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Root biomass and distribution m stands 

By 

Noboru KAIUZUMf1' 

Stm1mary : In this issue, the root biomass of the modt'l stands in the nursery, the part 
biomass per tree and per ha of each sample stand and those ratios in the ordinary planted 
stands, and the horizontal and vertical distribution of root biomass, were studied ln 'relation 
to the environmental conditions such as tlw growth of stands, planting density, soil condi· 
Hon, anrl so on. 

The root biomass per ha wa:< 40 to 60 tons in the ordinary st:mds. That of fine root 
was the largest, l ton, for Ch. obtusa and 0. 1 ton for P. densiflora. The fine H>Ot biomass, 
directly rdaled to the root·function goes up in the young stands and down in the matured 
stan<h This relation agreed to the change of growth in this period. These phenomena are 
very interesting. 

P, densijiora and L /ejJ!o/ejlis were of dispersion··root type horizontally, C. }aponica and 
Ch. obtusa of concentration-root type; and vertically, L teptolepis and Ch. obtusa of flat-root 
type, C. _iaprmica and P. densijiom of deep-root type. This result of inspection demands the 
semi-logarithmic formula and the GRAM·CEAUER's equation to be used in analysing a variation 
curve of the root density, horizontal and verticaL 
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L Introduction 

The methods of investigation and estimation of the root biomass and the outline of the 

sample stands, have been reported already in the report of Gov. For. Exp. Sta. No. 2594l, The 

interrelationship between the root biomass and the root density estimated on the investigation 

of the standing biomass of stand and the soil conditions in relation to them has been reported 

in this issue. 

H. Sample stands 

The stand 54 of C. japonica, the stand. 8 of Ch. obtusa, the stand 12 of P. densijfora, and 

the stand 29 of L. !eptolepis have been investigated with the purpose of the study and the 

methods reported in the previous issue4l, The situations and site conditions of these stands 

are shown in the Appendix-Table 1, and the average standing biomass of the sample trees of 

those stands in the Appendix-Table 2 on the preceding No. 2594 >. The author actually drafted 

the detailed data concerned with the standing biomass and production of each sample tree, 

but partly for reasons of space finally decided not to .include them. This issue, however, has 

been based on those data. 

HL Representation of the structure of the underground 

part and the distribution of the root biomass in the 

model yoml's forest by nursery experiment 

The method of measuring each factor and its accuracy for analyzing the structure of 

the underground parts have been mentioned thus far. ln the following chapters the structure 

of the underground parts in forests will be analysed according to the above-mentioned method 

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



have such different nursing conditions as site conditions, stand demJitier;, and the conditions 

growing with them. It is, therefore, diflicult to examine the structure of the underground 

parts on a given condition. The horizontal distribution of the root biomass, for example, differs 

from one tree to an<.::ot:her. As, however, the root systems intermingle with one another in the 

ordinary forests, it is di!!ieult to know the properties of distribution of the root systems of 

each tree as an isolated tree. ln addition, the dif!erent site conditions there, as before, cause 

I he conditions of growth to nuy extremely, m.aking .it is dirlicult to d.iscern clearly the effects 

of density on the d.istribution nf the root system. 

SCJ prior to the study of the structure of the undergT<mnd parts in the ordinary stands, 

the model stands. dense and sparse, of the main species such as C. jalxmica, Ch. obtusa. F. 

densijlora, and L. !ej;tolef>is, \Vere set up in the nurseries under the uniform soil conditions 

(C. jaj>onica stands with 15fi to 20, 400 trees per ha were picked out and Ch. obtusa, L lej>tolepis, 

Y densijlora stands with 15G trees were done respectively). Then we tded to determine the 

dbtribution of the root system, horizontal and vertical, under the isolated conditions and the 

distribution of the root biomass in a sparse stand. 

The investigation hacks up that of the existing stands as will be mentioned afterwards. 

lt is possible to .know the properties of the distribution of the root biomass of every species, 

for all that was done in these immature stands. 

In this chapter we try to make clear the distribution of root b.iomass divided into two 

groups, the stand under the bobtcd conditions and the fonnation group. 

l. Isolated tree 

Sample stand : .Forests of G·year-old C. japoniw, Ch. ohtusa, P. densi.flm·a, and L. lepto!epis 

Location : Asakawa nursery 

Soil condition : Moderate>ly moist Kanto loarn soil 

Number of the sample trees : 5 per species 

Growth condition of the mnnplc Lrees : J\!loderate growth, their heights, part biomass of the 

11nder·and·aboveground parts, T!R ratios, and the maximum depths of the root system are 

shuvvn in_ 'Fig. 20. 

Density ; 156 trees per ha and per species. The distance between the sample trees was 8 m 

\vide and almost no intermingling roots were recognizee!. 

Process: Horizontal divisions are from I to 8, divided by the concentric circles drawn at every 

50 ern up to tim in radius as shown in Fig. l. Verticai!y, soil horizoru I and n \Vere divided 

at every 15 em in depth and the other lower soil horizons at every 30 em in depth. The 

root biomass were measured at every horizontal and vertical sample division. 

The sample divisions were far finer than those of the ordinary forests, but the methods 

of mcasurernent were taken exactly in the same way as in the ordinary ones. 

1) Horizontal distribution 

'T'he average root biomass at every sample division .has been measured. A..lthough the root 

density was high- the root biomass was sm.all in horizontal division 1 near the root stock as 

the investigated area was narrow. In horizontal division 8 the root biomass was small, though 

the area was investigated widely, "I'he distribution of the root biomass of all species reached 

to the maximum in horl:wntal division 2. "fhis is shown in Table 1 on the fine roots of each 

species according to the detailed data. 

This tendency is clear in the upper parts of ~Joil. horizons I and Il. ln the lower horizons 
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Fig, 1 Sampling unit to investigate the root 

biomass of an isolated tree. 

the root biomass becomes larger in horizontal division 1, closest to the root stock. The biomass 

of the roots larger than a large root, are distributed there even in the surface soil layers as 

well as in the lower soil horizons. Each ratio is shown in Table 2 when the total biomass of 

the fine roots is to be 1. According to the table, in horizontal division 1 each biomass of the 

fine roots was distributed at 20% of the total root biomass for C. faponica, 1896 for Ch. obtusa, 

1396 for P. densijiora, and 17% for L leptolepis. Hence it is that the root biomass near the root 

stock is larger for C. japonica and smaller for P. densijiora than for other species. 

As already mentioned, most of the root biomass was distributed to horizontal division 2. 

Each ratio of the distribution of root biomass was 24% of the total root biomass for C. japonica, 

23% for Ch. obtusa, 22% for L. leptolepis, and 18,96 for P. densijfora. On the other hand, in 

horizontal division 8, farthest away from the root stock, each biomass of the fine roots was 

distributed at 4% of the total root biomass for C. japonica, 119o for Ch. obtusa, 16% for P. 

densijiora, and 13% for L. teptolepis. 

This change occurred between horizontal divisions 5 and 6. The root biomass of P. densi· 

flora were distributed to horizontal division 1 to 4 in a lower proportion than those of C. 

faponica and Ch. obtusa, whereas they were distributed to division 5 or 6 in the higher pro· 

portion of 4 to 5%. The change of those of L. leptolepis took place in horizontal division 6, 

The distribution ratios to horizontal divisions 1, 2, 3, and 4 were 7796 for C japonica, 68% 

for Ch. obtusa, 6496 for L. leptalepis, 51% for P. densijlora showing the maximum of the 
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Table 1. Fine root biomass in each horizontal division (g) 
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Table 2. Ratio of the iine root blornass in each horizontal division to the 

total fine root biomass, ·when the total biomass is to be 1 (;h) 
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Table 3. Ratlo of the fine root biomass of C. jajJm!ica in each horizontal 

division to the total fine root biomass in each soil horizon, when 

the total biomass is to be 1 (:?r)) 
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Table 4. Ratio of each root biomass in each horizontal division 

to the total root biomass ('ib) 
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The distribution ratios of the fine roots of C. japonica at every soil horizon are shown in 

Table 3. 

As the soi.l hor.izons go down lower, the root biomass distribution decreases in the order 

of the horizontal divisions farther away from the root stock. It was only recognized w.ithin 

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

up to 2 in soil horizons IV and V. 1t showed a great horizontal change between soil horizons 

ll and lii. For the root biomass distribution changes suddenly according to the change of the 



soil properties at the depth of 40 to 50 em. In soil horizons I to HI, the root biomass goes up 

in horizontal division 2 at the depth of 50 to 100 em as the soil horizons go lower. The dis­

tribution ratio was 2096 in soil horizon I, but 56% in soil horizon Ill; it increased by 36% 

between them. There was no root distribution in horizontal divisions ci to 8 of soil horizon IlL 

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

This relation is shown in Table 4 when applied to each root class of C. jajJonica. As it 

increases in size as shown there, the distribution of the root biomass becomes narrower from 

the farther horizontal divisions in the order. The medium roots were observed to distribute 

only within the divisions up to 6, and the large root to distribute only within the division up 

to I. A.s shown in Table 4, the fine and the small roots made similar distribution, but the 

medium and the large roots made much different ones, 

(1) Root density 

Fig. 2 shows the root density (the root weight per soil of a cubic meter) calculated from 

the root biomass and the soil volume in each division. 

In soil horizon I, the densities of the fine roots of C. jajJonica were 127 gim8*, the highest: 

of all in horizontal division 1, 48 in clivisiori 2, and 34 in division 3. Hence .it goes clown rapidly 

as the divisions go farther away from the root stock. 

A similar tendency holds true in the case of the fine roots in soil horizon H. And the 

tendency of decreasing horizontally becomes clearer as the soil horizons go lower. As concerns 

the fine roots of C. japonica, Ch. obtusa, P. densijlora, and L. leptolepis, Fig. 2 s.hows the changes 

in root density at soil horizons, and the ratio of root density in each horizontal division to 

that of 100 of horizontal division as the changing ratio of the root density. As is dear from 

Fig. 2, the root density of every species increases to the maximum in horizontal division 1 

nearest the root stock and decreases, describing a slow-curved line in inverse proportion to 

the distance from the root stock. As the soil deepens, the gradient of this curve becomes 

steeper and the root density decreases in an almost straight line. 

This tendency of decreasing horizontally differed from species to species, The root density 

in horizontal division 2, for example, of C. japonica decreased by 389<5 and that in division 3 

by 27% of that in division 1. That of Ch. obtusa decreased by 479o in division 2 and by 24% 

in division 3, that of P. densijlora by 56% in division 2 and by 24§1') in division ::3. In the case 

of P. densijlora it was by 56 96 in division 2 and by 28% in division 3. The root density near 

the root stock becomes lower in the order of C. japonica, Ch. obtusa, L. lej;tolepis, and P. densijlora. 

The gradient of the abovementioned slow·curved line becomes steeper in the same order in 

the change of the root density at the distance of 100 em and .farther than that from the root 

stock. Besides, it is observed that P. densijlora and L. leptolepis distribute the fine roots more 

widely to the divisions far from the root stock than C. japonica and Ch. obtusa do. 

This tendency, however, has no relation to root density. For example, the maximum 

densities of fine root in soil horizons 1 were 127 for C. japonica, 212 for Ch. obtusa, 4 for P. 

densijlora and 25 for L leptolejJis. That for Ch. ob!usa was more than 50 times as high as that 

for P. densijlora. P. densijlora, however, which has a lower root density, makes a rather gentle 

changing curve. Besides, the root density is high even at th<~ parts far from the root stock. 

It is likely that the horizontal distribution of the root system indicates the character of species 

regardless of the biomass of the roots. 

* g/m3s are omitted hereinaiter. 
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DlSTANCE FR0~1 THE. ROOT STOCK 

Fig. 3 Horizontal change in root density of each 

root class (C. japonica, horizon l). 

There are many mots growing far from the root stock 
The more extensive root-typed the tree is, the nearer to 
the root stock the critical point is. 

Table 5. Horizontal 

f 
Root class s 

m 

C. japonica 

Species Ch. oblusa 
P. densi flora 
L. leptolepis 

I 

Horison II 
m 
IV 

·ro sum up : C. japonica and 

Ch. obtusa belong to the so-called 

intensive-root type with high root 

density and comparatively many 

fine roots near the root stock; P. 

densijlora and L. lef>lolet;is belong 

to the extensive-root type with few 

and widely spread fine roots. 

The change of the density of 

the small, medium and large roots 

was observed in the same way. 

The small root showed similar 

distribution with that of the fine 

root; the difference among the 

species was clear. The medium 

and large roots, however, were 

mostly distributed around the root 

stock; the difference among the 

species was vague. Hence it is 

that the characters of the distribu­

tion of the root biomass are easier 

and clearer to observe in the fine 

and the small roots than in the 

large roots. 

(2) Representation of the de-
Fig. 4 Horizontal change in fine root density 

of the typical species ln horizon I. 
creasing curve of the root density 

Things can go weLl for ana­

lysis of the root biomass distribution if such changing curves of root density as shown in Fig. 

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



change in root density expressed by the semi-logarithmic equation 

25,000 
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a. Scm i ··logarithm k equation 

9 -

C. jap(mica, 
H.orizon l 

Fine root, 
Horizon I 

Great effort was made to express the horizontal change of the density of the line ronts of 

every species in soil horizon I by a logarithmic diagram or a semi-logarithmic one, After 

due deliberation it was concluded that th.e former was of no use. ·when the distance from 

the root stock is drawn as the horizontal axis (the X-axis) in an oven scale and the root 

density as the vertical axis (the Y·axis) in a logarithmic scale, the change is to be expressed 

by a nearly straight line. From this it ls to be supposed that its regression coefficients show 

the tendency of the drange. But <IS is clear from Fig. 3 and 4, the semi-logarithmic diagram 

works well within the horizontal distance, 50 to 200 em far from the root stock where the 

change is great, but not in the area outside this, where the change is very slow. It follows 

from these facts that this semi-logarithmic equation holds true .in expressing any part but 

the slow-curving parts comin.cr up to over 200 em, 

b. Representation of the changing curve of root density in every root class 

Let us apply the distribution curve of the root density of the fine, small and medium roots 

of C. japonica lo the semi-logarithmic graph. The result is shO\vn in Fig. 8. Tt is evident 

from this figure that the regression line tends to become steeper downward as the root 

becomes larger. 

'I'his fact, as already mentioned, veriiies that the biomass of the thick roots are larger 

than the fine roots near the root stock, decreasing rapidly as they go farther away from it. 

This relation is to be expressed as follows: 

y : Hoot density (g!mB), x ; DistaiKe from the root :stock (em) 

'fable 5 shows the constant coe!.Iicients and errors calculated by this regression, According 

to the table, the dilferencc between the coeflidents of the fine and small root~> was extremely 

smal1; whereas the difference between those of the small and the medium roots was iarge. 

Every coefficient of correlation of this equation gets up to over 90'i'(;, The errors. however, 

were rather large, 10 to 20:1&. because not many samples were measured. 

c, Difference of the changing curves according to species 

Table 5 shows the density of the line root of each species in soil horizon I calculated by 
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the same method. The gradient of the regression line got gentler in the order of C. japonica, 

Ch. obtusa, L lejJtolepis, and P. densiflora. The coefficients of regression were --0. 0055 for C. 

japonica, -·· 0. 0044 for Ch. obtusa, -0.0036 for L. leptolejJis and .... o. 0022 for P. densijiora. The 

coefficients of variation ranged from 14 to 26% and the coefficients of correlation ranged from 

77 to 9596. 

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

The horizontal changing curve of the root density goes up gently in soil horizon l and 

down steeply near the root stock in the lower horizons. This is shown in Fig. 5, the semi­

logarithmic graph. 

The coefficients, as shown in Table 5 are ... 0. 0055 in soil horizon I, -0. 0057 in Il, -· 0. 0061 

in III, and -0.0020 in IV. That is to say, the coefficients of regression become gentler and 

the gradient of the regression lines becomes steeper as the soil horizons go lower; and besides, 

the root density becomes higher in horizontal division 1 as the soil horizons become lower. 

Little difference .is recognized between the regression coefficients in soil. horizons I and II. 

In the soil horizons below them, however, the difference shows a rapid rate of increase. 

In addition, the pattern of the horizontal distribution of the root system changes greatly 

at the depth of 40 to 50 em. The coefficients of variation of this regression are 16% .in soil 

horizon 1, 2096 in n, and 26% in III. ln brief, they increase hand in hand wlth the lowering 

soil horizons. A great change was here also recognized between soil horizons II and III. 

'J'he regression line of the semi-logarithmic diagram is divided into two lines, one with a 

gentle incline and the other with a steep incline, bending at the slow-curved part. 

This bending point in the horizontal change of each fine root in soil horizon I, as shown 

in Fig. 4, was about 250 em away from the root stock of C. japonica and Ch. obtusa, 200 em 

<nvay from. that of L. lej;tolepis, and 150 em away from that of P. densijiora. To sum up, the 

semJ..iogarithmic lines of L. leptolej;is and P. densiflora go down with the steeper gradient 

within the distance up to 100 em from the root stock, but with the gentler one beyond that. 

The farther the bending point is away from the root stock, the wider the root biomass 

is distributed near it. The closer it is to the root stock, the-; wider the root biomass is distri-

HOF11ZONS !-·· W 

~--··-----u 

Fig. 5 Horizontal change in fine root density 

of C, japonica in each soil horizon. 

em 

buted far away from it. It is, there· 

fore, possible to know the character 

of the root distribution from the 

position of the bending point of the 

semi -1 ogari thrnic diagram. 

Let us examine the horizontal 

changes of the root density of C. 

japonica in every soil horizon. 'vVe 

find out thereby the bending points 

in soil horizons I and II but not in 

III and below. .Furthermore, it is 

evident from the figure that the 

slow .. curving parts exist in the 

former and not in the latter when 

the root density decreases horizontal­

ly. Hrieil.y, in the latter, the root 

density decreases rapidly farther 



m 
IV 
v 

Total 

* g, **% 

from the root stock, 

Table 

21 
9 

J.JO 

G. Vertical 

24) 
·n 
'i 

) ' """/ 

2) 
'tOO) 

distribution of 

Cit, obtusa 

16? 76) 
19) 

J) 
l) 

( l) 
?13 ( 100) 

11 

fine root biomass 

L !ej;tolepis 

'? •· <"i ( ?I) 30 74) 

L 9 ( 18) lll) 

0. 6 ( 6) 2 c5) 
0, .C:- 4) 3) 

0. l ( l) 

10. 1 (lOC) 40 (100) 

This is clear even from the locati.onal change of the bending points according to the root 

class of C. japonica in soil horizon 1 

There are the slow·nrrved parts in the tine and the small roots but not in the medium 

roots. This n1nkcs clear the chamctel'istic difference between the distributions of the root 

density of the former two and tho;3c of the latter one, 

From the analysis of the horizontal distribution o£ the root biomass and the root density, 

it ls clear that the root system distr.ibutes broad when it .is far off from the root stock in the 

case of P, densijlora of L leptolej;is, while it distributes broad when it is near it in the case 

of C japonica or Ch obtusa. This explulns a clear difference in the character of the horizontal 

distribution between then1, Particularly, the root system of Y deusijlura has the character of 

abt;orbing nutr.inJ.ent or water even in the area far away from the root stock owin,cr to the 

horizontal extention. 

'fhe horizontal extension of the root system decreased as the soil horizons became deeper, 

and rapidly so below 30 em in depth, It was also found that the root biomass of the large 

and the very large roots was closely concentrated around the root stock 

2) Vertical distribution 

'fable 6 shows the vertical distribution of the root biomass of all.the species and every 

part of the isolated trees as above-mentioned, This table shows the distibution and the ratio 

of the fine roots of each species in every soil horizon. as shown in Table 6, 

It is dear from this that P, dcns(flora and C japonica are of the deep~root type wlth the 

root biomass much distributed to the lower soils, while Ch. obtusa and P. dorsi/lora arc of the 

shaUcl\v·rooted type with the root biomass maldistributed to the surface soils. 

(1) Representation by the semi-logarithmic diagram 

a, Species 

Table G is drawn as Fig. G. A.ccording to i:lw figure, the root biornass decreases rapidly 

down to a given depth and then slowly in the !ower soils, For thh reason it is very difficult 

to comprehend such decreasing curves systematically, So here again as in the study of the 

horizontal distribution, these curves are put into a semi-logarithmic graph (Fig, 7), A.ccording 

to the figure, they become straight lines to certain depths where they bend into straight lines 

with less acute inclines, 

This relation to the biomass of the ±inc root~; of every SfX'Cies is shovHl in Fig, 7, i\s is 

clear fron1 the figure, every species has this point where the gradient changes at the depth 

of 60 to 80 em. 'fhe coefficients of regression became smaller in the order of the increasing 

ratio of root biomass to depth, that is, in the order of Ch, obtusa, L lepto!epis, P. densijlora 
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Fig. 6 Vertical distribution of 

root biomass. 

and C fapanica, The same tendency 

was recognized in the change in root 

density. 

ROOT DENSITY 

The gradient of regression of small 

root becomes steep, as shown in Fig. 8. 

The tendency is remarkable in the 

case of the flat-rooted trees as L. 

leptolepis and Ch. obtusa and not in the 

case of the deep·rooted C. faj;onica and 

P. densijlora. This holds good in the 

case of the fine root. 

O,l..___--7::-----;:';:-------c:':-"-0>~~ .. ~· ...0~~-"-'!'--"-"--""~ ~m ~ .'".0~~-"--·--
15 30 60 9li 120 <:::m 

DEPTH 

'I'his tendency is vague in the case 

of the mediun1 and the large roots. 

Fig. 7 Vertical distribution of the fine root biomass 

and root density of each species. 

The regression line of the large root bends downward in the soil horizon II in contrast with 

that of the fine root (Fig. 9 and 10), 

h. Root class 

Fig. 1J shows the distribution of the root biomass according to every root class by depth. 

DEPTH 

Fig. 8 Vertical distribution of the small 

root biomass. 

The gradient of the semi-logarithmic 

graph became less acute as the root 

system became larger in diameter 

from a fine root to a medium root. 

The lines of the fine and the small 

root bent upward at certain points 

around the depth of 60·,J80 em, while 

that of the medium root bent down· 

ward. 

The line of the large root also 

bent downward at the depth of about 

20 em. And at the same time, it was 

found that every root·size has its own 

way of distribution, 

c t·he vertical distribution of the 

root biomass in each horizontal 

division 

The tendencies of the horizontal 

distribution, as already described in 
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Fig. 10 Vertical distribution of 
the large root biomass. 

Vertical distribution of 

the medium root biomass. 

the section dealing wi.th the horizontal distribution, are different in each soil horizon. Slmi· 

larly, the vertical distributions of the root biomass are different in each horizontal divi.sion. 

The vertical change of the biomass of the small roots in eve.ry horizontal division is shown 

in Fig. 12, a semi·bgarithmic graph. As shown there, the gradients of the graph of the root 

stock in horizontal divisions 1 and 2 near the root stock are not so steep, and the root biomass 

has a tendency to decrease slowly. In horizontal divisions :3 and 4, however, the gradients 

become steeper. Hence it .is that the root weight decreases rapidly as the soil horizons go 

lower. 

In horizontal divis.lons l and 2, where the roots are distributed to the deeper soils, the 

regression line bends at a depth of 

40 to 50 em. In other wonh.;, the 

character of the distribution of the· 

root biomass changes here. The 

above··mentioned relation was also 

expressed ou root density by a semi· 

logarithmic graph. The reader may 

refer to Fig, 13. 

2. Distribution of the root 

biomass in a community 

The question dealt with so far 

has been how a tree makes the root 

biomass distributing on an isolating 

condition. Here, we go into the argu· 

mcnt how a tree distributes the root 

biomass horizontally and vertically, 

when the root system of it inter· 

() 

&: 

Fig. 11 Vertical distribution of each 

root biomass. 



Fig. 12 Vertical distribution of the small 
root biomass of Co japonica in 
each horizontal division, 

Fig. 13 Root density of each horizontal 
division in C<Jch soil horizon. 

Fig. 14 T0tal biomass and tree density. 

mingles with that of another. 

When a tree is in a position of 

isolation, the root density goes down 

rapidly as it goes farther from the 

root stock. The root density of a 

tree growing in a dense community 

has, however, a tendency to be equa· 

lized at each part of the forest floor 

due to intermingling between root 

systems. Hence .it is that the root 

density of the tree growing in high 

density decreases vertically more 

rapidly than that of an isolated tree, 

as the root systems intermingle with 

one another remarkably in the 

surface soil horizon. 

An experiment was carried out 

on these relations as to the changes 

in root biomass by tree density, The 

result is shown in Fig. 20. 

(1) Establishment of the sample 

blocs 

Along with the investigation of 

the root system of the isolated trees 

in Asakawa nursery, the investiga .. 

tion of distribution of the root bio­

mass was carried out as to the young 

trees, 6-year·old C. japonica, where 5 

blocs with 156, 625, 2, 500, 10, 000 and 

20,000 trees per ha were established, 

Each factor measurement of the in­

vestigated trees is shown in Fig. 20, 

Density effect by competition was 

recognized between the root density 

and the total root biomass as shown 

in Fig. H 

The sample bloc was horizon· 

tally divided at every 50 em width 

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

between root biomass and tree density 

Tree density : Trees per ha ! , ", • ~" ., , co· : ~00 bLJ ~,~ 10,000 :w, 408 
~ ~~~ ....... ~~ ...... ~.... .. __ ..... ~~ ........... ~~ .... ···~ ~-·~ .. ~~ .. -~~ .. ..~ .... I . ··········~·· .. : .-.. ... .. : --~~~~·~~~ .. ~~ .. , .. ·~~~ ..... ~~~ --~~~ .. ~~~~~~~~·, ~~~ ~~~ ~ ......... .. 

Horizontal division , 1" .. 8 Jn .. s l· .. -4 
.... ~~·-~ .. ·~~ .. - .. ~---.. ~~~· .. ~~ .. ·~~· .. ·~····"~~~· .. ~~---··~ .. ~~~·· .. ~-~~ .. ~~~ .. ·:~ ............. . 

2 

Width of division (em) 
' 

~)() 50 25 25 20 15 
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Ratio :Ratio of the root density in each horizontal division to that in horizontal division 

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

as in the isolated trees. In the stands with higher density, the distance between the horizontal 

divisions was narrowed as shown in Table 7. Vertically, the sample bloc was divided at every 

15 em width into soli horizons 1 to V, 

(2) H.orizontal change of the root biomass 

Fig. 15 shows the vertical and horizontal distributions of the density of the fine roots at 

every tree density. \Vhen a tree is in a position of isolation, the mot density goes down, 

describing a slow·curved line at the farther distance from the root stock. That of the tree 

in a dense stand, however, is high as a whole, because the intermingling between the root 

systems takes place more and more remarkably as the tree density goes up. Particularly 

halfway between two trees, the root density tends to increase and to be equalized. 

This tendency was perceived at all the soil horizons. As the tree density became higher, 

for example, difference decreased between the root densities around the root stock and halfway 

between the sample tree and its ne.ighboring tree. This difference tended to increase gradually 

as the soil horizon went lower. In the blocs with over 10,000 trees, no root distr-ibution could 

be observed in soil horizons IV and V. because the trees grew smaller and mm;t of the roots 

grew unbalancedly :in the surface soil horizon. 

\Vhen the hor.izontal distribution of the fine root in soil horizon I is to be expressed in a 

semi-logarithmic graph, the gradient of the regression line becomes steeper as the root density 

becomes higher except for the bloc with 20,000 trees (Fig. Hi). 

This relation was also recognized in the smali and the medium roots. The gradient of 

the regression line became steeper here again as the root system became larger and the density 

higher (See Fig. 17). 

Let us calculate this relation by a semi-logarithmic equation. A result is shown in ·rable 8. 

According to the table, the coefliclent'l of regression became larger as the tree density 
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D1STANCE Ft~r)l'-1 THE f~OOT STOCK 

Fig. 16 Tree density and horizontal change 
in root density (Fine root, Horizon I, 
C. japonica). 

became higher concerning the fine, 

small and medium roots. ln the 

sparse stands, the coeffi.cients of 

correlation became smaller 'instead, 

and the coeHicients of variation 

became larger. For the slow-curved 

part is included in this calculation. 

(3) Vertical change of the root 

biomass 

As can be seen from the vertical 

distribution of the fme root biomass 

by tree density (Table 9 and Fig. 18), 

the distribution ratio by root biomass 

tends to go down in soil horizons I 

and II as tree density goes up. For 

example, in the bloc with 156 trees, 

89% of the total biomass of the fine 

roots was distributed to the soil :10 em deep from the surface soil, whereas 94% of that was 

distributed in the bloc with 20, 000 trees. 

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

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

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

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

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

by root competition3 :>. This relation also differs according to soil conditions. It was observed 

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

TREES PEP h:i 

lf:·6 

0 
(;, 

n 204Cif', 

L--····-:::··············c·~c·······- :·:'c·········· :··:·: ·······2so·------·}uo em 

Fig. 17 Tree density and horizontal change in root density 
(Horizon I, C. japonica). 

STOCf\ 
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'l'able 8. Horizontal ckmge in root biomas'l and tree density 

Table 9. Vert:ical dh,tribution of fine roots and tree density 

Horizon 

I 
II 
m 
TV 
v 

Fig. 18 Tree density and ratio of the 

root biomass in each soil hori· 

zon to the total bi.oma2.s. 

6) 

(iUU) 

Fig. 19 Tree density and vertical distributlon 

of the iine root biomass of C. ju{louil:a. 

surface soi.l i.ncreased as the tree density increased, and the fine roots grew dense there, 

'l'he relation between the tree density and the vertical distributicm of the root biomass is 

shown in Fig. 19, a semi-logarithmic graptL According to the figure, the; slow~curying parts 

tended to disappear and the p;ra.dient of the regress1on linc~-i tended to bec.orne steeper -yv·hh 

i.he increasinu: tree den0ity. 
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TREES PER ha 

Fig. 20 Tree density and average part biomass· 

(4) Tree density and the part 

biomass of a tree 

The relation between the tree 

density and the partical biomass of 

a tree is shown in Fig. 20. As is 

evident from it, each partial biomass 

of the above-and-under ground parts 

shows a rapid rate of increase as 

the tree density reaches about 

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

effect of tree density. The pheno­

menon does not take place so re­

markably at the above-ground part 

as at the underground part. The 

relation between the tree density 

and the T/R ratio is shown in Fig. 

20. With decrease of the partial 

biomass by the effect of tree density, 

the T/R ratios increased in a slightly 

concave curve upwards. They came 

up to about 3. 5 in the most sparse 

planting bloc, 3. 8 in the bloc with 

3, 000 trees, and 4. 4 in the bloc with 

20,000 trees. 
per tree. 

The influence by tree density 

occurs greatly in the underground part rather than in the above-ground part; that is to say, 

the biomass of the underground part decreases more remarkably than that of the above-ground 

part along with the increasing tree density. It has not been made clear yet why the biomass 

of the underground part is easily affected by tree density. It is likely that the external forces 

inflicted on the above-ground parts affect the growth of the root system to enhance the sup· 

porting power of the root. 

The effect of tree density on the above-ground part is remarkable at the leaves rather 

than at a stem. The biomass of the stem and the leaf in the bloc with 20, 000 trees are res· 

pectively 34% and 2296 of those in the bloc with 156 trees. 

As concerns the underground part, the biomass of the fine root and the root stock in the 

bloc with 20,000 trees are 4096 and 2896 of those in the bloc with 156 trees respectively. The 

increase of tree density puts a limitation on the growth of root stocks rather than that of 

fine roots. The same tendency is also recognized among the other roots. It means that as 

the root becomes larger, the root biomass is affected more easily by tree density. For the 

ratios of the fine and the small roots increase rather than those of the large root and the root 

stock do, when the individual tree becomes smaller by the competitive density effect. 

Thus, the supporting power of the root system decreases in the dense planting stands as 

the roots larger than the large root supporting the above"ground parts, grow poor. 

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

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

As already pointed out, it is diJ!icult to express the change of the slow-curved parts accu­

rately by the above-mentioned semi-logarithmic equation. It is also impossible to estimate the 

root b.iomass at the slow-curved part by this equation. Therefore, its representation by GRAM­

CHARUER's expansion was applied in order to express the change in root bioms1ss accurately, 

The equations to be used in calculation are as foHows: 

GRAM~CJI:s.Rr.TERt~; expansion 

f(x) 'L:Cm<f>m(x) q•m(x) ,, Pm(x)rj>0 (x) 

~·Co1'o(x) + (\<h(x) + Cz<i>?.(x) 

01/ = ~~,o xf(x) 

ttz'~"=L:x 2f(x) 

l':l' ··L:x8f(x) 

1"4' "22 x1f(x) 

Co"" 1 

C1=0 

1\1 =1-<11 = i11 1 
1\2 ,u-2' = v_t'2 = rr 

"-:1" '!•:{ --3F/vl' + 2v1'3 J 

A4 = v/ · ·· 4JJ~/vi"; --·· 3Jl:{~Lt-12r{:, 1 P-_{ 2 ~ fJt1·111 

1) Horizontal change in root density (extensive-root type and intensive-root type) 

Calculation was carried out on the density of the tine roots of C. jajxmica, Ch obtusa, P 

dens;jlora, and L leptolej;is, a 1: each horizontal division of soil horizon L For the sake of con­

venient cmnparison among species, the ratios of the root density at each hor.izont:al division 

were calculated first (Table 10). 'fhen, calculation by the above-mentioned equations was 

done with these ratios as the independent variable and distance from. the root stock as de­

pendent variable (0 for 0 to fiOcm, 1 for 50 to lOOcm, 2 for 100 to lfiOcm--- .. -). 

From these calculations, the figures in Table 11 were obtained. The equation was made 

up to represent the ratios of the root density of every species at each horizontal division. 

The ratio of the root density at each depth calculated by this equation is shown in Table 

10 and Fig. 2L When it .is used, the slow--curved part which was not weil calculated by the 

semi--logarithmic equation is obtained, although each species has small errors. 

Such coefficients of the items as x', x 3 and x 2 used in this equation were small for P. 

densijiora and L leptolepis with the widely distributed root systems and many slow-curved 

parts. And yet they were large for C. japouica and Ch. obiusa w.ith much root biomass around 

the root stock The difference by the property of species was found out in the lalleL 

The trees with the large coeJJidents of the items, e. g., x", x" and x:\ may be called of the 

extensive-root type, and those with the srnaU codlicients, of the intensive-root type 



Table 10. Calculated and measured values when 

C. japanica Ch. obtusa 
Horizontal 

/M Measured Calculated C/M value (M) value (C) 

o"'~ 50 0.533* 0,525 0.98 0, 51 J 0.502 0. 98 
50,~!00 0.202 0.229 l. 1.3 0.239 0. 3:?1 l. 34 
100~~ 150 0. 142 o. !14 0.80 0. !23 o. 0?7 o. 63 
150·-,200 0,050 0.053 1. 06 0.043 0.025 0.58 
2QO,v250 0,034 0.038 1. 12 0.027 0. Ot53 I. 96 
250~~300 0.013 0.025 1.92 0.019 0.045 2.37 
300·<l50 0.021 0, 011 0.52 0.024 0.021 0.88 
350--~400 0.004 0.004 l. 00 o. 014 0.007 0.50 

Total 1. 000 1. 000 

* Ratio of root density at each horizontal division to that of the total. 

Species 

Horizonta 
'" .:. 
cu'(;~) 

0·~- 50 

50"·~!00 

100--~150 

150~200 

200~~-250 

250•vJOO 

.300rvJ50 

350~400 

I Total 

Species 

c. .faponica 

Ch. obtusa 

P. densijiora 

L. leptolepis 

Species 

C . .faponica 

Ch. obtusa 

P. densi flora 

L. leptolepis 

Table 11. Independent variables, dependent variables, measured 

values and calculated values used in calculation 

' C. japonica 

Root (Yl) • X Ratio density 

0 127 

l 48 

2 ~14 

3 12 

4 8 

5 3 

6 5 

7 i 

1"/ 1'-2' fla' 

0. 

l. 

I. 

Intensive-root type 

Intensive-root type 

Extensive-root type 

Extensive-root type 

0.533 

0.202 

0. 142 

0.050 

0,034 

0.013 

0.021 

0,004 

1.000 

1'4' 

Ch. obtusa P. densijlora 

Root Root Ratio CY2) Ratio (Y~) density density 

212 0. 511 tJ. I 0.372 

99 0.239 2 ,, 
•'-•' 0,209 

51 0. 123 1,0 0.091 

18 0.04:3 0.8 0.073 

11 0. 027 0,8 0.073 

8 0.019 0. 7 0.064 

10 0.024 0,8 0.073 

6 0,014 0.5 0,045 

!, 000 l. 000 

Calculated values 

)\1 !\z i\g A4 Co cl 

Equations showing the changes in root density 

f(x) = (0. 070401 xL~o. 514561 x3+ 1. 449537 xL. 

f(x) = (0. 08?025x1--0. 459503xs+o. 797208x2~ 

f(x) ~- ( ·--0. 008764x4+0. I0077Sx3+0. 057366x2-

f(x) = ( -0. 00173SxLJ .. 0. 095988xL 0. !!316!xL--



the GRAM·CnARUER's expansion is used 

Measured 
value (M) 

G. 
0. :~>:)9 

0.091 
t). 

0. 

0.06<1 
u. ()/.) 

.l. coo 

Calculated 
value (C) 

O.J4H 

(!. (16(: 

0 . 

L. lejJ!olepis 

Root 
density 

2.5 

,,_-: 

0, 

(), ()[/ 

I, 000 

I. 80016lx+ L ·\179)1>0 (a:x) 

939230x + L 3874)(j>0(a: x) 

l. 62134:'x + 506'3)\1>0(a: x) 

0. /4757U:+1. 7451)<)'>0(a:x) 

0. 
L 
{)~ 

(\ 

l. 

1. 
0. 

0. 

91 
3~) 

,!7 

41 

38 
(; 1 

L. leptolefJis 

c !M 

0. 42:J 0. 40.5 o. 96 

237 0. 31 J 31 
l 1 9 (1, 0/l"t 0, 
os.:) v. 048 0, .56 

CJ4 0. 0/,t 2. 18 

0~ (>:)4 (I 059 L '/;.\ 

0. 0. 080 n ' ..... , .~)9 

u. Gl 7 0. 01 l 0. 65 

'· 000 

Fig. 21 Values measured and calculated by 

using GRAM-CHARmR's expansion. 
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Depth 

(em) 

O·~ 10 
10··-· 20 
20~~ 30 
30~ 40 
40-------- 50 
50--... j 60 
60·-~ 70 
70··· 80 
80•v 90 
90~~100 

100·~-·110 

Total 

Ch obtu:;,~ 

Fig. 22 Moment (p/) £gured by a GRAM·CHARLIER's expansion. 

X 

0 
1 
L, 

3 
4 

5 
6 
7 

8 
9 

\0 

Species 

Horizontal change in root density. 

Table 12. Independent variables, dependent variables, measured 

values, and calculated values used in calculation 

L. leptolepis c faponica L. lej;tolepis 
(Shallow-rooted) (Deep-rooted) (Shallow-rooted) 

, Ratio Y2 
Measured ~ Calculated I Root Ratio yl Root C/M weight weight value (M) value (C) 

233 51. 3 118 27.0 0.5!3 0.502 0.98 
72 15.3 37 20.0 0. !58 0. 193 l. 22 

47 10.3 66 J 5. 0 C. 103 0.07'! 0. 75 

28 6. 2 52 12.0 0.062 0.052 0.84 
22 4.8 44 10.0 0.048 0.055 l. 15 

21 4. 6 31 7.0 0.046 0.055 1. 20 
!6 3.5 !7 4.0 0.035 0.038 l. 09 
12 2.6 9 2. 0 0.026 0.019 o.n 
3 0. 7 4 1.0 0. 007 0.007 l. 00 
J 0,2 1.0 0.002 0.002 L 00 
0 0.0 0 0.0 -~···- -··· ·-

100.0 432 !00.0 

Calculated values 

Equations showing the changes in root density 

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

f(x) = (0. 053718x•-o. 477Q49xs+ 1. 705218x2-

f(x) ~~ (0. 020550x4 ..... o. 282387 x3+ 1. 419382x2-



It is better to examine the items tt.t', ,"z1 , v31 and ll•' used in the above-nwntioned equation 

for .mere comparison of the diiference among the changing tendencies. The correlation among 

these numerical values of every species obtained from the above-mentioned materials is shown 

in Fig. 22. According to the figure, the root density is comparatively high at the part far 

from the root stock. The value of V1 became smaller in the order of P. densi}iora, L. lejJtolepis, 

Ch. ohtusa, and C. japonica. Particularly, the value of 1'3' of P. densijlora was large. The diffe­

rence was clearly recognized among the figures of these species. 

Also here the tree with the large valne of 1'/ can be called to be of extensive-root type 

and the tree with small value of it of intensi.ve-root type. 

2) Vertical distribution of the root density (deep-rooted type and shallow-rooted type) 

The GHAM-Cfr.~RLlER's expansion can express not only the horizontal change of the root 

density but the vertical change of it. 

Let us calculate according to lhe above-mentioned equation the vertical change of the 

root densities of C. JajJmlica and L leptolepis, two years old, in Megu.ro nursery. A result is 

shown in Table 12 and Fig. 23. Clearly, the equation is very accurate. The calculated values 

agree quite closely with the measured ones. 

As concerns the vertical ch<mge as well as the horizonta.l change in root density, the co­

efficients of the items x 2, x 3 and x 4 'vere large for the 

shallow-rooted L. leptolepjs which root density went down 

0. 270 

0. ?(l() 

0, 1 50 

0. l20 
0. 100 
(' 
.... .~. 070 

040 
{), 020 
C>. 010 

010 

C. japonica 
(Deep-rooted) 

0. 27! 

J 99 
l4.l 

139 
C. 09B 
D. \)56 

0. 03? 
u. 

o. 016 

u. 009 

I. 

l. 

o. 
1. 
Q. 

0. 

0. 
l. 
1 

c. 

:. 9Cbs.:ox+ 2. ()936)1>0 (a: x) 

()() 

()() 

93 
16 

98 
130 

% 

60 
90 

rapidly in the lower soil hor.izons and small for the deep­

rooted C. Japonica. 

Fig. 23 The measured values and the 

calculated values by GRAM­

CHALmR's expansion (Vertical 

change in root density). 
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Fig. 24 Moment (pi) iigured by a GRAM·· 

CHARIER's expansion ; (Vertical 
change in root density.) 

larly, this tendency is remarkable in the f-ine root. 

This relation is shown in 'Fig. 24 

when .it is to be expressed by the values 

of /" 1 • The value of pi is small for the 

shallow-rooted L te,t;tolef;is, the root 

biomass of which is maldistributed to 

the surface soil, and large for the deep­

rooted C. .fajJonica whose root biomass 

was distributed to the deep soils. A 

remarkable difference was perceived 

between them. 

In this way, the root distribution 

changes horizontally and vertically ac· 

cording to a slow-curved line. Pa.rticu­

From the studies which have been dealt 

with so far, it is.clear that this curve could not be fully expressed by any semi-logarithmic 

or logarithmic equation, and that the curve, inclusive of the slow··curving parts, could be 

calculated very accurately by GRAM·CHART.JER's expansion. 

IV. Analysis of the structure of the underground 

part in the stand hwestigatilm 

L :Process for analysing the strud.:ure of the undergrmw.d part 

The factors indicating the structure of the underground parts in stands, such as the biomass 

length, surface area or volume of the root system, were obtained according to such a process 

as shown in Fig. 25. 

At the :first stage, the average diameter and bulk density were measured, from which 

the root length and volume per unit root weight were calculated. The root length and volume 

per gram were then multiplied by the average root weight to obtain the average root weight 

and root volume of a tree :from which factors of the root system per ha were calculated, 

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

2. Part biomass 

As concerns the sa,mple trees in the stands, the aven;ge values of a tree and the proportion 

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

I II rv 
Pe:r unit ;·oot weight Average 

Bulk density 

Fig. 25 1\ procedure for the calculating of the factors of the underground 
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tu such mcthrHh; ilS have bc.:n already dealt with in the preceding numbcr4', "Che part biomass 

per ha were then cdculated from them and by a ratio l>;timate method of basal area. Aml 

in addition, to get the toi:al production at full density, the partial weights were calculated 

from the density indices. 

'I'he r<Jnt biornass and the r;;tk>i; of them to each soil llOri:wn and. io each horizontal di .. 

vision were cakulatcd. 

The ';t.ructu.rc of ;; stand, abuvt:<lnrhmdcr gn)unc!, will be explained henceforth dealing 

1nainly with these part blornass and their ra.tio. 

1) A.vt~rage value of flample tree in a stand 

The averagT v;dne~; of the ;;arnplc trees iu each s;tntpk ~;\.and arc shuwn in Appcndi\­

Tabk 2 on the preceeciing numlx;r-n. 

Let u~ exaJ.n.lnc the rcla.tion bet\.vee.n the average v·a1lles and the basa.! areas in ea.ch snn1pk'. 

stand. /\ rcsuiL 1u Fig. 2G, i\s clear :f:ro.tn it, the unique reg-rc~5~)i.on cur\'C~~ \Vcre 

(~ht.n.1ncd fer cacl:; brancl·1~ Juaf, root.j etc. 

Of all the parts, parts, such as a sten:t 1 branch, large root) very Jar·gc 

root, ;1nd root sh'~ck, concave increasing curve tq:rv~-'arcL \vhereas tb.e \VOrking 

parts, such as a leaf, !inc root, srnall root, and mcdlurn root, produced a increasing 

line or a pan1bo1ic increasing curve. Thus, it is because the abovc··ground parts arc highly 

related to the llndcrground parts from the standpoint of function that they both have an 

ah.rHmt shnilnrity in variation. Furthermore, from the increasing curve of the leaves and .fine 

to medium roc•ts, it is apparent that the root bimn;;ss shows a grcal: rate of incre:1se rather 

than tlw l.caf hicnnass. ;\ cornparat:ive!y earlier time is when the current armual increment 

of a tree comes u.p to its rnax1munL It is \n llne with the time of the biomass of 

f{ne to n1ediun"1. roots. T'hereforej .lt is not unrcasonHble to say that there exists a high in­

t.crrelaUon bct.we.en thcrn. llcnce it is th::-tt the increas.lng bion1ass o.f -t1nc to rnediun1 roots 

and the inu:easing absorption of nutriment and water are both connected vv:ith 

the tree growth rnore closely the leaf biomass. 

The unworking parts* h>1vc <: greater portion of thf total bionnss <md blorr:ass of ihc 

;tbove,and-under ground pari:>; and th<cre:i'<,rc, tlwlr change \c; to be expressed by ;1 slightly 

conca vc curve urnva rds si.rni1ar tb these curves. 

!\~1 explained above and h1. l"i.g. 25 1~ each part and each species have their ov..rn incn~:asing 

cHrv,·, so it is quite dillicuJt l:o express tho:;c relations by a c'ertaiu equation. For this reason 

the codhcicnts of the nwasured indiv.idnnls, all run. to1;ether in the normal stands of all the 

sample stands, were calculated ;cccording to the equations from (i) to (i). A result is shown 

in Table -12 on the preeccding nurnbcr1'- SpecU1cally, l:ht: codlidcnts of reg:ression selected 

from it. as an indica ti.on of growth and cal.culated 

Ly equation (~; arc shown in 'fable 13. There we 

see that the accnmuiating parts. su.ch as a ~'item, 

above-ground pal't, and tl-lt'- undc1·g·1·ound pa1·t, ,got 

the large codticients of 0, 8 Lo L 0, whereas the 

\\forking part-S~ such as a .1ea.f 1 branch, fine rootj 

and ';mall root. got the ren1arkably sma11 coef.· 

flcients of 0. ~? t(l 0. :1. T'hcse are clr:~.racLcr.istic o.f 

* The working parts are the leaf and the line root 

which are related to absnrption and assimilation, 

and the unworking part~ the others, 
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Betula ptatyphylla v. ja]>onica (* 9), and B. davurica (* 10). 
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them. 'fhese coefficients also differ with species. They were, for example, 0. 24 for the fine 

root of P. densiflora \Vith a low rate of increase, and 0 . .14 for that of C. jajwnica with a high 

rate of increase . 

. Each species's root biomass is shown in Table 14. when it is estimated from Fig. 26 at the 

basal area of 500 cm2• There, each part is clearly characteristic of each species. The biomass 

of the stern and the branches of C. jajJonica were much smaller than those of the other species. 

P. densijlora 

L lejJto!epis 

Table 13. Regression coeiEcients in each part biomass 

of trec;s calculated by equation No. 5 (%) 

*Equation No. G: log.V'"'a+b log ([)2J1) 

21 

23 

19 

20 



Table d. Estimated part biomass of each species. 

Branch 
Leaf 

Above·ground !X\tt 
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'fhe main reasons for this are the following two, First, their part biomas:-; an; ilmalL Second, 

they hold many young tissues and high water content, due to fa vorablc growth. 'fhe part 

biomass of the fi.ne roots were 0. 8 kg for C. jajmnica, L 3 kg for Ch. obtusa, 0, 1. kg for P. 

densijfora, and 0. :) kg for L !cjJiolef;is. Clearly, those of C. jajJoniw and Ch ol!!usa were much 

larger than those of P, densiflom and L /ejJ!ulcf>is. 

2) Part hiomasg per ha 

'fhe part biomass per ha was (:aJculatccl from the average values in relation to basal area. 

They are shown in Fig. 27. 

The curves of Fig. 27 can be classified into two types, the one describing u parabolic curve 

of the part biomass increasing, which answers to the increasing basal areas, and the other 

showing the part blom.ass increasing temporarily in ille prematured 8Lands at the basal area 

of !.50· 200 cm'1 and then their d(;creasing wiLl1 the growing: stands. 

·rhe former is the curve of the accumulating parts, such as the :-1tem, branch, large root, 

very large root, root stock, biomas:; of the abovc~and·undcrground parts, and the total biorrn1ss, 

occupied preponderantly by those parts. 'I'he latter is the curve of the working parts, such 

as the leaf, f\ne, small and medium roots, and parts relating to them. It has a clC<lr and direct 

relation to the form of the curves showing tlw average values of a tree. This is proved by 

the curves describing the average values oJ a tree. 

'I'be part biomass per ha varies with stands clue tu their numlwr ryf trees. Generally 

speaking, i:he change of this cakulaUon is much greater than that of the average value of a tree. 

( l) Abov•>ground pans 

Stem : 'I'he stem biomass per ha nt tlw basal area oi ;')00 ern" were 100·~ 120 tons for C. 

ja{mnica, Ch. oblusa, P. densi}lora, and L. lefJtolef!is. Particularly in the stand of S 22 with a high 

density index, .it got up to 400 tons. The stands which show a comparatively large stem 

biomass in Fig. 27, say, S 23, S 16, etc, are all the stands of which density indices are large. 

Branch :The species do not make so great a difference in branch biornas.,; as in the average 

values of a tree. And yet P. densiflom, L lejJ!oiejJis, and Ch. ob/usa tend to get larger values 

than C. jaj)(mica. The standing branch biomass, for exarnple, of the former three were almost 

15 tons, but that of C. jafJonica about 10 tons a stand at the ba;ml area of about 500cm2• 

The basal area-branch biomass curve goes up at a rapid rate of .increase before the basal 

area comes up to 200 or 300cm 2• 1\fter that, it ;::ocs ventler. This, however, b dominant 
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in the cace of the large diameter trees. That is to say, the branch biomass per ha shows a 

very low rate of increase in the stands with them. .For branches are, though one of the 

accumulating parts, regenerated with growth after dying and falling. 

Leaf : As already mentioned, the leaf biomass per ha of a small diameter tree goes up to 

the maximum point at the younger stage, and then down slightly to a given point regardless 

of species. The tendency is particularly clear for P. densijlora but not for L. lejJto!epis. We 

must leave it for a future study to make clear why L !ejJtolejJis does not show the same 

change in branch biomass per ha as the other species. Its .little shade tolerance or defoliation 

may, however, be among the reasons. 

P. densijlora gets the branch biomass to increase to the peak at the basal area of about 

50 cm2 when its density is high enough. It may be partly owing to the temporary increase 

of tree density at an earlier time. Young trees, however, have much larger leaf biomass even 

at the same density. Judged from this fact, that may reveal one of the phenomena in the 

growing process of stands, To sum up, that may cause trees to grow vigorously at an earlier 

time, along with growth of the working parts of the underground parts, such as li.ne or rmwll 

roots, corresponding to that change. 

Of all the four kinds of species, C japonica had the largest branch biomass. The branch 

biomass increased, for example, to the maximum of 22"~·25 tons at the younger stage at the 

basal area of about 150~·200 m 2• After that, it decreased slightly by 20 tons at the basal area 

of 600 cm 2• And in addition, it was 29 tons in the S 22 stand with high tree density (tree 

density index 1. 2), and 34 tons in the S 17 stand with high tree density and suf!icient growth. 

Ch. obtusa had a standing leaf biomass per ha smaller than C. japonica, owing to the low 

tree density of the investigated stand. The biomass was 12 tons, sixty per cent of that of 

C. jajJonica, at the basal area of fiOO cm2• That of the younger stands was large enough to 

reach 10 tons in the H 1 stand, 10 years old. The density was about 0. 3 in this stand. In 

spite of this rarity, decay of under branches got slower and the leaves were distributed corn~ 

like from down to upper stem, making the biomass as large as in the close planting stand, 

At an earlier time the leaf biomass of P. densiflora increase temporarily up to 10 tons, 

mainly because of high density. The mature stand, say, the A 8 stand (35 years old and :361 cm3 

in basal area) had 5, 8 tons, owing to the tree density decreasing. 

L. leptolepis did not make the distinctive change in leaf biomass as the other three kinds 

of species at an earlier time. At the basal area of 1.)0 cm2 that biomass increased, for example, 

slightly by 3. fi tons, say, in the stands of K 23 and K 26. The variation was little scattered. 

Most of all stands had only about two or three tons. The widest stand of the investig;ated 

ones, the 1\: 28 stand, hacl only l. 9 tons. 

The leaf biomass of each species, about 200 cm 2 in basal area, which was obtained from 

Table 15, Leaf biomass per ha of each species 

L lej;lolepis Ch. p/.~1/era E. globu!us 

Stand A 3 K29 M2 ivl 3 
Basal area (cm2) 198 200 2:38 !!/ 

Density index 0. 7(: 
;_,) 0, ;:'"} ,), 0. 27 * Leaf hi om ass 3, A 0 



Appendix·"l'able 2 on the preceeding rnnnbern, is shown in Table lii. According to the table, 

it becomes smaller .in the order of C. japonica, Ch. ob!usa, Acacia decurrens, P. densij!ora, Tsuga 

wnadensis, Eucalyptus globulus, Ch. jJisifenz, Abies firma, and Zelkova serrata, or L. lef!lolef!is 

(These biomass depend partly upon the density index). Hence .it is that the evergreen coni· 

Jerous trees have all the large leaf biomass, whereas the deciduous trees, broaC:Heaved and 

coniferous, such as Zelkova serrata, L. leptolepis, etc., have the :•;mall leaf biomass. 

As concerns the biomass of the above-ground parts, all the species as shown in Fig. 27 

are affected by the change in stem biomass, which has a &;reater part of the total biomass of 

a tree" "fhey drevv a para.b(J1ic increasing curve u_p\vard~ '.vhere i.t is observed they made 

constant the biomass of the aboveground parts when the basa] arect increased from 400 to 

GOO cm2. At the basal area of 500 cm2, they all had the branch bioma;;(; of 100 to 200 tons .in 

average, .i\.nd that blotnass becarne srnal1cr in the order of Ch. oblusaj c.·. jaj)on£ca~ r~. densifl.ora 

and L !ej>tolejJis. 

(2) Underground parts 

Fine root : The fine root biomass of. C. jaj>onica and Ch. ubiusa increases to the largest, 1·· 

1. 5 tons, within the range of the basal area of 150· · ~!00 cm2• After that, it decreases gradually 

to he constant. That of Ch obtusa, for example, was 1 ton and that of C. !Ol~o;tu:a 0. 7 ton. 

That of P. densiftora shows a diHerent change from those of C. jat,onir:a and Ch. obtusa. That 

biomas~; .is largest for the small diameter tree, about 500 cmZ in basal area, as is· the leaf 

biomass. It reached, for example, 0, 7--,1. 0 ton in the stands of A fi, A 10 and A 11 and rapidly 

decreased to about 100 kg .in the case of a tree, 100 cm2 .in basal area. And further, it decreased 

to 89 kg in the A 8 stand, 361 cm2 in basal area. 

The fine root biomass of L. letdolef;is does not t;how a dic:tinctive peak ; .it tends to increase 

gradually, answering the increasing basal area. As shown in Fig. 27, .it was 200·· ·500 kg re· 

gardless of the small or large trees. But the !lne root hiormws of the K 23, K 2fi, and K 26 

stands were ,1., ·5 times as large as those of the other stands. They are ail on the highly 

dense and dry sites (The density indices and soil types of the K23, K 26 stands are 1. 03, B!o(d), 

and L 27, Blc respectively). "fbe same is true of C. faponica. Ch. ohtusa and P. densijlom. 

Their fine root biomass showed a remarkably larger value than the averages of each species. 

The S 23, S 24, A G, A 10 and A 11 stands are all on the close planting or dry site. 

That the fine root biomass show their own change corresponding to basal area thus is 

related to the pattern of root systems spreading or the property of root biomm1s C. faponica 

and Ch. obtusa had a similar tendency. P. densijlora and L !epto!e,&is had a different one from 

the former, though. 

This changing type in Fig. 27 .is contrasted clearly with the changing types of leaf biomass 

in the same figure. 

(tons) 

z. serrata Abies 
firma 

....... -··· 

Mt, M 
188 156 

* * 
I. ? ,: .. ;, 

C'. japonica and Ch. obtusa brJth had the largest fine root biomass just as 

the leaf biomass went up to the peak within 

the range of the basal area of 150,-~200 crn2• 

1, Acacia 
suga decurrens v. 

canadensis dcalbata 

.tvi6 M 7 
21 1 

* * 
''• 7 8. 4 

P densijiora had their largest biomass of the 

leaves and the fine roots at the basal area 

of about 50 cm2• L. lej;tolej;is drew their 

gentle parabolic increasing curves upward. 

It is quite an important fact in analysing 

tree growth that a lea.!, a working part of 

the a.bov•>ground parts, has a similar 
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Table 16. Fine root biomass per ha of each species (kg) 

c. japonica Ch. obtusa P. densij!ora L ,r. 
-x 

Stand SlO H3 A3 K29 
Basal area (cm2) 208 2t!4 198 200 

Density index 0.59 0.57 0.7:1 (1 r.-7 
'-'o ,) ~ 

Flne root biomass 1, 438 1,453 104 :350 

Table 17. Small root biomass per ha (tons) 

Species 

Maximum value in a young stand age 

Root biomass at the basal area of 500 cm2 

c. 
3.0 

1. 0 

3.7 

2.0 

Ch. pisljera 

M2 
238 

0.22 
562 

1.4 

0. 7 

E. globulus 

M:J 
177 

* 
67l 

L leptolepis 

1.2 

0.7 

Table 18. Root biomass per ha at the average basal area of 500 cm2 (tons) 

Species 
. 

C. japonica Ch. oblusa P . densij!ora J L. lepto/epis 
. 

l 5. 0 5, 7 4.5 5,0 
Root class L 10 16 ll 9 

St 25 22 20 18 

tendency in the changes in biomass to a fine root, a working part of the underground parts. 

Their increasing biomass reveal their growing vigorously at an earlier time, and it is note­

worthy that this is the time when a tree picks up speed to the peak of growth. 

Let us compare the change of the leaf biomass in Fig. 27 with that of the fine root biomass 

in Fig. 27. There we find that the latter is recognized clearer than the former, from which 

it follows that it is greatly concerned with the growth of the above-ground parts. 

The fine root biomass per ha is shown in Table 16. As is clear from this table, Zelkova 

serrata, C. japonica, Ch. obtusa, and Acacia decurrens have the large fine root biomass. 

Small root : The small root has the maximum growing point at the younger stage. Table 

17 shows the small root biomass both at the maximum growing point and the basal area of 

500 cm2• At an earlier time, the small root biomass, as shown there, became smaller in the 

order of Ch. obtusa, C. japonica, P. densijlora, and L. lejJtolepis. In the mature stand, however, 

difference was little observed among C. japonica, P. densij!ora, and L. leptolepis. Only Ch. obtusa 

had the large biomass of the small roots regardless of tree size. 

Medium root : As shown in Fig. 27, the medium root biomass got smaller at an earlier 

time than the fine and the small roots. And the difference became smaller among species. 

At the basal area of 500 cm2, all the species had as much as 2 to 8 tons. 

The reason why its difference gets smaller with the root system growing is that the 

characters each species shows of its fine root biomass, rooting, and branching are clear in the 

smaller parts and not so in the larger parts. 

The biomass of the fine and the small roots are affected main.ly by the soil conditions. 

Their biomass were observed not to be large even in the stands with high density indices, 

S 22 and S 23. On the other hand, the biomass of the large root and above are not so easily 

affected by the soil conditions as by tree density. The difference in root biomass between the 
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stand with high density and the stand with 

low density was recognized to become much 

larger. For instance, the medium root 

biomass is 2 tons in the S 26 stand in which 

density is 0. 45, Yet it is 5 tons in the S 22 

stand in which density is 1. 2. To sum up, 

the biomass of the working parts, above-

and-under ground, per ha tends to be con­

stant regardless of tree density in the like manner with the leaf biomass. But the biomass 

ot the branch, stem, large root, very large root, and root stock are likely to be affected by 

tree density. 

Large and very large roots, and root stock : 'l'he biomass of these parts increase, describing 

a parabolic curve upvvard answering the basal area, and they become almost constant when a 

tree is grown up. That curve is getting gentler as the root system is growing. The biomass 

of the root stock showed an almost straight increas.ing line, 

For the growth rate differs from part to part. That of thinner roots slows down and that 

of thicker roots speeds up as a tree grows. 

The large mot, very large root, and root stock biomass at the basal area of 500 cm2 are 

given ln Table 18. As shown there, the large root biomass becomes smaller in the order of 

Ch. obtusa, C. fajxmica, L. lef>iolej;is, and P. densijfora; the very large root biomass in the order 

of Ch. obtusa, P. tfensiJlora, C. ja(JOnica, and L. leptolepis; the root stock biomass in the order 

of C. jajJonica, Ch. obiusa, P. densif!om, and L leptoltf!is. Hence it is that those species get each 

root system to make each development. 

Underground part : A greater part of the underground purt biomass consists of the accumu· 

lating parts, larger than the large root, 'fhe changing curve corresponds to the change of 

those parts and thereby describes either a gentle parabolic curve upward or an alnwst straight 

line. The biomass of the underground parts became smaller in the order of Ch. obtJtsa, C. 

japonica, P densif!ora, and L. leptoiepis. 

Total biomass: Similarly, the total hiornass describes a parabolic curve upward corre­

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

'T'he large diameter trees described a very gentle increasing curve, due to the decrease of both 

growth rate and tree density. 

The total accumul.ated biomass of a stand per ha estimated !'rom Fig. 27 at the basal area 

of 500 cm 2 is 200/(150 250) tons. 

3) Part biomass per ha at full density 

The standing biomas;; of a stand per lw differs greatly according to tree density, and for 

this reason it is not easy to determine the growth of a stand from its standing biomass. So 

the part biomass at full density was estimated from its density index. Jts relation to basal 

area is shovvn in Fig. 28. 

The actual accmnulated volume of a stand at full density, even if converted into the tree 

number at fuH density as it is, ls not the standing; biomass at full density, because of the 

various kinds of growth rates of a tree caused by density. It is advantageous, however, to 

examine either the difference in part biomass by density or the standing accumulation at :full. 

density. 

i\ comparison betwc('n Fig. 28 and Fig. 27 showing the part biomass per ha proves that 
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the calculated accumulation at full density is not scattered so much as the standing biomass 

per ha, 

ln brief, the formative influence on it is not the difference in formation by density, but 

the difference in density among stands, 

(l) Above-ground part 

Stem : The calculated biomass per ha at full density increases in such a parabolic curve 

upward as Fig, 28 and the species show very small variance, The accumulated biomass at 

the basal area of 500 cmz were 330 tons for Ch obtusa, 250 tons for C. japonica, and 200 tons for 

P, densij!ora or L. !eptolejJis. P. densij!ora. and L. lejJtolejJis with intolerance had the biomass 

smaller by 80 to 130 tons than Ch, obtusa and C. japonica with tolerance. 

Calculation results in the above-mentioned. The true value, however, is expected to be 

larger, Let us examine it on the stand of S 22 beyond full density and the stand of S 26, 

almost the same in basal area, with the density index of 0. 4. This done, it was found that 

the standing biomass of S 22 and S 26 were 400 tons and 75 tons respectively. There was, 

that is, a difference by 32.5 tons. The calculated values of them at full density were still 360 

tons and 170 tons respectively. There was a difference by 190 tons, which was nearly half 

that of the former. This difference is due to a difference in the stern formation caused by the 

difference in density between both stands, In other words, the stern formation is cylindrical 

in a close planting stand and conic in a sparse planting stand even at the same basal area. 

The calculated average stem biomass was 220 tons at the same basal area as of S 22. 

There was a difference by 140 tons. And its rate of increase is 6490 of the average value. 

Branch : The calculated values arc large in the sparse planting stand \vlth many branches 

spreading rather than in the tree stand of full density. The actual biomass were, for example, 

22 tons and 16 tons in the stand of S 22 and S 26 respectively. There was, that is, a difference 

by 6 tons between them, while the calculated ·biomass were 18 tons and 24 tons for the former 

and latter respectively. From this it is very clear that !:he sparse planting stand of S 26 gains 

a branch biomass larger by 4 tons than the close~planting stand of S 22. This difference, as 

with the stem biomass, is due to the difference of branching pattern by tree density. The 

calculated branch biomass at full density at the basal area of 500 cm2 is shown in Table 19. 

Leaf : The leaf biomass, as shown in Fig. 28, is almost constant, although the small 

diameter trees shows a slight increase. In L. lejJ!olepis there was no change in the leaf 

biomass of its small and large trees. The average leaf biomass is shown in Table 20, 

That the actual leaf biomass per ha at full density showed a slight increase at an earlier 

time means that an increase of branch biomass during that period was not caused so much 

by tree density as by the leaving pattern, 

The calculated leaf biomass, as with the calculated branch biomass, at full density is 

larger than the actual leaf biomass at the near full density. For example, the stand of S 22 

had the difference by two to three tons between the calculated values and true ones. This 

difference may not be, as with the difference in branch biomass, due to density but due to 

the leaving pattern; however, it is much smaller than that in branch biomass. 

But the actual stand, if very close-planted, is induced to make it increase. In proof of this, 

there was a difference by 27 tons between the S 26 stand at the density of 0. 4 and the S 22 

stand at fuH density. 

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

Fig. 28. They increased parabolically, becoming smaller in the order of Ch. obtusa, C. japonica, 
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'fable 19. Branch biomass at the average basal area 500 cm2 

and at full tree density (tons) 

·rable 20. Leaf biomass at full tree density (tons) 
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C jaf>onica Ch. obtusa l'. densi flora L. leptolej;is 

Table 21, Root biorna~;s per ha at the average basal area SOO em~ 

and at full tree density (tons) 

c. faponica F densi jlora L 
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6. () L () 

~). () 0 
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6. 12, 0 5. 0 

20. 0 40.0 3. 6 

bl' (} ::-;~~. u :36. 0 

85. I 18, 0 48. / 
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5 

leptolepis 

o. 4 
l. 0 
,::::~ 0 

7, 0 

23.0 
21. () 

:-),t:). 4 

P. densifiora, and L. lejJtolej;is. The above-ground parts cancels one another among stems, 

branches. and leaves the differences between the calculated values and the actual biomass at 

full dt-nsity. But since the stem had the greater portion of the above-ground parts, the 

calculated values at full density were appreciably smaller than the actual biomass at fu.l1 

density. S 22 and the line of average valut~s proves this relation. 

(2) Underground part 

.Fine to medium roots: The underground part has n tendency towards similarity of the 

above .. ground part. As shown in Fig. 28, the fine to medium root biomass made a somewhat 

increasing step at an earller time, just as the leaf biomass, and then decreased gradually 

along with the increase of basal area. 

Table 21 sho,vs the root biomass of each species ai: full density in the mature stands 

extracted from F·ig. ~?8. According to the table, Ch. oblusa had the larger biomass at every 

root classification on the vvhole. It also had the Jine root biomass of 2. 5 tons, the small root 

biomass of 6. 0 tons, and the medium root biomass of 5, f) tons. judged from the position of 

the S 22 stand in Fig. 28. the values in Table 21 are larger than the actual biOJ.nass at full 

dentity. 'fh]s difference is big in the fine roots, and small in the smr:Il and the medium roots, 

evidencing that the small and the medium roots are not so much influenced by density as by 

the tine roots. 

Large and very large roots: Their root biomass trend graduu!Iy to not change so rapidly 

with roots thickening. In fact those of large roots trend to go up parabolically, with the 

basal area increasing, The tendency is to be more distinguishable from a very large root to 
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a root stock. Considered generally, it seems very similar to the tendency of root. biomass 

per ha. Their variance, however, is much smaller owing to their decreasing variation by 

tree. density. 

·rable 21 shows the biomass of large roots to underground parts at full density at the 

basal area of 500 cm2 in Fig. 28. 

Fig. 28 shows on the S 22 stand the difference between the values calculated at full 

density and the actual values at quasHull density. It is evident from this figure that there is 

almost no difference in root biomass between· large roots and very large ones. The calculated 

values were just in line with the actual root biomass at full density, ·which verifies that these 

part biomass are not greatly influenced by density effect. 

The root stock had the biomass of 63 tons and the average of 45 tons corresponding to 

those in the S 22 stand. In other words, there was a difference by 18 tons between them. 

This is because a close-planting stand has a larger biomass of root stock than a sparse­

planting stand at the same basal area. 

The biomass of underground parts : The underground part biomass including all fine to 

very large roots make a parabolic increase with comparatively small variance, as shown in 

Fig. 28. According to Table 21, Ch. abtusa has an extremely large biomass of 118 tons. And 

C. japanica, P. densijiora, and L leptolepis have the biomass of 85, 49, and 55 tons respectively. 

The species with possibility of close planting, such as Ch. obtusa or C. japonica, has over two 

times as large a biomass as P. densijiora and L. lejJtolepis. 

The close-planting stand of S 22 had a slightly larger biomass than the average C. japonica 

had. This is due to a great difference in biomass at root stock between them. 

Total biomass : A stem, large root and root stock account for a great part of the total 

biomass of a tree, and influence that biomass accordingly. The values draw a parabolic 

increasing curve upward as shown in Fig. 28. 

Estimating the total biomass of each species at the basal area of 500 cm2 in Fig. 28, we get 

the results shown in Table 22. According to the table, the total biomass of each species at full 

density becomes smaller in the order of Ch. obtusq., C. japonica, P. densi,!lora, and L. leptolepis. 

Ch. obtusa had the largest accumulation and L. leptolej1is the smallest one. There was almost 

twice the difference in accumulation between them. That is to say, Ch. obtusa came in first, 

and L. leptolej;£s came at the other end, It is the proportion of the total accumulated biomass 

each species had when the tree density gets to the maximum. 

The total biomass per ha at full density is always smaller than the true biomass at full 

density. At the same bo.sal area, for example, the former was 380 tons when that of the S 22 

stand was 500 tons, showing a difference of 120 tons between them, equivalent to 24% of 500 

tons. This percentage explains the different degree of growth by density between the above­

ground and the underground parts. 

The average density iodex of C. japonica ranges from 0. 6 to 0. 7 i.n general. That of the 

S 22 stand, however, is the one converted into the density index of 1. The ordinary stand can 

Species 

Tatal biomass 

Table 22. Total tree biomass per ha in fu.ll tree density 

and at the basal area 500 em~ (tons) 

C, japonica Ch. obtusa P. densiflora 

410 520 350 

L. leptotepis 

270 
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be estimated to have the above-mentioned difference by 2Yb between the calculated values 

and the values the actual stand had at full density. 

For the calculated bion1w3s of the stern, large to very large roots, root stock, the accumu' 

lating parts which have the greater portion of the total biomass of a tree, are smaller than 

the standing biomass of the densest stand. 

4) Part biomass ratio 

When the total biomass is to be 1, the ratio of each part biom.ass l:o the total biomass is 

calculated, and the Fig. 2U shows it in relal.ion to basal area. 

(1) Above··ground part 

Stern ; The ratio of the stem biomass to the total biomass is the highest of all, 65r- 75'!r;, 

after grown up, lt di.ffers to tree size. Those ratio of the small diameter trees of each 

species were, for example, 2(}-v30:?6 as shown in Fig. 29. They increased rapidly in a parabola 

as they grew up to the basal area of 150··--200 em~, and then became almost constant when the 

basal area got to :300 cm2, When the basal area went beyond it, they showed almost no increase. 

The increasing tendency stems make at an. earlier time is related to the growth rate of 

stems during that period. All parts of a tree grow vigorously then. Both the annual incre· 

ment and the ratios increase greatly. ·rhis is also characteristic of the accumulated parts. 

As the growth multiplies every year, it increases gradually. [t is peculiar .in a. young stage 

of small diameter trees; large diameter trees show constant accumulation, instead. 

1'he proportion of stems changes according to stand size, and its change and ratio are 

different to species. The ratio of each part biomass to the total biomass of a tree at the 

basal area of 500 cm2, in which all the ratios become almost constant, is shown in Table 2:3. 

According to the table, it becomes lower in the order of L leptolef>is, P. densif!ora, C. jaj)()nica, 

and Ch. obtusa. 

In this table, the proportion of trw stem of L. leptolepis is higher than. that of C. Jat)(miw 

and Ch. obtusa, because the proportion of the leaf of L. leptolepis is comparatively lower. 

The other species involved in the proportion of the part biomass of each species at the 

basal area of 200 cm2 or thereabouts is shown in 'fable 24. As is clear from it, Zelkova serrata, 

Eucalyptus globu!us, Ch. pisifera, etc., show the high percentage; whereas Acacia dccurreus, 

Quercus mongo!ica, etc., show the low percentage, For there are distinctively observed to exist 

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

Table 23. Part biomass ratio of the trees in the mature stands (?t)) 

Species 

Stand No. 
Stem 67. [h.J. 5 

Branch 4. 7 '7 / 

Leaf y;. q 
''· 6 

A bove·ground part ?B. I !6. d 

f 0. 3 ' ,, 
s 0, , 

2 ,, 
m I. '• 1 

l 1. 7 , .. d ~~. 

L Q 

St 13. 3 8.8 
Underground part 9 18. 9 
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Table 2'1. Part biomass ratio of each species at the 

Species c. japonica Ch. obtusa .P. densif/.ora L. is Ch. pisifera 

Stand SlO H3 A3 K29 M2 
Stem 61. 2 60.4 64.9 62.2 60.6 

Branch 4.3 9.0 11. 5 12. 9 12. 1 

Leaf 10. 7 7.0 4,6 !.9 4.9 
Above-ground part 76. 2 76.4 81.0 77.0 77.6 

f 0.9 0.8 0.1 0.4 0.8 
s 1.8 1 ~ 

·'• t 0. 9 1.4 1.4 
111 2.8 2. 1 1.8 3. 4 ?. 1 

l 2. 7 8 ~-:~. 5 4.0 2. 7 
L 3.3 6.0 2. 7 4. 5 

I 

7. 0 
St 12.3 10. 2 11. () 9.3 8.4 

Underground part 2.3.8 23.6 19.0 23,0 22.4 

Table 25. Tree density and part biomass· ratio (%) 

c. jaj;onica P. riensi.flora L. leptolepis 

Stand s 23 i s 13 s 22 826 AJO All Kl8 K24 
Basal area 152 196 419 425 18 32 346 410 

Density index 0. ?98* 0. i98** 1. i 58* 0,449** 1. 243* 0.884** 0. 811* 0.5.38** 
Stem 69.4 58.2 72. 2 53.4 58.3 5~3. l 74.3 63.2 

Branch :J. 2 J. 5 3.8 7.2 13. 5 15. 9 4.8 13.4 
Leaf 7.0 16. 1 5.0 16.0 10. 1 ll. 7 1.5 1.7 

Above-ground part 79.6 77.8 80.9 76. 6 81. 9 80. 7 80.6 78.3 
f 0.6 0.3 0, I 0.4 1.0 0. 7 0.2 0,2 
s 1.5 1.2 O.J o. 7 3.2 !.8 o. 4 0.5 
m ~ ~ 

L,,L, 2.6 0.9 1.5 4.8 ~ 7 
<.-. 1 1.3 1.4 

l l.8 2. 7 L:J 2.0 0,1 2. I 3. 9 3.6 
L 2. 7 2.2 3.8 4.9 ··-·· 5.2 6.5 
St ll. 6 12.? !2. 7 13.9 9.0 ll. (l 8.4 9, 5 

Underground part 20.4 22.2 !9. 1 23.4 18. 1 19.3 19.4 I 21. 7 

* Close planting stand. ** Sparse planting stand. 

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

and the branch. 

The proportion of stems are easy to go up and down by tree density. For exainple, they 

increase in a highly dense stand. To clarify the relation, examinations as shown in Table 25 

were carried out between the stands of S 23 and S 13, the stands of S 22 artd S 26, the stands 

of P. densijlora A 10 and A 11, and the stands of L. leptolepis K 18 and K 24, which stands are 

all almost equal in tree s.lze. It was found tint the differences in stem portion for species 

arc as follmvs : 11?i between S 23 and S 13; 19% between S 22 and S 26; 5% for P. densijlora ; 

and 11?6 for L. leptolepis. 

The main reasons for it are as filllows : First, the stem formation is caused to change by 

close planting. Second, the branches and the leaves are caused to decrease their percentage 

in a close-planting stand. And finally, the underground parts to decrease the.ir percentage 

along with them. 

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

the deposition of products to the stems to be larger than a sparse-planting stand, and thereby 



average basal area of about 200 cm2 U'cJ) 

Eucalyptus Abies Tsuga Acacia Betula Betula 
globulus fir me canadensis v. platyphy!la davun'ca deaibata v. japonica 

M:J .M 5 M6 M 'f M9 MJO 
6L j 82. 0 ·1l. 7 61. ( I) 56. 4 0; 

._),), 

4, 6 !. 8 . 1. .g :•s. 9 1'' I) HL 6 ... "-'• 

4. 9 0. 6 18. 6 3. l 9, ~ ··, 0 .. s 
?L B4. 7 /8, B ?? . 2 10. 1 71. 4 7S, ry ,, 

0, 8 0. 8 C. 0, ') e c. •') (), 2 

4. e l. () 0 8 2. 4, I. . l. /: •. ) 

6. 9 L 2. 2 
., (, lO. 9 4. 9 c 6 0 6 <.-'' .). u, 

3.0 2. ?. .) .3. 3 ~ 6 c 3 ') 

·'· 
) ,, :!. 2 

!:, 1 2. 7 
., 

0 2. 3 2. 9 :J. l ·) 6 

9. 6. ' 
j, . 9. 0 l? 8 

28.8 l ~). .. ~ 2!' 7 22, 8 29. 9 )9, /.] 

the proportion of the stem to be higher relatively. Thus, it is not unreasonable to conclude 

that close planting is more eHective for stem productivity than sparse planting. 

Branch : The proportion of branches decreases gradually .in contrast with the case of 

stems, when the basal area .increases. !t decreases as a tree grows up to the basal areas of 

50-v200 cm2, where the rate of increase goes almost constant. After that, it becomes alrnost 

constant (Fig, 29), 

Three reasons account for this : First, branches grow vigorously at an earlier time and at 

the stage of sma.ll trees. Second, underbranches begin tu decay gradually as trees_grow up, 

although the amount of accumulation becomes larger because of the small amount of dead 

branches. Third, the amount of accumulation does not increase greatly because branches fall 

at a given rate every year. 

Branches are quite different from stems, an accumulating part, in this respect. In short, 

their quantitative change makes clear a property as a working part. 

The proportion of branches differs from one species to another. According to Table 23, 

the proportion of the branches the main species have in the matured stands are 7. 9<?,; for P. 

densiftora, 7. 70:, for Ch. obtusa, 6. l§f.) for L. lefJ!olejJis, and 4. 796 for C. japonica. 

C. jajJOnica has a lower percentage than any other species. Although it has a large amount 

of branches, L lepto[epis has a lower percentage than Ch. obtusa, because the specks's stem 

has a greater part. 

The relation between the tree density and the proportion of branches is shown .in Table 

25. As is clear from this table, the proportion is all low in the dense stand. There was, for 

example, a difference of 0. :v;; between S 23 and S l:l, and of ?, 4?6 bet. ween S 22 and S 26. L. 

lejJtolejJis still had as large a difference as 8. fl"'u· This explains that high density hinders 

branches' growth very remarkably for that species w.ith intolerance. 

Leaf : The ratio of the leaf biomass to the total biomass, as shown in Fig. 29, decreased 

gradually as trees grew up. It is quite in contrast Lo that of sterns. As already mentioned 

on the leaf biomass, it is partly because leaves do not make so much accumulation as sterns, 

as they are regenerated every year, and partly because they slow down growing speed when 

trees are grown up. The decrease of the ratio of the leaf biomass and the increase of ac> 

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

The ratio of the leaf biomass differs from one species to another. At the basal area of 

500 cm2, for example, they were 796 for C. japon£ca, 5% for Ch. obtusa, 2. 516 for P. densijlora, 

and 1% for L. leptolepis. P. densijlora and L. leptolepis with intolerance had a lower ratio of 

leaf biomass than C. japonica and Ch. obtusa. The reader may refer to Table 23 on the ratios 

of leaf biomass of S 5 to K 19. 

The ratios of the leaf biomass, inclusive of the other species, are shown in Table 24, and 

Abies firma had the highest ratio of 19_96. According to the table, they became lower in the 

order of Abies firma, C. japonica, Acacia decurrens, Ch. obtusa, and Ch. pisifera. Hence it is 

that all these evergreen trees have high percentages, whereas the deciduous trees, such as L. 

leptolepis, Zel!wva serrata, Betula platyphylla, Betula davurica, Quercus mongolica, etc., have much 

lower percentages. 

In relation to tree density, the ratio of the leaf biomass of a dense stand was always 

lower than that of a sparse stand, as shovn1 in Table 25. It tended to decrease by competitive 

density effect. C. japonica had a difference of 9% between either S 23 and S 13 or between S 22 

and S 26. p_ densijlom and L. ieptolepis had both that by 2%. 

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

Fig. 29 shows the ratios of the above-ground parts, inclusive of the stems, branches and 

leaves altogether, to the total biomass, relating to basal area. This ratio also indicates the 

relation between the above-ground and the underground parts. 

The ratios of the stem, branch, and leaf differ from stand to stand, and they vary greatly, 

The.i r differences are, however, offset if the biomass of the above-ground parts are run together, 

and consequently the variance becomes small. Hence it is that a high correlation exists bet­

ween the above-and-under ground parts. 

According to Fig. 29, the ratios of the above-ground part biomass to the total biomass 

are 75<'--80'?6, and they go almost constant for both large and small trees. And yet, those 

rati9s of the underground part biomass range from 20 to 259&. It is, as shown in Fig. 29, 

quite in contrast with those of the above-ground part biomass. 

Those ratios of the above-ground parts of the matured stands .from S 5 to K 19, as shown 

in Table 2:1, are 78% for C. japonica, 7796 for Ch. obtusa, 8096 for P. densijfora, and 81% for 

L. lej;folepis. They become lower in the order of L. lepto!epis, P. densijlora, C. jaf;onica, and 

Ch. obtusa. The other species counted in, those ln Table 2-4, are 8596 (the highest) for Zelkova 

serrata, 70~-71<?6 for Acacia decurrens or Quercus mongolica var. grosseserrata, and almost 75-·-" 

80.% for the other species. Indeed, it is true here that P. densijlora and L. leptolepis have a 

slightly higher percentage than C. japonira and Ch. obtusa, but the difference between them 

is low. 

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

of the above-and-under ground parts. The variance of regression between 'fiR ratio and basal 

• T/R ratio: Ratio of the abov<)­
ground part biomass to the 
underground part biomass. 

Fig. 30 T/R ratio* and 

basal area. 



'fable 26. Basal area and 'I'!R ratio 

Fig. 31 Tree density index and 'I'/R ratio. 
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area, as shown in Fig. :JO, was large regardless of species. 'l'he other species included, the 

distribution of T/R ratio ranged from 2. 5 to 4. 5, due to tree density and site condition. 

It is evident from this figure that the T/R ratios increase slightly as a tree grows up. 

L. !eptolcpis had, for example, a slightly higher percentage than C jat,onica, Ch. obtnsa and P. 

densijiora. 

a. T/R ratio and tree growth 

The relation between 'f/R ratio and basal area draws an almost straight increasing l.ine 

or an extremely gentle parabolic increasing curve upwards. C. jaj;onica, Ch. obtusa and P. 

dens(tlora drew, for example, a nearly straight line. L lejJtolepis made a gentle curve upward 

for the large diameter tree and a rapid rate of increase of Ti.R ratio for the small diameter tree. 

Table 26 shows the average changes in T/R ratios each species makes, based on these 

changing curves. When the basal area increased from 100 cm 2 to I, 000 cm 2, the T/I~ ratios 

of C. .faj;onica, Ch. obtusa, P. densijfora, and L lefJto[ej!is increased by 0. 5, 0. 3, 0, 4, and L 3 

respectively. ]'hat of L. leptolepis was a little higher. Those ratios of the small diameter 

trees became lower in the order of P. densij!ora, L !ef;tolepis, and C. japonica or Ch. obtusa. 

Those of the large diameter trees, however, became lower .in the order of L. leptolepis, P. 

densijlora, and C. japoniw or Ch. obtusa. 

b, T/R ratio and tree density 

'fhe ratios of above,ground part biomass in both a dense stand and a sparse stand were 

calculated. C. japonica, P. densi.tlora and L lcptolepis had, as shown there, a higher percentage 

ln a close planting stand. Examples are : a difference of L 8:?6 between S 23 and S 1:3, and of 

4. 5% between S 22 ancl S 26. P. densijlora differed by l. 20&, and L. leplolejJis by 2. :;c.(.. lienee 

it is that an these species tend to increase the T/R ratios, corresponding to the increase of the 

density indices. If we convert this relation into the T!R ratios concerning the whole sample 

stands, we get the result shown in Fig. :31. i\ccording to the iigure, the rates of increase of 

ihe 'l'/I< xatios become lower in the order of L. lej;tofepis, C. jajJOnica, P. densiflora, and Ch. obtusa, 

Ch. obtusa had a difference of only 0, 4 between the density indices of 0. 5 and 1. 0, because the 

species with great tolerance was glven almost no influence by density (See 'fable 27). 
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Fig. 32 Various soil properties and T/R ratio. 

.~ 

c. T/R ratio and soil condition 

The root system owes its 

growth to soil conditions, so itis 

likely that the T/R ratio depends 

strongly upon soil conditions. 

Soil type : The relation be­

tween soil types and T/R ratios 

is shown in Fig. 32. 

As can be seen there, the 

T/R ratios have a tendency to 

go lower in the dry-typed soils, 

such as ER, BA, Blc, and Bln(m), 

but to go higher in the Bln(w), 

BlE and EE type soils. 

But the T/R ratios have a 

tendency to go lower in the 

heavy wet soils, such as Btu, 

BlF and Blc either due to the easy 

decay of absorption and pro· 

duction structures or due to the 

remarkable drop-off of the bio­

mass of leaves and branches. 

It is evident from these that L. 

leptolepis, as shown in Fig. 32, has 

the low T/R ratios in the stands, 

such as K 4, K 5, K 6, and K 7. 

This explains the decay of 

absorption and production struc· 

tures of the above-and-under 

ground parts, and besides, this 

leads to the natural decay of 

tree. 

It changes by species. The 

following provide · good ex­

amples : C. japonica and Ch. 

obtusa with the high water 

content are seldom affected by 

them, but L. leptolepis with the 

low water content responds 

easily to such an influence. 

In the dry BA typed soil, 

which causes T/R ratios to be 

low in general, that ratio of the 

stands of P. densiflora, A lO and 

A 11, gave the indications of 



Species 

C. jaj;onica 
Ch. oblusa 
P. densifiora 
L. lejJ!o!epis 

c. japonica 
Ch. oblusa 
P. (/ensifiora 
L. !eptolet•is 

f:%!J'i§ II (JiJ \t) 

Table 28. Typical soil types and T/R ratios 

Dry soil type 

() 
. , ,. 

,> 

-·~ 
u. 

'~. 3 

Moderately moist 
soil type 

3, 5 

3 . 4 
4. <.) 

4. 5 

Moist soil type 

3.5 

4.0 

Table 29. C/N ratio and T/R ratio 

15 20 

4, 0 :;. :J. 0 

·~'· 4 
., 
,J, 3 2. 8 

4, c.· 
,) 4. 0 

•' 
') 

·'· 8 
4. 0 

. , 
3 J . 0 u, 

being high. This is due to the high density .index of the two stands. 
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Wet soil type 

2. ? 

25 

9 
•) '/ /..-, 

:J. 6 

9 

Judged from Fig. :i2, the relation of the T/R ratios to the main soil types is shown in 

Table 28. According to the table, the T/R ratio is lower in the dry·typed soils than in the 

moderately moist soils. 

The differences each species has in 'f/R ratio between both soils ate as fo11ows : L. lejJlolej;is 

differs by l. 2; Cit. obtusa by 0. 9; F. densijlora by 0. 8; C. japonica by 0. 5. H.ence it is that 

L lejJto!epis 1s much more influenced by dryness than Ch. obtusa and P. densijlora. 

On the other hand, the difference in 'I'iR. ratio between the moderately moist soils and 

the moist solls is as foHows: L. lejJtolejJis and P. densifiora differed by 0. G in the moist soils; 

C. japonica and Ch. obtusa had no difference. 'fhe TiR ratios of L. leptolepis and P. rlens(ffora 

decreased a bit when in the more moist so.i1, but those of C. japonica and Ch. obtusa showed 

almost no change. In the excessively moist soil, L. lef!lolejlis made the T/R ratio of 2. 7, which 

difierence was 1. 8 in the moderately moist soiL These differences were caused by the decrease 

of the aboveground part biomass according to the decay of branches and leaves. 

'I'he soil factors of every species are highly related to the soil types. \Vhen we examine 

the relation to them, we can anticipate the relation of these factors to them as a whole. A 

few examples for this relation are explained henceforth. 

CjN ratio : The C/N ratio is one of the factors that indicates the chemical property of soil 

in general. The relation between C/N ratio and TjR ratio is shown in Fig. 32, verifying that 

the soil of the high C/N ratio has a low T/P ratio. This explains why poorly nutritive ]oca· 

tion of the high C/N ratio is generally dry soiHyped. 

The T/R ratio decreases rapidly,· as shown in Fig. ::!2, when the C!N ratio ranges from 

10 to 15. Table 29 proves that there exists such a correlation as will m.ake the T/R ratio 

constant when the C/N ratio goes cross 20. 

The influence of the TiR ratio on the C/N ratio is greater for C. japouica and L. leptolej;is 

than for P. densijlora and Ch. obtusa, ft follows from this that those ratios of the latter are 

less affected by soil chemical property than the former. !t can be related to the property 

that P. densijlora and Ch. obtusa grow well in the soils with a meager supply of nutriment. 

Percolation rate : The percolation rate and the T/R ratio have the tendency to go up to-
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gether. This does not necessarily prove that all the species cause them to change at the 

same rate. The rate of change of their T/R ratios by percolation rate, for example, became 

lower in the order of L. leptolepis, P. densijlora, C. japonica, and Ch. obtusa. That is to say, 

the former two are caused to make their T/R ratios more changeable by percolation rate. 

In the sites with high percolation rates can be found much moderately moist soils with 

well··developed crumbled structure, but. in the sites with low percolation rate, lots of heavy 

wet soils with wall-like structure or dry soils are present. In the latter case, the T/R ratios 

have a tendency to go higher in general ln the heavy wet soil although the percolation rates 

get lower. (Here, we do not take into account the decay of productive structures.) It is in 

marked contrast with the general tendency in Fig. 32. On the other hand, the T/R ratio 

becomes low in the dry soils. So such a tendency as shown in Fig, 32 is presumed to result 

from the dry soil as the sample soil. 

Even when the percolation rate slows down, the T;R ratio, as already described, does not 

always go down, due to the extremely different soil conditions. 'l'he ratio is subjected to 

change by the conditions that make the percolation rate low. 

pF values in field condition : The above-mentioned explanation may lead the reader to 

conclude that moisture condition gives the greatest influence to the T/R ratio. The following, 

however, makes it clearer. Fig. 32 shows the relationship between the T/R ratios and the pF 

values in field condition, which indicate directly the moisture condition of soiL According to 

the figure, the T!R ratios of each species get lower as soils become drier, and the pF va]ues 

get larger. These factors have a closer relativity than any other factor; they both have a 

close connection. 

The relation between the pF values and T/R ratios, obtained from Fig. 32, is shown in 

Table 30. According to the table, the T/R ratio of P. densijlora is higher than that of Cit. 

obtusa, as that of P. densijlora is 4. 4, that of C. japonica 3. 6 and that of Ch. obtusa 3. 2, in the 

moderately moist soil with the pF va.lue. of 2. 0. The differences among species, however, 

decrease in the dry soil with a pF value of 3. 5; the T/R ratio of P. densijlora is 3. 2, that of 

C. japonica 3. 1 and that of Ch. obtusa 2. 7. 

As concerns the rate of decrease o:f the T/R ratio which answers the increase of the pF 

value, P. densijlora shows a higher percentage. That rate with the range. of the pF value 

from 2. 0 to 3. 5, for example, was 0. 5 for C japonica and Ch. obiusa, but 1. 2 for P. densijlora. 

The latter species showed over twice as high a rate of decrease. as the former two. 

This explains that P. densijlora has a tendency to make changeable the quantitative 

balance between the above-and-under ground parts on the dry condition, as against C. .faponica 

and Ch. obtusa. Accordingly, it .is not necessarily unreasonable to conclude that it is related 

to the strong adaptability of that species to drought. 

Site index : Fig. ::52 shovvs the relation between site indices and T;R ratios by putting the 

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

P. densijlora 

'fable 30. Value of pF in field condition and 'I'/R ratio 

3,2 

4. 4 

2. 5 

3.4 
:J. 0 

4.0 

:3,5 

.3. 1 

2. 7 
:3. ;: 



in the figure, in a slightly concave curve upsvard 

as site indices incre.ased. 

This can be observed quite clearly and the 

variance is small. There is a close relationship 

between them. 

It is related mainly to the water condition of 

Close plantlng - ······--- ?h1i:::t ~------· Jligh 

~parse planting -- Urv ---------- Lo-w 

Fig. 3:~ The conditions concerning 
T/R ratio. 

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

site indices are mostly on the moderately moist soils. Concerning the CiN ratio, it .is possible 

to predict that the T/R ratio goes higher in the sites with the small site index, due to the 

excessive moisture. When this happens in the sample stands, the relation of the T/R ratios to 

the site indices is not very clear, as shown in Fig. 32. 

'I'he various conditions, which cause the T/R ratios to change, have too close a relation· 

ship among then1 to conform to one rule. Figures ~11 and 32 show the different condition;; 

in all sample stands. Variance is caused to increase by the conditions that affect T/R ratio. 

Let us pick ont of the factors that have a great influence on the 'I'/R ratio on the whole. 

l:Ve can get two factors, namely, tree density and water conditions. Fig. 33 shows that the 

hi::;her the T!R ratios, the higher the tree densities and the more moist the soils, Further· 

more, it shows that they have a tendency to go lower under the sparse planting and dry 

condition. 

The above-mentioned change takes place within the given range of T/R ratio. That ratio 

can not get to over five even in a close planting and moist stand, and it never goes down 

nnder two even .in a sparse-planting and dry stand. For example, the S 22 stand of C japonica, 

dose planting, BE soil-typed and of large diameter l:rees, showed the TjR ratio of 4. 2; whereas 

the A 6 stand of P. densiflora of srnall diameter trees shcrwed thai: of 2. 6 on the dry Er to B 

typed soils. 

It is possible to predlct thereby that each factor does not give an intertwined influence 

to the 'f)R ratio, i. e., that the effect of the coaction between each factor on that ratio is not 

coming out at both ends of ead1 factor. Nevertheless, it is diflicult to .know these relations 

by straight regression. 

Detailed examination reveals that the tree density and the site condition make the TjR 

ratio change slightly. No big errors are caused, even when the T/R ratios are, say, 3 to 3. 5 

in a moderate and ordinary forest on the whole. Even the one to two-year·old seedlings have 

almost the same values. !n other words, the T;R ratios remain constant regardless of tree 

growth. It has some connection with the given proportion of the assimilated products the 

under<tnd-abuve ground parts make in every growth stage. Thi:; is very interesting. 

(:l) Underground part 

F.inc root: 'fhc ratio of the ilne root biomass to the total biomass, as shown in .F.ig. 29, 

was high for the small d.iameter trees of species. It decreased gradually with tree growth, 

and became almost constant when the basal area arrived at 400 cm2• 

The similarity takes place in the line lo large roots of the underground parts, correspond· 

ing to the changing ratios of the biomass of leaves and branches of the above-ground parts. 

'fhis can be made a comparison with and correspondency to either of a stem, one of the ac· 

cumulating parts of the above-ground parts, or of the very large roots and root stock of the 

underground parts, which increase parabolically. This indicates that their funcl..ion has a 

close relationship to their assimilal:ion. It is very interesting in making an analysis of tree 
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growth. 

As already explained on the above-ground parts, the decreasing tendency of fine to large 

roots is different from the parabolic increase of the very large roots and root stock. This .is 

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

Table 31. Ratio of the fine root biomass to the total tree 

biomass at the basal areas of 100 and 500 cm2 

C. japonica Ch. obtusa P. densijlora L. lejJtolepis 

100 
500 

!.3 
0.3 

0.2 
0. 1 

Table 32. Soil type and ratio by root biomass (96) 

Stand S20 Sl2 s 7 S\3 s 10 S23 

Basal area 265 267 160 196 208 !52 
Tree density index 0.482 0.672 0.575 0.598 0.585 0, 798 

Soil type BA Blo(w) Blc Blo Blo(d) Bo 

f l. l * 0.6** 1. I* 0.8** 0. 9** 0.6* 
s 2 7 1.0 2.0 1.2 l, 8 1,5 

m 3. 2 1.8 3, 1 2.6 2,8 2.2 
l 2,8 2.0 2.6 2. 7 2. 7 1.8 

L 2.9 3.2 2.8 2.2 3.3 2. 7 

St 11. 2 12. 2 12. I 12.7 12.3 11. 6 

* Dry soil. ** Moderately moist soil. 

SIS 

451 

0.3 
0.2 

0.682 
Blo 

0.4* 
0,5 
1.3 
1.6 
4.6 

!3.3 

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

s 18 

554 
0,545 

BE 

0.2** 
0.4 
1. 3 
1.8 

5.4 
13.9 

C. jajxmica Ch. obtusa P. densijlora L. lepto!epis 

!00 

500 

2.5 
0, 5 

4. 0 
1.2 

1.2 
0.4 

Table 34. Ratio of the medium root biomass to the total root biomass 

at the basal areas of 100 and 500 cm2 (%) 

!.7 
0.4 

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

100 

500 
3. 8 

1.3 
3. 5 
l.2 

2;.3 

1.9 

Table 35. Ratio of the large root biomass to the total root biomass 

at the basal areas of 100 and 500 cm2 (%) 

4.6 
1.7 

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

3 7 

1.8 
3.2 

2.5 
4.2 
2.5 



- 53-·· 

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

These decreasing curves differ according to species. The indices at the basal areas of 

100 cm2 and 500 cm 2 are shown in Table 31. The differences in index between them are, as 

shown there, 1. 4% for Ch. ubtusa, L 0% for C. japonica, and 0. 105 for P. densij!ora or L. 

teptolepis. From this we see that Ch. obtusa has the highest changing rate. Small diameter 

trees have a difference of 1. 69o because of large disparity between species, but large diameter 

trees have a small difference of 0. 3%. 

Thls is partly because a small diameter tree makes a large distribution of the total biomass 

to the Jine roots, and partly because the properties of species must be taken into account. As 

is clear from Fig. 29, C. japonica and Ch. obtusa have large values regardless of the small and 

large diameter of trees, btJ t P. densij/ora and L. ieptolepis have not. 

The ratios the fine roots of each species occupy, as shown .in Table 24, are as follows: 

2. SOv for Acacia decurrens; 0. for C. japonica; 0. 890 for Ch. obtusa, Ch. pisifera, Eztcalypius 

glohulus, and Zelkot•a serrata; 0. 1 to 0. 4?0 for P. densijlora, L lej;to!epis, Abies jirma, Quercus 

mongolica var. grosseserrata, Betula j;latyphylla var, japonir:a and Betula davurica. 

A.ccording to Table 25 on the relationship between the density index and the proportion 

of fine root bion1ass, the dense stands, such as S 23 and S 22, have the higher percentage of 

the fine root biomass by 0. 2 to 0. :}% than the stands of normal tree density. This is a relative 

decrease caused by the fact that the proportion of the stems .increases by density effect. This 

relation was not clear for P. densijlora, and L. leptolepis. Particularly in the dense stand of 

P. rlensi.ffora, the proportion of the fine root biomass was high, because A. 10 was smaller than 

any other stand. This holds good in the case of the small and medium. roots. 

The relation between the soil conditions and the portion of fme root biomass was examined 

in the C. jajJm;ica stands, in which the basal area and density index are almost equal. Results 

appear .in Table :32. The proportion oi fine to medium roots, as shown in the table, goes up 

in the moderately moist soils, such as BE to Bo, and down in the dry soils, such as BA-Bln(d). 

Those of the large roots and root stock decrease. 

Small root : The ratio of the small root biomass of the total biomass of the main species 

in Fig. 29 is shown in Table 3:3. As revealed there, Ch. obtusa showed, regardless of the small 

and large diameter trees, a higher percentage than C. japonica, P. densijlora and L. lepto!epis. 

The percentages at. the basal area of 500 cm 2 are as follows: l. 2'?0 for Ch. obtusa, 0. 5% for 

C. japonir:a, and 0. 4.?6 for P. densiflora or L. lej;tolcpis; the more intricate branching of the 

small roots accounting for the higher percentage of Ch. obtusa. The other species put together, 

Eucalyptus g!obulus and Acacia decurrens showed high percentages. A.nd Abies firma, P. densiflora, 

Zelkova serrata, Betula fJ[atyjJhylla var. japonica, Quercus mongolica var. grosseserrata, Betula 

davurica, etc. showed the low percentages of 0. 8 to 1. 4. It follows .from these facts that small 

roots g;row less favourably than any other part. 

·rhc stands, such as S 6, S 20, S 24, H 6, A 6 and A 10, an had, as shown in Fig. 29, higher 

ratios !:han the average values of the rest. ·rhese were all sparse-planting and dry stands, 

and just a~ in the case of fine roots. those percentages increased under such conditions. Table 

32 proves the<;e relations to soil conditions. 

l'v1ediurn root : As concerns the ratio of the fine and smaLl root biomass to the total biomass, 

Ch. ohtusa showed a higher percentage than the resL This does not apply in the case of the 

n1.eclium root biomass. The root biomass, as s.hown in Table 34, makes the difference in ratio 

smaller among species. And the smaller diameter tree of each species caused the percentage 
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to become lower in the order of L. leptolepis, C. japonica, Ch. obtusa, and P. rlensijlora. In the 

large diameter tree it became lower in the order of P. densif!ora, L. leptolepis, C. ja,bonica, and 

Ch. obtusa. The reason for this is that these four kinds of species all have similar properties 

of the medium roots to each other. Of the other species put together, Acacia decurrens showed 

the higher percentage of 11;?6 in particular. The medium root ratios by biomass of other 

species, such as Eucalyptus globulus and Quercus mongolica var. grosseserrata, were comparatively 

high. On the other hand, those of P. densijlora, Ch. obtusa, Ch. pisifera, Zelkova serrata, "4bies 

firma, etc. ranged from 1. 8 to 2. 396. The influences tree density and site condition give to 

the medium root ratio by biomass are shown in Table 25, from which it can be seen that 

they have a tendency to make the ratio higher in a sparse~planting and dry stand. 

Large root ; As shown in Fig. 29 the decreasing curves were not so steep as those of fine 

root-medium root. The large root ratio by biomass is shown in Table 35 on the small and 

large diameter trees in the same way as the study of fine to medium roots. In the small 

diameter trees, L. leptolepis showed higher percentage than C. japonica, Ch. obtusa and P. 

densijlora. In the large diameter trees, C. japonica had a lower percentage. At this point, the 

large roots, like the medium roots, have almost no difference between species. 

Large roots are affected not only by the properties of species, but also by tree size, so not 

all difference are caused only by the former. According to Table 24, L. /eptolepis has the 

difference of 4. 096. and Betula jJlatyphylla var. faponica and Tsuga canadensis have 3. 396. Almost 

species have those differences of 2 to 3%. 

The large root ratio changes by tree density. Fig. 29 shows that the stands with high 

tree density, such as S 23, S 22, S 16, and S 17, take a lower value than the average. On the 

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

200 

500 

Table 36. Ratio of the very large root to the total tree hiomass 

at the basal areas of 200 and 500 cm2 (96) 

C. japonica Ch. obtusa P. densiflora 

3.0 5,5 4.2 
5.0 8.0 5.4 

Table 37. Ratio of the very large root to the total tree 

biomass and tree density index 

Stand s 22 

L. leptolepis 

4.0 
6.5 

Basal area (cm2) 

Site index 
A\9 

21. 8 

1. 

425 
!9.4 

Tree density index 
Ratio of very large root (%) J.B 

Table 38. Ratio of the root stock biomass to the total tree biomass 

at the basal areas of 100 and 500 cm2 (%) 

100 
500 

c japonica Ch. 

10. 0 
l4. 0 

obtusa P. deusiflora L. 

9.5 ll 

10.5 ll. 5 

0,4 

4.9 

leptolejJis 

8. 5 
9.0 
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Very large root; 'T'he very large root ratio increased, describing a parabolic curve upward, 

with the increase of basal area. It became constant when the basal area increased from 400 cm2 

to about 500 cm2• This is different from the changes seen in the fine and small roots, and 

indicates that the very large root is an accumulating part (See Fig. 29). Table 36 shows the 

very large root ratio at the basal areas of 200 cm2 and 500 cm2 obtained from Fig. 29. 'fhose 

of the small diameter trees became lower in the order of Ch. obtusa, P. densi.flora, L. lej;tolejJis, 

and C. jajJonica, whereas those of the large diameter trees becan1e .lower in the order of Ch. 

obtusa, L lej.>tolej;is, P. densiflora, and C. jajJonica. Ch. obtusa clhowed the high part biomass 

ratio in the small and large diameter trees, but C. japonica showed the opposite ratio with it. 

It is owing to the growth property of the root systen1 of species. The high ratio by the 

very large root is dear from the n1orphological observations of those two species, too. The 

ratio of the very large root biomass to the total root biomass of the species, almost equal in 

tree size, h shown in Table 21. Those <•f Quercus and Betula spp., such as QuerCI>S mongolica 

var. grosseserrata, Betula f>la!yphy!/a var. jajJonica, etc. showed, for example, a high percentage 

from 15 to 18, while those of L lej;tolej;is, Ch. jJisifera, Eucalyptus globulus, Zelkova serrata, and 

T.5Hga canadensis showed a low percentage from (i to 10. 

The relation between tree density and very la.rge root ratio was compared between S 26 

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

As is clear from the table, the difference between them was 1. 1?6, verifying that the very 

large root ratio is slightly lower in a dense stand. 

In relation to soil condition, those rai.ios change, as shown in Table 32, regardless of the 

soil type; thus soil condition does not cause difference in ratio. 

Root stock : 'T'he root stock ratio increased, describing such a pHnlboliccurve as in Fig. 28. 

Those of P. densi.tlora, Ch. obtusa and L. lejJtolepis became constant at an ear.licr time when the 

basal areas ranged from 150 cm2 to 200 cn12. .However, that of C. fajJonica did not become 

constant until the basal. area increased to :300 cm 2, 

L. lePtolepis showed a rather slightly decreasing tendency, probably because its branching 

of the root system was remarkable and because it did not form a iump as C. japonica. The 

root stock ratio is shown in Table 38 on the small and large diameter trees. According to 

the table, those of the small dbmeter trees became lower in the order of P. densiflora, C. 

jafmnica, Ch. obtusa, and L. !ej;tolepis. There, P. densij!ora showed the highest percentage of 

all because of its developing tap roots; whereas those of the large diameter trees became lower 

in the order of C. japonica, P. densij!ora, Ch. obiusa, and L. feptolej;is. In this case, C. jaj;onica 

had the highest ratio of 14)t;, because it took a crumbling root stock 

As already mentioned, L. !ejJlo/ejJis tends to diverge very large roots from the root stock. 

When these roots arc cut around the point of branching, the lump left becomes smaller. 

Quercus mongolica var. grosscserrala, Betula platyphylla var. fajwnica, Betula dmmriw, whose 

root stocks were all crurnbled, had the high ratios of 15·· lS;?t,, contrasting with the root pro· 

perty of L leptofepis. The ratios for Zdhova sen·ata, ,4cacia dl?wrrens, Cli. j;i;;ifera, Tsuga 

canadensis, L. !eptolef>is, etc., were low, ranging G·v99o. Zel!wva serrata is easily influenced by 

density effect. 

l\s rnentioned before, tree densit~, effect causes a sllght lncrc<l''C of the ratio. 'fhe effect 

is remarkable in aU the parts of fine roots to a root stock, and that has a significant effect on 

the root biomass becamw a large root, a very large one and a root stock account for the 

greater part of the total biomass. lt would be to good purpose if we examine the influence 
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Table 39. Ratio of the root biomass in horizon to the total 

root biomass at three basal areas 

C. japonica Ch. obtusa P. densijlora 

58 60 40 
40 42 37 
45 

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

L. lejJiolejJis 

58 

50 

The influence of the site condition on T/R ratio is remarkable in the fine, small and medium 

roots, and not in the roots larger than the medium root. It is the reverse of the case of tree 

density effect. 

There is a simi.lar tendency in the change of the ratio either between leaves, which are 

working parts above the ground, and fine roots under the ground, or between stems, which are 

an accumulating part above the ground, and the large, very large roots and root stock under 

the ground. It indicates that there is a close relation between production and accumulation. 

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

The distribution ratio of all the root biomass from fine root to root stock at every soil 

horizon, is shown in Fig. 34 in relation to baszl area in Table 39. As is dear from the figure, 

that ratio is different depending on tree size. Examinations were carried out at every soil 

horizon, and relevant observations are: 

Soil horizon I: The ratios of root biomass in soil horizon I, as shown in Fig. :34 are high 

for small diameter trees, decreasing gradually as trees grow up. And they make a slight 

increase for large diameter trees. Looked through the main species, they range from 40 to 

60% for small diameter trees as shown in Table 39. According to the table, they became lower 

in the order of Ch. oblusa, C. japonica or L. leptolepis, and P. densijlora. There was, however, 

no great difference in ratio among C. japonica, Ch. obtusa and L. leptolej;is. Only P. densijlora 

showed a considerably lower percentage. 

At the basal area of 500 crn2, they were 37 to 50% and lower than those of small diameter 

trees. They became lower in the order of L. leptolepis, Ch. obtusa, C. japonica, and P. densijlora. 

Species 

Stand 

Basal area (cm2) 

Soil. type 

Horizon 

I 
II 
HI 
lV 
v 
VI 

I+Il 

!c· . . . ;apomca 

SlO 

~08 

Blo(d) 

53.2 

34.0 
7. 9 
.3. 8 
l. l 

87.2 

Table 40. Ratio of the root biomass in each 

Ch. oblusa P. densiflora L. l,fc~yi!f<Jim"Ybzs Ch. pisifera 

H ,J A3 K29 M2 

254 198 200 238 

Bo Bio(d) Bls BID 

50. 9 39.3 53.0 53. 
.39.0 28.6 36.0 39,2 

9. 1 28.0 9, 8 6.2 
0.9 2. l 1.7 1.0 

0. 1 1, 0 .. :: 
0. ! 

89. 9 67.9 89.0 92.6 



1·'--· n 59 

The shallow rooted species, L. lci>to!ej,is and Ch. obtusa, had a higher ratio than C. jafHmica and 

P. dcnsiflora, There was, above alL no great difference between Ch. oblusa and C jaj)(mica. 

Only L. !eptolcf;is had a coDsiderably higher ratio. P. densijiora had the lowest ratio of 37'};, 

partly because its roots larger than a large root, which had a greater part of the biomass, 

were tap-rooted, and partly because they were distributed much wider to deep soils than those 

of any other species. ]'he decrease of the ratios with tree g-rowth was examined within the 

range of the basal areas 100 cm2 and 500 em". It was found that C. jajJonica and Ch. obtusa had 

that of 18'::r), L le/Jtolcpis that of 837, and P. demi./fora that of 3'':b. The change was remarkable 

for C. jaj;onica and Ch. obtasa, but not for P. densijlora and L. lcptoir:pis, 

'vVhen the other species were included, the ratios of Acacia decurre11s, Eucalyj,tus globu1us, 

C. jaf!Onica, ,L lepto!epis, Zelkova serrata, etc. ranged from :}2 to '77'?rj. They were higher than 

those of P. dims/flora, Abies firnw, and (Juerct<s mougolica var. grossesermta (See Table 40). 

Fig. :H shows on C. japonica the relation between the tree density and ratios of the root 

biomass according to every soil horizon. The S 22 stand with high density took a low ratio, 

and the sparse planting stand was contrary to it. 

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

soil conditions was made, and Table 41 gives results. A.ccording to the table, the nJtin of a 

sparse stand in soil horizon I is higher by :) to 6'!() than that of a dense stand. It was evident 

from these that a close planting stand had a wider distribution of root biomass in the lower 

soH horizons than a sparse planting stand. It is not clear whether this phenomenon is due to 

root competition or not. 

They are shown in Table <12 in relation to soil conditions. According to the table, they 

became higher in soil horizon I of the soils of dry types, such as B.,, Ric, etc., than of the soils, 

moderately mo.ist type. The difference between the S 20 stand of BA soil type and the S 12 stand 

of B!n(w) soil type was L '?)(). 'The same differences were observed among the other species. 

A.ccording to Fig. ;J,1 and Table 39, C. jaj)l)nica gave the ratio of 409) at the basal area of 

500 cm3, and that of 4590 at the basal area of 1, 000 cmz. it is a very interesting phenomenon 

that the root system may grow selecting the soil horizon after they develop well enough in the 

soil horizons. 

Soil horizon II: Fig, 34 sltows the relation of the basal areas to the ratios of the root 

horbon to the \(J\:al root biomass 

Ze£/wva 

97 . .l 

Abies 
firma 

?C), 9 
U.2 

89. ? 

drwurica 

?. 

95. 7 39,0 0(), ' 9.l, 2 
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Table 41, Ratio of the root biomass in each soil horizon 

to the total root biomass and tree density (96) 

Species c. japonica P. densijfora 

Stand S23 s 13 s 22 S26 AlO All 

Basal area (cm2) 152 196 419 42S 18 -32 

Tree density index o. 798* 0.598** 1. !58* 0. 19** l. 243* ., 884** u. 
;--------··-·-

I 50.6 52.4 ')7 '"' 
Ut, tJ 43. l 50.6 48.4 

l1 36.8 37.4 4!. 6 40. 7 26. 9 26.0 

Horizon III 8. 5 7.6 13. 1 11. 5 22. 1 24.0 
IV 3. 3 2.0 5.6 3. 6 0. 4 1. l 

v 0.8 0.6 1.9 l. 0. 5 

I +11 87. 4 89.8 79. 4 S:J. 8 71'. ~) 74.4 

Close planiing stand ** Sparse planting stand 

Table 42. Soil type and ratio by root biomass in each soil horizon 

Stand s 20 i S12 s 7 s 13 SlO s 23 

Basal area (cm2) :!65 26? !60 196 208 152 

Tree density index 0. 482 0.672 0.575 0.598 0. 585 0. 798 

Soil type R~ Blo(w) Blc Blo Blo(d) BD 

I 48~ 9 4/ . .2 53.5 52, 4 53.2 50.6 
II 3!.8 37.6 33. 7 37, 4 34.0 36.8 

Horizon ill 11. () 10.6 !. 8 7.6 7.9 8.5 
IV ., 1 :3. 9 3. / 2.0 J.8 3.3 

v 0.2 0 7 !.3 0.6 !, 1 0. 8 

I +II 86. 7 34,8 87.2 89.6 87.2 87. 4 

Table 4:3. Ratio by root biomass in soil horizon II (9'6) 

C. jaj;on.ica 

3S 
40 

Ch. obtusa 

40 

P. densiflora 

27 
ao 

Table 44. Ratio by root biomass in soil horizons I and II (/b) 

C. japonica Ch. obtusa P. densiflora 

93 96 67 

30 82 67 

L. leptolepis 

KlS K24 

346 410 

o. 811* 0.538** 

42.6 48. 9 
40.6 36.8 
14. 9 12. 4 
1.9 1.9 

83.2 ScJ. 7 

(%) 

St3 s 18 

451 554 

0.682 0.545 

Blo BE 

39, 8 39~ 1 
41. 4 40. 4 
[/;, 0 13.9 
3. 6 5. 1 
1.2 l.S 

81. 2 79.5 

L. leptolepis 

39 
35 

L. leptolej;is 

97 
85 

Table -15. Ratio by root biomass in soil horizon III and below Cii'J) 

c. japonica Ch. oblusa P. densiflora L. lej;tolepis 

!00 'l -1 33 0 
>) 

~)00 20 18 33 l;J 
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biomass in soil horizon II lfi to 30 em deep. According to the 11gure, the ratio of L. lejJ!olepis 

decreased gradually with the tree growth, but those of C. japonica, Ch. obtusa and P. densiJlora 

increased, describing a parabolic curve upward. The curves were drawn very gently, however, 

as shown in Table 43, and the difference between the basal areas. 100 cm2 and 500 crn2, was 

very small; 3·· 5;?!). 

The ratios got .lower In the order of C. jajHmica or Ch. obtusa, L. leptolepis, nnd P. dcnsijfora. 

C. japonica got a higher percentage in this horizon than in soil horizon L because of its root 

system's property of growing well in a deep moist soil condition which soU horizon II has, 

On the other hand, L. lej;tolejJis distr.ibuted the root system much wider to the surface horizon 

than to soi.l horizon JI, because it grew well on an aerobic condition. P. densiflora spread fewer 

roots in this horizon than in lower soil horizons because of its tap rootedness. 

The other species added to the distribution ratios of root biomass ranged from 19 to 4:1°) 

in this horizon as shown in Table 40. (,)uercus mongo!im, Betula davurica, Betula p!atyjJhylla var. 

fajJOJJica, Ch. obtusa, Ch. pisifera, etc. showed the high percentage from 39 to 43 while Acacia 

decurrens, Abies firma, Tsuga canadensi.,, etc. showed the low one from 19 to 29. 

The difference in ratio due to tree density and site condition was low, as shown in Tables 

41 and 42. Soil horizon H appeared to be m.ore or less like a transitional horizon between 

soil horizons I and Jll. 

Soil horizons 1 and II: The rat ins of the root biomass distributed to soil horizons I and 

II, 30 em deep from the surface horizon, as shown in Tab.le 44, range from 6'1 to 97% at the 

basal area of 100 cm2 and from 67 to 85% at: that of 500 cm2. 

These percentages are very high, because the large root, through the very large root to 

the root stock, are maldistributed to the surface horizon. When the other species were included, 

for exapmle, Eucalyptus globuh•s, Acacia decunens, Betula f;latyjJhylla var. faponica, Betula drwurica, 

Ch. obtusa, Ch. piszjera, etc. showed the higb percentage of over 90 as given in Table 40. 

hucalyptus g!obulus went above all to take the highest percentage of 97. Although they had a 

relation to soil conditions, these species showed a special property of shallow rootedness. It is 

very interesting· if added either to a re~mlt of general observation or to <mch a phenornenon 

as windfalL Next to Ch. obtusa, L. {eptolepis registered the percentage of 89, making a special 

feature of shallow rootedness. 

P. densiflora and Abies firma had the cornparatively low percentages from G8 to 71 in soil 

horizons 1 and II. All those species were tap-rooted and their root biomass were distributed 

more widely to soil horizon !ll. 

'I'he relation between the tree density and ratios of the root b.iomass in soil horLwns r 
and II is shown in 'I'able 41. 'fhe ratio was found to he higher by J to 40,; in a sparse~planting 

stand than in a close .. p.landng stand. In a dense stand the root system tended to distribute 

wider to deeper soils. 

Similarly, as concerns the soil. conditions, even in the stands almost equal in basal area 

and density index, the distribution ratio in a dry soil tended. as shown in Table 42, to be 

high in the surface horizon rather than in the moderately moist: colluvial soH (these results, 

however, were not clear owing· to the physical and chemical changes of soil in S 13 and S 10). 

Soil horizon Ill and below: The distribution ratio to soil horizon III and below increased, 

as shown in Fig. 34, describing a parabolic curve upward as the h:1s;tl area~; increa8ed. This 

is entirely contrary to that to soil horizon L 

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

The distribution ratio becomes higher as the diameter gets larger in such a low horizon. 

But in the large diameter trees the rate of increase gets down to almost constancy. It means 

that the root system grows rapidly to a certain diameter but that its growth rate decreases 

after then. Owing to this tendency, the curve of basal area and root biomass moves upward 

gently as the horizon descends from horizon III to V. And the lower soil horizons go, the less 

root distribution such shallow-rooted species as Ch. obtusa and L. leplolepis show. The upturn 

point of the curve moves to the larger diameter tree. In soil horizon IV, the root distribution 

becomes narrower in such stands as H 1 and S 11 of small diameter trees. In soil horizon V, 

Ch. obtusa and L. leptolejJis have no root biomass at the basal area of 150 cm9 and below. 

On the other hand, the root distribution of P. densijlora, of which the main root grew 

well in lower horizons, reached even to soil horizons V in the small diameter trees, 50 cm2 in 

basal area. At the basal area of 350 cm2 it reached to soil horizon VI over 3 m deep. 

The distribution ratios of root biomass to soil horizon lil and below are shown in Table 45. 

At the basal are..'1. of 100 cm2, as shown there, they became lower in the order of P. densijlora 

(33%), C. jajJortica (7%), Ch. ohtusa (4%), and L. !epto!epis (396). There, P. densijlora had the 

considerably higher percentage. Ch. obtusa and L. lejJtolepis had almost the greater part of the 

total root biomass within the horizon ~30 em deep from the surface horizon. At the basal area 

of 500 cm2, the developed root system made the difference in distribution decreasing among 

each species. The distribution ratio of the root biomass became lower in the order of P. 

densijlora (33%), C. japonica (205";5), Ch. obtusa (18.96), and L. leptolepis (15.96). Three species 

except for P. densijlora showed ratios decreased in the lower horizons. The contrary applies 

in soil horizons I and II. 

The rate of increase of root biomass at the basal areas 100 cm2 and 500 cm2 were 1396 for 

C. japonica, 14.96 for Ch. obtusa, 096 for P. densiflora, and 12.96 for L. leptolepis. In short, C. 

japonica, Ch. obtusa and L. leptolejJis took an almost similar percentage, but P. densiffora did noL 

This is because the curve in soil horizon II was described at the considerably high points for 

small diameter trees as sh(nvn in Fig. 34. That species, however, made an almost parabolic 

curve as did the other species in soil horizon IV or below. 

In soil horizon III, P. densijlora had the highest ratio of 2596 at the basal area of 500 cm2• 

However, L lepiolepis, C. japonica and Ch. obtHsa had the ratios of 10· -15?,), There was no great 
difference between each specie~;. 

In soil horizon IV, that ratio became lower in the order of C. japonica, Ch. obtusa, P. densi· 

flora, and L. leptolep{s. The difference among species ranged only from 4 to 5J6 at the basal 

area of 500 cm 2• 

In soil horizon IV, the shallow-rooted species such as C'h. obtusa and L. leptolej;is had the 

lower ratios. They became .lower in the order of P. densijlora, deep rooted, (2. 5.96), C. jafmnica 

(1. 9%), L. leptolejJis (1. 1%), and Ch. obtusa (0. 5%). 

The difference between the shallow-rooted type and deep-rooted type was clear in this soil 

horizon, Only P. densijlora, deep rooted, and the S 17 stand of C. japonica, a large diameter 

tree, distributed the root system to soil horizon Vl or below. In soil horizons VII and below, 

only P. densijlora, tap-rooted, took roots. The effect of tree density on the ratio of root biomass 

in soil horizon Ill or below is shlnvn ln Table 4L According to the table, a close planting 

stand took the higher distribution ratio in lower soil horizons than a sparse planting stand. 

The difference in ratio between S 22, one of the typical close planting stands, and S 26, one of 
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Table 46. Ratio by fine root biomass in horizon I and basal area (96) 

c. japonica Ch. obtusa P. densijlora L. leptolepis 

6'' .) 65 55 78 
~)()() 38 52 45 55 

1,000 65 ~·)8 70 

the typical spanse planting stands, was 1. 6% in soil horizon III, 2. 096 in IV, and 0. 896 in V 

'When comparison is carried out between these differences and the ratios of the sparse planting 

S 26 stand, it becomes clearer that the ratios are higher in the under horizons than in the 

upper horizons. 

The ratios, as shown in 'fablP 42, are higher in the under horizons of a moderately moist 

colluvial soil than of a dry residual soil. When a comparison of ratio was made between S 20 

on the BA typed soil and S 12 on the Blo( w) typed soil, the ratios of the latter were higher 

by 0. 4% in soil horizon HI, by 1. 9% in IV and by 0. 5% in the V than those of the former. 

Hence it ls that the latter stand had a higher percentage in each soil horizon, I to III. 

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

We have so far examined the distribution ratios of the total biomass each root has at 

every soil horizon. These relations may also be applicable to each root classification. 

Fine root: Fig. 35 shows the relationship between the basal areas and the distribution 

ratios of fine roots at every soil horizon. As can be seen in the figure, the fine root biomass 

made a concave curve upward in soil horizon I, a straight or gently parabolic one upward in 

H, and a parabolic one upvvard in lil or below. In this case, it had the smaller and clearer 

variance than the total root biomass. 

Table 46 shows the ratios of fine roots by biomass in soil horizon I at the basal areas, 

100 cm2 and 500 cm2, obtained from Fig. 35. At the basal area of 100 cm2, they became, as 

shown there, lower in the order of L. leptolepis (7896), Ch. obtusa or C. jaj;onica (6596), and 

P. densifiora (55%). 

At the basal areas of 500 cm2 and 1, 000 cm2, they became lower in the order of L. leptolepis, 

Ch. obtusa, P. densifiara, and C. japonica, There, C. japonica and Ch. abtusa had an almost equal 

percentage of 65 for the small diameter trees. Those order in ratio was constant for the 

grown-up trees. In soil horizon I, those of L leJ;tolepis, and Ch. obtusa were higher than those 

of C. japonica and P. densijlara, which tended to go higher in the lower hor.izons. This was 

compatible with the tendency of distribution of all root biomass. 

The distribution ratio of the total root biomass in soil horizon I ranged from 40 to 6096 
at the basal area of 100 cm2, and from 37 to 50% at that of 500 cm2• The fine roots of small 

and large diameter trees, therefrom, were distributed more widely to soil horizon L 

.For fine roots grow well, judged from their function, near the surface horizon with good 

aerobic. In short, they are distributed much wider there. 

The distribution ratios of the fine roots in soil horizon I according to tree size concerning 

C. japonica were invest.igated and results shown in Table 34, According to the table, they are 

6596 at the basal area of 100 cm2, 3896 at that of 500 cm2, and 60% at that of 1, 000 cm 2• When 

a comparison is made between these and each ratio of the total root biomass in Table 39, it 

is 5896, 40 or 45%respectively at each basal area. lt would seem that fine roots have a tendency 

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



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

As already explained, the large·diametcr trees made the ratios of root biomass increase in 

soil horizon r, wh.ich was due to the selective growth by root in soil horizons. The special 

feature was remarkable for a fine root, one of the \Vorking parts. 

In soil horizon II or below: Fig. 35 shows that the fine root biomass draws a straight 

line downward or a remarkably gentle and parabolic curve upward in soil horizon IL Besides, 

the small and largi>diameter trees both have their ratio by root biomass (from 15 to 20%) 

almost unchangeable. 

In horizon ru or below, as with the total biomass, they draw a parabo.lic curve upward. 

'fheir variance, however, is small, and instead their coefficient of correlation is .larger than 

that of the total. biom;:ns. 

In soil horizon III, each species increases the ratio by root biomass for the smalJ,diameter 

tree very remarkably. A tree, 100 cm2 in basal area, for example, sho·wed th.e percentage of 

only 10. A .. nd yet it .increased parabolically to get to 15 to 20:?6 at the basal a.rea of 500 crn2, 

It became lower in the order of C. jajJONica, Ch. obtusa, L lepto!e,bis, and F. densijloYa, There 

was no clear difference in ratio between deq:J"rooted specieoJ and c;hallow·rooted species. 

In soil horizon IV, the ratios by root biomass at the basal area of 500 cm2 were 12.% for 

C .faf>onico, 10;?6 for Ch, oblusa, 8:?6 for P. densiflora, and 296 for L. lej;to!cpis. C }af;onica and 

Ch. obtusa showed almost the same. L. [ef.>tolej;is, sha1low·rooted, took a retnarkably lower ratio 

in this hor.izon than any other species. It is because L. le;;tolej;is are prevented by the anarohic 

condition in particular from growing the fine root freely. 

In soil horizon V, they were 696 for C. japonica, <!, 5% for P. densif!om, 3% for Ch. obtusa, 

and 1% for L leptolej1is. Ch. obtusa decreased the distribution in this horizon. The 

difference between P. densiflora and C. japonica, deep-rooted, and Ch. obtusa and L leptolejJis, 

shaiJow,.rooted, became clear in soil horizon rv, 90 to 120 em deep, 

And what is more, L. leptolepis and Ch. obtusa, shallow-rooted, had no distribution of root 

biomass for the small dianwter trees in this horizon. 'fhe conclusion to be drawn from the 

foregoing is that this horizon plays an importanr role, physiolovical and ecological, in lnHu· 

encing root distribution and tree growth, 

Only the root distribution of P. densiflora, deep-rooted, was observed in soli horizon VI and 

below. Moreover. its distribution reached to soil horizon XL 

The above-mentioned changes in fine root biomass according to so:il. hor.izon prove that 

line roots function as a working and growing part. ]'hose chimges either correspond cUrectly 

to soil condition or characterize the properties each species has, Accordingly, they are very 

meaningful in examining the growth property of rooL ~,y,;tem ("fhe correc;pondence to tree 
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Fig. 36 Vertical disribution by biomass of each root 

class of C. Japonica. 

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

Small root to root stock : As mentioned above, the ratio by root biomass-basal area curve 

changes from a decreasing curve to an increasing curve according as roots become larger. 

This relation may be recognized in each soil horizon. It is shown in Fig. 36 on each root 

class larger than a small root in soil horizon I, where fine roots make the most distinctive 

changing curve. According to the figure, each ratio by biomass from a small to very large 

root became lcnver as the tree grew from a smaH~diameter tree to a large-diameter tree. This 

inclination of decrease became steeper with tree diameter. Table 47 shows those ratios on 

the stands which take the average values from Fig. 36. As is clear from the table, they 

decrease disproportionately with basal areas. For example, the differences in root biomass a 
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Table -18. Ratio by root bionmss of C. jajmnica ln horizon Ill 

and tree size (9tJ) 

2d 
)() 

36 
40 
24 

/.:8 

JJ 
25 

tree between S 11 and S 18, both small in diameter, were 49;?6 for a line root, 5996 for a small 

root, 6796 for a medium root, and 8996 for a large rooL That they became bigger as the 

root system got thicker is partly because anwng small-diameter trees the root biomass tended 

to maldistribute to the upper horizons as the root system got thicker, and 

among large-diameter trees it tended to decrease. 

because 

In the stand of S lt, smaH in diameter, 99':;; of the root biomass of a large-diameter tree 

vvas distr-ibuted to soil horizon I and there were no very large roots. The very large root, 

however, made the disl:ribudoml of 100.?7 and 98% in the stands of S 1 and S 24 respectively. 

That is, when the root system became thicker, the distribution ratio by root biomass became 

higher in soH horizon L And at the same time, Its maximum value moved toward the large 

dbmeter tree. This relation is remarkable in the large and very large root:>. 

Thme phenomena. are regarded as the combination of the root class and soil horizon. The 

ratios by root biomass increased, corresponding to basal area and described a parabolic curve 

upward as the soil horizon went down. This is the reverse of those on ~1oil hor.izon L T'he 

origin of the parabolic curve, hovvever, moved towards the larger area. 

The distribution ratirJ:-: by root biomass to soil horizon I, as mentioned so far, are different 

in each root clas;J. ··rhe S l1 stand of Table 47 shows, Jor example, the distribution proportion 

of 83, 80, and 99';:> to the fine roots, small or medium roots, and large roots respectively, In 

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

also domimmi. over the other stands. As a stand is growing up, the minimum value moves 

toward a large root, as shown ln 'I'abk G, Jn the S l stand, the small root took the min.imum 

percentage of 42; in the S 24 stand, the medium root took 43, and in the S 4··8 18 stands, the 

large root took 21 or l 0. 

Hence it is that tree growth causes thi.ck roots to go toward the increasing distribution 

of root biomass in deep soils. \Vhen adding it to the fact that the proportion to each root 

class go down disproportionately with incre<tsing basal area, it turns out that the pn:opoption 

to soil horizon 1 is d_ecreasing as a. stand iz; up or as the root system is enlarging. 

Since distribution is greatly affected by the ;.;oil properties, such as aeration, fertility, etc., fine 

roots take a hi,g;her percentage in soil horizon I than small and rncdiu.m roots in all stands. 

This, however, goes opposite to the distribution ratio to soil horizon lii as Table 48 proves. 

'I'hcre, the ratio is increasing in parabolic form as a tree is growing. And the point showing 

the maxi.rnum value mcwes to a large root. lt follows from 'L'ables 47 and 43 that root distribu· 

lion is different according 1:0 soil horizon, tree size, and root class, and that although the root 

system of smalh.liameler trees are maldistributed to the surface so.il horizon, the distribution 

ratios of large diameter root~' increase gradualiy in the horizons downward as trees grow up. 
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Table 49. Average root volume of the 

iP. densiflora 
Chamaecy- Eucalyptus Species c. jajmnica Ch. obtusa L leptolepz"s paris globulus p£s£fera 

Stand s 5 H5 AS Kl4 M2 M3 

Basal area (cm2) 439 422 238 177 

Root volume (m3) 0. 13 0. 14 0.07 0.02 

Table 50. Root volume per ha 
! 

C!wmaecy-
Species c. faponica Ch. obtusa !P. densiflora L. leptole}Jis jJaris Eucalyptus 

jJisifera globu!us 

Stand s s H5 A3 K14 M2 M3 

Basal area (cm2) J,39 42? :361 422 238 !'"' I' 

Root volume per ha 116.2 91.3 69. 7 \Ob,O 34.3 58~ 4 

3. Root volume 

From the root biomass and the bulk density, the volumes of each class of the root system 

in each soil horizon were calculated. 

1) Volume of a root system per tree 

As the bulk density differs among species, the root volume of each species have some 

difference in relativity from the root biomass. The average root volumes of each species per 

tree are shown in Table 49. According to the table, those of main trees ranged from 0. 09 

to 0. 14 mS at the basal areas of 360~--~440 cm2, and those of the other species ranged from 0. 02 

to 0. 09 m8 at the same basal areas. They differ according to tree size and bulk density. L. 

leptoiepis, Acacia decu.rrens, Quercus mongolica, and Betula davurica vvith low bulk density, for 

example, showed a large average root volume per tree for their basal areas. Since each 

species does not make a great difference in bulk density, the average root volume goes up 

and down almost proportionately vvith the root volume. 

Table 51. Ratio of each root volume to the total root volume (96) 

C }aj;onica 
Ch. obtusa 
P. densiftora 

Species 

L leptolepis 
Chamaecyparis pisifera 
Eucalyptus globulus 
Zelkova serrata 
Abies firma 
Tsuga canadensis 
Acacia decurrens v. dealbata 
Quercus mongolica v. grosseserrata 
Betula platyphylla v. japonica 
B. davurica 

' Stand 

s 5 

H5 
AB 
K14 
M2 
M3 
M4 
MS 
M6 
M? 
M8 
M9 
M10 i 

f 

2.3 
3. / 
0. 

1.2 
5.8 

4.2 
9 . .3 
2.2 
3.3 

14.0 
1.0 
1.0 
1.1 

s 

. ..-, 4 

6.5 
3.3 
2.2 
7.3 

18. 3 
7, 8 

4.2 
11. 6 

5,5 

~-. 6 

7.4 

m 

5.4 
5.4 
() 0 
-'"•l) 

6.9 
10,4 
25.2 
16. 7 

I 0. 7 

17. 3 
33.4 
19.3 

13.2 

1?..3 . 

7.8 
!0. 0 
12. 7 

ll. 4 

12. 1 

10. 1 
14.0 
10.6 
14.3 

6.4 

.8 
11. 0 

9. 1 

L 

22.0 
.32.6 
21.7 
.34,2 
.29.5 

13. l 

3.9 
16. 

6.0 
9,3 

10, ~) 

10, () 

St 

60. 1 

41.8 
49, 
44. 1 

34,9 
29. 1 
36.2 
63.4 
37, 1 

19.9 
57, 1 
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Fig. 37 Root volume .per ha, and basal area. 
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21 Volmne of a root system per ha 

The root volu.mes per ha arc shown in Table 50, As is evident from it, they range from 

7() to 116 m8 at the average basal areas from ::<61. to 439 cm2 in the stands of C, ja;?onica, Ch. 

obtusa, P densiflora, and L Lej;tole,?is. 

3'> Tree size and root vol.mne per ha according to each root class 

The change of the root volume in each root ciass, answering tn:e growth, is shown in 

Fig. :w. The root volume per ha Crom a fine root through a small root to a medium root, 

as with the root biomass, increases, as shown in the figure, to the peak when the basal area 

range; from 150 to 200 cmz, then decreases with tree growth. And that volume from a large 

root thn>Ufsh a very large root to a root stock d.raws a parabolic curve upwant That runs 

;;:dm.ost paralkl to the change in .root biomass, The average bulk density of the root system 

does not go up and down greatiy with tree size. 

4) Root volume ratio by every root class 

Table 51 shovvs the volume ratios by root class in the stands front Table 49 and 50. 

Those to th<" iine roots ranged from 0. 40 to 3. 70?? although difference in gTowth has 

some .iniluence on them. Of aH main trees, P. densiffora got the lowest percentage and Ch. 

obtusa the highest. Those to the small roots ranged from 2. 2 to 6. 596, and those to the 

m.ecllum roots from 5 to 9'?6. It iG evident from the fact that as the root systern becomes 

Fig, :38 Ratio each root volurne to the tota1, 

and basal area. 
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larger, the difference in ratio het\veen species becomes lower. For example, those to root stocks 

ranged from 42 to 60C0. 

In the other species, such as Acacia decurrens, Zel!uma serrata and Ch. iJisifera, the volume 

ratios to the fine roots were 6<~1496, and those to the smaH roots 7-~15%. In Abies firma, 

Quercus mongolica, Betula platyphylla and Betula davurica. those to the fine or small roots were 

comparatively low. Those to the root stock, however, occupied 55 to 63%. of the total root 

volume. 

(1) Tree growth and volume ratio by root class 

The relation between basal area and ratio in root volume is shown in Fig. 38. As is 

clear from it, the ratios to the fine., small, medium, and large roots decreased gradually with 

the growth of trees. However, those to the very large root and the root stock increased, 

describing a parabolic curve. 

These chang;es in volume ratio are due to the different stages in growth between the 

whole root system and each part of a root. They are also due to the increasing ratios the 

accumulated part occupies in the root volume as trees get older. 
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Fig, 39 Ratio ui the root volume in each hor.izon to the total, 

and basal area. 
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Fig, 59 (ConUnuecl) 

Tabk 52, Rtti'J <•f the root vol.mne to the total root volume 

jn_ each horizon (96) 

This relation wile a.lw observed in each soH hurizon. ln soil hori>eon T, the ratio of each 

root volu.n1e to the \vho.le root voiurne had a t(:.~ndency, as ~:;ho\vn in Fig. 391 to dz:.creasc 

gradually \vlth th(~ gn:n,dJJ of trees. Contr;;1ry t.J..l it, a tc.udency to incn--:~asc shnvl:y!) descrlbin,?: 

a. para.bolic cur\/(:) vV:':).G seeu in ~-;o.ll .h.1Jrizo:n. 11 or bt:h)\V. 

SrnaH tree~: rna_hlistribnt.c n1ost. o:f th(jr roo!'.~; to the sur:f<:-tce soil ho:dzon~ but decrea~::.e 

snch dbtribu.l:i.on tu the lower horizon; on the oiher hand, large. trees di.stdlmte a. number uf 

l . ' 
t ·1(~Tr roots to 1t. 

Tab.le 52 shows on fe-sv stBJ1ch; the root "\·'o.lurnc :ratios by· soi.l b.or.!zorL In soj.l horizon 

l, they were, a2. :Jlw-,vn there, for Ch. obtusa. for L. te(Jioie,bis, ·10?) for C. jajwnica, 

and :i896 for P. dcnsijhwa. ()f a.ll four ~;pccies., the fourth species had a lovv' vohnue rntio lY)-' 

-root in fhe hodzon~:; tJ.pvn_u·d an.d a high onl~ in the horizons dO\\'n\v;;trcL Othcr\YJsc expressc.d, 

Lbe roots o:f Cil. obtusa· larger thr:-t.11 i:he large ruots Yv.hich occupy th8 greater part: of the root 

vo1urne are d1stributed rnostly to the su:rfa,ce soiL ~u1d th~it thos<~ of F'. de-;;s(flora 1 U:.tp--rootcd1 

a-re distrlbt.th:d. nJ.ostJ:,/ to the deept:.'.r soi.ls. 

'I'he. ratios disLrl.but.ed to soi1 horihons l and II 30 cn1 deep fron.l the su.rfa.ce soil horizon. 

\ve:re 8191) for C. jaf.)of-li('a) 88?6 fo( C'h. obtusa. 69'~~-; {iJf }), densijlora) and. '18;/() for L. /ei;lolr:?t;is. 

'ZelkoDa serrala. /lcaciu decNr;• .. ·cn,.;;, and _E..''uca(yfJl!ts g!obuius ha.d the high root dl:;tribuLi.on :ratio~~ 

hv volu.me of S-1 to in hor.izon 1. Pos:c.ibh· this :.s one ('f the; reasons why they are 

SITi.all trees. Acacia decunens had 80?t!, 1:h." lnghcc;t rath of aiL Hent·e it is that it has a 

greater pnrt o:f the root vo.ltnnes in the ~;,ttr.face soU .. ho:rizon. 
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Table 53. Ratio of the root volume to the total root 

Species • C japonica 
··································································· ························-···········································································,-----------··----------- -- --·································· 

Soil water condition 

Stand 

Basal area (cm2) 

Soil type 

Site index 

I 
II 
m 
IV 
v 

Species 

Basal area (cmZ) 
Root length (km) 

• 

Moderately moist soil 

s 3 s l3 s ;?3 
-- -

109 196 152 

Blo(d) Blv J:ID 

17. 0 24. 5 0 

.t~?, 8 52 . 7 51. 1 

3 36. 7 3 
13. ' ~ 

, __ 
? 

3. 6 ' 1 6. 2 

0. 2 0~ 5 1.2 

Ch. obtusa 

l-I 5 

6.< 

Dry soil 
- ------

S24 s 6 s ? S20 

99 105 160 2'" Ov 

J:IA BlA .Blc J:IA 

11. 0 : lL 3 13. 6 150 4 
········ 

56, :) s~ 
c. I. 7 53. 7 49.0 

.0 33. 8 .J3, 1 :j7, 2 

8, 5. 9 8. l L 3 

?.9 I. 7 c 
cl, 9 2.3 

0 ), 0. 9 1. 1 0.2 

Table 54. Average root length a 

Chamaecy· 
paris 

pisifera 

M2 
238 

Eucalyptus 
globulus 

MJ 

2.4 

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

In looking through soil types for the relationship between the soil conditions and root 

volume, v-;·e get the results shown in Table 53. According to the table, C. japonica and Ch. 

obtusa show the high ratio by volume in the lower horizons of the moderately moist wils and 

the low ratio in the surface horizon of the dry or rrwist soils. This tendency was more 

remarkable in the dry or moist soil for L. lej;toleJ)is than for C. jajJonica. 

As mentioned before, the root volumes are distributed in the same way as the root bio­

mass. Fine and small roots, however, have a considerably low bulk density, because they 

take much higher \Vater content than large roots, very large ones, and a root stock. Those 

roots, therefore, occupy the greater ratio by volume than the ratio by biomass. As concerns 

the vertical distributions at every soil horizon, the ratios by volume in the surface soil ho­

rizon, vvhere fine and small roots are maldistributed, are higher than those hy biomass. 

After trees are cut down, their roots remain in the soil, get rotten and in time leave 

cavities in the soiL They affect the physical and chemical features of soil, and there come 

to be many fme porosities in the surface soil horizon. 

4. Root length 

From the average root length per tree got from the root length per unit weight multiplied 

by the average root biomass per tree, the root length per ha was calculated through the 

basal. area ratio estimate. 

1) Average root length per tree 

(l) Tree species 

Each species has its own biomass ratio, branching pattern, avenJ.ge diameter, and bulk 
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voltune in each soi.l horizon and soi.l types <.XS) 

L lejJlo!ej;is 

tree of each Gpecies 

density of the root ;;y;otem, and nntnral.l'i, Yoot length. Let us rnake thereupon a comparison 

of the average root length per tree between the main "pecies with nearly the same basal areas 

and some other species with different basal areas from i:he detaU.ed table on the root length. 

'fable 54 give;> .results, and according to the table, the maximum of thwe of the main trees 

were G. 4 km for Ch. ubtusa w·ith many fine roots, 4. 1 krn for C. japonica, :3. 1 krn for L. lej;tolef;is, 

and 1. 2 km for P. deHsijlora. ]'he lao>t species had the extremely shorter root length, chw to 

.having a considerably smailer amount. of tine roots. 

The root length of the other trees was the maximum nf 17. 3 km for Ze!!101•a .':errata, or 

10. 5 km for Awcia decurri'lls. lt was 2 to :3 time0: as long as that of C. faponica or Ch. abtusa 

vvith broadex basnJ area, 

The fine root of Zeikol)a serrata is so small in diameter that its length per unit weight 

is very Teinarkable. Although its length by 1Jnit is short, the fine root of Atacia decuvrens 

ha.s a large runou_nt~ so its root i~; .long· on the v.,;·ho1e, 1To:r Ch . ./Jisifera the an1ount is large 

and its length is almost the same as that of Ch. obt!!sa. 'fhe roots of Be!ufa j;[aiy,lihylia, Ffetu!a 

davurica~ (-)uercus 'lNOrtf}"Olica and Abies Jlrnu1 a:re rnuch shorter~ hccause their ftne roots grov; 

spa:rse.ly and their amount .is srnal.l. 

Generally· speal-;:intL the t:rees \V:it.h long·er roots ha·ve a strong drought resistance because. 

their roots are distributed vvider to absorb v-.;:ater an_d nut:r.irncnt frorn broad are>:1s. 'fhe 

exarnples are such trees as Cl!. obtnsrr, Zel!wva serrata, and AcaDia decunrms. 'fh!s .idea, how·· 

CV\'T, proves to be imperfect vvhen it i;; sh(!\VTJ. that the ro<:>t is Cf)tnrnratively '"hon in the 

case of I>, dens£jloraj Tsuga canadcNsi.)'. {)nercus J-non,golictt 1 a.nd J](;tula 3pec1es, an \<;,'ith strong 

drought re.slstance. 
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Table 55. Tree growth and average root length a tree 

c. japonica 

Stand 

i 
s 1 s J s 2 s ~ s 15 

Basal area (cm2) 61 109 249 33Ci 451 

.Root length (km) i.4 2.0 a. 1 4. 1 4. 

Cft. obtusa 

Stand H 1 H2 H3 H H 5 
Basal area (cm2) 42 [()4 251 27'' 427 
Root length (km) 1.6 1.6 3. 1 2.8 6. L) 

P. densi;lora 

Stand A A 2 .A. 3 Ail 
Basal area (cm2) 63 ] 98 361 

.Root length (km) o. 1 0.2 c. 6 ~ < 2 
' ...•.. 

L. leptolepis 

Stand K5 K22 

Basal area (cm2) 90 159 

.Root lnegth (km) 0.8 2. 6 

(2) Tree growth and root length 

s 17 

l, 042 
7,4 

l-(20 

599 

2. 8 

Table 55 shows the relationship to the basal area of the increasing root length with tree 

growth. As can he seen from the table, the root length Increased steadily w.ith the basal 

area in the case of C. japonica, Ch. obtusa, P. densijiora, and L. leptolej;is. At the basal area 

of over 200 cm2, however, it made a parabolic incre<u;ing curve as the rate of increase became 

lo•.ve:r. In this case, the species \\tere alm.ost 20 to 25 years old. 

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

And at the same time, the rapid increase of the root length in a SJ.pling stage is due to the 

increase of these roots. The rate of increase of the root length fa.lls off in the case of largo 

trees, because the growth of roots occurs mostly in large roots, instm.d of the fine or smali root. 

(3) Soi.l type and the root length of a tree 

The relation between tho soil types and the average root length per tree is shown in 

Table 56. 

The root length per tree of ev<,ry ,.;peClos is longer in the dry soils than in the wet or 

modc:rately moist s:Jils. C. japonica, taken here as an example, had the root length per tree of 

2. 6 km in the stand of S 12, B/o(w) s::>iHypd, ?,nd 4. 3 km ln the stand of S 20, BA soil-typed, 

Site index 
Average root 
tree 

C. japonica 

Table 56, Soil types and average 
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There was a great difference between them. even thc•ugh the basa1 ;nea was ilhnost the o-;ame 

in these two ~Jtands. And it was the sgme 2. 5 km in both stands, S S of Bln(w) soil-type and 

S 6 of BlA soil-type, The basal areas, ho>vever, were 238 crn.2 and 105 cm2 in the f<:onner and 

the latter stand respectively. If ca.lculated as the tree in which basal area is almost the same, 

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

This is true of the root length of Ch. obtusa. The root length was :1. 6 krn in the Bn sou-­

typed stand of H G. It was L 6 km in the moderately moist soil··typed stand of H 2, larger in 

diameter, and 2. 7 km .in the stand of }f 4, over I:Y\dce in diameter. 'fhat :is to say, it was 

shorter in both stand than in the ';taml of H 6. 

Th~.t ho.lds true in the case of the wot rength of P. densijlora and L le,Molct;is. For 

instance. the average root length \vas 2, G .krn both in the B./nr<:(11:1) soH~typed and \Vet stand 

of K 24, 410 em" in basa.l area, and in ::.he Illn(d) soil-typed and slightly dry stand of K J.G. 

Tbe. basal area, hmvever, was 271 em?, in the .latter.. stand. 

'I'he difference in root grov;th by thic; soil condition tends to be greater for L. !ej;toicj;is 

and P. drmsi.!fon1, and yet to he sm.aller for C. jafJonica. ·rhe roots become ]onger in the <:lry 

.soils and rJx;o1·b yvater and nJJ.t.rhnent. ir:. the broad. areas, w·hile .in the vvet and n1.oist soils 

the·y becon1e con1parai.Jvely shorter and absorption _1~; done :in the tJtlrrov~r areas. Either the. 

deterioration of absorption dficlency due to the lack of water or a large comnunption of eneJ> 

gy by the increase of ;drifting distance of water and nutrirnent has also to be taken into av 

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

the production eiliciency of the root system to be lower in the dry soils than in the moderately 

rnoist: soils, 

(4) Hat:ios of the root length to the total of c·ve:ry root class 

i\s conce.rns the rna:in speci.e . .s in 'T'able ;)4, the -ratios by root length of every root class 

which cmnposes the total root kng·th are shown in 'fable 57. 

The ratio of a Jiue root: stock was rhe highest of all regardless of spec!es. lt ranged 

from 59}7 for P. densijlora to 96'?" for Zclkova sen·a!a. .Most specie:cJ had the ratios of 80 to 

90%, 

A.lthough the ratio by weight a fine root took was only 1 Lo of the total root 

the root was remarkably long because of its narrow average diameter and of its low bulk 

d(;nsil:y. 'l'he very large root, on the other hand, was shorL Accordingly, the order of roots 

in length was the reverse of their <>rder in biomass, The species with the particularly h.igh 

ratios (over 90;?6) by fine :root length were C. jajwnica, L. !eplolej;is, Ch. pisifera, and Zellwva 

serrata. 'rhe 1asl: species had 96_'1{, the highest ratio ol alL A.s concerns the rnaln species, 

they becm11e .lower 1n the order of C. ja{loniw (93;?!)), L. lej;!o!ef;is (91?;), Ch. obtusa (88/{). 

root length of a tree 
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Table 57. Ratio of each :root length to the total root 

length when the total length is to be 1. (%) 

Species Stand f s m 

c. .faponica S5 9"' ,. 
"'"• 0 6.0 0 0 

Ch. obtusa H :; 87.9 ll. 3 0.5 
P. densiflora A.8 58.6 36.2 :J. 7 
L. leptolepis Ki4 90,7 l. 1 1.3 
Chamaecyparis pisifera M2 90.8 8, 1 0.8 
Eucalyptus globulus M3 79.6 13,5 1. 8 

Zelkova serrata M4 96.0 3.4 0.5 
Abies firma M5 80.2 16. l -3. 2 
Tsuga canadensis M6 69.6 26. 9 3. 1 

Acacia decurrens v. dealbata M7 84.8 12.5 2.6 
Quercus mongolica v. grosseserrata M8 79.0 16 . .s 4.2 
Betula jJlatyphylla v. Japonica 

I 

M9 81. 5 15.0 3. 1 

B. davurica MlO ?.6.9 20.3 2. 6 
.......... 

l ! L 
····--------

I o. 3 0. 1 

0.2 0, l 
1.0 0,5 

o.s 0.4 
0.2 0. 1 

0. 1 0.0 
0,1 0.0 
0.4 0. 1 
0.3 o. 1 

0. 1 0.0 
0.2 0. 1 
0.3 o. 1 

0.2 0.0 
-~-------

and P. densiflora (59%). The species with low ratio by fine root length (about 6096) were P. 

densiflora, Tsuga canadensis and so forth. 

The ratios by small root length were 6 to 36%. That of P. densiffora was higher, as 

compared with the ratlo by fine root length, and highest of all those of other species. Con­

trary to P. densijlora, Zelkova serrata had the lowest ratio of only 3%. Those of the main 

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

Stand 

Hat~l~~rea 

f 
s 

n1 
1 
L 

Species 

Table 58. "I'ree growth and ratio of each root length 

to the total root length (%) 

s \1 s ;} 
i S12 s 4 s 5 

19 !09 267 .'333 i 451 

93.5 92.8 92.8 92.4 I 92.6 
5.5 6.3 6.0 6. 4 6.0 
0.8 0.8 0.9 0. 9 0.9 
0. L~ o. \ 0.2 0.2 0. 3 
~ + 0 ' . ' 0. l 0.1 

Table 59. .Ratio of the root length in 

c. japonica 
. 

each 

Soil water condition Moderately moist soil Dry soil 

Stand 

Basal area (cm2) 

Soil type 

Site index 

I 
II 

Horizon ill 
IV 
v 

i 

i 

s 3 

i09 

BiD(d) 

1 l~ 0 

63. 4 
"] 6, 2 

12.? 

7.3 
(),4 

S13 S23 

i 196 lb2 

Bb Bn 

24.5 15.0 

55,6 56.3 
16. 7 18. ;· 

J 9, i .1 6. 5 
?,3 8.0 
0.7 0, 1 

S24 . s 6 s 7 

99 105 160 

lh BIA Blc 

11. 0 11.3 13, 6 

6/,5 72.0 6l. l 

16. 7 J.L 1 18. () 

10. 8 9. J J. ~). 5 

4. 7 6.7 6. 1 
0.3 L6 i,3 

s 17 

1, 042 

94.2 
4. 7 
0.7 
0 ., 

,U 

0. l 

horizon 

·--~ .. - ... -

S20 

265 

BA 

15. 4 

60. 1 

20. 4 
12.4 
6. 1 

LO 
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There was a considerable difference between that (8696) of P. densijlora and those (6 to 1196) 

of the latter three species. 

The ratios by medium root length were 1 to 49l and lowest of the total root length. P. 
densiftora, Abies firma, and C.]nercus mongolica had con1paratively high ratios, while Ch. obtusa, 

Zel!Jova serrata and C. japonica had Io'N ratios. 

The ratios by large root length were 0. 1 to 1. 0,'??. The ratios by very large root length 

were + to 0. 59). 'fhey both had a small part o£ the total root length. 

From the stand point of ecology, it is not unreasonable to cnndude that the species having 

a high proportion of the fine root length absorb nutriment and vvater sufficiently and thereby 

stand well against drought, To know the species' drought resistance, this .is applicable, as a 

temporal standard, though not for P, dem(ffora, Oucrcus mongolica and Betula davurica, for Ch. 

obtusa, L. lcptolepis, and Zelkova serrata. 

P. dmzsi;1ora, the fine root of whlch 1s short, has the root hairs, develops the small and 

the medium roots, and thereby makes more effective the alJsorpti ve structure in functioning. 

Thus, each species has its own characteristic of the absorptive structure for nutriment and 

water. It is therefore inappropriate to construe the physioJ.ogical difference of the water ln 

trees only by the above·mentioned proportion of fine root. 

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

"fable 58 shows on C. japonica the changes of the ratios by root length according to each 

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

\vas that of the fine root as shosvn in the table. Tt decreased vvitl1 tree gruwth to 92_q::;· in the 

S •i stand at the basal area of 33() crn2, increasing again to 9496 in the mature stand of S 17. 

This verifies that the il.ne :roots of large trees grow densely in the surface soi.l with favorable 

condition for their growth, and besides that, it causes them to increase their growth am.ount. 

'I'hose of small. roots were 696 in the S 11 stand, 6;h in the S 5 stand and 5% in the S 17 stand. 

1'hey decreased slightly in the case of large trees. Those of large roots were, however, the 

reve.rse of these chantres, 

The above·mentionecl relation between the tree growth and the ratios by root length has 

a connection with e.ach root's own growing pattern. Jn the case of the young and small 

trees, the fme and small roots grow more remarkably than the lar;:;e root, absorbing water 

to the. total root length and soil type~' (96) 

L. le f!tolc pis 

Moist soil .. ·~····· Moderately moist soil 

K :3 K 6 1( ., 
' K 1 3 K 1 1 1\. 

183 92 l/:3 346 i 310 (){) 

BlE BlE-F B!G .B/n Isln BlF 

H. 8 ~ u·, 8 1 ' 0 ltl, 4 l 6. 8 8. 

66. 6 '?C) 
(,-·, 9 83. ~~ 6J 4 63. 

, .. 
J 75, ,J 

1.8, 8 1 ' ~) Li. 2 ·' .?3, .. ! r.~ g ,), 

1:3. 2. () 
. Q l 3. j 1 \] 

L 4 } 2 -1. 0 ' 2 ' 
4 (), J 

141 

Bln-m 

9.5 

?L 
~ 9, 

9.6 

Dry soil 

K29 

200 

Bh 

lU. 5 

82. 4 

·' 1 2 

.5. f;. 

0. 6 

K26 

164 

• 

Bb 

9, 6 

9 
l .). ' 
2. 8 

1. 2 



and nutriment from considerably broad areas for large individuals. h1 the case of the large 

trees, contrary to them, those two roots are not distributed so widely when com.pared with 

their increasing individual biomass. These special growth properties of the root system have 

a great influence on the tree growth through absorption of water and nutriment. 

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

Table 59 shows the ratios of each root length to the total root length in each soil horizon 

under different soil conditions. 

The root length ratios of C japonica in· the moderately moist soils were 56 to G3% in soil 

horizon I, 5696 in the S 13 stand with the largest site index of 24. 5, and 63% in the S 3 stand 

with the site index of 17.0 and Blo(d) soil type, while in the dry soils. 60 to 72%. When the 

difference in distribution by tree size was taken into account, the ratios were higher by 4 to 

5% in the dry soils than in the moderately moist soils. In the dry soil they were inclined to 

be distributed mostly to the surface soil. 

L. lepto!ej;is has the same tendency as before; its ratios by root Iength become higher in 

the dry soils than in the moderately moist soils. They were, for example, 69% in soil horizon 

I of the Bln soil·typed stand of K 11, and yet, 8296 in the same horizon of the dry stand of 

K 29. That means a difference of 1396 between them. This species has a stronger tendency 

than C. japonica. It follows from the fact that L. lejJlolef;is has a tendency that its root length 

is. maldistributed to the surface soil horizon under the dry conditions. Moreover, it is clear 

that the root system of L lejJto{epis are distributed mostly to the surface soil under the wet 

condition. 

The distribution ratio, on the one hand, was 69% in soH horizon I of the Blo soi.Hyped 

stand of K 11, and on the other hand, 84% in the same horizon of the Blc soU-typed and 

heavy wet stand of K 7. That shows a diffierence of 15'1) bet;veen them. From this it follows 

that the root length is maldistributed to the surface soil horizon on the dry and the moist 

condition. In addition, both of the stand have a small site index on the condition like those. 

The site indices were 17 in the moderately moist stand of K 11, and yet, 11 both in the BlG 

soil-typed stand of .K 7 and in the BIB soil-typed stand of K 29. 

This is because the growth of the fine roots which occupy the greater part of the root 

length is restricted by the soil condition. As it is relative to the diameter of the fine root, 

the root becomes longer in the dry forest ground where the root becomes smaller in diameter, 

especially in the surface soil. 

2) Root length per ha 

The root length per ha is quite different from the mot length per tree as it is greatly 

influenced by tree density. The root length per ha of each stand in Table 54 was calculated 

and shown in Table 60, 

According to Table 60, the root length per ha was -1,848 km, the greatest, in the H 5 stand 

Species 

Stand 
Basal area (cm2) 
Root per ha 

C. jajxmica 

s ') 
A39 

;\ 8 

922 

Table GO. Root length per ha 

K\4 M:: 

Eucalyj;tus 
g!obulus 

M3 
1?? 

6,031 
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of' Ch. obtusa, 3, 596 km in the S 5 stand of C, japonica, 2, 263 krn ln the K 14 sLand of L. !eptolepis, 

or 92'!, krn, about one-ilfth Gf, Ch, ob!usa, i.n the A 8 stand of P. densi_tlora. 'l'hi.s is not only 

beca.nse .P. densijlora \vith takes a lovv tree density, but because its fine ioots gnY\V 

;,;panc;ely, iu3 root amount bdng remarkably smaller than that in the other species. Zelkova 

scrrata with a large amount of fine root;; and long root length per unit weight has the re­

n1a rkab1e root le-ngth of 2~?,; 684 .krn. 1 a1thoug1t tfte specie.s has a basal area naxrowc:r than C, 

japonica or Ck obtusa, Acacia decurrens has the comparatively long· root length of 7, 843 km, 

because the spedes has a large amount of the line roots for short root length per unit. 

On the other hand, the broa(Hcavcd t:rees, such as (Juercus mongolica, Betula j)!aty{>hylla 

and Betula davurica, had a r·emarkabiy shorter root length per ha than the former, ranging 

trmn 138 to 421 lou. Among the unraerous trees, the root length of Tsuga canadensis is com­

paratively long ;.:-1.s .its fine and srnall roots arc. highly· rantif~txL 

(1) 'free growth and root length v·r lm 

~_l'he root length uf <J. tree increases V/.hh tb.e tree growth. Jts rate of incn.:·.ase~ ho..-vever ~ 

,grcn:vs lower as the tree, grov;..~~~ ·targerl in a para.bolic cu.rve. In the ixnn1ature st.a.nd, 

the increa:se of the rout length per ha !arls in spite of the growth of the stand, because of i.is 

low tree dens.i ty, 

This grovd.h roots in Jenglh in r<c:Jatinn to the ba,Jal area is shown in Fig, 40. A.s can 

b>- ''een from it. the total root length of every species increased temporarily at the basal 

areas of 150 to ?00 cm2, d,·.creasing slowly at tlk broader areius, and then remaining comltant 

at the basal area;, o:f ::;oo to 400 cTn2. 'I'his h main1y due to the change ir1 root bimnnss. 

Table 61 was derived from the root length per ha at each basal area In Fig. 40, Investiga­

tion TeveaJcd that the total root length \vas 10,000 },:rn in a young· forest of C. jajJONita~ and 

fnr Ch. obtusa .it ran to G, 000 kn;, In the y:oung stands, U1c difference between species was 

·very higj au.d \Vas about 8, 000 krn 1:.lt~t'\vc.en C, japonica and L, !ejAoletn's, "fh1s is due to the 

dUierencc<i in the spccinl propenic:c; of the root system and the tree densities, 'I'he total root 

lcnp,th was 3, 500 km in the 1m.1turc t'orecrt nf C. jaj:•onica and C'h. ubi usa and 1, 000 krn in the 

Inaturc :forc;t of P. densiflora. The cLii'lercnce .in root length between C. jafxmica and L. 

!eptulepis is srnallcr by 2, fi(Kl km than it was at the young ";tage. This b mainly due to the 

di!Ierent patterns of branching of the fine root and the different fine root. bionJass, 

Fig. 40 shmvs the relation bctwnTr the basal area and the length per ha according to each 

ruJL /\.s is evident frorn :it, t.he tine or ~:nna11 root lcng;th increa~5es teo1porarUy at the young 

stage whdl the basal area ran,v,es fwrn 100 to :200 c:n2. As. however, Lhe root system becomes 

larger tron1 the medium to very large root, the increase becomes Ics.s rernarkable, and the 

length of the hrr.-ge root increases in a pan.-~bolic cu:rve. It decreases little :for large trees. 

It .is du.e to the vigorous branching and growth of fne and srnaH roots at the young sLage, 

and to Llif' secondary gxuwth at the .stage ur over. Such a phenomenon 

Zelkova 
serrata 

68'' 

B. davurica 
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Fig. 40 Root length per ha and basal area. 

Table 61. Maximum root length in an immature stand age 

and root length in a mature stand age (km/ha) 

Maximum root length in 
an immature stand age 

Root length in a mature 
stand age 

10,000 

3jb00 

6,000 5,000 

3, .soo 1,000 

L lejJtolepis 

2,000 

1, 500 
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Table 6?, Hoot length per ha !n close planting stand~: 
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Table 63. Tree density and root length per ha 

Stand AlO All Al2 

Tree denslty index 1. 24 0.88 0.62 

Root length (km) 7,631 4~542 3, /64 

is also observed at the :factors such as the biomass, length, volume, and surface area of the 

root system. For the amount of the fine root is large at the young stage, on which calculation 

of these factors is based. 

The root length in Table 60 or in Fig. 40 is beyond our imagination. Photo. 1 shows an 

exposed root from a C. japonica stand, 25 years, taken in the jurisdiction of Shirakawa Regional 

Forestry Office, and the surface soils washed off by a pump. It shows that the root systems 

are distributed mattedly on the forest floor, and that they are very long. 

(2) Tree density and root length per ha 

The root length per ha goes along with increasing tree density. Let: us pick out of the 

detailed table the root: length in stands. By so doing·, we see that it was, as shown in Table 

62, 4, 000 to 7, 000 km for C. japonica in the moderately moist soil, 5, 000 krn for Ch. obtusa vvith 

the density index of 0. 57, 5, 000 to 8, 000 km for P. densifiora .in the dry soil, or 5, 000 to 6, 000 

krn for L lejAo{epis in the dry soil. 

The root length per ha of P. densijiora stands, A 10, A 11 and A 12, of the same age and 

of the different densities is shown in Table 63. The total root length was 7, 631 km in the 

dense stand A 10 (density index : 1. 24), while it was :3,764 km in the sparse ~;tand A 12 (density 

index : 0. 62). 

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

1'he basal. areas v'lere 18 cm 2, 32 cm2 and 49 cm.2 for the dense planting stand of A 10, the 

stand of A 11, and for the sparse planting stand of A 12 respectively. This proves that tree 

density causes a very big difference in tree size. The root biomass per ha were 1.8 tons, 17 

tons and 12 tons for the stands of A 10, A 11 and A 12 respectively. The biomass in the stand 

of A. 10 was two-thirds of that in the stand of A 12. The root was <>hort for root biomass in 

the latter stand and half of that in the former. 

The total length was 4, 120 km and comparatively short for its high density in the dense 

S 22 stand of C. japonica. For its root length per unit was short on account of the moist soil, 

and the trees were large in diamete-c. 
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