between soil properties and root growth.

4—1. The roots
of Ch. oblusa
grown with the
change in the
soil texture of
each  horizon.

Fine roots are

many in the

fertile soil.

4—2. Section of the root observation

box arranged with the defferent
soil of each horizon.

43, Stand K5, tree No. 2, D.B.H
9 cm, tree height 7m. Dead fine

and small roots by much moisture.
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No.
cm.

44, Stand K12, tree
19 ¢m, tree height 16

and small roots by much

-1. Stand K6 :The above-ground
parts grow remarkably poor through
the decay of absorptive structure in
the underground part.

35, BB . H
Dead fine
moisture.

RODFEE & e ~Plate 5

o
;
[

. Stand K7 : Forest of very moist
soil through much underground water,
soil type Ble.

Stand K7, tree No. 86, D.B. H 14 cm,
tree height 12 m, maximum depth of root

Se3,

65 cm, soil type Blo.
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—Plate ¢

Photo. 6 Decayed fine and small roots of L. leptolepis because of very moist soil.

6—2. Stand K6, tree No. 37, . B.
H 11 cm, tree height 8 m, maxi-
mum depth of root 65cm, soil
type Bla.

6---1. Stand K 4, tree No. 22, D.B. H 9cm,
tree height 7 m, maximum depth of root
66 cm, soil type Blr.

Pheoto. 7 Fine roots in various soil water conditions.,

A The fine roots of L. leptolepis in

7—1. A :The fine roots of L. leptolepis in 72, :
moderately moist soils, moderately moist soils.
B : The fine roots of L. leptolepis in B : The fine roots of L. leptolepis in
very moist soils become black dry soils.

C :The fine roots of L. leptolepis in

and decaved.
very moist soils.

Photo. 8 The roots of P. strobus whose
abserptive structure is decaying and whose
fine root biomass is deereasing remarka-
hly. Stand A 14, tree No. 2, D. B. H 18 om,
tree height 11 m.






