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The Mechaniszm and Funclion of Tree Root
in the Process of Forest Production [
Method of investigation and estimation

of the root biomass

By

Neboru Karmwowmi™

Sumemary ; Many have besn studied in this book concerning the mechanism and fune-
tion of tree root in the provesses of forest production. In this issue have been studied the
methods for the imvestigation and estimation of root biomass. They are “Accuracy for the
Investigation of Root Biomass by Seif Block Sampling,”” “Application of Regression Equations
to Estimate Root Biomass in Stands,”” and * Methods to Analyse the Disiribution of Root

Biomass.”
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1. Imtroduction

The root, just like the stem, branch and so on, is one of the most important parts of a

ting wpderground, absorbs water and

tree, It supports the above-ground parts, though e
nutriment dissolving in i, sends them up to the above-ground parts, and continues working

ugefully as In reserving nuiriment. Iis function, growth and properiy of distribution are,

therefore, very significant in analysing the tree growt

In recent years, the study about the forest soil and fertilization hag made steady progress.

As a result, it has revealed the necessity to make clear the fundamental pro 19 about the

forest productivity, such as the function, growth and distribution of root, all of which are

e with the soil znd support the § productivity,

directly connec

But despite this importance, few detalled studies have been made, apparently partly because
1 ¥ )

roots are not self-evident in our actual life, and partly because, belng underground, they ave
not easy o observe and study.

In pa grealt attention to these poinis, the author has tried to make clear the distribu-

tlon and form of routs from the plant sociological viewpoint for the purpose of examining both
the ecological properties of trees according to thelr tvpes, and the responses of them to their

environments, As a result, he found the differences in property hetween the roots of various

species™, Whereupon, using these studies as a ¥ , he investigated and measured the stand-
X < o

el

ing blomass, production and storage of each part of a tree, while maianly analysing the root

blomass and absorption structure in regard to the problems of the underground parts relating

to the forest productivity, Thus, he inquired ecologically into the forest productivity and the

mechanism and function of roots,

1. Purpose of study

The mechanism of forest productivity bas been, generally speaking, represented only by
the structure of assimilation in leaves as the productive structure. In the underground parts
as well as in the above-ground parts, however, the produciive. structure of roots might be

counted in, as roots function to sustain the forest wroductivity, This means, in other words,

that the assimilative structure of the above-ground g and the absorptive structure for
water and nutriment of the underground paris play an bmportant role to support the forest

productivity,

The purpose of s study is to make clear the relationship between the siructures of the

orest productivity, For this purpose, the analyvsis was

under-and-above ground parts and the £
made of distribution of the voot biomass under various conditions, such as site conditions, tree

densities and stand ages, ¢

densifiora, and L. leplolepis.

From 1957 to 1966, this study was carried oul soon after the study about the forms and

distributions of roots came to an end. Here is one as of 1967 when finished. Since then, many

reporis have been published about the forest productivity, and the anthor has

*1 Karwzomr, Moo Studies on the form and distribution habii of the ires root. Bull. Gov. For. Exp. Sta.,

94, 205 pp., {19575
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creasing materials about it; but they are not presented here, for there will come another
opportunity to do so later.

1. Background of study

This study is a series of the analysis of tree growth., The basic idea to clarify the forest
productivity through mainly analysing the standing biomass is backed up by the ecological
theories to analyse the productivity of plant community quantitatively,

In that respect many works had been performed at home and abroad. But due to difficulty
in studyig underground parts as mentioned earlier, few researches had been carried out on
these problems in the forest community including the underground parts.

The author and his assistants had already gone through the domestic and foreign reports
as to the root system. And in doing so, they found that very few treated root systems
quantitatively from the viewpoint of the forest productivity, and that none was noticeable
thereafter,

1V. Method of study and measwrements of the standing biomass™

1. Proceduare

The standing biomass analyses were made mainly as to the important stands, such as C.
japonica, Ch. oblusa, P. densifiora, L. leptolepis, etc., which site conditions, stand ages and stand
densities, were different from one another. And also experiments were performed in the
sampling fields concerning such materials as could not be directly got through investigations

of the existing stands, as the study of botanical regularity or root quantity analysis of the
isolated trees.

to study

Observations and
deseriptions of the 3
Yorg gnd distrivution
of root asystem
Soil survey and i N S——— ey
}vegezatmn research ; ﬁﬁﬁgsﬁ :ic;wln;;f‘:me 3{‘*
........... e
Measursments of drye
i#| weight ratio of ot
i sach part Bxamingtions of the
REOUXBCY o?
RS, I Measurements of each i neasurenent ind =]
Decision of { Stand Ly vimass of stems, U | Estimate of the ennusl es‘c‘imatxgn of
uhich stands =% jnyestipation leaves, branches, roots,|ial growth by stem .} |.each factor

etc, of sample trees analysis
Dismeter measwrsment 4 @f
on esch stand to

Examine the sethods

Cle.’m ita 5 of measuresents and t-ieasumments'o&‘ t}'m )
denaity, grovsh . studies amount of aoil abicking
sondition, snd history $o roots, avercgs
T éy | diometer, bulk density
using the material
Nursery experimeni conGErning clnsgi fied by soil
the items that sre related to horizon and root size

stand investigations, such a8
root trestwents, gvowth experi~
ments, etg., or that cannet I

i i Me&sur;;en‘ca of the
te investigated in forests B hanes i the

smount of sisrch, sugar,
and fat in roots

#1 In this study, biomass is presented as dry weight.



The environmental conditions of stands, especially soil factors, were analysed along with

the messurements of the standing blomass in forests. The total production of inorganic salts

were estimated through these measurements. The principal inovgapic salts such as N, PO,
K0, Ca0, were analysed in velation to the metabolism of roots, The measurements of root
respiration and the physiological experiments about the difference of absorption were scrupul-

4

timation was measured

ously carried out in each part of a root. Each factor necessary for

in order to find out the surface area for ab

orption.  As concerns the supporting function, the

rost form was observed, and the seasonal change of the quantities of starch, sugar and fat of

the roots was observed as pertaining to the storing function.

=5

2. Investigated stands

The investigated stands were chosen while taking into account differemt stand ages, site

indices and tree densities 28 accurately and to the extent possible, However, fund limitation
restricted a much desived fuller investigation,

The sample stands with equal site and nurturing conditions, and containing over ffty
Table shows the sample areas, the number of the

sample trees a site, were chosen.  Appendi
trees and stand conditions,  The location of the sample stands Is shown in Fig. 2, and the

average values of each measured part bilomass in Appendix-Table.

1y Species®t
such as O japonica, Ch. obtuse, P. densiflove, and

The main objects are the planted apecies

nees in eceological qualities between these species

vied out about such trees as P, fthunbergii, P laeds,

L. leptolepis. In order to compare the diffe

gation wa

and the other species, inve
£, strobus, Ch, pisifera, Euwcalvptus globulus, Zelhova serrate, Ables firma, Tsuga vanadensis, Acacia
dencurvens v, dealbata, Quercus mongolicn v. grosseservata, Befule plaivphylla v. japonica, Betula
S for Sugi in

devurica. And here, the abbreviated words are used {or convenlence such a

Japanese C. japonics, H for Hinoki in Japanese Ch. ablusq, A for Akamatsu in Japanese P

i

Srvironmental
sopditien

Abova~ground
parts. Stems
vranches, leaves

cal propert
il

amnual grewth of
2a0h part

‘

Undarground parts
Root viomass
clausified by
auil horizen acd
rout size

Fig. 1 Procedure of

study,

*t As these species are often used hereinafter, their generic names are abridged as C for Cryptomeria,
Ch, for Chamascyparis, L. for Lariz, and P, for Pinus.
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QEI densiflora, K for Karamatsu in
oV .
AN Japanese L. leptolepis, and M for
XAKITA\E\;IS——SZO the rest.

The numerals following them
are their stand number. 81 is, for
example, the simpler form for stand

No. 1 of C. japonica.

UEDA K15-K2
KOMOR y o
NOBEYAMA K e he, 8, 2) Stand age
T 3 57 A13 ALA ~ .
P rowiad ff /‘7"'*1“'“’»* M2 The sampling stand age for
4 Laa4

measuring all standing root biomass
is shown in Appendix-Table. As
for C. japonica, the stand were 10
to 50 years old; 10 stands out of 28
being 20 to 30 vears old. Most of
P. densiflora stands were 10 to 20
Fig. 2 Map of investigated stands, ,
- years old, and L. leptolepis stands
were limited to those which were over 30 vears old; 17 stands out of 29 being 40 to 50 years.

3) Number of sample stands and trees

Accordingly, we picked out the sample stands, nurseries excluded, while taking account
of soil, stand age, site quality, tree density, and locality. Circumstances of investigation,
however, made it impossible to decide the uniformity of the sample stands under the fittest
condition. And regrettably, the number of the investigated stands are unsettled according to
each species. The samples were, for instance, 52 for C. japowica, 29 for L. leptolepis, 8 for Ch.
obtusa, and 12 for P. densifiora. In each stand, the trees were taken out as in Appendix-Table,
As shown in Appendix-Table, the number of the sample trees of each species cut down for
investigation are as follows: 180 for C. japonica, 41 for Ch. obtusa, 135 for P. densiflora, 109 for
L. leptolepis, 8 for Ch. pisifera, 3 for Eucalyptus globulus, 5 for Zelkova servata, 5 for Abies firma,
5 for Tsuge canadensis, 5 for Acacin dencurvens v. dealbata, 2 for Quercus mongolicn v. grosse-
serrata, 2 for Betula platyphylla, and 2 for Betula davurica.

4y Investigated Jocality

Concerning the €. jeponica taken here as an example, we attempted to compare and ex-
amine differences in growing situations in each locality with its own hereditabilities, environ-
mental conditions and nursing techniques, so the various stands shown in Fig. 2, were taken
out from Akita Prefecture in Northern Japan to Mivazaki Prefecture in Southern Japan. The
main object for further investigation was still the stands in the North Kanto district, such as
Oneyama and Onokoyama, Gumma Prefecture. As to the Ch obiusa, widely distributed stands
were selected in the Gero district, Gifu Prefecture, and the P. densiflova, stands in the Ibaragi
district. The stands in the Okayama district were also picked out as P densifiora stands in
the inferiile and dry sites. As to L. lepfolepis, the stands were selected in the Nikko district,
Tochigi Prefecture, and the Nobeyama and Wadamura districts, Nagano Prefecture.

5) Seil conditions

The sample stands of C. jeponice were chosen in the Ba-Ble type soils including 12 soil
types. Particularly for classification by stand age, 18 stands were taken out in the moderate
soil of Ble. As emphasis was put on analysis of the moderately grown stands, Ch. obfusq were

chiefly sampled in the soils of Bo-Blp, and moreover, only a dry Bs soil-typed stand was picked
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1 ChiE)
out as one having a contrast of the soil conditions. In the same way, the moderately grown
¥

sons, the Br soil-typed stands were taken out in the Okayama disrict. In the study of L.

and Blo-Bin(d) soil-tvped stands of P. densiflora were surveyed, and in order to make compari-
leptolepis, things are different. That is to say, emphasis was put on the connection between
soil conditions and growth. Many unproductive plantations, and the normal stands contrasting
to them, were chosen in various areas for that reason. In Nobeyama national forest in par-
icular, the unproductive plantation under heavy wet conditions was picked out as a sample
stand,  As a whole, however, many were in the Bl typed stands, and most of them were
below the standard in growth,

6y Site guality index™®

Dividing this relation by both the site indices in Appendix-Table and the classes in the

vield table, we goi twenty-one stands of C jeponice in the second-class sites with the site

e, and siz in the

indexes from eighteen to twenty-two, thirteen in the first-class sites or abo
third or below. Thus these stands concentrated on the sites, were they grew moderately;
for observation was directed mainly on growth analysis according to stand age, as alveady
mentioned.

Four out of eight Ch. obtusa sample stands were on the first-class sites or above in the
vield table. P. densifiora stands on the second-class sites or above were observed according to
stand age, but many of the sample stands in Masiko and Okayama, six out of twelve stands,
were on the third-class sites.

The purpose of lnvestigation of L. leptolepis was to analyse the unproductive plantations.
So eighteen out of twenty-nine stands were on the fourth-class sites or below, which site
indices were below twelve.

The vield tables of the main species are as follows:

Forest Agency & Forest Experiment Station: The vield table of C. jeponica stands in the
districts of Northern Kante and Abukuma, 1955,

Forest Agency & Forest Experiment Station: The vield table of Ch, obfusa in the Kiso
district, 1954,

Forst Agency: The yield table of P. densiflora stands in the Iwaki district,

Forest Agency & Forest Experiment Station: The vield table of L. lepiolepis stands in the
Shinshu district, 1956.

The site index was set up analogizing the heights of 45-vear-old trees with the height

curve in each vield table.

7y Tree density (8

and density)
The actual tree density is the ratio, 1 e., the density index, to the maximum tree density

of each stand calculated by the Renvexr’s formula®™ in feootnotes Appendix-Table. The tree

density of each stand is caleulated.  According to the result, twenty-seven of (. japonica stands
were within the density indices of 0.8--0.6, twenty-two stands within those of 0.6~0.9, only

one in those 0.9 or above, and 2 stands in those 0.3 or below, Most were of moderate density.

Ch, obtusa sample stands, though not many on the whole, were taken from the comparatively

sparse planting stands within those of 0. 8~0. 6. Eight out of twelve P, densiflora sample stands

# A site quality index is used as a site index hereinafter.
w9

° Ramege, L, H. o Perfecting a stand-density index for even-aged forests. Jour. Agric. Res., 46, pp., 627~

628, (1933).
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were within those of 0.6~0.9. They were rather more dense than those of Ch. obiusa.

Fifteen out of twenty-nine L. lepfolepis stands were within those of 8, 8~0.6, twelve out
of them within those of 0.6~0.9, and only two within those 0.9 or above. The slightly dense
stands were sampled on the whole. The reader may refer to Appendix-Table 1 about the density
index of sach stand.

8y Forest conditions of sample stands

Appendix-Table 1 shows in sach sample stand the square measure, tree number, average
tree height, average basal area, volume, and values of each factor per ha which were calculated

on these by the square measure ratio,

3. Investigation of stands in the sampling plois

1) Diameter measurement and selection of sample trees

After the square measure survey of the sample plots by the circumference measurement
and the diameter measurement, the sample trees were divided into three groups in the order
of basal area, such as large diameter tree, medium diameter tree, and small diameter tree.
The sample trees were picked out at random from each group.

The more sample trees there are, the more reliable the accuracy in estimating the standing
biomass becomes.

However, trees were limited to about five to eight because of the efficiency of investiga-
tion. In order to examine the accuracy of measurement, fifteen sample trees in 513 and
twenty-three in A 2 were picked out. As concerns L. lepivlepis, the exact investigating trees
per stand were cut down to about three to add to sample stands. See Appendix-Table 2. There
will be another opportunity about how to decide the number of the sample trees,

The trees damaged by insects, wind or snow were excluded from the sample trees. And
also the trees around which there were big stones or big interstices formed by dead irees,
or trees which were too close to each other to make a root biomass survey, were excluded.
This is all to facilitate convenience of investigation,

2) Estimation of part biomass®™ and its method

The next step is to fell the sample trees picked out and then to measure the part biomass
of their leaves, branches, stem, and each root. As a considerable amount of time and effort
must be spent on classifying, leaves, branches and roots, the author devised the following
method: The first step is to take a certain amount out of all the branches and leaves or of
all the roots. The second is to classify into parts, such as leaves and branches, or fine roots
and small diameter roots, etc. And the third or final step is fo estimate the total biomass.
This process is as follows:

@ Method and calculation

When the total biomass to be measured is divided into a ceriain biomass, the numbers of
unit are to be M.

The numbers of m are now to be picked up from them at random. The expression of
(¥y—rz) is to show N (0, s2). And so, if “#7 is to be taken to minimize the equation of @
=g (¥ —rx)?, the equation of y/e?=3(Y—7x)%s? is to take the distribution of x? at the
freedom degres of (m~1). Sampling unit is equal to one of M. New, f (fine root), 5 (small

root) in the sampling unit are to be contalned at a given ratio in each blomass, Here, 2 is

1 “ Biomass '’ is presented by “ dry weight” in this study.



to be equal to s+ F, and ¥ to f.

The average values of (¥V—~vrx) her of moare to be expressed by the

S (0¥ s x)on m because those

equation ~/ (A7 — DR —w) wix (¥ —vxfo) =~ (3 <1 (EF —my - (3

s

ation is to show the

distributions are to be expressed by (M —w /(M —1xe¥m,  That eg
juation is to be realized.

distribudon of N (0, 1). And so, the following

M
M

M1 N
T M- P

H "

is to show the distributions of F at the freedom

Here, the equation of $%=§
degree of 1 or (m—1). According to that eguation, the value of F is to be gaioed

Multiplving the whole by Mf/m, the following i3 to be

e errars is to

A4, the variance cosfhcient of

PR
a5 2

(s c0ns

wroach infinity when m is

This value iz to be 0 when m is equal to M, and 5% is to

egual to 1.

sal application
ual squared by the method of

the sum of the v

1. As mentioned before, ¢, me

{t is the value of § by the following eguations.

, showing some combination of M and m, is to be calculated

A ’\/'/ <1
beforehand.

3. The value of 5% is to be estimated.

3y Enpvironment i

Emphasis was put on soil survey., Bassd on the methods of the lapanese pational forest

ments about the average soll profile of stands were made, And

rvations and stat

1. The physical and chemical analysis

at the same time the materials for analysis were colle
e method text. The apparatus and methods devised by Dr.

were carried ont on the
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Masmmo™ were used in measuring the value of pF. As for forest floor vegetation, statements
were limited to the essential ones and their forest floor type. Besides soil survey, the height
above sealevel, geographical features, and careers of stands were surveyed.

4) Measurement of forest biomass

The selected sample trees were felled in order to measure the standing biomass of the
above-and-under ground parts.

(1) Above-ground part
a. Estimate of leaf biomass

After felling the above-ground part of each sample tree, the leaf parts were divided into
three equal parts from the lowest branches to the top of the stemn as shown Fig. 8. Each
part biomass of their leaves and branches were then measured.

All green parts, excluding the tip of trunk, were considered as the leaf biomass, so far
as C. japonica and Ch. obiusa were concerned.

Branches more than 1 cm in diameter were got rid of. They occupled a greater part of
all samples of leaves and branches from each class, and showed great variance. After that,
a certain amount of the samples were extracted from all the thin branches and leaves. Then,
these thin branches and leaves were separated. From this amount, the total biomass of the
thin branches and leaves were figured out according to such a method and calculation as
already mentioned.

When the leaf biomass and branch biomass are assorted, including the blomass of thick
branches among the total biomass, its variance is 1.5 times as large as that of the former.
If the material weights are increased to get more accurate measurements in this way, the
leaf and the thin branch biomass are to be increased. It requires much time and trouble to
do the assorting. As it does not take much exertion to assort large branches, it is better for

increasing efficiency to take them out first and then to classify into thin branches and leaves.

TREE NO.1 /

The branch and leaf biomass were estimated
according to each stratum of a tree crowsm, I, II,
and I

/ig UPPER OF THE SLOPE

1. 2. 3 : Horizontal division.

D~@ : Division of the slope or position of a
stand.

I~V : Horizon, vertical division.

Any root was where recognized, investigated.
Fig. 3 Diagrammatic sketch of sampling unit.

*1 Masuimo, ¥, : Studies on the physical properties of forest soll and their relation fo the growth of
Sugi (Cryptemeria japonica) and Hinoki (Chamaecyparis obtuse). Rep. For. Soils Jap, 11, 182 pp, (1960)



If thev are, however, to be classified into smaller sections, classification of branches necessitates

more effort. And on the contrary, if they are to be classified into larger sections, variance will

were considered as large branches for

go larger. The branches over 1 cm in diameter, the

1 hiomass

the sake of acour: of measurement and efficiency of survey., And then thelr t

g
were measured.  The thin branches and leaves were measured sectionally by the ratio estimate
method,  The ratios of thin branches to leaves are different at each place of tfree-crown, so it
follows that accuracy will be heightened if they are classified as minutely as possible. To

the s

th of tree-crown was divided bere info three egual

v the to

lessen the Immensity of the work

rials extrs biomass in uot assorting into each class

parts. When the

were classified into leaves and thin branches, the variance was 1.5 fimes as large as that in

rmeasure-

doing it. Less total biomass of leaves and thin branches is still needed because fe

mente are needed.  Obviously it is better for increasing efficiency to extract the materisls

with the thin branch and the leaf biomass together at each class, when it s unnec

get them separately.

<

b Hstimate of branch biom

As mentioned before, the total thick branch bhiomass was measured afier taking out

branches and leaves in every place of tree-crown; then, adding to it the small branch guantity

imatad,

2WAS es

obtained in the abovernen ¢ way, the branch biomass in every pl

As a result, as the thick branches occupying a large part of branch biomass were measured,

accuracy was higher in estimating branch blomass than in the case of leaf blomass
¢, Decision of sample weights necessary for division of leaves and thin branches
for classifying leaves hes, the

o of 51

To decide the sample weights

samples for measurement were from each st

Every m of unit weight 200 g out of the t

of 4 kg, excluding the thick branches in eac

b stratum, < taken out as samples and divided
into leaves and thin branches. Suppose that the total number of M is to be 20, the extracted

sample number of w o be 3, 5, 10, 16 and 20, the degress of fresdom ng and 2y to be 1 and

The errors in ay

n--1 respectively, and finally the level of significance to be 9

equation given on page 9 are shown in Table 1, and the ro of them to sampling ratios
and weights, are shown in Fig. 4.

When the sample numbers are to be 8 (each sample weight 600 g%v), 5, and 10, the per-

centages of ervor are to be 18, 8.7, and 3. spectively.,  And so, when the sample of about

he leaf blomass is estis

more than 95¢

ated within the significa

g is taken pui

of the total hiomass. The sampling ratio is one-fourth in this

and the error of less than 10

case as the messuring number i85, 1 ss of leaves and thin branches, however, is

not always settled; it varies according to the size of sampling tre It was, for cxamp}ﬂy wore

ose thereupon that A7 s to be 2kg, 4 kg,
ght (A/«ﬂ

e to be extracted at

tin the Zrd horizon of 8 17

than 12 kg and heav

when the total we

6 kg, or 8 kg, in order to ¢ s how the s

00 ¢ from each of them

changes, and that the samples of unit we
the ratios of 3, 5, 10, 20, A result of calculation of errvors is shown in Table 2 and Fig. 5. From

them we see that the errvors are to be 8 5% when the sample of 1 kg is extracted from the

cight of 2kg, 10% when extracting 1 kg from the total weight of 4kg, 10.8% in the
of 6kg, and 10. 8%

total w

even when 1kg is extracted from the

case of 1kg from the total wel

1

“Weight 7 hereingfter always refers to dry weight unless it is given as fresh weight,
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Table 1. Sapling ratio and estimated error of leaves and branches
for classification on the stand 513
! Iy
” S oy I s S
' = =2 @ ’ M 3=
&00 394 211 0. 6567 10,3 47,000
1,000 633 391 0.6330 9.9 22.060
2,000 1,279 759 0. 6395 9.2 10. 380
3, 00C 1,986 2,634 0. 6620 13.7 &, 680
4,000 2,659 137,614 0,4148 12,3 0. 000
" ¥ o C*2 Sampling ratic
3 484 131 0. 0786 (. 1847 ‘ 0.15
5 218 125 0. 0792 0.0872 0,25
10 95 128 0.0719 0. 0371 0. 50
15 78 132 0.1038 0, 0298 0.75
20 9] 133 0.0924 0. 0000 1.00

¥ ¢ Leaf biomass g.
F: Value of significance level 9595 when #¢ and g are 1 and m—1 respectively.
fepnia

SAMPLING RATIO ™ -
«  LEAF AND SMALL BRANCH
x  FINE ROOT AND SMALL ROOT **%
Fi5%

Fig. 4 Sampling ratio and error to measure each part biomass of
the C. japonica stand S 13

total weight of the maximum 8kg., It follows from these that even if the total weight is to
be over 4kg, the sample weights do not need much.

The sarupling ratios to the total weight were 509, 25%, 17%, and 13% when the total
weights were 2 kg, 4 kg, 6 kg, and 8 kg respectively, When the sample of 2kg was taken out
of the total weight of over 4kg, the error was about 5%. Even when the sample weights
went across it, the accuracy of measurement did not go much higher,

Ch. obtusa, P. densiflora, L. leptolepis, and Zelkova sevvata have the patterns of their own
leaving., Let us calculate their sampling ratios and errors in the same way as in Table 1
when their sample weights are all to be 4kg, The resultant ratios of the errors to the
sampling ratios are shown in Fig. 6. When the sampling ratio was 25% (the sample weights
of 1kg) Zelkova serrata or P. densifiora, L. leptolepis, C. japonica, and Ch. obtusa showed the

-

percentages of error of 14, 12, 8, and 7 respectively, This order was always fixed despite the
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SAMPLING WEIGHT
Fig. 5 Total sampling weight of leaf and branch, and sampling ervor,

change in sampling ratios.  And in addition, the denser leaved the species, the greater the
srvors became,

r the values of 5 in Table 1

This explaing that the denser the species leave, the sma

become, and vice versa. At the error of 10%, the needful sampling ratios and the sample

weights (the numericals in parentheses) are as {ollows: They are 369 (1.4 kg), greatest, for
Zelkova sevvata, 30% (1.2%kg) for P. densiflova, 29% (1.2%g) for L. leptolepis, 2445 (1.0 kg) for
C. japowica, and 20% (0.Bkg) for Ch. obituse. The waximum rate of Zelbovs serraia was 1.8

times as high as the minimum of Ch obiusa. When the rate of C japonica was 1, the ratios
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Fig. 6 Sampling ratio
15 % and ervor of leaf and
branch of each species.

50 §0
SAMFLING RATIC

to it of those of Zelkova serrain, P, densifiora, L. leptolepis, and Ch. oblusa were 1.5, 1.3, 1.2 and
0.8 respectively.

From the results, it follows that C. jeponice taken here as an example, the sample weight
of about 1kg out of the total weight of less than Skg or that of about 1.5kg cut of it of
more than 4 kg will be sufficient to estimate total weight within the significant level of 954
and the error of 10% of the total biomass. And also it is evident that the other species,
weights, multiplied by the above-mentioned ratios, will do.

d. Measurement of stem biomass

Fach log cut off at the heights of 0.2m, 1.2m, 3. 2m, and every 2m above from the base
to get disks for stem analysis was measured directly on the spot with a large size steelyard
(the maximum of measure, 100 kg, the minimum 50 g). When it was too heavy to be measured
with a single steelyard, a log was cut into smaller parts or several steelyards were used to
measure.  There is a method of calculating drv weights by multiplying by each volume by
stem analysis the bulk density from the disks collected for stem analysis. Higher accuracy is,
however, obtainable with less trouble by measuring fresh weights there and then on the spot,

After that, stem analysis was made to analyse the growth up to then, and the current
increment was calculated. The disks collected served as material for measuring the ratios of
dry weights.

(2) Underground parts
a. Classification of roots

The border between a stem and roots is clear from the histological viewpoint. For it is
where the primary zylem and phloem are differently arranged, and they are also arranged
opposite to each other at a stem and alternately in roots. It is difficult, however, to ascertain
this of each sample tree. Observations were attempted thereupon of a few stands, and it
became clear that the border between them is located near the surface soil unless a stem is
excessively buried by soll or the roots go up to the ground because of soil erosion. Investiga-
tion was made while considering the upper part of horizon A except for humus in the soil
horizon as the horder between a stem and roots.

A root is the least differentiated part of all tree organs. For this reason it is difficult to
classify them in the same way as to classify the branches or leaves of the above-ground parts.
S0, we attempted to classify them mechanically into the following six parts; one part less
than 2mm in diameter which contains many primary tissues at root tips; one 2 to Smm in
diameter with comparatively many young tissues, though Hgnified; one 5 to 20 mm in diameter

working as a pipe which transports the substances absorhed and the products assimilated by



Table 3. Root class

Small-sized Large-sized Koot stock
Koot class ; -

£ * m i L st

. o - 1 The blocky part
sRES 2,001 2, 05 L LB, Oem ’ R ’
| 4 “ ‘3 G uot branched.
f: Fine root s5: Small reot m ¢ Medium root 1 Large voot L1 Very large root 5t Roeot stock

Diameter <0, 2em

these young tissues; one 20~-50mm or above in diameter for accumulation, and finally a root
stock which cannot be classified as a part of the brasched roots. These are described hers
for convenience’s sake as fine root (), small root (), medium root {m), large root (13, very
large root (L), and root stock (St)., They are shown in Table 3. This classification is fine
and somewhat tedious when iL comes to actual measurement. But, the finer it becomes, the
higher the accuracy becomes in estimating the root length or surface area, The estimate

error of the surface area calculated on the biomass of the roots from fine to large as a group,

was 1.7 times as large as that of roots classified minutely. This minute root classification is
essential to examine the relationship between the physiological function of roots and the root
biomass.
b, Measuring method of root blomass®

There are twa methods for measuring the root biomass. One is the total biomass method

Another is

in which the whole root system of a tree is carefully dug out to be meast
the block method by which the total blomass is estimated by measuring the root hiomass in
a certain soil volume of a stand,  The former method is suitable for examinations, and mor-
phological ohservations, of the biomass of such small units as a sapling or that of a tree. It
requires, however, a considerable long time and much technical effort to dig up the whole root
system complicatedly intertwined, and to apalvee the distribution of the root blomass, vertical
and horizontal. Accordingly, the block method in Fig. 3, by which the area pay tree was the
object of examination, was taken in this study. Such methods as the Quadrate Bisect Method
and Trench Method are suitable for analysing the distribution of the root blomass semi-guanti-
tatively, but not for estimating the root biomass,
¢. Establishment of the sample plot by the block method

[t is to he noted that in the block method, the root biomass in a block is not the true

one of the sample tree because the roots of neighboring frees intrude inte the sample plot

The block method was neverthless employed here. The main reasons for this are the following
two, Firstly, those roots, as stated later, being mostly medium roots or below, their biomass
are almost equal to the root hiomass of a sample tree.  Secondly, the total root biomass of a

ground parts of a block,

stand can be estimated from the averages by exiracting unde
The sample block, shown in Fig. 3, was set up to make it possible to analyse the distribu-

vertical and horizontal,

tion of root biomas

o

by divided into three, 1, 2 and 3

i

Horizontal division: The sample block was horizon

tance from a root stock.  Hovizontal division 1 is within a circle with a

according to the di

diameter half as long as that of a circle circumscribed by the area a root (8 sguare), Hori-

o Earwomt, N0 Methods of productivity studies in root sysierss and rhizosphere organisms. Inter. Sym.
USSR, Leningrad, 240 pp., (1968).




w16 MERBRIBHEEE Fo50 8

zontal division 2 is outside that concentric circle and inside the inmscribed circle. Horizontal
division 3 is the rest of the area between the area a sgquare a root farthest from a root stock
and that inscribed circle, This division is definitely useful in determining the horizontal
expansion of root biomass.

Division by slope: To ascertain the spread of root biomass distributions both upwards
and downwards of a slope, horizontal division 1 was subdivided into the upper side @ and the
lower side @), and horizontal division 2 into the upper sides @, @ and the lower sides @), ®.
Moreover, that of 2 was subdivided inio @, @ and @, @ to detect the distribution of root
biomass in the right and left sides of the slope.

Vertical division: To determine the vertical distribution of root biomass, the sample plot
was divided from the surface horizon inte soil horizons 1 and II both by every 15cm thick,
horizon HI or below by every 30 cm thick., But, as the alternately accumulated horizons of
volcanic gravel and ashes were clearly chserved in the stands of 811-517, H7, and M 4-M 6§
in the QOneyama national forest in particular, their vertical divisions were taken according to
the thickoess of these horizons, As the root blomass becomes much smaller in the deep soil,
a considerable amount of effort must be spent to measure a small amount of root. We
decided, therefore, to collect a root system in pursuit in horizon V or below, where only a
very small amount of roots was obtained. The maximum depth of a root increased thereby,
although some of the sample horizons were shallow. The roots of C. juponica, Ch, obtusa, and
L. leptolepis got up to soil horizon V in most of the stands, while some of them of P. densiflora
reached even to soil horizon VL

The root biomass were measured principally according to these divisions. They could not
be measured in every division on account of the extremely small sample plot or the various
circumstances of investigation at that time. In those cases, they were measured in two or
more divisions together.

d. Sampling errors in estimating the root biomass by the individual whole root system digging
method and the sampling soil block method

There is an offset of the root biomass between the block according to the sampling soil
block method which deals with an area per tree. Naturally, it makes a difference in root
biomass as compared with the individual whole root digging method whereby every one root is
carefully dug out.

In order to find the difference between the two methods, investigation was made in the
Oneyama S 28 stand to compare the root biomass by the individual root digging method (A)
with that by the sampling soil block method (B). Two groups of similar sample trees were
picked out. They consisted of 10 trees respectively. The root biomass of one group was
measured by the method of (A), while that of another measured by the method of (B). By
the former method, the time spent was about 5 times as long as by the latter method. Clearly,
it was very difficult to measure the root bicmass in each horizontal and vertical division by
the former and not by the latter.

As can be seen from the result of investigations, the biomass of the above-and-under
ground parts of ten sample trees ave obtained. Let us draw x axis for basal area and v axis
for part weigh in Fig. 7. The result makes it evident that both part weights had a linear
connection with the basal area. Both methods had, besides, the posibility of making a difference
between the regression coefficients in the parts where fine, small and medium roots are easily

caused to permeate into one another.
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shown in Table 4.

both methods in stems,

vanch

The coefiicients and the errors, of regression of each above-and-under ground

AU e

individual root

sampling method.

part are

The table shows that there was almosi no difference o regression between

and root wheress the re-

, leaves, very large roots,

gression cosfficient of fine roots was 2.4 by the individual rool system digging method, and

0.14 by the block method. That of

the latter method.

They sxzplain that the regression coefhcients are smaller accord

small roots was 3,2 by the former method, an

block method, and that the individual root system digging method
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by the increase of diameter of breast height than the sampling soil block method.

Examinations were carried out on the correlation coefficients of regression using hoth
methods. The corrélation coefficients of a fine root and a small root were, for example, 0.98
and (.99 respectively by the individual root system digging method, and 0. 48 and 0.61 res-
pectively by the sampling soil block method. It follows from the facts that the biomass of
fine and small roots have small correlation coefficients to the basal area according to the
sampling soil block method.

Let us calculate each part biomass at the basal areas of 100 cm? and 350 cm? by the regres-
sion equations of both methods., The ratios of the above-mentioned difference to fhe average
root biomass by the individual root system digging methéd are shown in Table 5.

It was found that the thinner the roots become, the greater the difference in root biomass
between by both methods becomes. This is borne out by the fact that at such parts, as a
stem, branch, leaf, large root, very large root, and root stock, the differences were less than
5% of the average part weight obtained by the individual root system digging method, but
came to 19~20%, 39~-48%, and 44499 at the parts of medium, small and fine roots respec-

tively.
Table 4. Part biomass of C. japonica calculated by individual
Stand 828, A, #:10  Individual root system digging method
. X B Average | Standerd
Tree parts Regression equation .
(A deviation

Stem Yo== o =426, 84202, 7566x 45,920 1,946
Branch y = 638. 8- 9.0532% 2,708 268
Leaf ¥ 5,363.94 28.2021% 11,831 564
Total above-ground part biomass Y= 5,875,9-4240, 1019% 60, 459 2,111
Fine root Y= 60,8+ 2,3837x 599 40
Small root Y omm 92,14+ 3.2131x 827 54
Medium root o= 314,54 6, 5152x 1,804 75
Large root 21,04 9,0332x 2,086 144
Very large root Y o 169. 1+ 6.8770x% 1,741 118
Root stock V= 410,24 43,5020% 10, 354 637
Underground part biomass Y= 1,067.8-4 71,4941x 17,410 669

Total Y= 6,643.6-311.5960% 77,869 2,636

Stand 828, B, # : 10 Soil block sampling method

Stem Y= 2,323, 34210, 1218% 46,727 2,32

Branch = 693.7-+ - 8, 3683x 2,647 159
Leaf ¥ = 5,013, 54 28.5962x% 11,689 718
Total above-ground part biomass Y= 3,384.0-+247,0862% 61,063 2,976
Fine root Y = 543.04 0,1397x 576 23
Small root Y o= 699, 14 0, 3486x% 781 40
Medium root Y= 976,84  3.6362x% 1,826 87
farge root Y= =910+ 9.5160% 2,130 144
Very large root Y= 104, 14 7.0944x 1,760 140
Root stock == 308, 1+ 45, 8248x 10, 389 493
Underground part biomass Y=01,924, 04 66.55%4x 17,461 632

Total Y= 5,307.9-+313, 6457 % 78, 524 3,333




This is shown in Fig, & This figure proves that the root system 1s transiting step by
step from a large root to a fine root: the difference is going up, and up rapidly at the roots

smaller than a medium root in particular,

> ratios of the difference to the values obtalned by the method of estima-

Fig. 8 shows

)

em digging method at the basal areas of 100 cm? and 350 cm®

bt

tion from the individual rooi
The fine root with the most Intricacy had, as shown in the table, the difference sgual to 88%

nated by the individual root system digging method in & dominant

of the root blomass estis

tree, 100 am? in basal area, and that equal to 33% in a predominant tree. The amall root had

Tn the case

in the Iat

the difference equal to 784 in the former, and that egual to 23%

the root Biomass by the block method was

of the tres with the hasal area of about 100 en

, than the true one, and in that of 350 cm®, smaller

measured to be larger by about 80 w

by about 309,

The larger classes of the roots showed rapid decreasi g, just as the medinm rool

got the respective values of 38% and 1595, The total rool biom influenced by the intricacy

between the fineg and the small roots, were larger by 495 at the basal arsa of 100 om?® and

smaller by 3% at that of 350 cm?® than the true root biomass.

root digging method and soll block sampling method

Value calculated by (B): B
regression equation NS A

Variation | Correlationi Basal aren | Basal ares | Basal avea | Basal aves | Basal ares | Basal area

coetlicient | copfiicient 100em? 2E0cmE 100cm? 3E0cm®
0, 0424 19, 84¢ 1, 160 G, 0253
13 0. 0048
320 G, 0270
2 1 & 0.0247

0. 9805

o
192

26,091

57,803 115,702

¥{ B Difference between the stand
S 28 and B 28

v Part bomass, g
x ¢ Basal ares, o,
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As to the total root biomass, the former took 3 percent in the furmer case and the latter
1 percent. It follows from the fact that there is only a slight influence by offsetiing between
fine and small roots in estirvating the total root biomass,

Even the root stock, which is not positively intricated, has the possible biomass error of
about 10% by regression calculation. Considering all these together, the maximum difference
of 3 to 4% of the total root biomass caused by both methods is not a serious problem. As
trees continue to grow, the ratio of fine and small roots to the total biomass decreases. So,
the influence of intricacy between roots on the total biomass becomes less.

‘To make clear their more detailed relation on fine, small, and medium roots which might
have a bearing on possible significant differences by some regressions of both method in Table 4,
examinations of difference between the coefficients or constants in both regressions were car-
ried out.

The relation between the basal area and each part biomass is o be linear as shown in

Table 5. Test of regression coefficients and regression constants
of each part of a tree by individual root system digging
method and by soil block sampling method

) Test Test of homogeneity Test of regression Test of regression
-eSt of variance by oeficient constant
Part Bartrerr’s method. costcent ;
T Xz bald 7
Stem 0, 87 0.22 0.25
f 2,14 139, 17% 3.97
K] 0,67 107, 18% 6, 43%
1w 0,19 37, 64% 0.60
i .00 0.34 C. 00
L ) 24 0.08 0. 07
St 0. 49 0. 50 0. 51
Underground part 0.02 1.72 0.95




{om?)), It was investigated whether or not there was any differsnce between both regression

squation of partial blomass by the individual root system digging method and by the sampling
sail Block method. First, the distribution uniformity of both regression squations was examined
according to Barrierr’s method. And then, the regression cosficients and constants were ex-
amined, A comparison of the calculated values of x% coefficlents, and constants of &, with
each value at the level of significance of 95% is shown in Table 5.

To examine the uniformity of Barrtierr’s variance, ve® is to be equal to the value of ¥®
at the degree of freedom of 1 and the level of sigunificance of 95%. And there iz to be no
difference in distribution of yx greater than x%  In this case, the value of x® was 3.84
Although «% of the fine roois had a somewhat big value, any other value was below 3,84, It
is therefore nob necessarily unreasonable to predict that the varisoce had no sigoificant differ-
snce. This is due to the small measured number and instead to the large variance,

We took the second step to examine both regression coefficients aod constants. When the
degrees of freedom of 2, and 2y were to be 1 and 16 respectively and the level of significance
of 95%5, the value of Fy was 4. 49. This being so, it became clear that the regression coeffici-
ents of fine, small and medivm roots and the regression constant of small roots had significant
differences between the regressions by two methods.

The regression coeflicients of each part in each sample stand by the sampling soil block
method are shown in Table 35 and 42, According to the table, they all increased regardless
of species or stands, as roots were thickening fine, through small, medium, to large. This is
partly because of properties of fine or small roots, and partly because of the variation of the
root biomass caused by intricacy among roots. Let us take the stands of $18, H 3, A 2 and
¥ 1 in Table 35 as a good example to go through the variation of the regression coefficients,
because they hold comparatively manv sample ifrses,

Table 42 shows the comparison between the regression coefficients of the sample trees in
the stands of Table 35 those when the stands with similar site and tending conditions are
run altogether,

Table 42 corvesponds to the coeflficients of a reg ion equation in S 28 of Table 4. From

it, the regression coefficients of the fine and the small roots of every species except for those
of L. leptolepis turned out to be larger than those in the stands of Table 38

As variance became larger in the case of each stand included together, the difference

between the two was not so clearly mainfested as in comparison of the individual root system

1

digging method with the sampling scil block method in the stand § 28, But then, the regres-

sion coefficient of the intricate parts of the root system became larger. Thus, the difference

hetween those methods was percelved hersupon too,

The degree of intricacy among the root blomass according to both methods are different

in species. The regression coefficients of the fine roots are smaller in the order of Ch. oblusa,
C. japonica, L. leptolepis, and P densiflora as shown in Table 35 and 42, These regression

coefficients are, though wnot alwavs, a direct indicator of intricacy among the root bhiomass,

euocugh to clear up a teadency that € jeporica and Ch. obiuse have a great difference in fine

roet Blomass between trees and a small intrice arl that L. leptolepis

camong ryoot blomass

and P. densiflora have equalized blomass due o their fine roots intricacy.

Thusg, the intricacy smong roots by two methods, corresponding to various conditions, are

sheerved only within lHmits of fine, small, and medium roots, and most clearly in the fine

roots, 1t is, therefore, not necessarily ung imate that, of > fing rout biomass
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of the sample trees, the small-diameter trees hold a gain by intrusion from a large-diameter
tree, but that the large-diameter trees hold a decrease on the contrary.

This amount, however, is very small when compared with the total root biomass. It does
not come out in calculation such as T/R ratio.

And also as calculation by both methods result in almost the same average, it ig appro-
priate to use either method in order to estimate the whole root biomass of the forest.

e. The classification of the root system and the process to measure the root biomass

As mentioned before, the total root biomass dug up at every sample division, horizontal
and vertical, i, e., the soil block, was divided and measured at every bleck in the order as
shown in Fig. 9.

In this figure, the first step is the digging up of the soil and the root system. Only the
roots of from fine roots to very large root picked out of the first are in the second.

The total biomass of the very large and the large roots are separated out of the total
biomass and measured at the third and the fourth.

At the ffth, a2 certain amount is taken out from the remaining root (fine to medium roots).
Then, it is separated into medium roots and “ fine roots and small roots ”, measured and serves
as a sample to determine the ratio of both.

At the sixth, a certain amount is taken out from the rest (fine roots and small roots).
These samples are divided into fine roots and small roots to obtain the ratio of them as in
the fifth. The root biomass thus classified is measured at the seventh.

Two platform scales for 10 kg and 20 ky measure, and two steelyards for 50 kg and 100 kg
measure stems and root stocks were used in this study.

At the eighth, a certain amount ig respectively taken out of each measured samples of
fine to very large roots in order to get the soil weight sticking to them. The ratio of the ’
root welght to the root weight with the sticking scil is called the root weight ratio. The
oot weight ratio is, therefore, expressed by (root weight)/(root weight+ weight of sticking
soil}.

At the ninth, a certain amount of samples are taken out of each part of the root system
{0 measure the water content. These operations are done outdoors. The indoor operations
are as follows:

At the tenth, the samples to measure the root weight ratio at the eighth are washed, and
cleared of sticking soils to get the soil weight.

At the eleventh, the materials at the ninth are dried to obtain the dry weight ratio. The
dry weight ratio is expressed by (dry welght)/(fresh weight).

The process of calculation from the measured true weight to the dry weight for each

part is as follows:

Lp =measured WeightX»Z; e
Si+

Lp : Dry welght of a very large root.
L'« Washed weight of a very large root (fresh weight).
S7 ¢ Weight of sticking soil.

/
@z% 77 : Root weight ratio of a very large root.
i'd

7 : Dry welght ratio of a very large root.
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The fine to medium roots are
cut fins and fully mixed. A
certain amount is taken oul 5
and classified into the medium
root, and the fise and =amall
roots.
ey The remaining fine root + small
’ Root weight root are minutely cut off here
again and fully mised.
peasurenant e & certain amount ias taken out | §
e and elassifisd inte the medium
root and the fine root and the
amall root.
| Callection of the samples Collection of materisls for | .
i to messure the soil welght | g water contained in each voot | ¥
i sticking to the roots in class.
{ saeh root classification,
Fizld work
Indoor work
The samples are weshed, clesred | , . The samples are dried and the 11
of sticking soils, and messured., | *V dry weight ratio is figured out. +
Diameter
Very large rooi 5cm and above
large root A5G em
Medium root 0. 5~2 cm
Small root G, 2415 om
Fine root 0.2 cm and below

Fig. 9 The roct classification and the procedure to measure the root biomass.
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{p =Measured ”W&lffhi><~~£f -------- Kt rd

2 S+ T

ip :Dry weight of a large root.

' Washed weight of g large root (fresh weight).

Si ¢ Weight of sticking soil.
e : Root weight ratio of a large root,

7
Ld. . Dry weight ratio of a large root.

Wiy s m! wigd
w451+ Fy O Sibm’ T omd
p: Dry weight of a medium root -

mep=Measured weight

ms, Sy, and fy: Classified root weight.
/: Washed weight of a medium root (fresh weight).
Si : Welight of sticking soil.

”2, 2 ¥; \. H ¥ @ . .
G Root weight ratic of a medium root.
md .y " ‘o of
i - YTy weight ratic o medium root

4 5
Sp=8+ f X2 X S xS :;e

+f iy
S'-%--f : \m+s+f) - Cm+s+f)x-%-

Sp : Dry weight of a small root
5o and fy: classified root weight.
S’ : Washed weight of a small root (fresh weight),
§% 1 Weight of sticking soil.

Sn’
5'd
Si

fl) -/f)(fi fi

: Root weight ratio of o small root.

: Dry weight ratio of a small root,

Fo : Dry weight of a fine root.
Fo(mt 5+ 1) ~[ S+ ) X

§% : Weight of sticking soil.

] [<S+.f)y > ]

M+S+f Szt fa

F : Washed weight of a fine root,

7
«;fw : Root welight ratio of a fine root.

%;@" Dry weight ratic of a fing root.
Of leaves or branches, the dry weights were calculated from the measured fresh weight
in the same way as this.
f. Measurement of root biomass
Linlike the above-ground parts, roots were classified into ¢ix groups, fine root, small root,
medium root, large root, very large root, and root stock. The method of classification is,
therefore, more complicated than that of leaves. But the way of thinking and calculation is

guite the same.
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1 which is one of the

) Measurement of root stoc A root stock, squivalent to the st

above-ground parts, is an organ of the underground parts for accumuladon. i cccuples 50~

: o steelvard,

the tetal root biomass.  Its total blomass was measuved on the spot wi
as that of the steni

by Meusurement of very large root: Genperally, z very large root next to a voot stock

oceupies the greater part of the total biomass, although it is oot so many io number. Conse-
quently the variance is very large when its weight is estimated from the separated weights
of the sample taken from a certain root blomass coniaining them.

waining very

The variation coefficient was over 80% when 15 samples of Tkyg «

ropte were taken from the & 13 stand of O jeponice and the very lavge voor Diomass was

al root blomass of 20§ i?ae‘: arror and the

&

separated, By taking every 1 kg ont of the to

ratio were, as shown in Fig. 10, caloulated at the signi 1t was found from

it that 90% helow 10%.

f the total weight (18kg) must be measured to k

Fig, 1} Sampling ratio and

error of very large root.

As very large voots ocoupy a greater part of the total blomass and the variance is large

it is necessary to measure the total blomass,
The distribution of very large roots varles from one species to another, calowlation of

the sampling errors by the above-mentioned way resulted, however, in the fact that each

species had s own large ervor, and that there was no difference among species.

The classification, on the other hand, Is very easy in operation. It requires much less
time spent per root biomass, as comparad with that for fine roots or small roots. It ig, there-

fore, of no effect to shorten the meaguring time even if fewer sampling materials are to be

taken out for classification,  As mentioned before, the very large roots have s greater part

of the total root blomass., A reduction of the measuring time makes thereby much larger the

error in estimating the total root biomass when the samples for classification are extracted.
This is the maln reason why the total biomass of very large roots was measured in this

study.

were isken {rom

¢y Measurement of large root:  Fif

SAT of Lkg unit i

the total wel

toof 15 kg, for the purposs of measuring the weight of & large voot, like that

1 very large root. Calculations of their sampling ra are shown in Fig, @ According

to the fig:

. the total root welght of 804

{12 kg) has to be measured in order to keep the

error below 10%. Measurement of the total biomass was also found to be necessary in this
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part as in very large roots, The species had all the large error,

The measurement of the separated and extracted samples is of no effect in these roots
even when judged from the efficiency of classification. For this reason, the total biomass
measurement was taken here again,

d) Measurement of medium root: Fine to medium roots are lefi unclassified after very
large and large roots are separated. Their biomass is equivalent only to about 20 to 304 of
the total biomass, Nevertheless, it is necessary to classify and measure them as exactly as
possible, since these parts have many young organisms and physiologically they play an im-
portant role.

Let us take the following steps to obtain the sampling ratios and the errors, of the species.
The first step is to divide the total weight of 1kg from the fine roots to the medium roots
of C. japenica into the number of 20 (3¢) with the unit weight of 80 g. The second is to pick
out only the medium roots from them and measure their weight. The thixrd or final is to
‘get the relation between the sampling ratios and the errors. A result of this is shown in
Fig. 12, According to the figure, the error was slightly below 10% when the sampling ratio
was 30% (300 g). And moreover, this explains that the variance hecame smaller in the order
of P. densifiora, Zelkova servata, L. leptolepis, C. japonica, and Ch. obtuse. At the error of 10%,
the sampling ratios of P. densifiora, Zelkova servaia, L. leptolepis, C. japonica, and Ch. obtuse
were 32%, 309%, 29%, 28%, and 25% respectively, This arises from two facts, first that P.
densifiora and L. leptolepis make a large variance because the fine and the small roots adbere
to the medium roots sparsely, and secondly that Ch. obfusa has fine and small roots adhering
to them densely, growing all these roots uniformly.

Taking every twenty medium roots with the unit weight of 200 g from various species

japonica

Fig, 11 Samplig ratio
and error of large
root,

20 35 A 50 60
SAMPLING RATIO

Fig. 12 Sampling ratio
and error of medium
roots.




and measuring their weight, we got the following coeficients of variation: 0. 180 for Eucalvplus

globulus, 0.178 for Quercus myrsingefolia, 0. 170 for Alnus hivsuia v. sibivica, 0.174 for Quercus

mongolice, 0,172 for Fagus crenaia, 0.172 for Rpbinia pseudo-acacia, 0. 170 for Cornus confroversy,

0. 168 for GQuercus serrata, 0,165 for Zelkova sevrate, 0,165 for Betwla ermawii, G, 162 for Befula

platyphyila, 0161 for Abies firma, 0,157 for Picea jezvensis v. hondvensis, 0,150 for P, densifinora,

0,186 for Aeacie decurrvens, 0,185 for L. lepiolepis, 0125 for Tsuga canedensis, 0.100 for .

Japonica, 0,083 for Ch. obtuse, and fnally 0.080 for Ch. pisifera. The species with the large
coefficient of variation wers Ewcalypius globulus, Quercus myrsinaefolia, Alnus Wivsuia v. sthirica,

Quercws mongolica, ete, which had fine and small roots sparsely growing out from the medium

roots, On the other hand, the species with small coefficient of variation were €. jeponice, Ch.

obiuse, etc, which had fine and amall roots densely growing out from the medium roots.

Generally speaking, of the broad leaved trees, the sparsely rooted frees have g tendency to

rooted trees tend to make a

make large variation and, of the conifercus tre the dens

small one.

e}y Estimation of the fine and small root blomass:  After the very large, large and medium

voots v rid, the sampling - for classification of the fine and the

small roots were calculated. They had been left uwnseparated to the last
We divided the sum of both root weights of 400 g into the number of 20 samples (Af)

with every unit weight of 20g. The number of the samples {(m) was to be 3, 5, 10, 15, or

20, On this condition, we caloulated each error at the level of significance of 95%, and results
of caleulation are shown in Table 6. As ig clear from this tahle, the errors were 368%, 124,
=

6%, and 4% at m of 3 (60g), b (100 g), 10 (200 g), and 15 (300 g) respectively. The needful

289 (110 ) here at

sampling ratio was the errvor of 104,

The errvors of fine and small roots were larger than those of leaves and thin brax

imated ervors of fine roots and small

Table 6. Sampliog ratios and es

roots for classification. On stand 213

Z x Ly @ S B

fzed

x Fine and small oot weight {g)
Fing root weight ()
Values of the significant level, 45
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We calculated the errors when the total weight (34) was 10 (200 g, 20 (400 g), 30 (600 ),
or 40 (800 g). As a result, it was found, as shown in Table 7 and Fig. 18, that when () went
up, they went up slightly, though not greatly, at (m) of three or five. Even when the total
weight of 400 g was doubled at (m) of 5, they increased, for example, by only 0.96%. It is
thereby clear that even when the total weight goes beyond 400g, the sampling weights of
materials are to be enough within the limits of 100 g to 150 g.

At the sampling ratio of 38% (120g), P. densiflora, L. leptolepis, Zelkova servata, C. japonica,
and Ch. oblusa had the errors of 15, 11, 10, 8 and 5% respectively, as shown in Fig. 14 As
described on the medium roots, the former two species, ‘showing the large value, are the
species which branch fine roots off from small roots sparsely, whereas Ch. obtuse, showing the
small ong, is the species which branches the fine roots off from the small roots densely.

Turning now to the sample weights necessary for estimation at the ratio of error of 10
%, P. densiflora, L. lepiolepis, Zelkova servata, C. japonice, and Ch. obiuse required 160, 140, 120,
110, and 90 g respectively. When that of C. jeponica was to be 1, the ratios of those of the re-
mainder o that were as follows; 1,41 for P deusifiora, 1.33 for L. lepiolepis, 1. 09 for Zelkova
servate, and fnally 0,82 for Ch. oblfusa.

To determine these relations, 20 samples with each unit weight of 100 g were taken out

Table 7. Sampling errors while the sampled total biomass (M) of fine
roots and small roots changing
Fine and small roots

m | 3 5 10 15 20
&M 10
(M—m) [(M~—1) (F[m) — — — —_—
V= m) [(M=1Y (Fjmy | - - — - - —
V=Y [(M—=1) (Fln) 8 2.8 1.2 -
MV {M~—my (M~ {(Fim) & 2.8 1.2 - — —
£k 0. 2667 0.1143 o
M 20
(M—m) | (M~1) (F[m) o - -
VI{M—m) [ (M—1) (F]m) — — -
V{(M~m)j(M—1){(Fim) 8§ 3.1 1.4 0.7 0.4 —
MV (M —~m) ] (M—1) (Fim) § 62 28 14 8 —
o 0. 2952 0.1333 0. 0667 0.0381 | -
M 30
(M—m) [ (M~1) (F[n) — e - e -
VM= m [ (Flm) - o — —
VM -my [ (-1 {(Fm) S 3.1 LB 0.8 0.5 0.4
MV {M—-m)|[{(M—1) (F]m) 8 93 45 24 15 12
C¥E 0., 2952 ), 1429 0.0762 0,0476 0. 0881
M40
(M) [ (M 1) (F ) — e - —
VM= my =Y TF [m) S
VI{IM—m) [(M-1) (F]m) § 8.1 1.5 0.6 0.4 0.2
My (M—-m)](M—1) (F[m) § 124 50 24 16 8
ok 0,142 0.0571 0.0381 0.0190

These values are calculated from the following factors.
£ It was obtaind from Table 6.

§:10.5

w : Number of the samples, 20 g in unit fresh weight.



TAL BIC :
Fig. 13 Total bomass (M) of fine and small roots and sampliog error.
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Fig, 14 Sampling ratio, and srror of fine and error of fine and
small roots,

of each different tree in the same wav as done in the case of medium roots, and their coef-

ficients of variation of fine rools were calculated. Result of calculation, show they were 0. 060
for Eucalyptus globulus, 0,054 for Cornus comtroversa, 0,050 for Rebinia psoudo-acacia, 0,045 for
Quercis myrsinavfolie, 0.042 for Q. serrata, 0.041 for Fagus crenata, 0.041 for Alnws hiveuia v,
sibirica, 0,040 for Quercus mongelica v. grosseserraia, 0,087 for Betwly ermanii, 0,037 for B
platyphylla v, japowice, 0,035 for Zelhova servate, 0.082 for Aeacia decurrens v, dealbota, 0,028 for
Abies firma, 0.027 for Picea jezoensis vay, hondoensiz, 0.027 for P. densiflore, 0,024 for Tsuge
canadensis, 0.023 for L. leptolepis, 0,019 for C. jupowmica, 0012 for Ch. obiuse, aund finally 0,010
for Ch. pisifera. 1t s evident from the facis that the variances of the hroad leaved trees are

generally large since th

ir fine roots grow sparsely, while those of the coniferous frees are
small; and particularly that of Ch obluse is small because the fine roots branch and thicken
remarkably. These agree well with the results we had observed, described and explained
ahout the root properties of the {rees investi

ed in the Forest Experiment Station befors

{See page 33,
{8y 1/2 soil block sampling method

A copsiderable amount of effort must be spent to dig up the whole sample plot (block)

considering the area a tree as an object, It would be hetter to dig up & part of it and thereby

to estimate the total amount.
A careful comparison of the distribution of root blomass was carried out thereupon among

Blocks, It was found that the method was very inacurate for large and very large roots,



- 80 — BB TS 9250 B

because they were distributing densely at one block and sparsely at another.

Fine, small, and medium roots made a difference in root biomass up and down a slope,
vet making equalized distributing at the right-and-left sides of it. The following process
therefore appears to make it possible to estimate the total amount of those roots at the whole
sample plot. The first step is to divide a sample plot into two sides, right and left, along a
slope; the second, to investigate either of them; and the third, to double the measured amount.
This method was taken at some stands to reduce the investigation expenditure. In addition,
the 1/4 block method, 1/8 block methed, ete, appear to be applicable. True, these methods have
the possibility of applying to the roots smaller than a medium root in soil horizons 1 and II of
them distributing evenly; but they lead to inacuracies in the lower socil horizon as a whole
hecause they get highly scattered there. What’s worse, it is next to impossible to use the
1/4 block method only in the surface horizon and 1/2 block method in the lower horizons. Hence
it is that those methods, even if possible to apply, are not necessarily the better methods,

Taking the 1/2 block method, it will suffice to dig up half of the soil volume for investiga-
tion. The operation will thereby be reduced by almost three-fifth times that for investigation
of the total root biomass, even if the digging-up in the opposite side, classifications and
measurements of large and very large roots are added to it.

Next, the remainings were dug up cavefully, and their forms were photographed, drawn,
and described, After that, the large and the very large roots were classified into every soil
horizon and measured,

This method, if somewhat inacurate in estimating root blomass, proves to be of great

use in observing the forms of roots (See Photo. 5).

4. The root weight ratio (of the seil weight sticking io the root weight)

The root weight thus measured (those of the fine roots to the root stock) contain the soil
welghts, It is necessary to estimate the root blomass excluding these soll weights, and this
relation is expressed by the following equation:

. R
Si+ R
RS Root weight ratio
Si @ Soil sticking to the roots.
R Fresh root weight.

(The root weight ratio means the ratio of the actual root weight, excluding the soil stick-
ing to the roots, to the weight of roots and scils.)

The fresh root weight is to be gained by multipling this ratio by the root weight including
soils.  From the soil horizons 1 and I in the C. joponice stand, S 4, 50 samples of the fine
roots each 40~-850 g in weight, were taken out and washed. Assuming the root weight with
solls to be an independent variable, and the fresh root weight without soil to be a dependent
variable, the relation between both weights is shown in Fig. 15, As is clear from it, the
linear regression passing the origin can be recognized between them.

When the regression coefficients, relative coeficient, and errors were calculated, the ratio
between both weight (2) turned out fo be 0.85. This means that 85% of the root weight
with soils is equivalent to the root weight and 15% of it to the sticking soil weight. Since
the relative coefficient (#) was ninety-nine percent, a close correlation was recognized between

them. As the coefficient of variation was 1.3%, the error was proved to be very small
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Fig. 15 Root weight ratic
and variance of the fine
voote in scil horizons I
and 11 of the €. japonica

tand & 4.

nx iy $ Z ] 52 ‘ Sy? Covlrey)  Vy 2z ¥ % Ty
) : H H ; < _— % wa%/.;,
9,212 1 7,849 ., 8520 t R, 037 E 6, (69 ‘ 6,965 | 0.0131 | 0.1140 | 0.0134 | 0.0045 50 el
Table & Dry weight ratio in each helght of a stem of C. japonice
Stand O.0m 0.2 1.2 ) 3.2 (52172192 ]11.2{18.2} 1 Average
S101 3 0 622 0,80 10,83 0.32% 0,31 10.25] — | = | e | e e - 0. 32
S2 | 17 11,385 [ 0,32 0.39]0.39  0,06%0.870,86/0,28/0.27| — | 0. 58
803 - 0. 36
G 4 —
S6 | 32 1 915 1 0.33 00,820 CL37F 0,80 10,3010.2900, 291 - | e 1 e
S 7 | 22 1 1,258 10,350,350 0.25% Q.35 10.3510.3310.300 o | | e -
58 —
S 2 —_ - 0,97

The weight of soils sticking to roots depends strongly on the weather or the soil condition
when study is made. The weight becomes small as the soil dries up, and falls off at the
measuring time on a fine and windy day., It becomes large if measured when the soils are
wet after raining, Generally speaking, the welght of sticking solls becomes large under wet
conditions. 1t is, for example, larger in the moist soils than in the dry soils, and in the moist
subsurface soils than in the dryv surface soils. Soll properties, too, have an obvious bearing
on this peint; for example, welght is larger In the clayvey soils with a high power of holding

water than in the sandy soils with a low water-holding power,



5. Dry weight ratio

To calculate their dry weights, the dry weight ratios were calculated from a certain
amount of the collected samples whose fresh weight had been measured beforehand., The dry
weight ratios are here the ratio of the dry weight to the fresh weight.

=D
Ww
R Dry weight ratio
Wp : Dry weight
Ww : Fresh weight

Measurements of dry welght ratio of each part of a tree were carried out as follows:

1) Leaf

The fresh weight of leaves was measured in each leaving part of the tree-crown which
was horizontally divided equally into three parts in this investigation. Dry weight ratios were
measured at every unit of measurement (i e., every horizon), And then the dry leaf weight
was estimated multiplyving the leaf weights by the dry weight ratios. It is less troublesome
o take the materials out of the total weight of leaves run together in each horizon. The dry
welight ratios, however, differ in the positions of a tree crown. Measuring them in every
horizon makes possible higher accuracy. The materials taken from each layer were 1.0~1.5
kg by fresh weight. The fresh weights were measured at the site.

Fach material had been dried for 7 to 10 days at eighty to ninety degrees centigrade. The
absolute dry weights were obtained thus.

2) Branch

Of the branches as well as of leaves, some medium-sized branches for dry weight ratio
were selected from each level and cut off fine to use as the materials.

The branches of one to two kg (by fresh weight) were taken out as the materials. The
fresh weights were measured at the site.

3) Stem

The fresh weights of the disks for stem analysis werse measured immediately after the
disks were taken out. These disks were absolutely dried. And then, the dry weights of a
stem were calculated multiplying by each part weight of a stem, the ratios of the dry weights
at every stem classification.

Generally, a dry weight ratio of a stem is lowest near the root stock; it tends to increase
towards the tip of a stem. As it differs at each part of a stem, accuracy of estimating it is
to be heightened when the stem is divided as fing as possible.

Fig. 16 shows the relation between the dry weight ratio of a stem in each position and
the aversge dry weight ratio in the stem analysis. According to the table, C. jeponice shows,
as in Table 8, the average dry weight ratic of stem at the height of 3 to 4m when it is 13
m high and of 4 to 5m when it is 19m high,

4y Very large root

The very large roots of 2 or 3kg were taken out of those roots normally grown up in
scoil horizons 1 and 11, where they were mostly distributed, and their dry weight ratios were
caleulated, When the weights of the materials are 2 kg, the coefficient of variation of the dry
weight ratio is found to be about 7%.

The materials are those from which the sticking solls were taken off clearly and the

fresh weights measured at the site.



5 Large root

ey
i Dl
SV

In the way like as done for the
very large roots, the large roots of
two or three kg were taken as a

samyple, and their dry weight ratios

SRS AV S Ny

wers caleulated.  The coeflicient of
variation of the large roots was about
A% here, and was smaller than that
of a very large root.

8y Medium root

The samples, which were taken
oul on the apot and carried back in

vinyl gacks, were carefully washed

with water to remove the sticking
soil,  Afier that, the fresh welights
wers measured,

Medium  roots are distributed -
#* Stand No. %% Sample tres No, -~~~ Not measured.

evenly and widely at each horizon, L . R .
Fig, 16 Doy weight ratie of each part of tress.

Thelr growth and dry weight ratios

differ in each horizon, They run together to calculate the dry welght ratios; the errors go

up.  To measure the dry weight ratios, they wers divided in the horizons 1, 1T and below.
The coe

horizons I and IL

dent of variation is about 5% when each sample of 500 g is taken out in soil

7y Bmall oot
As samples, the small roots of each weight of 200 to 300 g were taken from scil horizons
I, 11 and below. After they weve washed oud and dried, thelr dry weight ratios were calcu-

lated. The coefl

fents of variation ave about 349,

8) Fine root
T

1, 11 and below. As in the case of the small roots, their dry welghts were

e fine roots of each weight of 50 to 100 g were taken out as samples from soil horizons

calculated after

they were washed out and dried. The coefficients of variation are about 3~

e
The accuracy in measuring the ratios of dry weight of fine and small roots s given in

the following.

6, Bample weight for esiimating the dry weight ratlos and aceurscy

The fresh welghis, drv weighte, and dry weight rat of the fine roots were calvulated

in s0il horizons 1 and 1 in the stand of S 3 of € japonics,

A Hnear regression which passes through the origin was, as in Fig. 17, recognized be

wesnt the fresh welght and the dry weight,

The dry weight ratios and thelr average values of these materials are measured.  Accord

ing to the resuli, the drv welght ratio was 249 and the coefficient of variation was

The ratios of dry welght were then calculated according to the ratio estimate

in which the same values were used,

A comparison between the twoe makes clear that the difference in average dry weight
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= //‘/ Fig. 17 Dry weight ratio of the fine
5 roots of C. japonica, obtained from
the data of stand 53 and by using
ol e - oy ratio estimate equation.

FRESH WEIGHT

ratio is 0. 18% and that the ratic estimate is more accurate, and besides that the error is
reduced by one-eight that which is obtained using each dry weight ratio.

Twenty samples each with fresh weight of unit weight, as shown in Table §, were taken
out of the fine and the small roots in soil horizons I and II in the K 1 stand of L. lepfolepis.
Their dry weights were measured, and then the errors were calculated in the same way as
mentioned above. Next, a comparison was made between both equations to be used in calcu-
lation, while observing how the coefficients of variation change as the samples are putting on
weight. The values of the fine roots in soil horizon I, as shown in Table 9, are obtained from
this table. According to Table 9, there is almost no difference between the ratios of dry
weight according to both equations to be used in calculation. The coeficients of wvariation,
however, are about four times more accurate by the ratio estimate than by the simple equation
of error to be used in calculation,

This discrepancy increase as the soil horizons go lower and roots become thicker,

The result counted in the change of the coefficient of variation corresponding to the in-

creasing sample weight is tabulated in Fig. 18 1t is clear from this that the cosfficients of

Table 9. Weight and variation coefficient of dry weight ratio a sample unit.
Fine root in the horizons 1 and II of the L. lepiolepis stand Kl

Weight of | . e | P i
sample uniti 1wzgi 2~~38 ‘ 3~4 g | 4ot & 5~6 8 } 678 l 7~~88& 8~98 | 9~108
Ry 0, 2353 0.2289 ! 0. 2350 0.2286 0. 2306 0. 2325 0. 2328 0.2343 0. 2333
Ry 0.2352 | 0.2286 ; 0. 2350 0. 2285 0, 2306 0. 2330 0, 2337 0.2343 0, 2331
Ci 0.0396 | 0.0419 | 0.0310 0.0318 | 0.0262 | 0.0177 | 00279 | 0.0460 { 0.0330
Ca 0,0098 | 0.0105 > 0,0077 | 0.0074 | 0.0056 | 0.0039 | 0.0056 | 00,0115 1 0,0069
Ci/Cs 4,04 8.99 | 4.03 4,30 4,68 | 4.54 4,98 4,00 4,78
i S,
* R Average of dry weight ratio, #:20. Ry : Dry weight.
Cy : Variation coefficient of Ry, Cq : Variation coefficient of Rg.

Table 10, Sample weight when 20 samples were measured at

the variation coefficient of 1%

Soil horizon Rmttmﬂ f 1 s m
I 3.5 5,5
il 5.5 10.0<C
i 5.5 10.0<
I\ — 5.5 10, 0<
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Fig, 18 WVariation coefficient of dry weight ratio.

variation of the fine, small and medium roots decrease steeply as their sample weights increase,

This tendency differs according to root class or to soil horizon, The sample measured welghts

increased, as shown in Table 10, as the root became thicker and the soil went deeper under

the condition of 14 of the coefficient of variation obtained from Fig, 18. This is hecause the

variance of measurement becomes large ag a root becomes thicker and soils go deeper,

7. Moisture content of svery part of a tvee

The measurements of dry weight ratio made it possible to estimate the moisture content
of each part of a tree. This content has a close correlation to the growili of 3 tree.
Here dry weight ratios and how the ratios of containing water weni up and do »
Here dry weight ratios and how the vatios of containing water S48 and down hoth

in each part of a tree and under environmental conditions wers gone into.

13 Dry weight ratio in every part of a tree
The dry weight ratios in every part of sample trees which make medinm growth In every
stand are shown in Fig, 16,

The dry welght ratio of fine roots are lowest and within the range of twenty fo thirty
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per cent. This is common to the species like C. japouica, Ch. obtusa, P. densifiora, and L. lepio-
lepis. It increased gradually as the root became thicker, and to the highest at the root stock
or at the part about 20 cm above the ground. To give an example, it was 40 to 45% for C.
Jjaponica.

It increased remarkably to four to five per cent between fine and small roots, while from
a small root to a root stock it increased to only about 19%. This is partly because the fine
roots have many young tissues, inclusive of white roots, which contain much water, and
partly because the roots larger than small roots consist of uniformly lignified tissues. For this
reason it becomes necessary to measure the dry weight ratios of every part of a root.

As already explained in the section about the measurements of those of a siem, the dry
weight ratios decrease, but the water contents increase gradually according to the transit
from downward to upward. Particularly near the tip, they decrease with rapid speed because
many young tissues are there. Ch. obfusy taken here as an example, the change of the dry
welight ratio in each part of the stem is shown in Fig. 19

This is due to good or bad growth of a tree, or to its size. The change in dry weight
ratio tends to go similarly, but their values are not uniform. They also differ from species
to species.

The dry weight ratio of branches is the highest of all as they grow more slowly than
the rest of the parts and are highly lignified. That of C japonics, for example, showed 45~
50%.

Generally, the dry weight ratio of leaves is lower than those of a stem or branches., [t
ig almost the same as those of small and medium roots.

2) Species

Species promote their own growth or change in dry weight ratio. A further examivation
of this is shown in Fig. 20 giving the average dry weight ratios both of the young trees,
four to five years of age, planted at Asakawa nursery and of the sample trees growing
moderately. Many species showed the dry weight ratio of leaf of 30% at Asakawa nursery,
but the evergreen coniferous species with hard tissues, as Biota orienialis, P. densiflora, and
C. japonica showed the higher percentages of 35 to 40. Of broad-leaved trees, the species
with rather hard leaf tissue, such as Celtis sinensis, Aphananthe aspera, Quercus servala, Ulmus
parvifolia, and Zelkova serraia, showed a higher ratic than the species with soft and thin leaf
tissue, such as Cafaipa ovala, Mallotus japonicus, Melic azedarach, Robinia pseudo-acacia v, inermis,
and Cormus controverse, Firmiann platenifolia.

The tendency was alike in the sample stand. The dry weight ratios of Ch. obluse, Ch.
pisifera, Abies fivma, Tsuga canadensis, etc. were high in particular. That of Ch. obluse was as

much as 52%. The main species taken here as an example became lower in the order of Ch.
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obtusa, P. densiflova, C. japonica, and L. leplolepis.

Sometimes the dry weight ratio of leaf changes according to the turning of the seasons.
Hven so, there appears to be no great difference among species.

The dry weight ratios of branches and of a stem have a particular relationship to the
growth rate. Low are, for example, those of the species which grow quickly and which are
abundant in many young tissues. High are instead those of the species which grow slowly.

As a result of investigations at Asakawa nursery, it was found that the high were those
of both branches and stems of the species as Celtis sinensis v. japonica, Ulmus parvifolia, Sapin-
dus mukurossi, Zelkova servata, Alnus japonica, Alnus hivswin v. sibirica, and Biota evientalis, etc.
And also high were those of the sample species as Ch. oblusa, Acacia dencurrens, Zelkove servata,
Ch. pisifere, and P. strobus (growing poor).

The dry. weight ratios of a large voot, very large root, and root stock like those of the
above-ground parts, are affected by character of species and growth condition, Particularly
those of fine and small roots are affected mainly by the former. At Asakawa nursery, the
species of which medium and large roots show a high percentage are Calalpo ovata, Eucommic
wlmoides, Cunninghamia lanceolaia, C. japonica, Juglans aslanthifolin, L. leptolepis, . densifiora. Of
the sample trees, they are the broad-leaved trees as Meallotus japonicus, Aphananthe aspera,
Quercus sevvata, Ubmus parvifolia, Sapindus wmukovossi, Zelkovs servala, Betula ermanii, Alnus
hivsuta v. sibivica, Biota orientalis, etc. k '

The species which have a large amount of thick white roots show a low dry-weight ratio
of fine and small roots. This was observed at Asakawa nursery. The examples are the species
such as Catalpa ovata, Evcommic ulmoides, Cunninghamia lanceolata, C. japonica, fuglans ailanthifolia,
and L. leptolepis, etc. Vis-a-vis with them, there are the species such as Muallotus japonicus,
Aphananthe aspera, Ulmus parvifolia, Quercus servata, Sapindus mukuressi, Zelkove servata, Betula
ermanii, Alnus hirsuia v. sibirica, Biota orientalis, etc.

Of the sample trees, C. japomica and L. lepiolepis show a low percentage. The species
which are vis-a-vis with these Acacie decurrens, Betule plotyphylie, Quercus mongolica, Zelkova
serrata, P. demsiflova, P. thunbergii, P. sivobus, Ch. obiusa, etc. 'This shows a close similarity
to the result of investigations at Asakawa nursery.

The species which show the high dry-weight ratio of fine roots, grow fine roots sparsely.
Their white roots are fine and highly lignified, and root types are mostly of dry Quercus
myrsinaefolia type. There are many species which stand against drought strongly.

(On the contrary, the species, showing a low percentage belong to the root tyvpes of C.
japonica, Firmiana platanifolia, and Cinnamommm camphora. Those species also ave of moder-
ately moist type.

3) Site index and dry weight ratio

The dry-weight ratios of each part depend upon the growth conditions. It is likely that
they are closely related to site index. The relation between site index and dry-weight ratio
is shown in Fig. 21

All the species and thelr above-and-under ground parts, although their variance is wide,
tend to decrease their dry-weight ratios because the site index and then the water contents
increase. The maln reasons for this are the following two. Firstly, there are many young
tissues with high moisture content distributing in the stand showing large site indices and
sufficient growth., Secondly, there are instead many older tissues with low moisture content

distributing in the stand showing small site indices and insufficient growth,
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SITE INDEX

Fig. 21 Site index and dry welght ratio of each part of trees.

The change in dry welght ratio answering to the site index does not take place only in
the stems, large roots, very large roots and voot stocks, which arve the paris for storage. It

also occurs in the leaves, fine roots, ele. with younger tissues, Hence it is not unreasonable

to presume that the tissues of these working parts and even thelr efficiency depend strongly
upon the growth conditions.

Generally, the stand scil with a small site index is either dry or heavy wet, In this site,
the fine roots have comparatively few new shooting white roots and many lignified parts. So,
the dry weight ratio of the fine root becomes higher there.

The low dry weight ratio in 2 heavy wet site explains that each part of a treg grows
poor. 1t also makes clear that the white roots with high moeisture content, shot from a fine

root, come to decrease thence to decay to death.

& Accuracy of measurement of part biomass

Acvuracy in measuring each part hiomass of a iree is to be obtained after the above-
mentioned are all finished. But each part biomass calculated in the final procedure comes out
with errors made at each stage of investigations, such as sample divisions, measurement of
root weight, root classification, measurement of the ratios of the root weights and their dry
weights,

The sample weighis were decided and measured to make those errors as small as possible.

The ervor of 10% of the average value was aimed at under the significance level of o

The ervors were fairly different at each stage of measurements, It was therefore impos-
sible to measure on a constani error. The errors were different even at each part of a tree
too, so the part biomass could not be estimated with the same precision, It is within reason
to predict that estimation error of the total biomass is 10--20% when calculated in terms of

the coefficient of variation,

9. Latest annual growth of branches and leaves
The annual growth of branches and leaves is not here figured out accurately, For there

hias been left much to resolve the difficult problems either as how to deal with the difference

of leaving periods or as how to estimate the amount of dead branches and fallen leaves; also,

there are few measured samples. Studies done so far run together, and estimated by stand
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Table 11, Coefficients for estimating annual leaf and branch growth

“““““ . Species
Part Stand e C. japonica Ch. obtusa P, densifiora
age (yrs) T
0~10 Q. 40 0, 40 0. 60
10~20 0.35 0, 30 0.55
Leaf (#) 2030 0.30 0.30 0.55
G0 0. 25 0.22 0. 50
010 0, 40 0. 40 0,60
N 020 0,35 0.35 0, 50
Branch (¢) 2030 0,35 035 0.0
30~ 0,30 0. 30 ¢, 30

*1 Annual leaf growth () multiplied by leaf biomass.
*2  Annual branch growth (g) multiplied by branch biomass,

age: The annuval growth of branches is got by multiplying the latest annual growth of a
stem by the coefficients in Table 11: and that of leaves is gained by multiplying the leaving
amount by them shown in the table. To determine the accurate values of those coefficients,
it is necessary to continue this type of study. The annual growth of branches and leaves

was thus calculated.

10. Represeniation of the shsorption structure

Nutriment and water in solls are taken into a iree through the surface of roots,

Efficiency of absorption is dependent upon each part of roots. It is highest in the white
roots existing in the tips and lowest in the lignified parts. But as nutriment and water are
to be absorbed through thelr surface in any case, the absorptive structure of the underground
part is to be expressed with the surface avea of roots.

Greater parts of the root biomass are those of a large root to a root stock which have
little to do with absorption. But the fine and the small roots, whose tissues are young, have
much greater surface area.

1) Estimation of the surface area of roots

It is necessary to estimate the root system surface area. As the root biomass in each
stand had already been measured, the author thought of a method whereby calculating the
surface area of roots from these biomass could be done. There is to exist the following

relations between the surface area and the root biomass.

V2
AseDi, ;L—;klﬁg-
G AG
4%6-2

A Root surface area (cm¥), & @ Root weight (g), o : Root diameter (cm),
% : Bullk density (g/cc), {: Root length (cm)

That is to say, with the root weight, bulk density, and diameter obtained beforehand, the
surface area is to be calculated from the root biomass, The next siep is to consider root
diameter and bulk density necessary for calculating the surface area, and the root length
calculated from them.

2y Root diameter
(1) Root classification and the accuracy of diameier measurement

When the root blomass is measured without classifying roots according to size, it is very



difficult to g the corvesponding diameter of the voot to them. And af the same thne, the

varignce. The finer the

rs calculated from them come to have very

average diamet

classification of roots is done, the more accurate the measurement of average diameter will

sification involves greater trouble, the roots were classified into five
T

become.  As finer ¢

medium root

classes as shown in Table 4; fine root {(0~0. 2om), small voot {2

(0. 5~2.0cm), large vout (2. 0--8. 0cm) and very large root 0 cm and above).

\

meter and those of the other

The diameter of a fine root was measured with a micr
farger roots with a paly of slide calipers

Measurement of dlameter cannot escape some errors due to the variances of samples or
methods of measurerment.  The distribution of thickness is different from species to apecies,

s different.

too; consequently the average dlarmeters are more or les

¢

ation of s i soil

sified 1

each

The average diameters and the coefficlents of v

There it can De seen that the coefcients of

horlxons T and 1 of 84 stand are measur

variation became larger as the voots became thicker from a fine oot to 2 very large root.

s of variation in each borizon are measured.  According to the result,

The coefficier

are 8% in soil horizon 1 and 26% in soil horizen V. It is alse dlesr that they become larger

as soil horizons go down lower., This indicates that in the upper horizons roots tend to grow
evenly due to a uniform growth condition, but that in the lower horizons the growth condi-

tion te

s to go unbalanced.
{2y Various conditions concerning the change in diameter of roots

s or environmental conditions.

The average diameters of a root depend largely upon spec
a)  Species
e trees of which

The branching of roois is dependent upon the chayacters of
ed f

give small average diameters, while those having roots branched

¢ bran

roughly give large average diamets

Table 12 shows 1o the order of thely magnitude the average diameter of every classified
oot in soll horizops 1 and I, which were got from investigations both at stands and at
Asakawa nursery {(The stands of moderate habitat type weve chosen {rom many stands for
. jeponica, Ch. obtuse, P densiflorn, and L. leptolepis).

The average diameters of the fine roots of all the species were within the range of 0,06

in 4}, 70

<0132 om, and the average values were wi LB em. The species which were com-

aratively large and O 150 % om in diameter are Aceciy deciwrrens, Ch obtusa, Ch. pisifera,

5y

memu‘ amin lenceslata, . japoniva, Ables firmag, Tsuga canadensis, Cornus costivoverse, Biota
orientalls, Firmiogne platanifolie, Ewcommia wlmoides, etc,  The species which are larger in

diameter than those species ave F. densiffora, L. leptolepis, Eucelyptus globulus, Ferkova servaia,

thuerens mongolicn, Betula platyphylla, Betule davwsrica, Aphananihe aspeva, Ulmus parvvifolie, Celiis
stuensiz, Alnus japonica, Abwus hivsuto v, sibivice, Quevcus sevvaie, fJuglans ailenthijolia, Muollotus
gjaporicus, Melia aqzedarach, Fraxinus mandshurica, etc. This is due to the difference in distribu-

>y fine roots while

tion of thelr fine roots; in other words, the former trees have many thi

the latter have many thinner roois.

This also has much to do with the size of the absorptive roots. As in Table 15, the trees

with thinner absorptive roovts inclined to have fine roots with smaller average dlameiem 1453

all those trees, the tress with thin absorptive roots, deiail, had fine rocts with large ave-

rage dameter when thelr roots were fewer in number, and they bhad many thick parts. A

vet, the trees with many thin roots inclined fo have small average diametars.
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Table 12. Average root diameter of each species
B

:
Species | Diameter (cm) Species Diameter (cm)
Fine rood Pinus densiflova
Acacia decurrens v. Eucommia ulmoides
deglbata Catalpa ovata
Catalpa ovata .
) Chamaecyparis obtusa
Chasmaecypuris obtusa . . .
] Biota orientalis
Abies firma Cunninghamia lanceslata
E e, ; s, b o |
Eucommia mmavzdcs Acacia decurvens V. o.a7
Tsuga canadensis dealbata i
Zanthoxylum ailenthoides Abies firma 0.
Biota orientalis Mallotus japonicus 0.
Chamaecyparis pisifera Eucalyptus globulus 0. 35
Cunninghamia lenceolata Ulmus parvifolia 0,35
Cornus conivoversa Alnus hirsuta v. sibivica 0. 34
Fraxinus mandshurica Zelkova seviaia 0. 33
- L . . . oltis sinensis V. ia ‘. 32 0. 33
Cryplomeria japonica 80, 092) Celtis simensis v. japonica 0. ? (0.33)
. i Quercus servata 0. 33
Sapindus mukuyosst Tsuga canadensis [ 0,33
L, . 090 apgy e 1 ’ ;
Larix leptolepis Z2(0. 081)| Quercus mongolica v. 0,33
. . " an grossesevrata
Eucalyptus globulus 0. 080 Chamaecyparis pisifera 0.32
Pinus densiflova Aphananthe aspera [
. ) Alnus japonica X
Alwnies japonicn 0. Jap .. !
. . N Betula ermanii !
Betula ermanii 0. . ) . |
g . Betuln platyphylla . L o3
Ulmus parvifolia 0. 071 japonica | 0.31
‘E{“HO’WS Japoricus 0.020 Betula davurica | 0.30
Fivmiona simplex 0.068 :
Zelkava servata 0,070 (0.070) Medium root
Celtis sinensis v. japonice | 0.069 ] ‘
f ’ 'l s
Aphananthe aspera 0. 068 Chamaecyparis oblusa
Juglans ailanihifolia 0. 068 . .
. N Larix leptolepis (1.50)
Alnus hivsuta v. sibirica 0. 067 leptoler 4
Quercus servaia 0.067 Bicta orienialis
Quercus mongolica V. 0. 065 Cryplomeria japonica
grosseserrala - - ) i
. Melia azedurach {1.38)
Betuln devuvica 0,064 ’
Betula platyphylin v. 0.063 Zanthoxylum ailanthoides
japonica T Cornus controversa
Robinia psevdo-acacia 0.062 Pinus densiflova
Melia azedavach 0. 060 . N 1
i Juglans ailanthifolia
Small root Catalpa ovata
Firmiana simplex Eucommia ulmoides
Melia azedarackh Firmiana simplex
Zanthoxylwm ailanthoides Robinia pseudo-acacia 10
Robinia psendo-acacia Fraxinus mandshurica 1,89
Sapindus mukurossi Cunminghamia lanceolaia 1.39
Cornus controversa Saj)indus wnkurossi 1.38
. . Quercus seyrvata 1. 37
Cryptomeria japonica 0. 36 , . e
v Jat ¢ ) Zelkova serrata 1,35
Larix leptolepis (0. 40)| Adnus japonica V a
) Mallotus japonicus
Fraxinus mandshurica Celtis sinensis v. juponica
Juglans ailanthifolia Betula ermanii

() : Values measured in Asakawa nursery.



Species | Diameter (om) Diameter (o)
i \
Ulmises parvvifolia 5 fon
e e . Chamaecyparis obiusi
Alnus hivsuta . sibirica 1,3 4
Aphanenthe aspera 1LH0

Larix lepiolepis

Betula davurica
Eucalypius globulus
Chamaecyparis pisifera
Abies firma

Abies firma

Pinus densiflora

Firmiana simplex

j:;i;zﬁ,idwﬁm e v. [ogoas J‘ifeiiez azedayach
Acacia decurrens v, L Covaus controversg ‘
dealbala Soas Aphananthe asperva
Tsuga canadensis 1,20 Robiuia pseudo-acaciu !
Quercus mongolica v. Zanthoxylum ailanthoides

BrosspEcrrala T Mallotus japonicus
Betuln evmanii
Cunninghamia lanceolata
Alnus hivswto v sibivico
Sapindus wmutkirosst ‘

Large root

Eucalypius globulis
Betula davurice

Acacia decurvens v. o e Ulmus parvifolia

dealbata 3.6 Bivta orientalis

Zelkova servala 3.8z Celtis singnsis v. jupenics
Beiula platyphviia v. 351 Abuus japonica

Faponica
Chamaecyparis pisife
Tsuga conadensis

Eucommia ulmoides
Fraxipus mundshiuyica
Guercus sevvata
(2.18) Juglans ailanthifelia
Catalpe ovata

Cryptomeria japonica

Gpuercus mongoliva V.
grosseses ’?(Z"(’

The average diameters of the fine roots depend alse on the states of growth.  The trees

whicl took fine roots in cluster, such as Zelkove servate, Quevcws mongolica, Betula pluwtvphylls,
Belula ermanii, ete., had smaller average dlameters: on the other hand those which took fine
roots sparsely had larger average diameters,

Let us examine the relation of the dimensions of the average diameters of roots to the
types of the roots alveady investigated. Results obtained show that the moderatly moist-typed
trees as Cornus controversa, Firmiana platanijolia, and C. japenica are inclined to have a large
average diameter, whereas such dry-typed trees as Quercws myrsingefolie etc. are inclined to

have a small diameter. This was, however, not very clear. The relailon among the root types,

ramifications, growing of fine roots, and thickness of absorptive roois is shown in Table 13

The above-mentio relation is also observed on the small and the medium roots. For

example, the trees with many thin roots branching, such as Felkova servata, Quercus mongolica,
Betula platyphylle, Belula davurica, €. japonica, and Ch. obiuse had smaller average diameters.

The small, medinm and large voots did not show such a great discrepancy as the fine and

very large root did, because they were given a definite range of diar P. doensifiorg and

L. leptolepis with less fine roois and rough distribution had a rather large ave > diameter.

The large and the very large roots are different in thickness by the size or characters of

sample trees: those of the larger tvee have larger average diameters,

This was dependent upon the pattern of branching., In the trees with greater branching

and less thick roots such as Tsuge canndensis and Acacic decurvens, the average diameter of
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Table 13, Root properties of each species
. i Eﬁgﬁcgﬁgiau Amount | Diameter
Species Root type and medium of ﬁn;: of root
roota®t root¥® tip mm
Acacia dencurrens Cornus controverse 5 5 1.
Eucommia wulmoides Firmiana simplex 2 4
Cornus controversa i Cornus - controversa 3 5 0.8~~1,0
Chamaecyparis pisifera Cornus controversa 5 5 0,7~0.8
Chameecyparis obilusa Chuercus myrsinaefolia 5 5 0.7-~0.8
Biota orientalis | Quercus myrsinaefolia 5 0.7~0.8
Cunninghamia lanceolaia Cryplomeria japonica 3 4 0. 6~0.7
Crypiomeric japenica Cryptomeria japonica : 4 0. 7
Abies firma Pinus densifiora 2 2 0. 7
Tsuga canadeonsis | Quercus myrsinacfolia | 5 4 0.6~0.7
Zanthexylwm ailanthoides Cinnamomum comphora 1 2 0.6~~0.7
Pinus densifiora Pinus densiflora 2 2 0, .6
Fraxinus mandshurica Fivmiana simplex 3 5 0.5~0.6
Layix leptolepis Quercus myrsinnefolia 3 4 0. L6
Catalpa ovaia Firmiane simplex 2 : 2 0. 4
Firmiana simplex Firmiana simplex 2 i 2 0. A
Juglans wilanthifolia Quercus myvsinaefolia 2 ; 1 C. 4
Melia azedarach Firmigna simplex 2 1 0.3~0, 4
Alnus japonica | Quercus myrsinacfolia 4 3 0.3~0. 4
Alnus hivsuia v, sibirica Quiercus myrsineefolia 4 3 0.2~0,3
Betula platyphylle v. jeponica [ Quercus myrsinaefolia 4 3 0.2~0.3
Betula ermanii Quercus myrsingefolia 4 2 0.2~0.3
Betula davuvica Queercus myrsinaefolia 4 2 0, 2~0. 3
Querens mongolica Cercidiphviinm japonicum 4 2 0.2-~0.3
Quercus seyvaiq Quercus smyrsinaefolia 4 2 0. 2~0, &
Robinia pseudo-acacin Firmigne simplex 2 2 0. 2~0. 3
Sapindus mukurossi Firmiana stmplex 2 2 0.2~0.3
lmus parvifolia Quercus myrsinaefolio 3 2 0,1~0.2
Zelkova serrata Quercus myrsinuefolia 3 0. 1~0. 2
Celiis sinensis v. japonica fhuercus myrsinaefolia 4 3 0, 1~0.2
Cucalypius globulus Cornus controversa ! 0,1~0.2

#1 Branching habits of small and medium roovis

1: Very few branching, 2: Few, 3: Moderate, 4: Frequent, 5: Very frequent.
*2 Amount of fine root

1 Very few, 2:Few, 3:Moderate, 4:Freguent, 5:Very frequent.
¥2  Root type: See footnote on the page 3.

the very large voot was small; however, it was large in such trees as L. leptolepis, Zelkova
serrata with less branching.
b, The growth of a tree and the average diameter of roots

As fine and small roots are susceptible to the properties of trees, correlation with basal
area is hardly vecognized. The diameter of large and very large roots becomes larger as trees
grow. Particularly in very large roots, this trend is remarkable. A concave regression rather
upward was recognized between them. A very large root was 6 cm in average diameter when
the basal area was 100 cm®, and it was B8cm at the basal area of 500 cm?

Thus, the diameter of roots increases slowly in the case of a small tree and rapidly in
the case of a large tree. This is presumably because a very large root grows in stand in-
crease at an earller time and so the average diameter does not increase. And besides, it may

be due to the diameter increment of an almost given number of roots in the case of a large-
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diameter tree. Both the small-and large-diameter trees, for example, impede their large and
very large roots from increasing in number, Qr rather, they facilitate the thickening growth
of their very large roots in definite number to support their above-ground parts. That these
roots show the high rate of increse in particular is why they don’t keep off growing by root
classification.
¢, Average diameter in each soll horizon

The pattern of branching or growth of the root system differs in each soll horizon. This
accompanies the change in average dlameter. The average diamster of a fine voot of each

species increases as the =oil horizon goees lower. For, due to the bad aeration and high per

centage of water in the core soll, the white roots ave deterred from branching off and hesides,

the ski

1 tissues are caused to grow exiraordinarily thick. This change is observed horizontally.

A white voot, for example, is larger in diameter in the wet site than in the dry one,
Change of a fine root in thickness according to the depth of the soll horizon differs from
spucies to species. It i, {or example, big for . japomice and Ch obtuse and lttle for Zelbova
servata, Quercus mongolics, and Beltula plaivphyila.
The diameter of small and medium roots tends to become a little larger in the low scil

horizon, but not so clearly as that of a fine root, the reason being that the rout system is

checked from branching and the thin roots hecome fewer in mumber in the core soil

Large and very large roots, on the conirary, ave small in diamster in the deep soil. This

arises from a twafold reason,  Firs

., they get smaller in diameter as they go farther frons
the root stock, Secondly, they have iheir secondary growth checked physically, say, by soll
pressure.  This change is more remarkable in the shallow-rooted trees such as L. leplolepis,
Ch, obtusa, ete, than in such deep-rooted {rees as P densifiora, and O japonica. This is because

the growth of the root system in Ch obtusn and L. leptolepis | 10 be easily checked in the

low and hard soil horizon.

d. Sell type and soil moisture

The diameter of a fine voot has a close relationship to the soil conditions, particularly to
water condition. It was generally observed that it is larger in the moderately wet soil than

i the dry soil. This relation on the stand of €. joponics Is shown in Table 14,

As can be seen in Table 14, the fine roots are 0.075 to 0.088 cor in average diameier in

,and are 0,090 to 0,098 in the moderately

the dry soils of Bls to Ba of the stands of 86 tn 5 ¢

wet or wet soils of Ble to Be of the stands of $1 1o 8 22, evidencing that they are larger in

diameter in the wet soil than in the dry scil

the amount of waler in

This was compatible with the inc ion of the pf value &

the field condition.

Asg already mentioned regarding the relation between the diameter of 3 root and the soil,

Table 14, Soll types and average diameter of fine rool of C. jagponica

in the soil horizons 1 and 11

Maoist goil

Stand
Soil type
Value of pF in field condition
Soil water in field condition
Average diameter

!
i
§
|

W

(%)
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this originates in the fact that a fine root is large in diameter for little branching in the
moist soil, whereas it is small for big branching in the dry soil. The hypertrophy of cortical
cells of a white root is observed in the moist soil.

The phenomena similar to it can be recognized on Ch. obiusa, P. densifiova, L. leptolepis.
It was observed there that the change in diameter by water condition tends to make them
larger in C. japowice and Ch. obtuse, and instead smaller in P. densifiore and L. lepiolepis.

e. Soil property

Generally a fine root grows worse and the average diameter becomes smaller in the clay
loam than in the loose and porous soil such as the volcanic ash soil.

Let us make a comparison of the diameter of a fine root between the S 23 stand with a
clay-loamy property from sandstone, and soil horizons 1 and 11 in the stands S 2 and S 4 with
a volcanic ash property. It is evident from the result that of the former is 0,082 cm across,
and that of the latter is 0.091 to 0.093 cm across.

The difference of soil property is also related to the amount of water in soil. The per-
colation velocity of the S 23 stand, for example, was 60 cc/min., that of the S 2 stand 125 cc/min,,
and that of the §4 stand 100cc/min. The clay loamy stand of S 23 was insufficiently aired.
1t can be presumed from this fact that fine roots grow unfavourably in the clay loam soil rather
than in the porous volcanic ash soil.

3} Bulk density of root

Another needful factor in calculating the surface area of the root system is bulk density.

The bulk density is expressed as follows:

B e A0
R="

R : Bulk density, expressed here by glcm?®
Go : Dry weight ()
Ve @ Volume in the fresh condition (cm®)

The volume of fine and small roots was measured by the Metra chemical balance and the
Reckmann alr-comparison type specific gravity tester. That of the larger roots was measured
by the small type xlometer. After sufficient supply of water, the extra content of water was
put away from the fine and the small roots. From 10 to 15 samples each with fresh weight
of 5¢ were then picked out from them to measure their volume and to use their averages,
The coefficients of variation were 3~4%5 in this case. The samples each with weight of 200
to 300 g were taken out on the other larger roots. The coefficients of variation were 5~8%
in this case. As can be seen, the coeficient of variation does not change greatly when 10
samples or more are taken out. About 10 samples were measured, because the number of
samples must be greatly increased to get higher accuracy.

The bulk density of the roots in each stand was measured in this way.

a. Species

The bulk densities of different species were compared with one another to find out how
they varied from one species to another on the yuong trees and the sample trees planted at
Asakawa nursery.

The bulk density according to every root classification of each species becomes thinner in
such order of magnitude as shown in Table 15

The species the fine roots of which have a high bulk density are Beiula ermanii, Alnus

Japonica, Betula davurica, and B. plaiyphylla, etc., and the species with fine roots having a low



Table 15.

Root bulk density of each species

Species

Bulk

density

Species

i

Fine root

Betnla ermanii

Alpus japonica

Betula davurica
Betula platvphvila v,
japonica

Ulmus parvifolia
Bicte orvientalis
Sapindsns wmukurosss
Fraxinus mandshurica
Luercus mongolica v.
grosseservale
Chuerces serrain
Mulivtus japonicns
Alnus hirsuta v, 5
Cornus coniroversa
Cunninghamic lonceolain
Tsuge canadensis

Larix leptolepis

Chamaecyparis oblusae

~

Celtis sinensis v. japonica
Abies firma

Pinus densiflora
Chamaseyparis pisifera
Cryptomeria japonica

Zanthoxylum ailanthoides
Acacin decuryens v,
dealbata
Aphananthe aspera
Eucalyptus globulus
Firmiane simplex
Zelkova sevvaia
Tuglans wilanthifolia
Melia azedavach
Robinia psendo-neacia
catalpa ovata
Eucommia ulmoides

Q. 3400

A phananihe aspera
Chamavcyporis obiusi

Abigs firma

Biota ovienialis

Larix {eptolepis
Chameaecyparis pisifera
Betula platvphyile v.
japonica

{lmus parvifolia
Cryptomeria japonica
Acasia decurrens v.
dealbata

Sapindus mukuyossi
Zanthoxylwm ailanthoides

Pinus densiflora

Encalypius globulus
Fraxinus mandshurice
Cunninghamia lanceolate
Juglans silanthifolia
Eucommia ulmoides
Rebinia psendo-acacia
Firmiana simplex

Melia gzedarach

Catalpa ovata

0. 3070)

Small root

Alnus joponica

Zelkova sevrota

Alnus hirsata . sibirica
Corns contyoversa
Celtis sinensis v. japonica
Quercus wmongolica v,
grosseseriaia

Quercus servaia

Betuln ersnanii

Tsuga canadensis
Mallotus japonicus
Betula davarica

Alnus japonica

Betula evmanii

Albyuss hivsuta v, sibivico
Betule platyphyila v.
Japonica

Cornus contvoversa
Biota ovientalis
Supindus mukurossi
Ulmus parvifolia
Zelkova serrata

Celtis sinensis v. japonica
Quevcus mongolica v.
grosseseryatla
Aphananthe aspera

Uhamaecyparis obiusa
Tsuga canadensis
Befula davurica
Luercus sevvata
Eraxinus mondshurica
Abies firma

Larix leplolepis
Chamaeeyparis pisifera

Pinus densifiora
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Table 15. (Continued)

Species Bulk density Species Bulk density
L . 0, 3445~0, 4678 Chamaecybaris pisifera 0, 4502
" " y ” e SRR T 2048 0. g .
Cryptomeria juponica W) (0. 3888) 0. 39520, 4970

Pinus densiflora (0.4221)

Zanthoxylum ailanthoides 0, 4056 0. 4461

Acasin decurrens v, N, o 0, 897270, 47535
dealbata 0,3962 Larix leptolepis S (0. 4088)
Cunninghamia lanceolata , 3900 Abies firma 0, 4321

Eucalyptus globulus
Mallotus jeponicus
"\ Eucommia wlmoides

Cryptomeria joponica {0, 4150)

cpop
<
o
B~
:

37720 Cununinghamia lanceolata 0.

Robinia pseudo-acacia 0. 3614 ‘?”C?”””?m u?mozdfs ) 0.4
Juglans ailanthifolia 0. 3463 Celtis sinensis v. japonica G, 4
Firmiana simplex 0. 3042 Fraxinus mandshurica 0,5
Melia azedarach 0. 2864 Eucalyptus globulus 0.4
Catalpa ovata 0. 2684 Robinia psendo-acacia 0.4
Melia azedarach 0.
Large root Firmiona simplex 0.¢
Alnus japonica 0. 5670 Catalpa ovata o.
Alnus hirsuia v, sihirica 0, 5589 \,fery largﬁ root
Thuja ovientalis 0. 5562 — -
Acacia decurrens V. 0. 5425 Zelkova serrata 0. 5617

deatbata L ORe Queercus mongolica v, 0. 5542
Zelkooa servala 0.5208  (0,4700) Srosseserrata

, i .
Quercus mongolica . e Betuly dawm,g 0. 5528

grosseseryata PYREE Tsuga canadensis 0, 5234
Quercus servata 0. 5067 Betula platyphylla v. 0. 4925
Betula davurica 0. 5053 Japonica e

. 0. 5305~0. 5109

. 0. 4920~~0, 5150 \. . 0, 53050, 5107
Chamaecyparis obtusa ~~w&€5§g~w Chamaecyparis oblusa 0.4918
Juglans ailanthifolia 0.4913 *i;”cg’ba g:’ecuwens v. 0. 4827
Aphananthe aspera 0. 4884 Ck%v ale L .
Betula eymanii 0. 4876 amaecyparis pisifera o%gliémn o
Cornus controversa 0. 4864 Pinus densifiova =5 Ag;iwﬁ

fe ~ 2 .

Tsuga canadensis 0, 4827 Abies firma 0. 4542
Betula platyphyiia v. 0. 4815 0. 40120,

N . L4810 . . . 20, 5004
japonica Larix leptolepis TTaARe
Sapindus mukuyoessi 0. 4810 o . 0. 38570,
Ulmus parvifolia 0, 4810 Cryplomeria japonico .
Maliotus japonicus 0. 4809 Eucalyptus globulus 0. 4424

Zanthoxylum ailonthoides 1 0, 4563

¥ () :Valus measured in Asakawa nursery.

bulk density are Muelia asedarach, Robinia psendo-acucia, Catalpe ovain, and Eucommin wlmeoides,
ete,  Of the main species, L. leptolepis, Ch. obtusa and P. densifiora show a higher percentage
than C. japonica.

Let us turn now to the size or striking of fine roots. Investigation reveals that bulk
density tends to be high in the species with fibrous roots growing sparse, and yet to be low
in the species with thick absorptive roois and bunchy fine roots. This Is because the bulk
density is related to the content of water present in roots; if becomes thinner as the water
content increases. It is safe to say, therefore, that the bulk density is low in the species
which spread fine roois inclusive of many young absorptive roots, while it is high in the
species which have greater parts of lignified fine roots inclusive of absorptive roots growing

sparse. Hence it is that the bulk density of the fine root is greatly affected by the sticking



patiern and amount of absorptive roots.

such root types as shown in Table 15, the bulk density is generally b

Concer

the dry-typed speciss as Quercus myrsinaefolie; yet it is low in the moderat

moisi-ty ped
species as Cormus coniroverse, Fivmiana plaianifolic and O, japonica.

1

ped specles have high bulk density is not that the voung and

That the fine roots of dry

soft tissues, such as absorptive roots containing a lob of water, are many, but that the fine

voots are highly Hgunited. This property keeps the voot system from drying, giving it stronger
resistance against drought.

The bulk density of a small root raoges from 0,247 to 0,432, This range of chang

wider than that of a fine root.  The larger & root grows, the wider it becomes. That is to

say, almost every species is characterized by bulk density, indicating that although the tissues

of root tips seem to be very similar to species, they develop differently as they g
As concerns the roots larger than a small rool, the species as Alnus, Quercus and Zelkova

# i
igh bulk

density, while the species as Zanthoxylum ailanthoides, Fraxinus mandshurice, Eucommin uimoides,

, and show h

spp., which grow slowly, have little water content, are fue-graiv

Firmiana platanifolia, Melia azedarach, and Catalpo ovaie with much water content, soft quality

of wood and sparse roots, show low bulk density.

Of all the coniferous tress Ch obiuse bad the highest bulk The hulk density

became lower in the order of Ch. obtusa, L. leptolepis, C. japonics, and P, densiffora. As far as

Ch. obtusa is concerned, it can be pointed cut that the roots grow so slowly and branch off so
remarkably that the growth of a root becomes small and the fine roots contain many lgnified
parts,

The species, such as Quercus myrsinaefolic the white roots of whick are short in general
and branch off remarkably, have high bulk density owing to that property,

As concerns the large and the very large vouots, the growth condition as well as the

characters of species has a connection with the bulk density. The species of which the roots
grow unfavourable tend to make the bhulk density go lower. For example, Zelkova servata,

Quercus mongolica, Betula devurica, etc., the very large roots of which grow unfavoural

have high bulk density., On the other hand, P densifiora, Abies firma, L. leptolepis, C. japonica
or Eucelyptus globulus, ete. have low bulk density (For detall, see Table 15).

b, Bulk dewnsity of every root class
The typical stands of each species taken here as an example, have bulk deusity, as shown

in Table 16, that increases as roots hecome thicker. Between the fine and small roots, a par-

ticularly high rate of increase occurs. That of each species, for example, increased to nearly

10%.

As for C japomica, the rate of increase is low hetween the roots la

ver than a small root

Table 16, Bullk density of each root ¢lass in soil horizens 1 and I3

Spec Stand $ ; ;
¥ 5 m , 1 | 1
. i i i
. japenice 55 0,40 E 0,43
Ci, obtusa s ( 0,53
P. densifiora j 3
L. leptolepis K ; 0. 40
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For instance it was 2% between a small root and a medium root, 1% between a medium root
and a large root, and 2% between a large root and a very large root.

This difference is directly connected with the water content contained in each part. of a
root. A fine root with much water content is, low in bulk density, while large and very large
roots with little water content is thick in it. Hence it is that the change of bulk density
tends to be similar te that of the change of dry weight ratio.

The bulk density obtained from the fresh weights and the velume range from 1.1 to 1.3.
They had not so great a difference in each part as those of the bulk density.

c. Growth of a tree and bulk density

The relation between the basal area and the bulk density of a small root and a very
large voot is shown in Fig. 22.

The bulk density of both roots tends to increase somewhat as a tree becomes large. The
young small-diameter trees have many voung tissues and much water content as compared
with the large-diameter trees, even if both roots of them belong to the same classification,

According to Fig. 26, the bulk density becomes lower in the order of Ch. obfusa, P. den-
siflora, L. leptolepis, and C. japonica. The very large voots are a particularly good example.
The difference by over 10% was recognized between Ch, obtusa and C. japonica. This is due
to the differences in the properties of species, such as growth, tissue, etc.

d. Bulk density in each soil horizon

The bulk density of roots, becomes higher as the soil horizon becomes lower. This means
that a root grows worse and it is lignified more highly as the soil borizon goes down.
e. Soil condition and bulk density

Tree growth depends upon the soil conditions, Particularly, root growth is easily affected
by them. Table 17 shows the bulk densities of the typical C. japonica stands with the different
soil. conditions extracted from the detailed data. As is clear from it, as the scil gets less
moist from the wet moderately moist-soil-typed 55 and 8 18 stands, the bulk density becomes
higher in every part of a root. This tendency is especially remarkable in the large and very
large roots. A large root and a very large root had a difference of 0.07 and 0. 08 respectively
between in the stands 85 and S 24, while a fine root had a difference of only 0.01 there,

It is evident from these that the scil conditions have a greater influence upon the thick

SMALL ROOT

. Ch.obruse
PR P oensifiora
v B oot S ; C iaponica
- ® ® N Llentolepis ’
100 200 300 400 500 800 7 ; 5
00 760 800 00 el »
BASAL AREA ) L
’ VERY LARGE RQOT
x - ;
05 | : L e densit ig, 2
- L S F.densitlors Fig. 22 Basal area and
. L.leptolepis - - i
2 w ‘ feptotepis bulk density of root
Eogta A s e, e S o N
8 a - : . C japonics system,
g ®
53]
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Table 17. Soil condition and root hulk density in soil horizone
1 and 11 of O japonica
o : . — . . ‘ : , -
Stand { P54 | §13 l S6 | S 24
i i
Soil type [ Bip
Value of pF in field condition ! 2,20
Site index ‘ | 104
f ‘ 0,28
s } 0. 36
™ 0. 39
1 [ [ 0,40
1. ‘ L0041t
i

roots than on the tips of the fine and the small roots. The relation of the bulk density to
the pI* values is showrn in Table 17, This table makes clear that the bulk density increases
rapidly when the pF value sxceeds 2.0.

The relation between the site index and the bulk density is shown in Table 17, From
this table it is evident that when the site index becomes smaller, the bulk density becomes
higher. The bulk density of a very large root was 0.40 in the S 13 stand with the largest site
index of 25, and 0.41 in the $4 and 5 18 stands with the site index of 19~-23, And vet it
was 0.49 to .51 in the S 6 and § 24 stands with the site index of 11

As already mentioned, bulk density changes according to the species, root classification,
soil horizon, growth, and soil condition. In this study, therefore, it was measured under each
condition and according to each soil horizon in each stand.

4)  Root length per unit rool weight

When the average diameter and the bulk density of the root system are given, it is
possible to calculate root length per unit root weight and surface avea of the root sysfem.
The root length according to each root classification of each sample tree was calculated in
this study.

a. Calculated values and measured values

The fine roots of C. japonice in soill horizons 1 and I were used as a sample in order to
examine the difference between the root lengths caleulated from the average diameter and
bulk density and the measured values actually, To do this, the root length was projected on
paper and measured with a curvimeter and a ruler. The results are shown in Fig. 23,

Calculating by the ratio estimate, the length of the fine root per gram, for example, was

iop m
y =512 51709x
gy=9. 8
o &
& ¢t ¢ =002
o N 7 =0, 88
5 ool ‘ n 40
& o » =
4 e
o Fig. 23 Measured root weight and
Py . ) . .
length of the fine rooits of C.
) Japonica measured actually.
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found to be 518 cm long and the coefficient of variation 2%. When the root length is calculated
from the diameter and the bulk density of the samples taken up in the same way, results are
those given in Fig. 24. In this case, the average root length per gram was 503 cm long, and
the coefficient of variation was 2%. The difference in root length per unit root weight bet-
ween these two was 10cm. This was equivalent to 2% of the actual measurement,

The diameters of the fine roots were also caleulated from the average actual measurement
of the root lengths. As shown there, little difference was recognized between them.

b, Species

Table 18 shows the root length per unit root weight calculated from the root diameters
and bulk densities of the fine to very large roots at Asakawa nursery and in each sample
stand.  According to the table, they change remarkably with changing diameter and pattern
of branching. From the calculation it is evident that the length of roots does not become so
long as that of the roots of the species with smaller average diameter and lower bulk density.

The species in which the fine root is longest and all beyond 10 meters per gram in length
are Melia azedarach, Robinta pseudo-acacia, Betula platyphylia, Betula davurica, Juglans ailanthifolia,
Quercus mongolica, Zelkova servata, Firmiana platanifolia, and Celtis sinensis. The species in which
the fine root is only 3 to 5 meters per gram, on the contrary, are Cornus controversa, Froxinus
mandshurica, Catelpa ovata, Cunninghamia lanceoleia, Ch. picifera, Ch. oblusa, Zanthoxylum aelan-
thoides, Abies firma, Biota orvientalis, Tsuge canadensis, and Acacia decurrens. The root length
of the principal species became shorter in the order of L. leptolepis (671 cm), C. japonica (622
cm), P densiflora (547 cm), and Ch. obfusz (386 cm)., Of all these, that per unit of Ch. obfusa
was shortest because its average diameter was big and its bulk density was high,

As for the relation to the type of the root system, the broad-leaved trees such as Quercus
myrsinaefolic have long roots in general. The species such as Cornus controversa, Cinnamonum
camphova, Firmiane platanifolia, C. jeponica, etc. have the short roots per unit root weight be-
cause their fine root is small in diameter and do not branch off so greatly.

Many species with long roots are the dry-type trees, and many species with short roots
are the tress suitable for moderately moist or moist ground condition. Coniferous trees have,
generally speaking, shorter roots than broad-leaved trees.

Although they have a low proportion of the biomass of fine roots to the total biomass,
even the broad-leaved trees, the fine roots of which have small biomass in general have, as
could be expected, the considerable total length of those roots; for those roots, are long for

unit root welight.



Species

Root length {cm)

Fine root

Melia gzedarach

Rohinig pseudo-acavia
Betulo platyphylle v.
Japomica

Betula devurica

Juglans ailanihiforia
Quevcus mongolica v.
sgyosseseryat

Zotkove servate
Fiymiana simplex

Celtis sinensis v. japonica
Alnus hivsuia V. sibivico
Quercus sevraln
Aphananthe aspere
Muallotus japonicus
Ulmus parvifolia
Eucalyptus globulus
Alnus japonics

Beiula ermani

Larix leptolepis

Cryplomeria japonica

Sapindus muhurossi
Eucommin ulmoides

Pinus densiflora

Cornus contyoversa
Fraxinus wandshurica
Calalpa ovaln
Cunminghamia lenceslata
Chamaccyperis pisifera

Chamaeeypuris oblusa

Zanthosylum ailanthoides
Abigs firma

Binta orientalis

Tsugn conadensis

Aeacia decurens v.
deatbain

1404

1035
1004
210
877
873

834

AN

382

s
363
386

3
[S2ite}

261

Eucalyptus globulus
Celtis sinensis v. japowics
Alnus hirsuta v. sibivica
Eucommia ubmoides
Cunninghamin lanceolata
Abies firma

Avacia decurens v.
dealbala

Chamaeeyparis obiusa

Pinus densifiora

{ Mallotus japonicus

Firmiong sitmples
Hobinia psendo-aracin
Quercus servata
Juglans ailanthiforia

Cryptomeria japonica

Melia azedavach
Chesnaecyperis pisifera
Biota ovientulis

Larix leptolepis

Sepindus mukurossi
Zanthosylm ailonthoides
Covnss comtroverss
Fraxvinus mandshurica

i
%,
L28, 0648
. 8408
27,5457

26. 6843

.

L9507

17,5995

Medium

i

Small root

Betula davurica
Betula platvphylle v,
japonica

Catalpa ovate
Betuln ermanii
Aphananthe aspere
Quercus mongolica v.
grosseseyvala
Zelkova serraia
Alnus jeponica
Tsuga canadensis
Ulmus parvifolia

Catalpa ovata
Melin azedorack
Firwmiona simplex
Zelkova servata
Acacia decurens v,
dealbeta
Betula plaiyvphyila v.
Japon
Tsugn conadensis
Abies firma
Eucalypius globulus
Quterens mongelice V.
grosseservaly
Muallotus japonicus
Juglans ailonthiforia
Betula davirica

i

Crypiomeria japonica

Cunninghamio lanceciata
Euncommin ulmoides
Aphonanthe aspera
Ulmuts parvifolia
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Table 18 (Continued)
Species Root length (cm) Species Root length (cm)

Quercus serrata
Celtis sinensis v. japonica
Zanthoxylum ailanthoides

Larix leptolepis

Sapindus mukurossi
Alnus hirsuia v. sibirica
Chamaecyparis pisifera
Beiula ermanii

Robinia psendo-acacia

Pinus densiflova

Cornus coniroversa
Biota ovientalis

Alnus japonica
Fraxinus mandshuvica

Chamaecyparis obtusa

1.6285

1.

1.5121
1.1741~1.8181

. 4949
. 4890

. 4328
L4282
L9740~ 1,

(O i e e

6167

1. 4961

(1.3253)

1756

1.3683

Large root

Acacia decuvens v.

dealbata

Pinus densiflora

Larvix lepiolepis

Beiula platyphylla v.
Japonica
Chamaecyparis pisifera
Abies firma

Betula davuvica

Chamaecyparis obfusa

0.2724
0. :
0, 2702
(0. 5495)
0. 2106~0, 3199
0. 2653
(0. 5561)
0.2519
0.2362
0. 2338
0. 2314

Catalpa vovata

Juglans ailanthiforia
Quevcus servata
Eucommia wlmoides
Celtis sinensis v, juponica
Fraxinus mandshurica
Melia azedarach

Ulmus parvifolia
Sapindus mukurosst
Firmiana simplex
Robinia pseudo-acacia
Biota orientalis

Alnus joponica

Mallotus japonicus
Betula ermanii
Zanthoxylum ailanthoides
Cunninghamia lanceolaia
Alnus hirsuta v. sibirica
Aphananthe aspera
Cornus controversa

Cryptomeria japonica

3857
3770
3718
3690
3661
3602
3447

(0. 4732)

Cryptomeria japovica

Pinus densiflora

Chamaecyparis pisifera
Tsuga canadensis
Betule platyvphylia v.
Japonica

Chamaecyparis obtusa

Larix leptolepis

Quercus mongolica v.
grosseservata

Betula davurica
Zelkova servaia

0

Eucalypius globulus 0.2238
Tsuga cancdensis 0. 2203
Zelkova serrala 0.2181  (0.3082)
Quercus mongolica v. 0. 2150
grossesevvala
Very large root
Abies fivma 0.0779
Acacia decurens V. .
0779
dealbata 0. 077
Eucalyptus globulus O,
0

. 0250~0, 0942

70,059

0
O

. 0594
L0572

0.0572

0,

0

2500, U870
0. 0560

.0193~~0, 0898

0, 0546

3, 0437

# () : Values measured in Asakawa nursery.

A small root gets to 18~385 cm in length par gram.

than that of a fine root.

The range of distribution is narrower

The species in which the small roots are long are Betule davurica,

Catalpa ovata, Betula plaiyphylla, and Beiula ermanii; the short small root species are L. leptolepis,

Sapindus mukurossi, Cornus conivoverse, and Fraxinus mandshurica.

In the medium roots, the distribution becomes much narrower, and it ranges from 1.8 to

2.4 cm.
0.4 to 0.8 cm.

That of the large roots ranges from 0.2 to 1. 0cm, and of the very large roots from
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Fig. 25 Root length per unit fine root weight.

c¢. Basal area

The fine root length per unit welght in soil horizons ¥ and II goss on decreasing gradually
before the basal area increases to 300 to 400 cm?, as shown in Fig. 25, And besides, the small-
diameter trees all have the long roots.

In C japowice taken here as an example, the fine root length was about 600 cm at the
hasal area of 100cm? 500 cm at 300 cm? 480 cmr at 500 cm?, and 480 cm at 800 cm?® When the

basal area went beyond 500 cm?, the root length remained nearly unchangeable,

The root length at area of 500 cm?, was 700 cm for P. densifiora, 600cm for £

leptolepis, 480 cm for C. japomica, and 320 cm for Ch. obtusa. Hence it is that the fine roots of

5

the species as P. densiflore and L. leplolepis are longer than those of C. japonica and Ch. obtusa.
d. The root length in each goil horizon

The average diameter and the bullk density of the root system change according to soil
horizen, Along with it, the root length per unit root weight changes. Table 19 dealing with
the stands 8 65~K [ was derived from the already calculated data for every stand.  The fine,
small, and medivm roots of every species became shorter as the soil horizon went lower. This
tendency is particwlarly remarkable in the fine and the small roots. The rate of decrease is,
for example, higher for Ch. obtusa ov L. leplolepis than C. japonice or P. densiflora.

The root length of the large and the very large root, on the other hand, increased slightly
in the lower soil horizons, bscause the diameter became smaller.
e. Soil conditions

The relation between the soll conditions and the root length is shown in Table 20 on a
few stand from the detailed daia, which had already been measured.

In the roots larger than a small root, no particular relation was observed but in the fine
soils of Blc-Bla

type, from 530 to 560 cm in the moderately molist soil of Ble type, and from 480 to 500 cm in

root, The fine root lengih per gram ranged from 570 to 800 cm in the d

the more moist soils of Bl (w)-Be type. In the dry solls, fine roots became longer for unit root

weight in spite of increasing bulk density because they were small in average diameter.

: index in the field condition ran nearly parallal to the soil type.

The pF value and the si
As shown in Table 27, their changes corresponded to the root length. That is {o say, the
roots were shorter in the site with a small pF value or a large site index than in the site
index.

with a large pF value or a small sit
5) The surface area per unit root weight

The surface area of the root system is to be determined by average diameter and root

length obtained from the equation, already used in calculation. It can he presumed hereby
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Table 19. Root length per unit weight in each soil horizon (cm/g)

2005 en?

Stand $5 ! H5 A4 K1
Root class Site index 19.3 16,0 14,4 16.6
Seit type Bip(w) B Bin(d) Blo-g
1-1 496 422 690 639
£ eV 347 315 638 517
A 303 234 443 404
-0 22 24 10 2
8 WV 7 19 14 16
Y 13 14 13 13
I-n 1.4 12 1.3
m wWew 1.2 1O 1.1 1.2
v 0.9 0.8 0.9 1.1
11X 0.2 0.2 0.2 0.2
i eI 0.3 0.2 0.3 0.3
v 0.3 —_— - —
1«1 0..04 0.03 0.05 0.03
L I\ 0,06 0,05 0. 09 0. 04
V . — p— .
Table 20. Root length per unit weight of C. japorica and soil conditions,
in soil horizons I and I
o s Moderately o
Moist soil oist SOl Dry soil
Stand S5 58 §22 54 S82 S7 &S24 520
Soil type Bin(w) | Blo(w) Be Blp Bin Bic Ba Ba
7. W I .
Value of pF in field 2,00 | L0 | .90 | 220 | 2.00 | 300 | 2.80 | 8.00
condition
Site index 19.3 20,7 21.8 19.4 21.7 13.6 11,0 15, 4
£ 496 487 479 556 534 742 802 572
S 22 19 24 26 26 25 21 21
113 1.4 1.6 1.7 1.6 1.6 1.5 1.2 1.4
1 0,2 0.3 0,3 0.2 0.3 0,3 0.3 0.2
// that the smaller the root is in length and the
/ lower the bulk density is, the longer the root is

ROOT WEIGHT

»=2149, 0149  0p=10.70
c=0. {72 7=0.9509

Fig. 26 Weight and calculated

surface area of the fine roots

of C. japonica.

and the wider the surface area is, if the root
weight is given.

The surface areas of every measured sample
in the § 4 stand which root length is known have
already been calculated. The average value and
variance of the materials calculated by the ratio
estimate are shown in Fig. 26. According to the
figure, the surface area per gram was 14%9cm?,
the coeficient of variation was 7%, and the cor-
relation coefficient was 95%. It is evident from
the fact that the coefficient of variation has a large

value for root length. This is due to the wide



Table Z1. Root surface area per unit weight of each sp

cies

{em?/g)

o]
~3

Species

Root surface area

{em®)
Fine root Melia wzedarach
i ; - Tsuge canadensis
Melie azedarach Zolbova ser
celkova sevvata
Biimet Fe0 30O~ . . .
‘_l‘){"b;ma 1"’_’;2”{‘0 a:,.;{m Juglans ailanihifolic
4 L5, 2§ -\ .
J;i%l azns (fz anthi ;,0 i Alnus japonica
3ot il . s 7 . , .
Getula piatyphylla v. Celtis sinensis v. japonica
ponica L o
éaf {Z, c; . Acacia decurrens V. 08, 826
ctule davurica 223 deal <
calbata
Quercus ma?goizca Ve 21 Alnus hirsuia v. sibivica
Zﬁ?osgwwﬁﬁ af . Abies firma
srmiang simplex Fol i ndor e dertirn
Celtis sinensis v, japonica Mallotus Japonicas
Bucommia ulmoides Cryptomeria japounica
Alnus hivsuta v. sibivica ’
werens seyyaia .
Q ; Chamaccyparss obtusa
Fucalypius globulus
Catalpa ovata
. . Pinus densifiora
Pinus densiflove {162

Aphananthe asperg 178
Mallotus joponicus 176
Zellova servaln 169

Larix leplolefss

Alnus japonica
Betnln eymanii

Cryptomeria joponica

Cornus controversa
Sapindus moukurosst
Fraxinus mandshuyica
Chamarcyparis pisifera
Cunninghomie lanceclata
Fanthoxvlum ailanthoides
Abiss firma

Chamaecyparis obiusa

Tsuga canadensis
Biota orientalis
Acacia decuvrens v,

(214)
{163

(1523

Larix leptolopis

Chamascyparis pisifera
Biata orienialis
Sapindus mukurosst
Zanthozylum ailanthoides
Quercus sevvain

Cornus controversa
Fraxinus mandshurica

Medium 1o

108
dealbata
Small root
2t tatvhhviia v i
bvefetla:‘ platyphylia v. 33, 0582
Jjaponica

Betula davurica
Eucommia wlmoides
Fivmiana simplex
Kobinia psendo-acacia

Aphananthe aspore 30,
Betula ermanii 30.
Bucalypius globulus 30.
Cunninghamia lanceolata 30,
Ulmus parvifolia 30
Chuercus mongolica v. 29, 8841

grosseservaia

Caialpa ovaia

Melia gzedarach
Filrmigna simplex

Juglans ailonthifolia
Betula platyphylia .
deatbaia

Acacia decurvens .
dealbata

Fucalyptus globuius

Cryptomeria japonica

Mallotus japonicus
Tsuga canadensis
Abies firwma
FEucommin uim
Cunminghamia lanceslata
Quercus mongolicy v.
grosseseyyata

Betula davurice

Quercns servala
Aphanaithe ashera

Pinus densiflora

Zanthoxylum ailonthoides

o~

Ton

o2
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Table 21, (Continusd)
L | Root surface area o | Root surface area
Species (cm?) Species | {cm?)
Ulmus parvifolia 6, 7254 Alnus japonica 2.7855
-Chamaecyparis pisifera 6.7184 Acacia decurens v, 2 7708
Celtis sinensis v. japonica | 6.7009 dealbata Y
5. 70097, 4215 Alnus hirsuia v. sibivica 2.7744
Larix lepiolepis 6.5612 2, 4078~-3, 0637
(6. 2548) | Larix lepiolepis 2.7358
Sapindus mukurossi 6. 4308 (3. 8660)
Robinia pseudo-acacia 6. 2335 Eucalyptus globulus 2,6071
Alnus hirsuta v. sibivica 6.0781 Abies firma 2.6062
Zelkova servata 6.0455 .(6.9583) | Chamaecyparis pisifera 2, 5662
Cornus controversa 6.0158 Betula platyphylia v. 2 5627
Betula ermanii 5,9387 Japonica
. 5. Betula davurica 2.3978
Chamaecypa;*zs obiusa = Tsuga canadensis 2.3934
Biota orientalis 5. Chamaecyparis obtusa 2. 14892, 8878
Fraxinus mandshurica 5, . 2. 3681
Alnus japonica 5, Quercus mongolica V. 2.2953
grosseserrata
Large root Zelkova servata 2.2942 (2.4194)
Catalpa ovata 6. 5822 Very large root -
Juglans ailanthifolia 4.4794 i -
Melia azedarach 4, 2454 bies firma 1. 4676
. . 2, 4
Eucommia ulmoides 4,1338 E%ca{ypms globulus boadll
Celtis sinensis v. japowica 4, 0506 A;;g;; ;;eawens v 1, 4236
Fivmiana simplex 4, 0459 7
Quercus servata 4,0221 Pinus densiflora
. o . o
Robinia _ﬁsezfdo acacia 3. D”_’j/. Chamaecyparis pisifera
Ubmus parvifolia 3.4535 0. 77171, 7946
Fraxinus mandshurica 3. 4505 Cryptomeria japonica T >
Sapindus mulaz{ross% ‘ 3.4276 Betula platyphylla v. 2070
Zanthoxyluw ailanihoides 3,1863 japonica L. 207
Mallotus joponicus 3,1370 0. 7606 5
. 1370 o . . 7606~~1. 5880
Betula ermanii 3.0937 Larix leptolepis N YVZE
Biota orientalis 2.9823 Tsuga canadensis 1.1710
Aphananthe aspera 2.9776 . 0. 7717~
Cunninghamia lanceolata 2. 9544 Chamaecyparis obtusa EERE
] ) 2. Quercus mongolica v. 0. 9948
Cryptomeria japonica grosseserrala s
. Betwla davurica 0.9708
Cornus controversa Zelkova servata 0. 8847
Pinus densiflora

* () : Values measured in Asakawa nursery.

variance of bulk density.
2. Species

As the average diameters and bulk densities are different from species to species, the
surface areas of the root system as well as root lengths depend upon the characters of roots
of each species. '

Table 21 shows the surface areas of the roots of every species calculated from the avarege
diameters and the root length. The spescies of which the fine root is 220 to 260 cm? per gram

in length are Melia azedarach, Robinic psendo-acacia, [uglans ailanthifolia, Betula platyphylls,
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Betuln davurica, and Quercus smongolica v. grossesevvaie.  And the species of which the fine root
is 110180 cm? in length, about hall of the former species, ave Abies firme, Ch. oblusa, Tsuga
canadensis, Biota orientalis, and Acacia decurrens., ‘This tendency is mainly dependent on the
root diameter. In more detall, many of the former are small in diameter, while many of the
latter are large in diameter and their bulk density is high.

Generally speaking, the root surface areas of coniferous trees are small in width. For
example, those areas of P. densiflora, L. leptolepis, C. japonica, and Ch. obluse are 178, 166, 149,
and 125 cm? in width respectively.

The surface areas of the small roots are large in width. They are, for example, within
the range of 22~33cm? for Betula platyphylla, Betula davurica, Euwcommio ulmoides, Firmiana
platanifolin, and Betula Eymandi, and within the range of 26 to 27 cm? for C. japonice, Ch. obluse,
P. densifiora, and L. leptolepis.

Those of the medium roots ranged from 5 to 10cm®  The species of which the medium

root is large in width are Catalpe evata, Melia azedarach and Firmiana platanifolio, while the
vig-a-vis examples ave Ch. oblusa, Biota orienialis, Fraxinus mandshuyvica, and Alnus japonica.

Those of the large roots ranged from 2 to 7omf Those of the very large roots ranged
g s y g g

from 1.5 t0 0. 9¢m?  These roots do not show a given inclination so distinctively as the former
three dao,
b, Root class

As already mentioned, the surface area of roots varies with each root class. This relation
is shown in Table 22 on the typical stands of O jeponice, Ch. obiusa, P. densifiora, and L.
leptolepis,  According to the table, the surface areas of theilr fine roots range from 135 to 175

cm? in horizon I+ I, There is a great difference among species, They bzcame narrower in

T

the order of P. densifiora, L. lepiolepis, C. juponica, and Ch. obiusa. The small root had the

Table 22. Surface area of root per unit weight
in each soil horizon (cm?¥g)

- i . .
Species . japonica L Ch. obtusa t P, densiflora | L. leptolepis
Stand $5 ' s t A4 K1
Root class i ;
Site index | 19.3 ’ 16.0 [ 17.4 16,6
Soil type Bo | Bh( | Bbe
-1 135
£ e v 115
v 99
1«0 27 26
8 LY 23 20
Vv 9 19
I1-1 7 & 7 7
it o- é 5 ) 6
v 5 4 5 ]
11 2.3 2.6 2.7
i -1V 2.2 3.0 8.0
v - ~ -
1.1 0,8 1.7 1.0
1L mew 1 1.8 it
v . po—
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surface areas of 26~29 cm?  Of the four, Ch. obtuse had the slightly wider area. No great
difference, however, was observed. Difference was almost unrecognizable among the reots
larger than a medium root.
c. Basal area

The relation between the basal area and the surface area of the fine roots in soil horizons
I and II is shown in Fig. 27. According to the figure, there is no great difference between
the large-diameter trees and the small-diameter trees belonging to all species. The root surface
areas, however, tend to become wider concerning the young and small trees of L. lepfolepis,
C. japonica and Ch. obiusa. This is because their fine roots have narrower average diameter
and more water content, connecting closely with bulk densities, than those of large trees.

According to this table, the surface areas at the basal area of 500 cm?® are 175 cm?® for P
densifiora, 160 cm? for L. leprolepis, 150 cm? for C. japonica, and 110 cm? for Ch. obfusa.
d. The root surface area in each soil horizon

The relation between the soil horizon and the surface area of the root system is shown
in Table 22, The surface areas of a fine root to a medium root decrease, corresponding to the
lower soil horizons, as the roots become smaller in diameter there. This held gc}o& in the case
of root length. That tendency is more marked in Ch. obtuse and L. leptolepis than in C. japonica
and P. densifiora. The surface areas of the large and the very large roots, on the other hand,
increase as the soil horizon goes down lower. This makes clear that their average diamsters
become narrower, corvesponding to the deeper soil horizons.
e. Soil condition

Table 23 shows the relation between the soil type and the surface area of the root system.
According to this table, the surface areas of the root system increases from the slightly moist
Blo(w)-typed soil to the dry-typed soil. Those of fine roots ranged from 148 to 149 cm? in the

Table 23. Soil conditions and root surface areas per unit weight in
the 1st and 2nd soil horizons of the C. jeponica stand  (cm?/g)

I . Moderately —
Moist soil moist soil Dry soil
Stand s5 | ss8 s12 | S4 52 87 24 | §3
Soil type Bio(w) | Bio(w) | Blo(w)| Bl Bib Blc Ba Bin(d)
Value of pF in field . " . 5 o 2 q 5 ar
condition 2. 00 1,90 1.73 2,20 2,00 3.00 2. 80 3,10
Site index 19.3 20,7 23.4 19.4 217 13.6 11.0 17.0
£ 149 148 148 159 156 182 186 169
8 27 25 26 30 30 28 24 30
13 7 7 7 7 7 7 6 7
1 3 3 3 3 3 3 3 3
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Fig. 28 Fine root surface area per unit weight in horizons I and I

soils of Blo(w)-type, while they ranged from 170 to 186 c® in the dry soils of Blo(d)-Ba types.

The difference of 20 to 30 cm? was recognized between them. This is because the root s

is smaller in ave

vage diameter, as with the length, in the dry soll than in the moist soil,

This tendency is particularly remarkable in the fine root. The difference of the root

surface areas caused by the rent soil conditions disappears gradually as roots become
larger from a small root to a large root.

The p¥ value and site index in the field condition are both closely connected with the scil
type. The surface area was recognized to increase when the pF value lpcreased and the site
index decreased.
£, Alr in field condition

The amount of air in field condition of the soil is closely connected with the productivity
of soll. Asg shown in Fig. 28 of the relation between the amount of alr and the surface area

of the fine voot In soil horizons 1 and II, variances are large irrvespective of species. The

surface area of a fine root increased, on the whole, in a slightly upward curve with the in-

crease of the alr in feld condition, T

is arises from a twofold reason, first that the average
diameter becomes narrower owing to the large amount of alr in field condition in the drv soil,
and secondly that the surface areas of roots hecome wider owing to intricate branching.

It is not uvnreasonable to estimate from figure that when the amount of air in field condi-

tion ranges from 20 fo 30%, the suirface areas of the fine root range from 150 to 160 cm? for
. japonics, from 140 to 160 cm?® for Ch,
obtuse, from 170 to 180 cm? for P densi-
Aora, and from 140 to 180 cm?® for I
lefitoledia.

o, pF value

28 Fig. 29 shows the relation between
y ] the pf values and the surface area of
the fine voots of each species in soil hori-
" zong I and 11 of the sample stands, When

the pF value went over 2.5, the root
30 s - surface areas of C. jeponice and Ch. shiusa

reased rapidly: but that of P. densifiora
ace area per unit iner
rizons 1 and IL

Fig. 99 F
W

TOOL 8u
hit in ho

ed, describing a gentle curve up-

ward. The fine roots of O japopice and
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Table 24. Root hairs and

Distance Diameter | Length of | Diameter | Length
between of a root | a root of a root | from a
Species root hairs | hair hair tip root tip to
a root hair
12 2 » 3 “
P. densifiora 50 18 158 410 1,527
o 7 81 42 366
% 5 30 30 30 30
P, thunbergii 72 23 168 432 2,067
o Q 99 40 400
n 40 30 30 30 30
Picea jezoensis v. hondoensis 63 27 190 554 1,441
o 6 47 135 550
# 50 25 30 30 28

Ch. obtusa become thinner and their branching becomes more intricate rapidly as soils get drier.

When the pF value was 3, the surface areas of the fine roots were 180 cm? for C. japonica,
175 ecm? for P. densifiora, and 150 cm? for Ch. obfusa. That the root surface area of the last is
narrower is because the fine roots are larger in diameter,

Their variances are smaller than those of the amount of air in field condition because
the change of the amount of water contained is more directly connected with the change in
surface area than in the amount of air in field condition of soil.

h. The root hair and its surface area

The root hairs develop at the rear of the elongation zone of the root tip. They affect the
surface areas of the root tip. In several species of the one-year or two-year-old saplings in the
nursery of the Forestry Experiment Station, the existence of root hairs was examined and
the root surface area calculated,

i. Measurement of the root hair

Samples: P. densiflora, P. thunbergii, and Picea jezoensis v. hondoensis.

Period for observation: July to August, 1963,

The one-year or two-year-old saplings of C. japownica, Ch. obtusa, P. densifiora, L. leptolepis
and others in Meguro nursery were observed to find out whether or not the root hairs existed
in the roots in the surface soil horizon. Those of P. densifiora, P. thunbergii and Picea jezoensis
v, hondoensis, which were then observed to have root hairs, were measured according to the
following process,

The fine roots were carefully collected, put inte water for some time, and cleared of soils
sticking to them with a soft brush lest they should be impaired. After that, they were taken
out into a watered vessel. From them, 20 to 30 samples with the evenly grown white roots
were selected and their root hairs were measured on their density, diameter and length
through a microscope of 150 magnification. It was not possible to observe the root hairs of
C. japonica, Ch. obtusa, and L. lepiolepis.

Measurements obtained are shown in Table 24. Taking P. densifiora as an example from
the table, the distance between the root hairs ranged from 50 to 63y the root hair was 18 to
27w in diameter, and 158 to 190p in length; the surface area a root hair was 9, 000 to 10, 000 %
in width; the root hairs a white root tip were 380 to 680 in number; the surface area of the
root hairs a white root tip was 4.6 to 10,9 mm? in width, and 2 to 4 times as wide as the

surface area of the root tip alome, The total surface area of the white root tips including



1 — 68
the surface arsas
Distance Surface Number Surface Surface Surface area | Whole surface
between area per of root ?11”{5? ;)f‘ area per of root hairs/ ?}l‘w li}lﬂhig’iﬁg )
Yt Tl ; oot nairs ik 1at of root palyy
ving root | oot haili hairs per iy oot tip wiace area L /
%x m root | root hair hairs ’p(r per root root tip wurface area Surface area
naxrs oot tip tip where root excluding that
m 2 12 u? halrs spread of root hair
8, 944 684 6,117,696 | 1,709,667 3.58 1.420
12,1561 4,605, 229 1,966, 896 2.3 1,356
16, 129 &E74 4,06 1.524

root hairs was 1.4 to 1.5 times as wide as that of the white root tip alone.
Root hairs have much higher efficiency of absorption than the ordinary epidermal cells,

There is positive diffe

ence in absorptive power far greater than that of the surface area when
that efficiency is counted in.

Although Pinus species have a much smaller fine root weight than O jeponica and Ch
obtusa, it can be estimated that the existence of root hairs causes them to greatly h

absorbing power of their fine roots. That Pinus species can grow in the dry soil may have
something to de with the existence
of the reoot hairs. Many points on
the working of the root hairs of a

tree still remain wunknown, hence

future study is necessary.

11, Distribution of the root

bhiomass in a stand

The distribution of root biomass
was investigated in each block of a

stand, horizontally and vertically.

According to the block method, offset
among the root biomass takes place

mainly in the fine, small and medium

roots, The biomass of the large and
the very large roots, which occupy

greater parts of root biomass, vary

in proportion to the biomass of their

above-ground parts. 1okio 2607 STO0
1RI0 ROOT STOCK
The root bhiomass is to be exn- .

pressed as a function of the hasal

area. The changes in this function

was then examined according to each 100 200 300 ¢m?

BASAL A

root class and the sample horizontal . 30 Basal area and each root of the C

and vertical blocks, Japomica stand, S 18,
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Particular attention was here pald to the 513 stand with many sample trees which were
investigated o detail. This is also dominant over the other stands.

1) Root class

Fig. 30 shows the relation between each blomass of the root system and the basal area.
It is evident from the figure that each biomass from a fine root to a root stock is almost
primarily in linear relation with the basal area, and in addition, that there is a high correla-
tion between them. The regression coefficient (B) is also recognized to lacrease as the root
system becomes larger in diameter. The coefficients, constants, and errors, as shown in Table

3% and 42, are calculated from the following equation applied to the relation;

y=a+p(F2%)

v : Partial biomass of the root system (g)
D DBH (em)

{(The above-used equation is to be applied to the following calculations of regression)

Table 35 and 42 shows the numerical values of each part of the root system. According
to that table, the regression coefficient increased as the root system became larger.

As already mentioned on the comparison between the block method and the total weight
method, it takes place partly because of the offset between the root systems, and partly be-
cause the roots of a small tree grow slower than those of a large tree, and they are thin
roots rather than thick roots. In other words, the samll tree and the large tree have a small
difference in biomass between the fine and the small roots, and a large one between the
large roots.

The coefficient of variation of regression (Sy./7)* is smallest in the fine root. It increases
as the root system becomes larger. That of a large root was 184, for example; that of the
total root biomass, on the other hand, was 8%, smaller than those of from a large root {o a
root stock. This is due to the offset of errors by the change in root biomass according to
every root class.

That the variance of the fine to medium roots is small means that these roots have a
tendency to be evenly distributed along the surface ground. It is not unreasonable to estimate
therefrom that they and the other larger parts of the root systmﬁ have extremely different
patterns of distribution and function.

The correlation coefficient between the biomass of each part and the basal area ranges
from 93 to 99%; 93% for the large root, and 99% for the root stock or the total blomass. It
is possible to conclude from this that there exists a close connection between the last two,

2) Change according to soil horizon

The above-mentioned relation is also recognized according to every soil horizon even if
roots go into the same root class. This is shown in Fig. 21 on the fine roots. The difference
in tree size between the root biomass was smaller and the gradient of the regression line was
gentler, in the upper scil horizons than in the lower ones. This is very similiar to the relation
between the root biomass according to every root class and the basal areas in Fig. 31

The relation is more remarkable in the larger roots. Fig. 31 shows the relation between
the large root biomass and the basal areas according to every soil horizon. As is clear from

it, the gradient of the regression line was sharper in soil horizon 1 than that of a fine root.

* Sye: Standard deviation ina regression equation.
¥ Average of regression.
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Table 25, Regression coefficients in each soil horizon of the C. jeponica
stand, 5 13 (Fine rooi density, Horizontal division I)
Root class Regression Variation ) .
. . R i y Root density
Soil horizon R coefficient coefficient
I
il
it
mf

in addition, it becomes sharper as seoil horizons go lower.

Table 25 shows the result from the root density of a fine root calculated in the horizontal
lock division 1. The regression coefficient became larger as soils went deeper. The variance
went up with it

(In Table 25 the coefficient of variation is small in soil horizon I hecause the second soil
horizon $ 13 stand the volcanic gravel goil and its texture is extremely uniform.)

To sum up: First, the root biomass shows the changing distribution according {o tree
size as soil horizons go down lower. Second, a large-diameter tree gets the larger root biomass
and spreads mwore roots in the lower soill horizon than a small-diameter tree; and a small-
diameter tree maldistributes the roots to the surface soil horizon., Third, it is clear from the
change in variance that the root biomass is evenly distributed to the upper soil horizons, and

that the variances are large and the root biomass is unevenly distributed to the lower horizons.
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Table 26. Root distribution on the upper and the lower part of the
slope (stand; $ 13. Seil horizon I) (&)
- Division Upper part Lower part Ratio of
e U L
Root class T Q+@ @+® LU
f 32 36 1.1
K 45 53 1.2
331 109 124 1.1
i 57 141 2.5
L 22 60 3.0

3) The root biomass distribution up and down a slope

The distribution of the root biomass to the upward sides (the investigated plots @ and @)
and to the downward sides (the investigated plots @& and @) of a slope is shown in Table 26
on the root biomass in soil horizon 1. There it can be seen that the root hiomass become larger
in the downward sides than in the upward ones as roots grow thicker.

When the ratio of distribution of the root biomass upward is to be 1, the ratios downward
are 1.1 for the fine root, 1.2 for the small root, 1.1 for the medium root, 2.5 for the large root,
3,0 for the very large root. Hence it is that the thicker root gain the higher ratio, the thick
roots, which support the above-ground parts, are distributed down a slope rather than up a slope,
and the fine and the small roots are almost evenly distributed near the surface soil horizon.

Let us go through this relation on the root density of the fine and the large roots, The
result is shown in Table 27. It is clear from the table that there was a difference between
the root biomass distributed up and down the slope. And hesides, this difference tended to
become broader with the increase of the depth of the soil horizon or the size of the roots.

4) Root distribution to the right and left sides of a slope

The root density on the right and left sides of a slope was observed up (@ and @) and
down (@ and ®) the slope. The average values of the root density were 203 up and right,
300 up and left, 286 down and right, and 395 down and left. They were larger on the left
side both up and down the slope. But as shown in Table 28 on the result of regression calcu-
lation, variances were wide in both cases. No difference was recognized between them.

5) Horizontal changes in root biomass

The changes of the root biomass in horizontal divisions 1, 2 and 3, in relation to the basal
areas are shown in Table 29. The horizontal changes of the density of the fine roots in soil
horizons I and II are shown in Table 30.

Though the root density in the horizontal division did not change with the change in tree
size, the difference between the root densities in horizontal divisions 1 and 3 became larger
when the roots were horizontally farther away from the root stock, and so became the re-
~ gression coefficients,

§) Block method recognized from the root distribution

Let us go through the root densities of fine roots in horizontal division 2 and in each
sample block @ to @ on soil herizon 1. The result is shown in Table 31. According to the
table, they are 280 and 316 in blocks @ and @ upward of a slope respectively; they are 323
and 361 in block @) and @ downward of it. These are 3 to 41 thinner or thicker than the
average, 320, in the second whole horizontal division. The ratios of these differences to the
average are 1 to 3 per cent.

The root densities in blocks @ and @ were close to the average value in the second



Root density on the upper and the lower part of the slope
!
in the £, japonica stand S 13

Toot 1 Upper part Lower part
s Horizon | Regression | Regression | Variation Regression | Regression | Variation
""" coethicient | constant coethcient ent Lonstant coefficient
. 1 0,01
1w ] 'l 0,16
; I | 466 | 0.43 | 2.4z 0,50
1 \ -1, 204 { 0,40 | 0.40 0. 44
Table 28. Root density on the right and the lefi side of the slope
(Stand 5 18, Fine root, Soil horizon I)
Upper part Lower part
Division Right side of | Left side of | Right side of | Left side of
the slope (D | the slope @ | the slope & | the slope &
Regression coefficient
Regression constant
Variance of regression 5%,
Root density 3
Variation coeflicient 0,30 0. 26
Correlation coefficient 0, 40 0.09
¥ D~(4) : Horizontal division
Table 29. Horizontal change in fige root density in the £ japonica
stand, 513 (Sail horizon 1)
Horizontal division i | 2 3
i i
i t
C{)rrelation co
Root density
Table 30, Horizontal change in fine root density in the C. jepowice stand, $13
i 2 3
4 s o o .. dere O . .
Varia- Ri}mu R,ﬁ’l res- Jaria- E‘OCT s R”r e |Varia-
Root > tionRoot gres: | g tionRoot gres- | gl tion
e ] sion 1. ol slom)  sion) g e sion]  sion :
densitv i coef- idensity|. T . coef-  |density coef-
n coef-  jcon- feient coef-  lcon- fcient coef-  lcon-~ Folen
ficient] i ficient] stant] 7 ficient] stanti ©
i 21 0, 04 0,15 0,14 296 313 361
i 34 .09 19 57 0,16 28 23 ER
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sample block (Soil horizon I)

Fine root densities at the C. jupowice stand, S 18 in each

Upper part of Lower part of Average
the slope (A) the slope (A) (B)
Sample block ®© | ® ® @ ® 2
Root density (A) g/md 280 216 323 361 320
Difference from average 40 4 41
Ratio of the differece from the 0. 30 0.01 0.01 0.13
average to the average

Table 32, Fine root density in the first horizon of the C. japonica stand S 13

Upper part of | Lower part of ; o
the slope the slope Average
Sample block @+ @ @ + ® 2
Root density (g/m® 298 342 320
Difference from average 22 22
Ratio of the difference from the average 0,07 0,07
to the average

Table 33 Fine root density on the right and the left side of the slope in

the 2nd soil horizon of C. japonica stand, S 13

Right side of | Left side of Averac
the slope the slope fHverage
Sample block ® + ® ® + ® J 2
Root density (g/m?®) 301 339 320
Difference from average 19 19 —
Ratio of the difference from the average 0,06 0. 06 e
to the average

horizontal division. The differences between them are three to four. The ratic of them to

the average is one per cent. It is not proved, however, that the root densities in blocks @
and @ are always close to the average in every stand.

Furthermore, the large variances of these blocks indicate that the root density changes
greatly.

The root densitics were, as shown in Table 32, 22 less than the average value up the
slope and 7 more down the slope.

It is generally observed that the root density down the slope is higher than that up the
slope. It is presumable on every sample tree or stand that the roots are more densely dis-
tributed down the slope than up the slope. Therefore, the total root biomass is to become
large when only the upper half is examined, while it is to become small when the lower half
is examined., Neither result is desirable in measuring the root biomass.

As shown in Table 83, the difference between the root densities on the right and left
sides of the slope and the average value are both 19, and their ratio to the average value is
6%.

divided imto two parts, upward and downward, there is a tendency, as pointed out before, that

This value is less by 1% than that of the up-and-down divisions. When the slope is

the root densities are always lower upward than downward. There is, however, no tendency



similar to that when the slope is divided into two pu left and right, and besides, the error
of measurement has a possibility to cancel each other.

The fine root in soll horizon I hasg a tendency to be more uniformly distributed than any
other root or to anv other soil horizon. Even in this case, it still shows such differences of

distribution of the root blomass as already mentioned. They tend to increase more remarkably

in the other larger roots in the lower soll borizons,
From these properties of root distribution, the 1/2 block method, which divides the block
into two parts, right and left, along the slope, may be suitable in examining the root biomass

by the block method,

12, Variance of the measured part blomass in 2 stand

The part biomass of the sample frees is obtained by the soil block method. The variance
changes greatly according to the methods of estimation when the partial biomass per unit
arven ave calenlated from the data in this table. The numerial calculations, which give differ-

ence as liitle as possible and operation as easy as possible, are desirved in estimating the total

biomass. For this sake, the accuracy of estimation was examined when the variables and

equations ((D~@) in Table 34 were used.

The logarithmic equation & in Table 34 has generally been used as the relative growth
equation. This equation has, however, a contradiction in that the total biomass is not obiained
when the equations for each part are added up, unless the cosflicient of relative growth, p¥,
is 1. From this viewpelnt, use of the other equations such as the semi-logarithmic or linsar
regressions that can be added up to obtain the total blomass are desirable, Previcusly Mr,

Yamanorot®? expressed the volume of root stock in relation to the diameter of it.  The numeri-

cal calenlation of (B is an orthogonal polynomial which has nine independent variables. These
variables were calculated according to Errovmson's® method, which is to be described later.
Herve, only the terms relating to the partial biomass are taken up.

As a vesult, the constants, coefficients, coefficients of correlation, coefficients of variation
etc. were obiained as in Table 35 on each stand. The variation coeflicients when each equation
is applied according to the table on the 8 13 stand, from which many trees sampled, are shown

in Table 26

¥y {Stem) © The coefficienis of variation of the stem by equations & and & were large,

19%, but by equation & it was 6% and smallest
Ye (Branch) : The coefficients of variation of branches were large, on the whaole 21--28%,

but equations @ and @ gave small ones

Yy (Leaf) : The coefficients of variation of leaves were large again on the whole, 182372,

but by equation &, it was 18% and smallest.

¥y (Above-ground part) : The ceefficients of variation of the above-ground pari were 6

» smaller than those of and smallest. 1t is due to the

em, and by equation & it was 6%

* o An equation of relative growth: xd,
v Part biomass, x ¢ Total biomass or D?2H, b: Coefficient of relative growth.
*2 An equation of the volume of root stock: Veralb,
V' Volumes of root stock (J43) F=0.208m, I Diameters of root stock, a=2, 314, b=2, 45,
D Yamamoro, K.t On the root volume of Pinus densifiore. Bull. Gov. For. pr Sta., 15, 133~138, (1925
2 Errovmson, M, Multiple regression analysis. Mathematical methods for digital computers. New York,
191~203, (196




Table 84. Veriables and regression equations to be used in estimating
each part biomass of a tree

A. Definition of variables,
Dependent variables (in unit dry weight : g)

¥y Stem biomass Independent variables
Yo  Branch biomass D DBH cm

¥g  Leaf bhiomass H  Tree height cm
Yy Above-ground part biomass N VvV Volume cm?®

¥s Fine root bhiomass

Y Small root biomass

Yy Medium root biomass

Ys Large root biomass

¥y Very large root biomass

Y16 Root stock biomass

¥y Underground part biomass

Yig Total biomass of a tree (above-and under-ground parts)

Y3 Latest annual stem growth

Y4 PYy Latest annual leaf growth

Y15 QY Latest annual branch growth

Y Y1+ Y2 Above-ground part biomass excluding leaf biomass (stem, and branch biomass).

Y1y Ys+ Y Working part biomass of the underground part (fine root, and small root).

Vg Yyt Vet Vet Vye Non-working part biomass of the underground part (medium root, large
root, very large root, root stock).

Yig Y1+ Yo+ Y Above-and underground part biomass excluding leaf biomass.

Yoo izt Yut y15+-(y13><»--3; ------ ) Total of the latest annual growth of stem, branch, leaf, and
root.

Yg  Maximum depth of root (cm)

B. Regression equations to be used in the calculating of biomass, ©~@®.

@ Y=a+bp log D+ log HY
@ Y=a+p logh
@ Y=a-t+b log (DH)
7w D?
© s-ass(22)
® log¥y=a+p log (DH)
® Y=a+pv
@ Y=aogta D+ agH+a3D¥+a,DH A asH *+ agDP+ ay DAH 4+ ag DHA a /8
#1

- The logarithms to be used in the calculations of Table 35 and 42 are all the natural
logarithm.
¥ ¥ to ¥y were calculated.
Choice method of variables by the orthogonal polynomial ®.
=+ @D+ ayH + 83D+ au DH + @3 H ¥ a3+, DUH + agDH + agH*
== Qb @18y F ekt AgXgt QX+ GsXst+ oot AyXyt QgXgt QgXy  jo=1~-21

Y
7

Start “"% F=0 “*’ j+i1=i —>| The regression constant, coefficient,

‘ and error, remained eventually, of

the variables when calculated using

the choice method of variables are:
F Level to enter variable =2.5

F  Level to remove variable = 2,5

ey

# The equation @) differs from those of O~@ in the character of equation.
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Table 35, Estimating regression equations for part biomass of a tree and
their accuracy in a stand, See Table 34

Japonica stand S 13, n o 15, C. japonica stand 518, n: 15
Equation @ : ¥Y=a+s(xD%4) Equation ® : log ¥=a+b log (J3H)
y E @& j b i ¥ )»y;v V i a b
i - 204.9180 | 0,98 i

%UU 0. 92 445
3 0.91 1,980

7 (. 0001

-2 17‘36

1
0.9161
0. 7900

0. 8590

1, 0801
0. 6478

18 1. 0801
1s 0.
0.
0.8912 79
0. 8994 3,751
20 0.9019 | 0.98 ] 1,307
21 0.1778 | 0.97 4

C. japonica stand S 13, n: 15,

Equation &) 1 ¥Y=do+ a1+ 0y +agD?
D A ayHE a0 Ch. obiusg stand t H 3, n: 6,
+ @D H Y e DH A agH® Bquation @ @ y=a-+a(zD¥4)

| Sty y a b
20, 1131801 D2H 2, 74 1 7 297.8208 Q.
2 138 41,5874 0,
3 2, 463 21,2588 | 0.
4 360, 6666 0, 9¢
3 1,1741 0. 89

[

U, Ve &
-0, 040811 ¥ 7 6

5078 D? 29 7 7. 0.9 79
004564 DA 2. 0. 92

Sy e
(oSl

-.”OCO%D H 9

10 50, &N

11 112. 4 0

12 473, O, 4

13 17. 0

14 6 0

15 0. 87
& 16 0.99
17 17 0,95
18] 18 i 0,98
1 19 0,99
20 20 0,95 |
23

C.64
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Table 35, (Countinued)

Ch. obtusa stand H 3, n: 86, P, densiflore stand A 2, n: 23,

Equation ® : log Y=a-+b log (DH) Bquation @ : Y=a+p(wD?4)

y é ‘ b 4 Sye y & ] b r ¥ Sy

1 ~0. 7908 0.9246 | 0.98 | 4,210 1 798 242.7678 | 0.94 1 2,731
2 —2.0091 0.8714 | 0.98 629 2 -1, 440 71,5468 | 0,89 | 1,134
3 1,5786 0.5700 | 0.751 1,957 3 ~623 32,8598 | 0.89 511
4 0.0018 0.8811 0.98 | 6,09 4 —1, 264 347.1744 | 0.94 3,920
5 3, 808% 0.2254 | 0.82 63 5 14 0. 1471 0.89
6 5, 2100 0.1737 | 0.95 50 6 149 1.7197 0.92 22
7 —0. 3959 0.6327 | 0,98 128 7 66 9. 1081 0.93 109
8 ~2. 3294 0.8062 | 0.99 113 8 — 254 17,5567 0,97 133
9 ~8, 9502 1.3799 | 0.98 805 9 - 337 7.8736 | 0.85 142
10 —2.6810 0.9327 | 0.97 1 1,212 10 —6 47,4168 | 0.94 520
11 —1.3682 0.8962 | 0.98| 2,113 11 - 277 82,4234 | 0.95 808
1 0. 2245 0.8847 | 0.98| 7,968 12 —1,542 429.5978 | 0.94 | 4,708
13 ~4, 7888 1.0110 | 0.91 848 13 174 29, 3761 0.88 494
14 0.3747 0.5700 | 0,75 587 ~374 19.7159 | 0.89 306
15 -5, 8386 10110 | 0.91 297 15 105 17. 6257 0,88 296
16 ~0. 5631 0.9177 | 0.99 4,148 16 641 314,3146 | 0.94 | 3,558
17 5. 3831 0.1907 | 0.91 98 17 163 1.8668 | 0.92 24
18 ~2.7362 0.9943 | 0.981 2,102 18 —~ 440 80.5566 | 0.95 792
19 —0. 2006 0.9122 | 0.99 | 5, 557 190 - 9219 396.7380 | 0.94 | 4,339
20 -2, 2520 0.8801 0.88 | 2,081 20 —-109 76,7633 | 0.%0 | 1,138
21 3. 6698 0.0809 | 0,55 7 1 100 | 0.6363 | 0.70 20

P. densiflora stand A 2, n: 23,
Equation @) @ Y=d¢+ a1+ Gl -+ ag

P. densifiore stand A 2, 1 : 28, + @y DH A+ asH2 - agD?
Equation ® : log Y=a+b log (D*H) + @y DRH + agDHE agHS

¥ @ b ¥ S;z‘p ¥ Sym

1 —1,1552 0.9656 | 0.95] 2,988 1|—11, 1403, 370515 D H 2,142
2 ~8. 4709 1.4559 | 0.91] 1,355 20 4,343—1,360.801 D +0, 140574 DAH 763
8 ~7.7365 1.3254 | 0.96 627 30 1,577—511. 1999 D+ 0. 057454 D2H 416
4 ~1,9127 1.0534 | 0.95| 4,139 41— 375—0. 000241 D240, 538385 DEH 2, 869
5 0. 3666 0.3146 | 0.83 3 5{ 14-+0.00012) DEH 2
& 1. 6505 ), 3495 0,90 25 6| 150--0.001424 D2H 20
7 —~2,5172 0.7997 | 0.92 129 7| 403=77.96727 D0, 012197 D2H 84
8 ~9,7036 1. 4591 0. 95 242 8| 22840, 014406 D2 118
9 | —19.4289 2.1696 | 0,90 169 o| 229—25.80116 3%+ 1'1 305463187@83591{2 105
1 1 1.038 715 +0.0125

? :i Zgzi ; gjfz g' 3; ;82 10/~ 2075+ 2. 370416 H +0. 038136 D*H 411
1t - 989 hO2 -7 11} — 20640, 068387 D2H 647
12| ~—1.6283 10472 | 095 4,883 15487272 2183103+ 0. 638680 DIH 3, 485
18] —1.8929 0.8449 | 0.85 682 13 262--27.38164 D40, 052859 3 H 424
14 ~8,2473 1.3254 0,90 376 14 946—306. 7201 20, 084473 D2H 250
15 — 2. 4037 0, B449 0.85 409 18] 157—16.42894D%4-0.031715 D2H 255
16 —1,7675 1.0344 | 0,951 3,853 16 1712227926 D340, 492047 DH 2,586
17 1.7750 0.3463 | 0,90 28 17] 164D, 001545 D2H 21
18 —3,7276 1.0818 | 0.95 974 18 —370+0. 066842 D2FF 634
19 —1.5105 1.0319 | 0.95| 4,610  19/~712-40.331079 DK 3,393
20 ~1.9492 0.9243 | 0.881 1,635 20| 3,593—862.7788 D +0. 115063 DK 937
21 2. 1446 0.2502 | 0.56 33 21 65+B8.669515D 20




Table 35, (Continued)
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Table 35, (Continued)

Z. servaia stand M 4, n: 5, Z, servata stand M 4, n: 5,

Equation @ : Y=a+s{wD%4) Equation ® : log ¥y=a-+5log (D2H)

¥ a /] ¥ Syz ¥ 2 a b 7 g Syz

1 —24,717 731,8867 | 0.99 | 8,030 1 ~0,0 0.8952 | 0.992 | 16,375
2 675 31, 8944 0. 9% 366 2 0 0. 5800 0. 96 766
3 551 2.7737 0, 84 360 3 -0 0. 5367 0, 94 278
4 -~ 23, 491 748, 5547 0.99 8, 257 4 0 0. 8827 0.99 | 16,927
S 1,519 0. 4916 0.93 39 5 5. 0, 0564 0,94 33
& 0.9726 0,95 66 é 6. C. 0. 86 101
7 14, 1890 0.99 253 7 1. 0 0.98 562
8 14,1095 0,99 134 8 0. 0,99 314
9 31,8925 0. 99 411 9 1.8 0.99 671
10 66,9103 0.99 945 10 1. 0.99 1,488
i1 128, 5655 0,99 1,233 i1 . 0. 0,99 3, 670
12 877.1203 0,99 9, 258 12 0. 5028 0. 0,99 119,985
i 33,0208 0.70 631 13 6, 0523 0. 0,37 1,104
14 2.7737 0, 84 360 14 -, 0174 0.8 0.94 278
15 0, 9062 0.70 189 15 4, 3484 0 0. 37 331
16 745, 7811 0.99 8,362 16 0.1132 0 0.99 | 16, 800
17 1. 4642 0,96 84 i7 7.2924 0. 0.91 147
18 127,1013 0.99 1,174 18 248 0. 0,99 2,691
1 874. 3466 0. 99 9, 389 19 0. 0.99 | 21,844
20 7.0482 0,92 619 20 0. 0,76 1,104
21 0. 2682 0.95 18 21 0. 0.95 19
A. firma stand M 5, n 5, A. firma stand M 5, n 1 5,

Eqguation @ @ Y=a+s(wD%4) Bquation & : log ¥==a+p log (D2H)

¥ a b 7| Sy ¥ a b r | Sys

1 —4,749 0. 99 1,078 1 -3, 7025 1.1385 0.99 1,151
2 5, 249 0, 97 390 2 4, 3660 0, 4015 0. 95 495
3 6, 370 0. 97 345 3 5. 3969 0.3188 0,94 512
4 6,870 Q.99 956 4 1.6140 0.7513 0. 99 864
5 120 0,41 35 g 1.7041 0, 2814 0. 47 40
6 416 0, 44 34 &) 5. 0086 0. 0937 0. 47 32
7 42 0. 94 7 -1, 8948 0, 7454 C.91 170
8 i - 956 0,97 g -9, 9420 1.4111 0. 96 200
9 -~ 1,173 0.98 9 - 14,4612 1.7719 G. 97 181
10 2,318 0.98 307 10 1, 2589 0. 6391 0. 99 234
11 767 0,99 242 11 -0, 2977 0. 8034 0. 99 360
12 7,637 0,99 784 12 1.7196 0.7629 0,99 1,103
13 —18 0. 97 241 13 —-3,2316 0. 9308 C. 96 328
14 1,892 0.97 g6 i4 4,0106 0.3188 0.94 128
15 -5 0,97 72 15 4, 4356 0, 9308 0. 96 38
i6 500 0. 89 1,028 16 —{0, 4388 0. 8986 0.99 388
i7 536 0. 43 68 17 4, 7356 0. 1416 0, 48 69
i8 23 0,99 258 18 - (. 7979 0. 8403 0,99 341
19 1,267 Q.99 822 19 0.1912 0.8722 0,99 898
20 2,007 0.98 327 20 1.0828 0. 6558 C. 97 480
21 211 0,97 10 21 2.0626 0, 3102 0.95 10
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Table 36, Regression equation and variation coefficient, to estimate
part biomass of the C. japomica stand, $ 13 (» 1 15)

Equation for the estimating of part biomass
¥ i T i
-~ - < i = i / 7
Dyl @ | © ® | ® | ® 7

1 19 19 10 & 7
2 z8 27 Z 22 21
3 20 19 22 s
4 1é 15 & 8
5 & 5 3 4 2
[ 8 8 & & 4
7 13 7 [ &
3 23 18 15 16
9 15 14 Q 13
10 14 16 14 8
11 14 15 8 7 7
12 15 18 9 & 2
13 G 19 14 10
14 19 23 18
15 19 14 10
16 19 18 10 L0 & 7
17 7 7 4 & 5 2
18 16 16 g 7 7 8
19 18 17 g 8 6 7
20 14 14 13 13 9 10
21 3 3 3 4 3 4 2

offset of errors of each part as stem, branch, or leaf, that the variance of the weights of the
above-ground parts was small on the whole.

Yy (Fine root) : The coefficients of variation of the fine roots were 2--5% and smallest of
all, The most accurate equation is the @ one,

Ye (Small root) @ Those of the small roots were 4~8%, and that given by equation & was
4%, '

¥y (Medium rvoot) : Those of the medium roots were 6~13%. Equations ® and @ gave
the smallest coefficients.

¥y (Large root) : The coefficients of variation of the large roots were larger than those
of other roots by each equation. The smallest coefficient of varlation was 159, given by
equation @).

Yy (Very large root) : Those of the very large roots were 9-~27%, and equation §) gave
the smallest one.

Y10 (Root stock) : Those of the root stock were §~~17%, and equation ) gave the smallest
one,

V41 (Underground part) @ Those of the total biomass of the underground parts were 715
%, and equations (&), & and & gave small ones,

Y1g (Total biomass of a tree) : Those of the total biomass of a tree were 6~15%, which were
smaller than those of the stem, branch, leaf, or large root. The § equation showed the
highest accuracy.

¥ig (Annual growth of the stem) : Those of the annual growth of the stem were 7~20%,
and were comparatively larger than those of other parts. The & equation gave the smallest
error.

Yy (Annual growth of the leaf) : The annual growth of the leaf was based on such calcu-



lation as the leaf biomass multiplied by a certain constant ratio. Those of the annual growth

on showed the

se of the leaf (¥o

of the leaf were almost the same as 20UR

amallest coefficient of variation.

Yis (Anwual growth of the branclh) @ Those of the anpual growth of the branch were

almost the same as those of the annual growth of the stem, ¥;3. They are those of the stem

multiplied by a ;;1%*1 ratio.

Those of the unassimilated partisl blomass

Y (Unassimilated part of the abov

the abov&gmund parts were 6--18%. The & equation showed the smallest one.

Yy (Working parts of the underground) : Those of the weights of the working parts, the

fine and small roots, were 279, and smaller than those of other parts. Particularly, the &

eguation showed small variance,

Yy (Accumulated parts of underground) © Those of the accumulated weights of the under-

root- stock, were 7 & and @ showed

ground parts, the medinm root to
the smallest errors,

Yy (Unassimilated part weight of above-and-under ground parts) @ Those of unassimilated

equation showed the

weights of the above-and-under ground parts were 6--18%.
smallest variance.

Yoo (Total annual growth) : Those of the total annwal growth were 9--15%. The ® equa-
tion showed the smallest variance.

Yoy (Maximum depth of root) : Those of the maximum depth of roots were 2~4%. The

smallest ervor,

7 equation showed the

When the equation with the least ervor i 1o be applied to each biomass in the 8 13 stand, the

it by el

coefficients of variation are 2 to 2145 as shown in Table 37, The parts showing the cosfficients

o of above 109 by any egualion were the branch (Z21%), the leaf (18%), the large

of variai

root (1845), and the annual growth of leaves (18%). Those below 5% are the fne root (2%),

. Although not 3 part blomass, that

the small root {(442), and = and small roots (2

of the maximum depth of roots was two percent.

The equations that show the smallest coefficient of variation among the equations of

Z and @ show low accuracy as com-

. The sguations of

@ are those of @, &,

s estimated

pared with the former four, as shown in Tahle 45, The biomass of many parts we

most accurately by the sixth, of all the equations that gave the smallest coefficients of varia-

1

tion.  Herse, they are the hiomass of 14 paris, L e, the stems, branches, above-ground parts,

medium roots, large roots, very large roots, underground parts, total blomass, anunual growth
of the stem, annunal growth of the branch, unassimilated above-ground paris, accumulated
underground parts, unassimilated above-and-under ground parts, and total annual growth.

1

These all had a ¢ relationshin to the volumes of a ¢

Table 37, Regression f:quation of the smailest i
T~ and variation coefficient in the O japonice Stand, S 13

H
Ay b ICa)
N 3 &




R

The equation which was accurate next to equation & was the one chosen by equation @
i e., the orthogonal polynomial. The equations concerning such parts as leaf, fine voot, and
small root were accurate. All the equations to be used in & orthogonal polynomial will he de-
scribed later, The eguations of @ and B were used with higher accuracy for both the total
biomass of branches and underground parts, and the biomass of the accumulating underground
parts,

In this way their accuracy became higher when any equation suitable for each part was
used rather than when a given equation was used. For the errors were different in each part,
when the ratio estimates for each partial biomass were applied. But equation & was, as a whole,

accurate for all parts. And each partial biomass was highly related to the tres volumes.

13, Accuracy of the egustions fo be used in calculation for esach stand
What has been described so far is only about the stand of 8 13, Subsequently, the stands
of 86, 9, 524, and 8 28, all investigs

to determine if there exists the relation like that concerning them. There, the X-axis is the

ted as detailedly as possible, were gone through in order

equation and the ¥-axis is the coefficient of variation (The data about the stand of C. japonica
are listed up in Fig. 32).

As can be judged from the detailed data where calculation has already been done, the
equation which as a whole, is most accurate for the stem C. japonica is ), which coefiicient
of variation ranges from 2 to 7%. And besides, the first equation, although not for $9, is
unguitable for $13. For the coefficient of variation amounts to nearly twenty per cent.

Thus, it is clear from Fig. 32 that almost every partial blomass can be expressed as a
function of the basal area of volume, as shown in Table 38, when the equations with the

highest accuracy are picked out for the €. jeponica stand.

Table 38, Regression eguation at the smallest variation coefficient for
part biomass of each species

R . . . . r . i .
gyxg T \»?p(jffes C. japonica Ch, obtusa P densiflora | L. leptelepis
i 6% 4 6 &
2 4 1 6 6
3 6 6 6 3
4 é 4 3 5
5 & 4 P 5
& é 1 i 4
7 6 4 & 4
8 4 4 6 &
9 6 4 5 4
10 1 6 6 4
11 4 5 8 4
12 6 8 5
13 6 6 4
14 6 s 4
15 6 6 4
16 6 4 8 5
1 6 1 8
18 3 6 4
1 5 5
20 6 3 6 4
21 6 é 6 4

*1  Regression equation No.
*2 4 Parts of a tree.



O

~3
>

e

Pt

(2
T

K el o

xe
x
#

.
# X
Op a,
L A%

2R e

»

b

e

SLLROOT

&%\ “%
& A

¥y %o

x

%

shax
3
o

® 0Oy

>

x

x axis  eguation No.

¥ axis : variation coefficient

Agccuracy of
equation to calculate the part biomass




o85G ¥

Also from Fig. 32 it is clear that the coefficients of variation of the parts as a branch,
leaf, large root, very large root, root stock, ete. differ greatly from stand to stand; and vyet,
those of a fine root, small root, above-ground part, underground part, total blomass of tree, etc.
differ glightly throughout each equation. This verifies that the former parts are remarkably
maldistributed, although the latter parts are not. Hence it is possible to estimate by any
equation the hiomass of the parts, such as the fine and the small roots of small coefficients of
variation, or the parts with small differences between stands, at high accuracy in any stand.

A slight discrepancy is recognized between the equation with highest accuracy for 813
as shown in Table 37 and the equation to be used in calculation with highest accuracy chosen
from all stands in Table 38. There is, however, a small difference between the two coefficients
of variation. Although the ceefficients of variation differ from stand to stand, the equations
of @, @, @ and &) can be applied with comparatively high accuracy as already shown in
Table 37 for & 13.

1) Accuracy of the equations to be used in calculation according to each species

The equations with the smallest errors were selected from the detailed table for Ch. obtusa,
B, densifiova, L. lepiclepis as synthetically as for C. japosica. The result is shown in Table 38,
Those which tend to be accurate for each species are as follows; the & for C. japowica, the

@ for Ch. obtusa, the ® for P. densiflova, and the @ for L. leptolepss. Equations

are accurate on the whole, and even though a slight difference exists between ihem there
could not be supposed to exist a difference by equation between species.

2y Selection of the equations to estimate each part of a tree

To get the accurate estimates, it is necessary o use the optimum equation for each part
because each part has, as already explained in Table 35 and Fig. 32, its own optimum equation.
Calculations however, are more complicated.

Equation & : It is necessary to use with great care the (8 equation, which is most accurate
on' the whole; however, it is difficelt to estimate the volume of stands correctly, the more so
because the volume itself embraces errors. It is, therefore, better to use the equations in
which the breast height diameter, tree height, etc. are the direct independent variables.

Equation &) @ The equation yielding the second highest accuracy is the equation from the
orthogonal polynomial of the @ equation. For $ 13, the items and coefficients were, for ex-
ample, chosen as in Table 33.

It is very desirable to produce the eguation which makes it possible to estimate the part
biomass within a given accuracy and to estimate the partial biomass according to those calcu-
lations. This method, however, has a great defect in that an accurate eguation can not be

given unless many trees are sampled, and that it requires complicated calculations to decide

an equation, such as would suggest, use of an elecironic computer for calculations, for example.

Let us calculate the part blomass of each species on the materials of the S 13 stand and
the other stands of A 2, Sr, Hr, Ar, Kr. Results are shown in Table 39. According to this
table, the items and the coefficients of variation for estimating each partial biomass are given
in Table 39

As clearly shown in it, there are many various items picked out for estimating cach part
biomass both within and between stand. It follows from the fact that the given terms, con-
stants, and ceefficients of variation are not to be fixed for given paris of a tree.

The total blomass of the sample tree of ¥yy was examined to choose the following items:
DH and D?*H for the 513 stand, H® and DYH for the St stand, H?, DK and pHE for the A 2



Table 39.

Application of the orthogonal polynomial to estimate
the part biomass of a sample tree in a stand
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8 14 4] 2 5
3 8 & 5 5
8 3 g 5 4
8 & 2 5
10 27 18 16
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38 S ® Hr O
Table 40,

AZ X

At + Kr A

Accuracy of the ratio estimate equation,

p NV,

y part z A .
z
! Stem 187,
2 Branch 11.
3 Leaf 51,7 0. 2900
4 Above-ground part 249, 0. 1039
5 £ 2.¢ 03470
5 8 SN
7 m SN
g 1 Q.
=} 1, 0.
10 St . 0788
11 Uuderground part 0. 0800
12 Total 0.0975
#1 Retio estimate squation
w o N 17 ox?
Vietnd 2ot S e
® N1 n( x2
%2

g =13,




— 82 —

stand and DH? for the Ar stand. Thus, the different items were applied even to the same
parts in the different stands. However, the items D® and D?I7 were chosen for most stands.
This makes clear that the hiomass of each part has a high correlation with the basal area
or volume.

When the above-mentioned method is accepted, it is possible to set up the equations with
higher accuracy to be used in estimating each part biomass. More closely scrutinized materials
are necessary, however, for establishing the equations to be calculated with given accuracy,

Equation & : As already mentioned, the logarithmic equation has been accepted as the
equation which is most applicable or as the equation of relative growth up to now. . Theore-
tically it may be unreasonable to apply it to the weight of each part with different coefficients.
Also from the viewpoint of accuracy, equation ®), a logarithmic equation, is never a good one
as compared with the others in Table 25. This is also applicable to the result on the S 18
stand. The coefficients of variation of the stem biomass in Table 36 were 19% by the equa-
tions @, ® and @), 10% by the @, 11% by the @), 6% by the @, and 7% by the (. Those
errors were larger according to the & than according to the equations @, ® and ®@.

The accuracy of the equations changes according to each part or to each stand. It is
therefore very unreasonable to presume that what wag already mentioned on equation & holds
true in every case. As a result of synthetical examination according to Table 35 and the
other detailed table, that equation was not the one with much higher accuracy. Aund at the
same time, it is obvious that calculation becomes complicated because of logarithmic change,
calculation of errors, and so on ‘

Fquation @ : The equation @ is comparatively accurate among those seven equations, and
gives higher accuracy than equation ®, a logarithmic equation. This is borne out by Table
43 and the others. Its method of calculation is much simpler and easier to use than the log-
arithmic equation and orthogonal polyromials,

Thus, there are many vegressions to estimate the partial biomass as stated so far. But
the simple equation @ with comparatively high accuracy is most suitable, because accuracy
does not become much higher even when more complicated equations are used.

Ag previously mentioned, it is possible to improve accuracy in estimating part biomass if
various kinds of equations are used in calculation. In this study, however, the ratio estimate
method by basal area similar to the equation @, was used to avoid invelved calculation though
the accuracy was slightly lower. The errors between them were calculated on the materials
of the 513 stand. A result is shown in Table 40.

3) Decision of the number of sample trees in a stand

As mentioned repeatedly, the accuracy of estimation of each part biomass changes accord-
ing to the eguations to be used in calculation or to the properiies of variance each part has.
Many sample trees are needed when thelr number is decided according to the parts in which
errors are large, such as leaf, branch, and large root. Investigation requires much expenditure.
But not many sample trees are necessary for fine roots when estimation is carried out to
obtain given accuracy, since variance is very narrow. On the other hand, the errors in leaves
or branches become much greater,

This granted, great attention should be focussed on estimating any special part biomass
to decide the number of sample trees. Generally speaking, the number of samyple trees has

een decided to make constant the estimation errors of th total biomass.

The number of sample trees is given by the following equation to be used in calculation
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rraitied errors, and levels of

#q © Number of sample tree, § @ Almed accuracy,

ach speeies calculated by the equation

ent,  Let us give the following conditions, taki

@ from Fig. 37 ra m six to fen p

as an aim the coefficient of varistion of 104, the greatest of them. Then the number of

fent is 10%, ¢ is 2, and the almed ac
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% in average.
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s by the equation
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o estimate the leaf biomass of C. jeponice as ils coefficient of variation s about 2(

inch Bion
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ry for estims

means that 16 sample trees are ne

@ at the level of significance of 90% and the almed accuracy of 1045, while about five fre

are enough for estimating the total biomas

From a result of actual measurements of the various stands changing the number of

trees, it is evident that the of variation were nol constant, as shown in Fig. 32
This means that some of the stands with fewer sample trees showed fewer errors than the
stands with more sawmple tree The stands 36 and 59 of & japonice, from which 5§ sample

were taken, both showed the coeflficients of variation smaller than 104,

14. The equations to be used in caleulation and their accurscy when all sample frecs are

run altogether
iz the relation among sample {rees in a stand,  Let us

What has been dealt with so
ch stands with normal growth as shown in Table 41 out of these sample stands and

select

=
ICa)

calculate the vumber of them, run together, according to the equations from @ to . Their

fhcients, coefficients of correlation, and cosflicients of wvariztion are shown in

e

Table 42 and Table 43 (Sr for the sample trees of £ japonice stands in gross, Hr for those

of Ch. obtusa, Ar for those of P. densifiora, Kr for those of L. lepiole

G ).

s in the same stand,

From comparisons between this table and Table 42 giving variang
r than thoss of the

it is clear that the variances of different stands In gross are e
same stand.
Proceed now to a comparison between the stems of the stands 513 and St according to

ion

both tables. Table 35, 42 gives the result.  As shown clearly there, the coefficient of variat

for Sr increased by over 6 times that for 8 18 according to the equations @, & and @ with

low adaptability, by about 3 es that for 513 ac

g to those of @ and (8, and by shout

1.5 times that for 818 according to the eguation @. According to the equation @), however,

that of 81 became smaller than that of §13.

Equations @, @, and @ are inaccurate for the sample trees in the same stands, but rouch
more inaccurate for the Sv stand with sample trees yun together.
The eguation which is least inaccurate is the equation chosen by the orthogonal polynomial

are vun altogether, They ranged, for example, from

of the equation () when the

5 to 28% for O japowica. Equations @, ® and (8) showed the next smallest errors. According

s

froen 15 to 45!

. and that

to the equation @, the coefficients of variation of each part ranged

of the total wi

ht got up to 24%.
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Table 41, Investigated stands, calculated in 3 lot, and number of tree

Species
Number C. japonica Ch. obtusa P. densiflora L. leptolepis
of stand - 3 pons 5 . S L. lepitolepns
Stan ) Stand Stand | Stand | -
No. Trees Mo, Trees No. Trees No. Trees )
1 1 5 1 5 1 g 1 9
2 2 5 2 S 2 23 3 5
3 3 5 3 6 3 5 11 3
4 4 S 4 5 4 5 13 3
5 5 5 5 5 7 3 15 3
& 11 8 7 5 8 2 18 3
7 12 8 8 5 9 5 19 3
8 13 15 o — 11 10 20 3
9 15 5 o e - e 2 3
10 17 8 o e — — 22 3
it 29 10 — — — — 23 4
12 - — — — - 07 3
13 — — — — —_ — 28 3
14 — — o - — 24 3
Total 1 79 7 3 8 63 14 51
i

This relation was also recognized in Ch. obiusa (Hr), P. densiflora (Ar), and L. lepiolepis
(K.

From these resulis, it is clear that the variances become generally larger when the sample
trees are run altogether. Application to a polynomial equation is desirable in such cases. Even
in this case, however, the partial biomass can be more accurately estimated by the linear
regression, the independent variable of which is basal area.

These relations almost correspond to those of estimation of the sample trees in the same
stand.

Many measurements of stands are still needed for deciding which equations to use for the

partial biomass; hence much has been left that will have to be taken up in future studies.



Table 42. Estimating regression equations for part biomass of a tree and
their accuracy in the sample trees of the typical stands, See Table 84

C. japonica stands, v 3 79 C. jeponica stands,

Equation @ @ ¥=a-+b (x D4 Equation & 1 log Y=a+p log (D*H)

¥ a : b } r Sy y @ b ?‘ s Syw

1 407, 5588 0.98 | 23,995 1 0,99

2 3é. 3,162 2 0. 94

3 50. 4,248 3 0.95

4 494, 28,945 4 0.99 | 21,400
3 141 5 0.97 it
4] i .21 198 [ 0, 97 8
7 3. 0,92 473 7 0. 98 ¢}
& 7. 0.98 © 408 8 0,98 7
9 0.95 | 2,861 9 0.98 9
10 0, 73 10 0,99 16
11 - 10, 209 Q. 53 G, 99 3
121 48,670 0.9 0.99 ;
13 1, 317 0. 0,91
14 ~323 Q. 4 .92
ia 275 0.8 5 1,062
W61 - 37,041 143 0. 16
17 718 2~ "‘1 Q 7
18 - 10, 923 132.9171 0, 9¢ 18
19 -~ 47, 250 579, 0161 0. 19
20 1,884 6366 a, 20
21 106 0. 1889 0, 89 Z1

. japonice stands, n 79,

byt @y Dt @aH -+ ag

2y DH A agHag Ch. obtusz stands, n : 36,

@ DR agDH A ag 1Y Equation @ : ¥=a+5 (wD¥4)

Bquation @@ Y=

¥ Sy ¥ a b

—2, 78640, 007211 J?
+0. 002433 D HE—0, 000013 H3

B

-
&
[N
[ oSt
Ny

FN AN
N
—
o0
O
&
S

ooy Oy

[o8
kS
o

5, 9858
5,7941

ot
£
TGN e O
O DO b

IR

. UZ4’19D3JLI
-0, 0001703 H?

r'-)(a 28D H
tzH

/82D H
641 HA4-0. 11

(37418, 776690 LG

: +0. 00 17 .
18,3770, 960623 D40, BL‘DZII 1,620 18 159, o,
19, -4, 263+-0. 012239 430, 150948 D3 H | 5, 402 Lo 606 N
2001, 668+ 27 ot 2,697 - ere e
Py — 4042, 6564 f) 20 28 0.
0, 178899 FH — 0, 000044 Ff? 21 0. 1251 O




Table 42. (Continued)

Ch. obiusa stands, n : 36,

M5 o 1

5 259 &

Ch. obtusa stands, n © 36,

Fquation () @ Y=do+ a1+ @2 + a3 D?

+a,DH + ayH @D

Equation & : log ¥=a-+plog (H2H) +a,DPH +agDH - agH®

B @ b ¥ Sye Y Sye

1 —1, 0564 0. 9454 0.99 | 5,241 141,477 =0, 724141 DHA+0.238735 D% H 564
2 1,421 0. 6001 0.90| 3,515 2 ulow 434044 D3 456
3 3.7903 0. 4067 0.87 | 2,378 311, 212+ 59, 668630 D2—0. OSéOOZ,ng 349
4 L. 1358 0.7937 | 0.98|12,198 4 50, 08815, 173, oDt e ey 9%
5 1.9413 0.3722 | 0.92 147 ey, a51556 0 \7
6 1. 0846 0. 5060 0. 91 517 P 1,274+ 6, 0BT 116 F 0, 3971&3[)}{” 2
7 2.1716 0. 4271 0.97 231 +0, 000557 D FH2—0, 000006 H® ’
8 —0, 8692 0. 6910 0.98 424 7120241, 783950 D34 0. 085913 D H 35
9 | —7.4537 12516 | 0.97| 2,788 8~ 38 +1 L ;T“if}; ;g

P - - Pere] - 1e

10} 1,030 0.8034 ) 0.98 1,888 554 N I8, 37086 D310, 021338 DYH 117
" 0.2135 0.7724 1 0.98 | 4,156 4y _y 33745089747 D+0. 048739 D3 | 271
12 1. 4667 0.7886 | 0.98 15892 g 957_m 75598 8 07
13 1. 8850 0.4876 G, 86 1, 260 -{ 0 6860’8D21’I 0. 000035 H3 -
14 4,0927 0.2725 | 0.65 864 13698 ‘ 449
15 1. 5575 0.4229 | 0.79| as4 L0 i;g
16 -0, 0022 0.8739 0,99 8, 257 ”6 ; 336
17 2,0583 0.4579 | 0,92 TSN OROQSPH _____ 0 017500 P
18 ~0, 6111 0. 8266 0.98 3,920 18— 41455, 05780 D% —0, 000170 [3 H? 260
19 0. 6569 0. 8452 0.99 | 11,947 1913, 427 4348, 823 D2 —0. 00Q011 H'3 486
20 4, 0706 0,3818 | 0.78 | 3,220  20|2, 8342, 269659 D¢ 913
21 2.3726 0.1864 | 0.90 12 215840, 181419 D% 2
P. densifiora stands, n: 63, P, densiflora stands, n: 63,

Equation @ @ Y=a+b& (DHY4) Equation @ : log Y=a-+ b log (D2H)

v g I g e Syx ¥ & b r Sy

1 —6, 564 367.9310 0.97 | 10,460 1 -0, 5455 0, 9098 0.99 | 10,066
2 — 225 50,5108 0.93 2,640 2 -0, 4264 0.7479 0,90 4,959
3 267 19,0441 0,95 810 3 0.1738 0. 6363 0, 88 1,971
4 -6, 522 437, 4857 0.97 | 12,327 4 0. 3685 0, 8531 0.98 | 13,828
5 24 0.1721 0.79 18 5 0. 8920 0.2393 0,52 52
& 121 2. 3089 G, 96 87 6 0. 6894 0. 4471 0,93 135
7 116 8, 9460 0.95 392 7 —0, 2758 0.6115 0.92 661
8 70 12,4435 0.97 367 8 -4, 5603 0.9782 0.96 627
9 ~3,575 36, 6932 0.93 2,193 9 ~—12.1500 1. 5659 0,94 2,883
10 - 402 54,8712 0,98 1, 289 10 —1, 8544 0. 8755 0. 98 2,074
11 -1,770 109, 1770 0. 97 3,101 IS 0. 6792 0. 8226 0.98 4,054
12 ~8,293 546, 6626 0.97 | 15,365 12 0. 6673 0. 8463 0,98 | 18,024
13 908 12,3797 0.88 888 13 0,9774 0.5763 0.93 2,528
14 220 9. 3880 0, 94 447 14 —0.1072 0. 6088 0.88 467
15 628 3. 0300 0. 63 495 15 1, 6544 0. 4469 0,82 902
16 w6, 790 418, 4415 0.97 1 11,929 16 0,0342 0. 8751 0.98 ] 13,111
17 145 2.4811 0. 96 90 17 1.1802 0.4149 0,91 175
18 -1,91% 106, 6959 0,97 3,121 18 —1,2815 0. 8681 0,98 4,184
9y - 8, 560 527.6185 0.97 1 14,969 19 0,4142 0. 8627 0.98 , 586
20 2,070 28,3450 | 0,901 1,781 0 2. 1947 0.5437 | 0.921 2,370
21 118 0, 4794 0.93 24 21 2. 8245 0. 2033 0, 84 42




Table 42,

(Continued)

P, densiflora stands, n : 63,

Equation @ ¥

ot @y aoH -+ agl®
b @y DH A agH i a0
A g P A g DG G H Y

f

L. lepiolepis
Equation @ :

tands,

Y@t b (wlh

n bl

o 87 o

¥ ¥ @ b 7 Syz

L] =5, 90840, 002939 1) A2 1 4949767 | 0.95 | 29,752
2 018D H" 2 74,9000 | 0.87 | 8,070
31, 67740, "“‘”‘04””1?’1{"‘ 6.0036 | 0.87 985
41— 11,986-+0, 004377 D H? N 5 4 578, 8857 31,833
51220, 264582 PE+0, 027308 [ 2 5 ol
6 1154-+0. 001379 DRAT 22 ¢ 156
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Table 43, Accuracy of each regression

Species St n:79% O japonica Hr n:36 Ch. obtusa
.. BEquation
y"\“\\\N"' ® ©®© | ® ® | & ® ® |0 ® | @ ®
1 99%8 102 104 5 14 7 5 52 52 57 17 9 28
2 120 124 127 42 59 30 24 37 42 49 15 41 31
3 80 86 88 29 34 27 24 30 33 37 17 32 24
4 97 101 103 24 18 9 & 47 48 53 15 16 27
5 31 31 32 23 18 26 5 24 24 25 19 20 26
6 25 25 25 23 17 26 8 31 31 31 29 30 35
7 25 26 27 24 14 30 1t 13 14 19 13 13 23
8 60 62 65 15 21 18 13 36 37 43 10 16 22
9 133 137 140 41 39 26 17 73 75 81 28 42 35
10 101 105 108 26 18 16 7 48 51 57 17 19 29
11 96 99 102 24 18 12 3 48 49 54 15 18 26
12 97 100 103 24 18 9 & 47 48 54 15 16 27
13 49 53 55 32 54 35 28 29 35 42 20 40 30
14 65 71 74 28 43 30 24 25 33 37 22 46 26
15 44 49 51 34 57 39 28 27 36 42 24 48 32
16 100 103 106 25 16 8 6 50 50 56 16 12 28
17 27 27 27 22 16 25 6 728 28 28 25 25 31
18 99 103 106 25 18 13 8 51 52 58 16 19 27
19 99 102 105 25 16 g 6 49 50 55 15 13 27 .
20 49 54 57 25 42 29 27 26 34 40 19 44 28
21 21 21 22 19 15 21 7 9 12 10 15 11 16

*1 g Number of samples.
#2 Variation coefficient of regression : (Syx/9), %
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SUBRE 1 (HiED — 8§ —

on the all sample trees

Ar 163 P densiflova ' Kt n: 51 L. leptolepis

®@ @60 e ©®® |03 ® 1 ® 6 6®
S| =1 65 e4l 22| 21 | e 39| a9 40| 22 42 17 9
20 —| 6| Nl 89| 74l —| — 89 81 4| 49| 9l 52| 39
81 — | 81| 83| 27| 661 —| ~—1| 40 4| a4 | 74l 35| 38
2 63| 63l 21| 244 —| —1 & a2 20| 30l a7 | w0
4 a7 38 25 82 —— e 18 i7 18 7 19 18 5
3l — 1 8 85y 19| 20] | -] 2 200 21 200 23 21| 13
40— 81| 507 27| 881 | el 17 6 | 18y 241 19| 12
6| —| &7 57| 22| 37 —| —| 24| 26 30| 2| 28 2| 16
3] —| 108} w09 0| 92 —| —| 47| 47l 50| 24| 271 20| 15
a1 - 54 s4| 17| 2 — | — | 3. 36| 39| 16| 23, 16 9
4 - &4 64 21 28 Lt 32 8l 36 14 18 14 11
3| -] 63, 63| 21| 25 —| | 37| 48| 40| 8| 231 15| 10
24| —| 4] 15| 14| 41| —| — | 0] 7| 70 58| 65 54] 25
81 — | 1057 109| 62| €51 —| — | 40| 44| 481 34| 74l 34 33
2| - 277 2] 32 — — 1 70{ 70| w0l s 65| 54 3
2 — 4| 84| 22 -l - 390 89 42] 20| sl 17 10
5| — 1 e4i 34| 17 — —| 18 81 19 18| 20| 19 12
51 | 35| &5| 2 — 1 a3l B4 870 15| 19| 151 10
20— 64| 4| 22 — | — | s8] 3] 40 18] 23] 15 10
18] —| a2 34| — | o~ | sa4l 4] 531 40| 54| .a81 25
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Appendix Table 1. Table of
Investigated
Species  |Stand No Local No Stand age ; '
>~ ’ e ‘ : Years Area T Tree height H. B¥%
m? rees m- 1
. japonica §. 1 | Onokoyama A 9 178 51 6.8 1.8
2 B 23 270 51 13.3 8.1
3 C 21 263 73 9.6 5,3
4 D 34 264 36 16,2 10,0
5 B 45 378 35 19.3 13.5
6 ¥ 28 200 50 8.3 4.8
7 G 34 270 65 11,5 8.1
8 H 29 203 ES 15,4 11.0
9 I 45 462 40 15,7 8.5
10 T 48 400 7 2.8 8.0
i1 | Oneyama A 8 327 95 3,7 1,0
12 B 21 244 45 13.4 7.4
13 C 17 456 a5 11.5 6,1
14 D 20 351 74 8.9 4.3
15 E 29 477 58 15.8 9.6
16 I 38 286 42 18.0 10.9
17 (3 49 630 40 21,7 8.9
18 | Akita A 32 549 45 18,6 11.5
19 B 32 416 47 16,4 10. 6
20 C 32 382 51 12,3 .3
21 | Yasato A 45 187 44 10.6 7.2
22 Chiba A 41 314 69 20,6 17.8
23 B 41 141 49 14,5 14
24 C 41 127 55 10.2 8,3
25 | Obi A 21 . 509 47 10,1 2,4
26 B 25 727 &1 12.8 3,5
27 [ 31 698 47 14,9 6.6
28 | Oneyama VWV 24 286 50 12.8 7.5
29 Obi D 17 324 50 7.1 —
30 E 40 131 60 18.2 —
31 | Oneyama H 33 79 18.9 —
32 I 62 &0 26,5 e
33 I 62 95 19,2 —
34, K 29 73 12,7 -
35 i 29 87 17.0 =
36 M 28 18 &3 10. 4 o
37 N 22 423 &8 12.5 —
38 (8] 22 142 25 14.0 —
39 P 40 546 &7 21.0 —
40 Q 40 570 99 16,0 -
41 R 22 412 80 13.5 —
. 42 S 22 508 121 12,0 —
43 T 17 204 46 10,0 —
44 i8] 17 108 28 2.0 e
45 | Yoshino A 16 37 45 5.3 2.0

¥ H. B

. japonica
Ch. obtusa

: Height to the first main branch.
#%  Site index : Estimated height of 45 vear old tree.
Following yield tables were used for estimating site indexes.

P. densiflore : Yield table of Iwaki district,

L. leptolepis

: Yield table of Shinshu district.

: Yield table of North Kanto and Abukuma district.
: Yield table of Kiso district.




all the investigated stands

Site
index*?

Tree
density
index*8

Soil type

sample stand per ha
I Totz ey
DB H asalarea| Volume Trees | b i( tﬁ*e'l Volume
cm cm? m? e e St m®
m
0.024 2,857
0.168 1,887
(1,055 2,770
0. 270 1,360
0. 410 950
1.5
14,2
1704
20,7
16.2
4,9 14,5
18,4 337,58
15.8 237,56
12,0 115,9
24,0 446,8
22,7 9
36, 4 .1
26,6 7
21.0 v
18.3 3
11.8 0.
23,1 Q. 4
13.9 0.
11.2 Q.
2004 0

O Lo Lo

By
3¢
fee]

ENEC N e R o]

7o

e
&

[ec I AR g

(S RN

Blo(w)

Bia
Ble
Bin(w)
Blo(d)
Bls(d)

Bin
Bin(w)
}35{1')

Bl (d)

o

Bip
Bip
Pe
Bo
Ba

Bl

Be

Bp

Ba
Bin(w)

Blp(w)
Bin
Bip
Bip
Bip

Blo(w)
Bin(w)
Blo(d)
Bl (d)
Bio(w)

15,2 181 27.3 Blo(d)
17.8 235 37.8 Blo
18,0 254 4,7 Biolw)
26,0 531 L2 Bio
19.0 284 .3 Bip
272 0,203 2.8 23.0 Blo(w)
133 0.094 7 20.2 Bin
95 0.052 4 21.9 Bl
110 0. 061 3 19.7 Bin
20 0. 29C ¢} 3.8 Br
*8  Tiensity index ¢ Ratio of sianding trees to full density caleulated by following sgunations by Reinexg’s method,

O japonica stand 2 log Np=—1 6307 log D +5. 5010
Ch. obtusa stand P log Ngp=-—1. 3563 log D5, 1365
P, denst flove stand @ log Np=—1.6383 log [-+5, 3331

L. leptolepis stand  :log Np=—1.7278log DD+5. 377

N s Trees per ha in full density

D D.BH om
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Appendix-Table 1. (continued)
Investigated
ac 1 Stand age
Species Stand No. Local No. Years Area Tress Tree height H B
m? m 11
C. japowica S. 46 | Yoshino B 15 80 55 “7.1 3.7
47 C 19 102 46 10.5 6.6
48 D 24 212 73 12,3 7.4
49 E 31 156 40 14,5 8.1
50 P 45 251 39 18.6 11.8
51 G 51 348 46 21.3 13.7
52 H 60 714 70 21,9 10,5
Ch. obtusa H. 1 | Gero A 10 142 44 4.6 2.3
. Z B 18 232 48 7.7 5.8
3 C 28 104 16 12.8 10.0
4 D 38 522 51 13.0 10,3
5 E 48 901 74 16.9 12,1
6 B 28 293 51 7.4 3.6
7 | Oneyama W 31 265 46 13,5 7.0
8 | Yasato B 38 205 43 13.0 7.5
P, densiflova | A. 1 | Takahagi A 11 42 42 5.4 3.5
2 B 19 400 200 9.3 6.5
3 C 36 230 40 12.3 7.9
4 D 38 400 42 16,3 13.1
5 | Okayama A 16 119 89 4,7 3.0
6 B 16 25 56 1.9 1.0
7 | Meguro A 5 60 15 5.1 1,4
8 | Komoro A 35 370 37 14,0 8.7
9 Yasato (9 35 392 49 12.6 8.6
10 Masiko A 18 73 55 5,8 3.1
11 B 18 75 69 6.1 2.5
12 [0 18 53 24 6.0 1.9
P, thunbergii 13 | Meguro B 5 60 15 5.6 1.4
P, strobus 14 C 42 108 12 10,2 8.1
P, thunbergii 15 | Izu A 3 112 45 1.1 0.2
P. taeda 16 B 3. 112 45 1.9 0.4
17
18 CD 3 112 43 2.0 0.6
L. leptolepis | K. 1 | Tanzeyama A 51 900 74 17,6 9,2
2 B 51 1,000 107 11,8 6.7
3 C 31 414 70 11,7 8.1
4 o 31 759 97 6.4 4,6
5 | Nobeyama A 47 223 47 9.1 5.5
6 A’ 48 450 55 7.0 2.3
7 B 45 402 58 11.0 6.4
8 (o4 48 932 71 10,1 2.9
9 D 47 438 59 12,6 7.1
10 D’ 47 311 45 11,7 7.4
11 B 47 603 57 17,0 10. 4
12 JDN 47 746 42 14,7 8.4
13 | F 48 612 53 19.2 3.3
14 | Komoro A 33 482 4] 7.8 11,4
15 | Ueda A 44 377 35 17.2 11.4
16 B 44 449 49 12,7 7.3
17 C 45 230 36 14,7 10.3
18 )] 45 611 61 18,4 13.2




ADRERE s 5

I GoR)

sample stand

per ha

Site Tree
- . Tots iensit S01]l tyne
DB H [ Basalarea| Volume Trees - ié’”fﬂ . Volume index fe 'né’i\ty Soil type
om em® e rees  basa ;irca g index
j153 o
7.1 40 17.8 0,534 Bo
10.1 80 20,2 0,603 Bs
12,8 123 19,4 0. 665 Bo
16,1 204 18,3 0,727 Be
21.8 373 5,6 0,716 Be
2:‘ 7 4%1 20,0 (0,708 Be
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Appendix-Table 1. (continued)
Investigated
S ; Stand age
Species Stand No, Local No. Years Area rees Tree height H B
m? A m m
L. leptolepis | K. 19 o) 5 556 43 20,7 13,7
20 Ueda B 45 788 35 23.6 18,4
21 G 43 499 33 22,6 11,8
22 H 45 809 53 21.5 14,8
23 I 52 188 52 10,1 6.8
24 J 52 771 44 15.7 8.9
25 K 52 315 44 13.5 8.9
26 L. 52 323 68 9.9 6.2
27 M 0 579 32 16,1 9.9
28 N 51 1,144 42 21.8 13.6
29 8] 53 347 40 11,2 5.8
Ch. pisifera | M 1 | Yasato A 38 171 36 12.0 6.5
i 2 | Meguro C’ 57 160 10 14,4 8.3
E. globulus 3 | Ckayama C Q 268 32 15,0 10,7
Z. serrata 4 ! Oneyama X 55 539 97 15,1 13,1
A, firma 5 Y 20 168 37 8.1 2,0
T, canadensis 6 7 38 296 46 12.9 6,9
A, * 7 | Okayama A’ 13 — 8 7.4 3.8
Q. * 8 | Nobeyama ' Ghr46 932 17 7.5 1.8
B, * 9 (ol 19~39 932 16 7.7 3.2
B, davurica 10 C’ 32~-40 932 9 8.6 3.6

A, * 1 Al decurrens v. dealbain

Q. *: Q. mongolica

v. grossesevvala

B. *: B, platyphylia

v. japonica

Appendix Table 2. Average part biomass of
o, of fg‘:}; Above-ground part
0. O Basal | Tree e | dia- -
Species S@ﬁnd &"ig; o (D-BH| area jheight H B meter ‘V(ihlg“"
o trees | €O cm? om cm of cm Stem [Branch| Leaf | Total
crown
cm

C. japonica |S. 1 50 9.0 6611 684 1820 182 28,2620 7,174 868 4,522 12,564
2 51 o17.8 246.34] 1,329 79| 244 162,198| 53,130 3,736 8,587| 65,453

3 5| 10.0 81.82 892 533 185 41,372 14,7440 965 3,196] 18,905

4 5| 20,7 344,50 1,753 995 275 321,819/110,855 8,449 14, 675133, 979

5 5| 24,4 476,61 2,086 1,309 313 489,680/172,030] 12,082 14, 973199, 085

6 5 11.8] 112,68 859 472 189 52,375| 17,296 3,588 7,026 27, 908

70 5| 15.3 185,19 1,254 812 222 126,898 39,595 4,080 7,193 50,868

8 5 17,20 237.08 1,611 1,098 250, 216, 607| 56,014 3,9911 9,033 69,038

ol 5| 19.9 814.92 1,472 B840l 276 241,650| 73,958 6,866, 16,445 97,269

10] 5 16,10 206.72 1,280 803 234| 147,588| 50,395, 3,497) 8,797 62,689

11 8| 5.2 2471 399 971 1,676] 7,018 2,2370 608 2,159 5,004

12 8 17.5 253.96/ 1,353 702 2400 179,947 63,138 3,408] 10,820] 77, 363

13 15 14,5 178.82 1,167 590 206] 105,329 32,547, 1,935 9,001 43 483

14/ 8 12.1 122,68 931 419 219 65,803 23,113 2,538 7,608 33,259

150 51 27.7 613.48 1,828 1,050 345 514, 345)170,326 14, 106| 24, 806/209, 238

160 8] 20.7 336,23 1,898 1,322 2,410 321,839122,576| 7,548 12,253142,177

170 81 36.91,099.970 2,276 957 42811,191,908438, 168 39,008 57, 1341534, 310

18 5| 27.6 609,12 2037 1,1200 345 645, 299]165, 561| 17, 709 29, 547212, 817
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Appendix-Table 2. (continued)
A;gf' Above-ground part
. No. of B &
) asal | Tree dia-
Species S%?gd san%(; DB.H| area |height % B | meter 'Volm;ie
. tr% cs| cm | cm? cm m of cm Stem |{Branch] Leaf | Total
crown
cm

C. japonica 5. 19 5 20,1 320,44 1,684 1,070 268 272,963] 80,583 6,359 13,554/100, 496
20 5 14,5 169,56 1,194 724 22¢] 110, 292| 41,528 1,980, 7,767, 51,275
nl 51 1t.6 10616 1,060 736  196| 65,047 22,744 1,558 7,076 31,378
221 5 22,8 403.58 2,122 1,621 301 460,564184,283 9,545 12, 786|206, 614
23 5] 13.7] 154,21 1,460 1,120| 207 141,532 60,240 2,778 6,051} 69,069
240 5| 12,2 124.54 1,1000 706 199 59,558 30,772 2,659 5,792 39,223

251 5| 19,5 303.45 1,048] 214 395 147,804 49,298| 10,989 18,894] 79,181

26 5| 23.40 434,89 183 850l 426l 271,793 97,170| 13,097 29,0841139, 351

270 5| 25.2 504,58 1,462 664 396l 3842,733/119,740| 14,513 19, 358153, 611
280 10| 16,8 228,58 1,272 631 2220 145,082 45,920 2,708 11,831] 60,459
29 10 17.00 238. 44 1, 288 637 2241 148, 499] 46,727 2,647 11,689 61, 063
Ch. obtwse  H. 1 51 7.3 41.86  460| 224|179 14,616 5,168 2,507 3,542 11,217
2 5 11,5 105, 58 757 567 250 47,8411 19,570] 5,267 &, 568! 30, 405
3 & 16,2 212,91} 1,265 979 346 187,417] 60,141 8,992 6,989 76,122
4 5| 18.0 26601 1,337 903 361 190,665 83,261| 11,670 9,564/104, 495
51 5| 24,20 466,16 1,853 1,393 385 402,340185, 684 22,673 16, 525224, 882
6 5 10.5 87.93 741 375 202, 35,988] 17,088 3,305 4,457 24, 850
7 5 13,7 151,10, 1,263 719 310 99, 064] 38,853] 5,759 5,376] 49, 988
sl 5| 11.5 104.88 1,193 799 232 71,269 29,000 3,050, 4,532l 36,582
P. densiflora (A. 1 8 8. 5 25,53 556 357 200 10, 4581 4,437] 1,347 819 6,603
2 23 8. 5 60, 41 926 676 204 36, 520! 15,465 2,883 1,362 19,710
a 5| 155 197,63 1,179 7738 2870 121,527 57,261 10,106 4,096| 71, 463
4 5| 20,6l 350,36 1,707 1,294 4200 325892144, 222 17,450 6,914/168, 586
5 10 6.7 38,17 520 296) 221 13,113 5,835 2,518 1,271 9,624
& 10 1.7 2,75 172 108 58] 1,083 453 595 3901 1,438
7 5 4,6 18. 36| 492 141 189 7,05871 3,152 1,590 7641 5, 506
8l 2| 24.00 462,01 1,505 857 447 323,007(138,048 15,951 7, 508|161, 507
ol 51 16.7] 220.38 1,262]  854] 298] 151,934 67,373 11,669 4,647| 83,689
10 9 5.2 24, 55 559, 270 — 8,097 3,768 870 651 5, 289
11 10 5.9 31,46 568 236 — 10,7470 4,857; 1,450 1,070 7,377
12 10 5.7 27,11 540 217 . 9, 6251 4,296 218 7211 5,935
P. thunbergii 13 5 4. 6 17,20 472 136 182 5,062, 2,088 1,755 1,b44] §,387
P, strobus 14 3 16,4 212.43 1,158 812 561, 132,078 58,306 5,234 1,878] 65,418
P. z‘hmzbeﬁ’gii 15 5 1.2 1,12 104 15 70 406 196 275 395 866,
P. taeda 16 5| 2.2 383 200 43 971 1,089 474 75| 374 1,028
17 5 2. 8 5,52 217 59 200 1,592 737 334 684 1,755
18] 5 2.9 5,03 197 &0 108 1, 547 697 347 384 1,428
19 3 3.9 11,76 173 523 115 872 409 A52 383 1,244
20 2 3.9 14,78 276 57 81 3,588 1,640 823 869 3,332
L. leptolepis K. 1| 9| 20.8 337,06 1,751] 919 483 321,31917 16,592 3,014/149,084
20 9l 14.7] 178.18 1,268 667 450 125,978 55, 7,939 1,928 65,621

3 51 14.4] re4.v7 1,241 773 700 111,071 6,516 2,692 60,711

4 5 10.3 88.12 752 418 347 39,990} 19,487, 3,711 433} 23,631
5 3 10.9 95. 66 843 547 260, 43,269 18,173 2,593 957} 21,723
6 3] 11,0 96.05 743 230 263 37,401] 15,017 4,560, 1,313 20,890
sl 31 121 118,11 1,087] 640 247 63,926 26,643 3,687 1,113 31,443
8 2 17.1] 230.79 1,208 285 390 131,229} 58,945 8,990 1,605 69, 540
9 3 12.7) 130,23 1,237 707 277 82,787 33,433 3,417 900; 37, 750
100 3] 14.6 168.13] 1,2270 737 267 96,289 38,803 3,177 1,350 43,340
11 3 19.1] 289,94 1,637] 1,037 420] 234,060 93,913) 7,740i 1,183102, 836
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Appendix-Table 2. (continued)

Aver- Above-ground part
No, off Basal | Tree g)z:;
- P e 1S58 e TE T 1~ 7 3
Species &’tN?“éld %ge DBH| area height Efmb meter | ¥ L;h;}f €
e cm cm3 cm of - Stern Branch Leaf | Total
wrees crown
i - |
i [oAs13 { !
i
L. leptolepis K. 12 31 19,4 301,68 1,560 340 )| 91, 840
13 3! 21,9 as.92 1,980 1,330 244135, 807
14 5 24,9 494,31 1,806 1,147 $201233, 064
15, & 19.7] 31361 1,736 1,200 5 08, 553
16 3 5| 272,94 1,287 717 433 868 61,878 12,313 2,
170 3 L8 253,750 1,5170 1,017 370 710 82,713 6,600 1,
18 3 20,3 331,08, 1,873 1,290 350 , 459123, 870 8,087 2,
19 3 23.6] 446,920 2,183 1,310 503 0801184, 763 15,253 4,
200 31 26,7, 567.88 2 1,487 427 5861268, 763 29, 683 5, 4
21 3 24,41 476,25 1,470 500 2,4
220 3| 24.1 459.53 1,357 460 3,
23 5 12,9 675 287 1,7
24 3 20,9 Q00 457 3,
25 5 18,8 900 363 2,
26/ 4| 13.2 143,88 1,003 604 279 ,192 1,429 39, 331
27 3 21,20 373,11 1,677 1,000 413 3, 339 2, 864{160, 800
28 3 29,7 718,94 2, 2371 1,345 837 7, 043 4 . 8061382, 804
29 3 15.8 04, 66 598 367 , 256 37 67,180
Ch. pisifera M. 1 51 12.4 648 268 74,740, 29,336 3,477 4,274 37,087
2l 3 19.8 2 831 622 140,283 86,908| 17,405 7,042111, 365
E. globulus 3 3] 10.2 14 BA4 349 42,227 20,185 1 596 28, 277
Z. seg’mm 4 5 17.2) .50 , 9540 1,308 482 163,747 2 69, 265
A. firma 5 S 14,5 168,29 8046 203 281 23,025 249 43,180
7. canadensis 6 S 16,4 222,85 1,340 Q62 404 155, 603 64,013 80, 147
> o , ; s
A * 7 5 13,1 134,76 729 378 463 53, 138 38, 868 85, 377
Q. * 8 2 16,5 213,76 885 175 o 83, 774] 46, 355 72,805
, . 9 2 10.6 95, 80 775 320 e 41,829 19,120 24, 230
B.davurica 10 21 15,20 184,61 945 355 —| B9, 152 46, 405 63, 330

A. ¥ A, decuryens v. dealbata Q. * 1 Q. mongolica v. grosseservain B, ¥ B, platyphylia v. japonica
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Underground part

Fine Small MediumLarge
froot

root | root

root

Very
arge
root

Root
stock

f Total

Total

biomass

TIR

ratio i of

Maxi-
mum:

depth |

root.
cm

jeN

GRCRGEE
=

Ao N

. 389

2,340

298¢

753
895

103
3331

2, 562

961
1, 262
3150
3,




—Plate 1—

. L. leptolepis stand K
28, D.B.H 29cm, tree
height 22m, site index
21, density index 0.5.

Photo. 2 Classification of root

2—1. Large, very large and root
stock of C. japonica. Inclination
of root growth is observed at
the base of roots.

2—2. Root class of C. japonica.

Fine Small Medium Large Very
o0t root root root 100t



—Plate 2—

Photo. 3 Method for measuring root biomzss

3—1. Horizontal divisions before
digging wup, C. japonica stand
5 15.

up of each soil §

block-digging horizontal divi- §

sion 2 of horizons 1 and I in
L. lepiolepis stand, K 25,

Photo. 4 Measurment of root biomass

4—2. C. japonica stand $2, D.B. H 18cm,
tree height 13 m, digging up of & and &

4—1. C. japowica S 17, tree No. 7, D. of horizontal division 1 of soil horizon 1.
B. H 48 cm, tree height 25 m, above- Cutting off the root in soil horizon 1.

ground part biomass 914 kg, under-
ground part biomass 2563 kg, digging
up horizontal division 1 of soil hori-
zon V.



4-—3. Picking up the roots from the soil -4, Root samples taken out from the

on the mat. soil before classifing roots.

Measurment of

root biomass.

Photo. 5 Measurment of root
biomass by a half soil block
sampling method.

5—1. Digging up horizontal
division 1 and 2 of soil horizons
I, II, and IL

Photo. 6 Root hairs

1. Root hairs of Picea jezoensis
v. hondoensis






