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L lntrodudim1 

The root, just Hkc the sten1, branch and so on, is omo of the most important parts of a 

tree. It supports the above·ground parts, tho;Jgh existing underg;round, absorbs water and 

nutrhnent di~c;solving in it, sends them up to the above-ground parts, and continues working 

usefu11y as in reserving nutriment, Its function, growth and property of distribution are, 

therefore~ very sig:nH1cant in analysing the- tree grLYVY·th. 

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

As a result, it has revealed the necessity to m.ake clear the fundamental. problems about the 

forest product:ivit y, such as the function, growth and distribution of root, all of which are 

directly conned.ed 1vith the soil and support the foru;t productivity. 

But despite this importance, few detailed stLldies lmve been made, apparently partly because 

roots are not sel.f·evident in our <tctual life, and partly because, being 1mderground, they are 

not cas:y to observe and study-. 

In paying p;rcat attention to these points, the author has tried to make clear the distd.bu­

tion and form of roots frorn the plant sociological viewpoint for the purpose of exarnin:ing both 

the ecological properties o:f trees according to their type;J, and the responses of them to their 

environments. As a result, he found the differences in property between the roots of varlou.s 

specics*l. VV"h.e:reupon~ u.sing these studies as a basis, he investigated and rnea.sured the stand­

ing bion1ass, production and storage of each part of a tree, vvhile J.nainly ana1yfjng the root 

biomass and absorption structure Jn regard to the problems of i:he underground parts relating 

to tiw forest prcductivity. 'fhus, he inquired ecoiogicaUy lntu the forest productivity and the 

mechanism and function of roots, 

H. Purpose o:f study 

The mechanism d forest productivity has been, generally speaking:, represented only by 

the structure of as:similation in leaves as the productive structure. In the underground parts 

ns 'Nell as :in the parts, however, the prod1JcLive structure of roots be 

counted in, as roots .function to sustain the :forest producl:ivi.ty. '.fhis mearw, !n other words, 

that the assimilative structure of the above,grounrl parts and the absorptive structure for 

water and nutriment of the underground parts play an irnportm1t role to support the forest 

productivity, 

The pllrpose of this study 1s tG n1.akc clear the relationship between the structure~; of the 

under-and-above p.arts arui the forest prodncUv-it:y·, For this purpuse$ the anal-y<~!is 'rVaf; 

rnade of distribution of the root b:hnnass u.nder va:dcus cond.iU.ons. suc-h as site ccnditions 1 tree 

densities and stand ages, concentrating· on f0ur Important species, C, JajJonica, Ch. obtuso, P, 

dcnszflom, and L !eptole;'Jis, 

From 19!17 to 1966, this study was carried out soon after the study about the forms and 

distributions c.f roots can1e to an end, flere .is one as of 1967 V¥""hen finished, Since then_, nLany 

reports have been published about the fore$L productivity. and the author has gathered in~ 

KARrZCMt, N, : Studies on the .form c.nd distribution habit of the tree root. BulL Gov, For. Exp. Sta,, 

94, 20fl PP-~ (1957). 
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creasing materials about it; but they are not presented here, for there will come another 

opportunity to do so later. 

III. Background of study 

This study is a series of the analysis of tree growth. The basic idea to clarify the forest 

productivity through mainly analysing the standing biomass is backed up by the ecological 

theories to analyse the productivity of plant community quantitatively. 

In that respect many works had been performed at home and abroad. But due to difficulty 

in studyig underground parts as mentioned earlier, few researches had been carried out on 

these problems in the forest community including the underground parts. 

The author and his assistants had already gone through the domestic and foreign reports 

as to the root system. And in doing so, they found that very few treated root systems 

quantitatively from the viewpoint of the forest productivity, and that none 'Nas noticeable 

thereafter. 

IV. Method of study and measurements of the standing h:iomass*1 

1. Procedure 

The standing biomass analyses were made mainly as to the important stands, such as C 

faponica, Ch. obtusa, P. densiflora, L le,Molepis, etc., which site conditions, stand ages and stand 

densities, were different from one another. And also experiments were performed in the 

sampling Ji.elds concerning such materials as could not be directly got through investigations 

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

isolated trees. 

Soil survey and 
vegetation research 

1 Nursery expsrimant concerning 
tha i tams that ro·s rel~;,ted. to 
llta.nd tnvestigatiorw ~ such as 
roct treatnmnts~ g:rowth ~x.pe.ri­
rolO:nts, et¢~~ or that cannot 
'be :tnve:<~tige.ted 

*l In this study, biomass is presented as dry weight. 

~~;o;ts of ~he . 
I seasonal aha.rlge ::tn tr.a 
~ amc'l~"lt of ::d~ar~h~ augar~ 

and fat irl l'OCltS ... n.-
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The environmental conditions of stands, especially soil factors. were analysed along with 

the measurements of the standing biomass in forests. The total production of inorganic salts 

were csti rna ted through these measurements. 'The principal :inorganic salts suc_b as N~ P20s~ 

K20, CaO, were analysed ln relation to the metabolism of roots. 'T'he measurements of root 

respiration and the physiological experiments about the difference of absorption were scrupul­

ously carried out. in each part of a ruot. Each factor necessary for estimation was measured 

in order to lind out the surface area .for absorption. As concerns t.he supporting functi,.,n, t.he 

root form was observed, and the seasonal change of the quantities of st<n-ch, sugar and fat of 

the roots was observed as pertaining to the storing: function. 

2. Investigated stands 

'fhe investigated stands were chosen while taking into Hccount different stand ages, site 

indices and. tree densities as accurately and to the extent possible. Howe1rer, fund limitation 

restricted a much desired fuller investigation. 

'I'he sample stands with equal site and nurturing conditions, and containing: over fifty 

sample trees a site, were chosen. Appendh·Table shows the sample areas, the. number of the 

trees and stand conditions. ]'he location of the samplc stands is shown in Fig. 2, and the 

average va.lue.s of each measured part biomass in Appendi>>Tabk. 
1) Species*t 

'.fhe main objects are the planted species, such as C. jajHmica, Ch, obtusa, P. densiflora, and 

L lej;tolepis. In order to compare the differences in ecological quaiities between these species 

and the other species, investigation was carried out about such trees as P. ihunbergii, P. !aula, 

P. strobus, Ch. Eucalyptus globufus, Zefkova serrata, Abies firma, Tsuga canadensis, Acacia 

dencurrens v, deatbata, Quen:us monguliw v. p;rosseserrata, Betula j;!atyt;hyf!a v. jajwnica, Betula 

davurica. And here, the abbreviated >vords are ust:d [or convenience such as S for Sugi in 

Japanese C. jaj.>onica, H for Hinoki. in Japanese Ch. ahtusa, A for Akamatsu in Japanese P. 

Fig. 1 Procedure of 

study. 

As these species are often used hereinafter, their generic names are abridged as C. for c,·yj;tomeria, 
Ch, for Chamaecyparis, L. for Larix. and P. for Pinus, 



Fig. 2 Map of investigated stands. 

densij!ora, K for Karamatsu i.n 

Japanese L teptotepis, and M for 

the rest. 

The numerals following them 

are their stand number. S 1 is, for 

example, the simpler form for stand 

No. 1 of C. japonica. 

2) Stand age 

The sampling stand age for 

measuring all standing root biomass 

is shown in Appendix-Table. P s 

for C. japrmica, the stand were .lO 

to 50 years old; 10 stands out of 28 

being 20 to 30 years old. Most of 

P. densiflora stands were 10 to 20 

years old, and L. leptolepis stands 

were limited to those which were over 30 years old; 17 stands out of 29 being 40 to 50 years. 

3) Number of sample stands and trees 

Accordingly, 'Ne picked out the sample stands, nurseries excluded, \vhUe taking account 

of soil, stand age, site quality, tree density, and locality. Circumstances of investigation, 

however, made it impossible to decide tho uniformity of the sample stands under the fittest. 

condition. And regrettably, the number of the investigated stands are unsettled according to 

each species. The samples were, for instance, 52 for C. japonica, 29 for L. leptolepis, 8 :for Ch. 

obtusa, and 12 for P. densijiora. In each stand, the trees were taken out as in Appendix-Table. 

As shown in Appendix-Table, the number of the sample trees of each species cut down ior 

investigation are as follovvs: 180 for C japonica, 41 for Ch. obtusa, 135 for P. demijlora, 109 for 

L. !eptolepis, 8 for Ch. pistfera, 3 for Eucalyptus giobutus, 5 for Zelkova serrata, 5 for Abies firma, 

5 for Tsuga canadensis, 5 for Acacia dencurrens v. dealbata, 2 :for Quercus mongolica v. grosse· 

serrata, 2 for Betula platyphylla, and 2 for Betula davurica. 

4) Investigated locality 

Concerning the C. japonica taken here as an example, we attempted to compare and ex­

amine differences ln growing situations in each locality with its O\Vll hereditabilities, environ­

mental conditions and nursing techniques, so the various stands shown in Fig. 2, were taken 

out from Akita Prefecture in Northern Japan to Miyazaki Prefecture in Southern Japan. The 

main object for further investigation was still the stands in the North Kanto district, such as 

Oneyama and Onokoyama, Gumma Prefecture. As to the C'h. obtusa, widely distributed stands 

were selected in the Gero district, Giiu PreJecture, and the P. densiflora, stands in the Ibaragi 

district. The stands in the Okayama district were also picked out as P. densiflora stands in 

the infertile and dry sites. As to L. lepto!epis, the stands were selected in the Nikko district, 

Tochigi Prefecture, and the Nobeyama and VVadamura districts, Nagano Prefecture. 

5) Soil conditions 

'l'he sample stands of C. japonica \vere chosen in the BA--Bh type soils including 12 soil 

types. Particularly for classification by stand age, 18 stands were taken out in the moderate 

soil of Blo. As emphasis was put on analysis of the moderately grown stands, Ch. obtusa were 

chiefly sampl.ed in the solls of Bo-Blo, and moreover, only a dry BE soH-typed stand was picked 
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out as one having a contrast of the soil conditions. In the same way, the moderately grown 

and B/n~BiD(d) soil-typed stands of P. densijlora were surveyed, and in order to make compari· 

sons, the Er soil-typed ~Jtands were taken out in the Okayama disrkt. In the study of L. 

lepto!epis, things are different. That is to :;ay, emphasis was put on the connection between 

soil conditions and growth. Many unproductive plantations, and the normal stands contrasting 

to them, were chosen in various areas for that reason. Jn Nobeyama national forest in par· 

ticu1ar, the unproductive plantation under heavy wet conditions was picked out as a sample 

stand. As a whole, hmvevel', many were in the BlD typed stands, and most of them were 

below the standard in growth. 

6) Site quality index*' 

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

yield table, we got twenty-one ~stands ot C. japonica in the second-class sites with the site 

indexes from eighteen to twenty-two, thirteen in the first-class sites or above, and six in the 

third or below, '!'hus these stands concentrated on the sites, were they grew moderately; 

for observation was d.irected mainly on growth analysis according to stand age, as already 

mentioned, 

Four out of eight Ch, obtusa sample stands were on the first-class sites or above in the 

yield table. P. densijlom stands on the second-class sites or above were observed according to 

stand age, but many of the sample stands in .Masiko and Okayama, six out of twelve stands, 

were on the third-class sites. 

The purpose of investigation of L. lepto!epis was to analyse the unproductive plantations. 

So eighteen out of twenty-nine stands were on the fourth-class sites or below, which site 

indices were below twelve. 

The yield tables of the main species are as :follows: 

Forest Agency & Forest Experiment Station: The yield table of C. japonica stands in the 

districts of Northern Kanto and A.bukuma, 1955. 

Forest Agency & .Forest Experiment Station: The yield table of Ch, obtusa in the Kiso 

district, 1954, 

Forst Agency: 'The yield tab.le of P. densi/lora stands in the I waki district. 

Forest Agency & Forest Experiment Station: The yield table of L. lej;tolepis stands in the 

Shinshu district, 1956. 

The site inde~ was set up analogizing the heights of 45-year-old trees with the height 

curve in each yield table. 

7) Tree density (Stand density-) 

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

of each stand calculated by the REINEKE's fonnula*2 in f<)Otnotes Appendix-Table. 'fhe tree 

density of each stand is calculated. According to the result, twenty-seven of C, jat•ollica stands 

were within the density indices of 0. 3 ·jO. G, twenty·i:wo stands vvithin those of 0. 6·~0. 9, only 

one in those 0. 9 or above, and 2 stands in those 0. 3 or below, Most were of moderate density. 

Cit. obtusa sample ~'Utn(ls, though not many on the whole, were taken from the comparatively 

sparse planting "tnnds within those of 0. :3 · .. (). 6. Eight out of twelve P, de11sl)lora sample stands 

*1 i\ site quality index is used as n site index hereinafter. 

*2 RBINEKE, L IL ; Perfecting a stand-density index for even-aged forests. Jour. Agric. Res., 46, pp., 62'(~ 
6~18, (19~33). 
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were within those of 0. 6~0. 9. They were rather more dense than those of Ch. obtusa. 

Fifteen out of twenty-nine L. leptolepis stands were within those of 0. 3-,·0. 6, twelve out 

of them w•ithin those of 0. 6~-·0. 9, and only two within those 0. 9 or above. The slightly dense 

stands were sampled on the whole. The reader may refer to Appendix-Table 1 about the density 

index o£ each stand. 

8) Forest conditions of sample stands 

Appendix-Table I shows in each sample stand the square measure, tree number, average 

tree height, average basal area, volume, and values of each factor per ha which were calculated 

on these by the square measure ratio. 

3. Investigation of stands in the sampling plots 

1) Diameter measurement and selection of sample trees 

After the square measure survey of the sample plots by the circumference measurement 

and the diameter measurement, the sample trees were divided into three groups in the order 

of basal area, such as large diameter tree, medium diameter tree, and small diameter tree. 

The sample trees were picked out at random from each group, 

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

biomass becomes. 

However, trees were limited to about five to eight because of the efficiency of investiga­

tion. In order to examine the accuracy of measurement, fifteen sample trees i.n S 13 and 

twenty-three in A 2 were picked out. .As concerns L. letlfolepis, the exact investigating trees 

per stand were cut down to about three to add to sample stands. See Appendix-Table 2. There 

will be another opportunity about how to decide the number of the sample trees. 

The trees damaged by insects, wind or snow were excluded from the sample trees. And 

also the trees around which there were big stone~> or big interstices formed by dead trees, 

or trees which were too close to each other to make a root biomass survey, were excluded. 

This is aH to facllitate convenience of investigation. 

2) Estimation of part biomass*l and its method 

The next step is to fell the sample trees picked out and then to measure the part biomass 

of their leaves, branches, stem, and each root. As a considerable amount of time and effort 

must be spent on classifying, leaves, branches and roots, the author devised the following 

method: The first step is to take a certain amount out of an the branches and leaves or of 

all the roots. 'The second is to classify into parts, such as leaves and branches, or fine roots 

and small diameter roots, etc. And the third or final step is to estimate the total biomass. 

This process is as .follovvs: 

CD J\IIethod and calculation 

·when the total biomass to be measured is divided into a certain biomass, the numbers of 

unit are to be lvJ. 

The numbers of m are now to be picked up from them at random, The expression of 

(Y- r x) is to show N (0, <Y2). And so, if " r " i.s to be taken to minimize the equation of {]0 

=::E:;m(Y-rx) 2, the equation of Q0frr2 ,~,::;;:;(y ..... rx) 2/cr2 Is to take the distribution of x2 at the 

freedom degree of (m-1), Sampling unit is equal to one of 1Vf. New, f (fine root), s (small 

root) in t.h.e sampling unit are to be contained at a given ratio in each biomass. Here, x is 

*1 "Biomass" is presented by "dry weight:" in this study. 
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to be equal to s + f, and Y to f. 
yfhe f:P/erage v·alues of CY -- r x) of talwn number of m are to be expressed by the 

equatjon 

distributions are to be expressed by UH·····m)i(;t1-l')·rr2jrn. That equation is to show the 

distribution of N (0, 1). And so, the follovvir:g equation is to be realized. 

Here, the equatioa of S 2 ""Q0/(m-·1) is to <>how tht' distributions of F at tb.e freedom 

degree of 1 or (m-1.). According to tllat equation, the vabe of F is to be gained. 

Multiplying the whole by Ji!f/rn, the ful1owing; is to be gained. 

r '<.,."< ·V 
k,.;--" 

the va;:-ia.uce coefficient G:l the, errors .is to be 

s .. ( l.) 

'I'hi.s value is to be 0 when m is equa.l to iii, and S'2 h to ilppruach lni1tlity when m b 

.Pract.ical applicatio.n 

L As rnentioncd before, ()0 rneans the surn of the residual ~>quared b-y the n1cthod of 

tea;st ~;quare. 

Jt is the vah:1e of (J by th.c folkrwring equ.at.ltJ.n~:;, 

Herl'\ ~·- r ~, is to be gained b:r 

2. kf ~~h()Vv:ing sonlc con1binat.ion. of /vJ and ;n, is to be c·alcu.Iated 

beforehand. 

3) Environrnen.t. resc-:lrch 

Ernphads ·vvas put on soil survey. Based on the. n1ethods of the. Japanese .national forest 

survey) i.)bsc·rvations a.nd staternents about the av<~rat;:_;e so.l'J pnAile of stan.d.s ·vvere rnade, And 

at the 82-Ine tirnc. the nLateY.iaJs for ~1.nalysis •,vcre collected. 'The·. physical aJJ.d chcr:nical analysis 

were carried out on the same method text. The appar<\tus and rnethods de-v·.ised by Dr. 
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MAsHIMo*1 were used in rneasuring the value of pF. As for forest floor vegetation, statements 

were limited to the essential ones and their forest floor type. Besides soil survey, the height 

above sealevel, geographical features, and careers of stands were surveyed. 

4) Measurement of forest biomass 

The selected sample trees were felled in order to measure the standing biomass of the 

above-and-under ground parts. 

(l) Above-ground pan 

a. Estimate of leaf biomass 

After felling the above-ground part of each sample tree, the leaf parts were divided into 

three equal parts from the lowest branches to the top of the stem as shown Fig. 3. Each 

part biomass of their leaves and branches were then measured. 

All green parts, excluding the tip of trunk, were considered as the leaf biomass, so far 

as C. japonica and Ch. obtusa were concerned. 

Branches more than 1 em in diameter were got rid of. They occupied a greater part of 

all samples o:f leaves and branches from each class, and showed great variance. After that, 

a certain amount of !:he samples were extracted from all the thin branches and leaves. Then, 

these thin branches and leaves were separated. From this amount, the total biomass of the 

thin branches and leaves ·were tlgured out according to such a method and calculation as 

already mentioned. 

When the leaf biomass and branch biomass are assorted, including the biomass of thick 

branches among the total biomass, its variance is 1. 5 times as large as that of the former. 

If the material weights are increased to get more accurate measurements in this way, the 

leaf and the thin branch biomass are to be increased. It requires much time and trouble to 

do the assorting. As it does not take much exertion to assort large branches, it is better for 

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

Any root was where, recognized, investigated. 

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

UPPER Of· .. THE SlOPE 

.,. 
2 

l. 2. 3 : Horizontal division. 
CD~@ : Division of the slope or position of a 

stand. 
I~ V : Horizon, vertical division. 

Fig. 3 Diagrammatic sketch of sampling unit. 

MASHIMO, Y. : Studies on the physical properties of forest soil and their relation to the growth of 
Sugi (Cryptomeria jajJOnica) and Hinoki (Chamaecyparis obtusa). Rep. For. Soils Jap., 11. 182 pp, (1960) 



If they- are, hcrvvever) to be classi-i1ed into sn1al!er sections; c.1assification of branches necessitates 

rnorc effo:rL .A.nd o:n the contrary, if they are to be classiJied into larger sections, \rariance yvilJ 

go 1arg:er. 'fhe branches over J cnJ. .in d:iarncte.-r, the.refore. \vere considered rxs large branches for 

the sake o:f accuracy cf measurernent and efficiency of o;urvey. And then their total biomass 

\?\tere 1neast1nxL ·I'he thin branches and leaves \~.rere n1ea.snred sectionr::i.ll): by· th(~ ratio esth:nah' 

rnet.hod, ·"fhc ratios o:f thln branches to .leaves axe diifcrent: at ea.ch place of tree-crovvnt so lt 

follow:'; that accun1cy will be heightened if they an:. chwsi.fied ac; rninutely as pm;sibk. To 

le;;,;en the immensity of the work, the length d tree-crown was divided here into three cqua.l 

parts. 'ivV".hen the ::naicrlals ex_tracted :Fron1 the tcd:al bkHTJ.ass in not assorting into each class 

\Vere classified ·into leave(~ and Lhi.n branchc.s? the v·e:rri(:u1ce \Va~:; L 3 tlrnes as larg-e as that in 

doing it. Le1s total biomass o:f leaves and thm branches is stiJ.l need.ed because fewer measure .. 

rnents are ne(~ded. ()b•,::_ious1y it ·Is better for in(.:reasing eH1ciency· to extract the rnaterial~:; 

vvith the thin branch and the leaf bion1£·tss together at each class, when it is mmccr,·ssm:y to 

get thern separately. 

b. ·.cstirnate of brani..:h hiorna.s~; 

As n:1entioned before, the total thick branch biomass was mcasun'd after taking nuL 

branehe~:;_ and lca\i('S 1n every place cf t:ree··crcnvn; thenj adding to lt i·he srnall branch quan.ti.t)-' 

obtained h:t Lhe: abover.ne:ntioned ·w~Y)"', the. branch biornass in every place YV~-:cs esL:irnated, 

1-\s a re~.u.lt, a;~ thf•. thick br.ancb.es occupying a large p;::-;_rt of brunch biornass \Vere n1east1red 1 

accnrc~c:-/ \Vas .hi.g;.her in estin1ating branch bl0111ass than. :in the case of leaf bionJ.ass, 

c. Decision oJ sample weights necessary for divisiun of leaves and th1n branches 

To decide the sample weights necessary for classifying leavec; and t.hi.n hranches, the 

sa.rnples fur rncasurcrnent \:vt~:re extract~ed. frorD each stratnrn uf S ] :-3 stand, 

Ev·ery ;naterhl of unit weight ?00 g out of the total. weight of leaves and thin branches 

of ,1 kg, excluding the thick branches In each stratun1., were taken out as samples and divkled 

.into leaves and thin branches. Suppose that the tot;;..! number of AJ is to hi; 20, the extracted 

sample nmnber of m w be 3, S, 10, 15 and 20, the degress of freedom 111 and 112 to be 1 and 

H ~-1 respectively, and finaliy the level of signific;mcc to be 95Y:, 'fhe errors m the tin:t 

equa.ti.o.n given on pt-tge 9 a:re sho\vn in '_fable 1~ and the ratios of then1 to sa.rnpling ratios 

and weights, are shown in Fig. 4. 

\Vhen the sample numbers are to be :3 (each sample weight GOO g*1), 6, and 10, the pcr­

ce.ntages of error an:·~ to be 1.8, 8. 7j and 3, '1 rc.spectivel"y. A.nd so~ "\Vhen the ~:mrnpJe of about 

1 kg js taken out1 t.h.e leaf biornass is estirnated \Vit.b..in the significant h.'.Vt'l of n1ore than 9D;',-::.; 

and the cno.r of less than 10•1) of the total biomass. The sampling ratio is one-fourth in this 

case ::Js t.he n!c;.3~Jtrri.ng n-urnber is 5, ~rhe total biomass of leavc.s ar1d thin brc;.nchc8~ ho\vcve.:r~ 1s 

not ahva:·{S sett1ed; it varies according to the size of sa1T1pling trees, It \\l<lS, fo:r cxaJ.nple, 1n.ure 

than 12 kg ;_ntd heaviest in the 8rd horizen of S 17. Suppose thereupon that kl is to be 2 kg, 4 kg, 

6 kg, or 8 kg, in order to observe how the sampling errors change vvhen the total weight (AI) 

changes, and that the samples of unit weight 200 g fnnn t'ach of them are to be extracted at 

the ratios of 3, :i, 10, 20, A resu]t of calculation of errurs is shown in T;dJle 2 and Fig, 5. From 

theru \VC. se,::.~ that the errors are to be 8. \Vhen the sarnple of 1 kg is extracted tron1 the 

t~-A:ai \Veight of ~::kg~ 1096 <rvhe.n extracting 1 k.s.r frorr1 the total weigb_t of 4 kg, 10. 8::?5 in the 

case of 1 kg from the total weight of 6 kg, and 10. 80); even when 1 kg is extracted from the 

41 ~~ VVeight u hereinafter always refers to dry weight un1es~ it is given as fresh -.,:veight, 



Table 1. Sapling ratio and estimated error of leaves and branches 

for classification on the stand S 13 

Qo r s I ill[-- m 
My-M::::j .E. 

3 
5 

10 
lS 
20 

s 

600 
1,000 
2,000 
3,000 
4!000 

484 
?18 

10 9S 

394 
633 

!, 279 
l, 986 
2,659 

j 

131 
126 
128 

211 0.6567 
39! 0.6330 
759 0.63% 
634 0.6620 
614 0.4148 

C*l 

0.0786 
0.0792 
0.0719 

m 

!0.3 47.000 
9.9 22.060 
9. 10.380 

1') ""I 
JV. f 5.680 
12.3 0.000 

C*2 Sampling ratio 

0. 1847 0. 15 
0.0872 0.25 
0. 037l 0.50 

132 0, 1038 0.0295 0.75 
!33 0.0924 0.0000 l.CO ·············-~---~-- _____ '. ................... ·····--·········;·>··-~- .................. \c ....... --·················c .............................. - .... ~--------------······-------'················---····-----

JC: Branch and leaf biomass, 200g in unit fresh weight. Maximum number of sampling units, Af, are 20. 
y : Leaf biomass g. 
F; Value of significance level 95% when n1 and 112 are 1 and m ·--1 respectively. 

C*l:-"l-
y 

s 

SAMPLiNG _ *• 
l.E.'.F AND S[<i.~U- BRA.NCi-1 

x FINE ROOT AND SMALL ROOT~*'<' 

] 6(! ?00 

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

total weight of the max:i.mum 8 kg. It follovvs from these that even if the total weight is to 

be over 4 kg, the sample '.veights do not need much. 

The sampling ratios to the total weight 1vere 5096, 25%, 179&, and 13% when the total 

weights were 2 kg, 4 kg, (i kg, and 8 kg respectively. When the sample of 2 kg was taken out 

of the total weight of over 4 kg, the error was about 5%. Even when the sample \Veights 

went across it, the accuracy of measurement did not go much higher, 

Ch. obtusa, P. densi_rlam, L lej;tolepis, and Zelkova sermta have the patterns of their own 

leaving. Let us calculate their sampling ratios and errors in the same way as in Tahle 1 

when their sample weights are all to be 4 kg. The resultant ratios of the errors to the 

sampling ratios are shown in Fig. 6. When the sampling ratio 'vas 2[596 (the sample weights 

of 1 kg) Zelkova serrata or P. densiflora, L. leptolepis. C. jaj;onica, and Ch. obtusa showed the 

percentages of error of 14, 12, 8, and 7 respectively. This order was always fixed despite the 



~rable :?, Sa1npHng errors v;,rhen. the sampled total blon1ass of leaves 

and. branches change 

M: 10 
(i\1-m)/(/Vf~:) (F/m) 8()10 

2, 19 0, 

C* 
lH: 20 

Uvl-·m)!(ltci-1) (F!m) 

C* 
M: <O 

(M--m)/(}\1-l) (F/m) 

C* 

26:) 

(), 2()()() 

These values are calculated from the following factors. 
s ; 12, obtaimod from Table l. 
; : 181) 
m : Number of samples, ZOO g in unit fresh weight 

C*; See Table l. 

------~--~---X ----···-· 
------~-X ~~-

ll 

0, ()846 

0.1968 
G, 1968 

200 '] 60 

o. oc:t3s 0.0308 

SArv;r-~L\HG 

GOO & 

oOQO 

Fig. 5 Total samplinJs weight of leaf and branch, and sampling error. 

13 

C.07b6 
0.28 

90 

0.19 

80 

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

errors became. 

This explains that the denser the species leave, the smaller· the values of S in Table l 

become, and vice versa. At the error of 10?0, the needful sampling ratios and the sample 

weights (Lhe numerlcals in parentheses) are as follows: They are :36.?6 (1. 4 kg), greatest, for 

Ze!kova serrata, :30?0 (1. 2 kg) for P. rknsi/lora, 2970 (L 2 kg) for L, !ej;lolej,is, 247) (1. 0 kg) for 

C. japonica, and 20;?; (0, 8 kg) for Ch, obtusa. The maximum rate of Zelkova scrrata was 1. 8 

times as high as the minimum of C/1. obtusa, ·when the rate of C. japonica wa.s 1, the ratios 
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Fig. 6 Sampling ratio 
and error of leaf and 
branch of each species. 

to it of those of Zelkova serrata, P. densiflora, L. lej;to{epis, and Ch. obtusa were 1. 5, L 3, l. 2 and 

0. 8 respectively. 

From the results, it follows that C. japonica taken here as an example, the sample weight 

of about 1 kg out of the total weight of less than :3 kg or that of about 1. 5 kg out of it of 

more than 4 kg will be sufficient to estimate total weight within the significant level of 9596 
and the error of 10% of the total biomass. And also it is evident that the other species, 

weights, multiplied by the above·mentioned ratios, will do. 

d. Measurement of stem biomass 

Each log cut off at the heights of 0. 2m, L 2m, 3. 2m, and every 2m above from the base 

to get disks for stem analysis was measured directly on the spot with a large size steelyard 

(the maximum of measure, 100 kg, the minimum 50 g). When it was too heavy to be measured 

with a single steelyard, a log was cut into smaller parts or several steelyards were used to 

measure. There is a method of calculating dry weights by multiplying by each volume by 

stem analysis the bulk density from the disks collected for stem analy<>is. Higher accuracy is, 

however, obtainable with less trouble by measuring fresh weights there and then on the spot. 

After that, stem analysis was made to analyse the growth up to then, and the current 

increment was calculated. The disks collected served as material for measuring the ratios of 

dry weights. 

(2) Underground parts 

a. Classification of roots 

The border between a stem and roots is clear from the histological viewpoint. For it is 

where the primary xylem and phloem are differently arranged, and they are also arranged 

opposite to each other at a stem and alternately in roots. lt is difficult, however, to ascertain 

this of each sample tree. Observations were attempted thereupon of a few stands, and it 

became dear that the border between them is located near the surface soil unless a stem is 

excessively bnried by soil or the roots go up to the ground because of soil erosion. Investiga­

tion \Vas made while considering the upper part of horizon A except for humus in the soil 

horizon as the borde1· between a ste.m and roots. 

A root is the least differentiated part of all tree organs. For this reason it is difficult to 

classify them in the same way as to classify the branches or leaves of the above-ground parts. 

So, we attempted to classify them mechanically into the following six parts; one part less 

than 2 mm in diameter which contains many primary tissues at root tips; one 2 to 5 mm in 

diameter with comparatively many young tissues, though llgnified; one 5 to 20 mm in diameter 

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



'fable J. Root class 

.Root class 

Diameter 

f: Fine root s: Sma11 root m : Medium root Large root L : Very large root St : Root stock 

these young tissues; one 20·<)0 mm or above in diameter for accumulation, :u:d finally a root 

stock which cannot be dassified as a part of the branched roots. 'I'hese are described here 

for convenience';; ~;ake as fine root (f), small root (s), medium root (m), large root (1), very 

large root (L), and root stock (St)_ They are sh,nvn in Table 3. This classl.ii.cation is fine 

and somewhat tedious when :it comes to a.ctual measurement. But, the finer it: becomes, the 

higher the accuracy becomes in w;timating the root iength or surface area. The estirnatc 

error of the :3urface area calculated on the biomass of the roots from fine to large as a group, 

'was 1. 7 tb:nes as large as that of roots c1assifi<:·.d ·minuh:::l)·. ~Chis n1inute. root classification is 

essential to examine the relationship between the physiological function of roots and the root 

biomass. 

b. Measuring method of root blomass*1 

There are two m.ethods for measuring the root bionwss. One is the total biomass method 

m which the whole root system of a tree is carefully dug out to be measured. Another i" 

the block method by which rhe total biomass is estimated by mec.suring the root biomass in 

a certain soil volume of a stand. "fhe former method is su.itable for examinations, and mor­

phological observations, of the biomass of such srnall units as a sapling or that of a tree. It 

requires, however, a considerable long time and much techn.ical effort to dig up the whole root 

system complicatedly intertwined, and to analyse the distribution of the root biomass, vertical 

and horizontaL Accordingly, the block method in Fig. :<, by ·which the area par tree was the 

object of examination, was taken in this study. Such methods as the Quadrate Bisect Method 

and Trench Method are sdta bk. for analy;oing the distribution of !:ht' root biomass semi-quanti­

tatively .. but not for est.itnati.ng the root bknT1ass. 

c. Establishment: of the sample plot by the block rnethod 

It is to be noted that in the block method, the roo1 biomass in a block is not the true 

one of the (oampk tree because the-' :roots of ndghborinp; trees intrude into the sample ploL 

The block method was neverthless employed here. The main reasons for this are the following 

two. Firstly, those roots, as stated later. being mostly medium roots or below. their biomass 

are almost eqmtl to the root biomass of a sample tree. Secondly, the total root biomass of a 

stand can be est.irnated fron1 the averages by e_xtra.cting unde:rgron11d parts of a block, 

The sample block. shown in Fig. ~1, was set up to make it possihle to analyse the distribu­

tion of root biornass. vertical and hori:contaL 

Horizontal division: 'I'he sample block was horizontally cLivJded into three, 1, 2 and 3 

according to th.e distance from a root stock. Horizon.tnl division l is within a circle with a 

diameter half as iong as that nf a circle circmmJCribed by the area n root (a square). Hod-

*' 1 KAIUt::Ci\H, N. ; Ivlethods of procluctivity studies in root systems and rhizosphere organism;:;, Inter, Syrn, 
USSR. Leningrad, 240 pp, (1968). 
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zontal division 2 is outside that concentric circle and inside the inscribed circle. Horizontal 

division 3 is the rest of the area between the area a square a root :farthest from a root stock 

and that inscribed circle. This division is definitely useful in determining the horizontal 

expansion of root biomass. 

Division by slope: To ascertain the spread of root biomass distributions both upwards 

and downwards of a slope, horizontal division 1 was subdivided into the upper side (l) and the 

lower side @, and horizontal division 2 into the upper sides (1), @ and the lower sides @, @. 

Moreover, that of 2 was subdivided into (l), @ and @, CD to detect the distribution of root 

biomass in the right and left sides of the slope. 

Vertical division: To determine the vertical distribution of root biomass, the sample plot 

was divided from the surface horizon into soil horizons I and II both by every 15 em thick, 

horizon III or below by every 30 em thick. But, as the alternately accumulated horizons o:f 

volcanic gravel and ashes were clearly observed in the stands of S 11-S 17, H 7, and M 4-M 6 

in the Oneyama national forest in particular, their vertical divisions were taken according to 

the thickness of these horizons. As the root biomass becomes much smaller in the deep soil, 

a considerable amount of effort must be spent to measure a small amount of root. We 

decided, therefore, to collect a root system in pursuit in horizon V or below, where only a 

very small amount o:f roots was obtained. The maximum depth of a root increased thereby, 

although some of the sample horizons were shallow. 'I'he roots of C japonica, Ch. obtusa, and 

L. lej;tolepis got up to soil horizon V in most of the stands, while some of them of P. densijlora 

reached even to soil horizon VI. 

The root biomass were measured principally according to these divisions. They could not 

be measured in every division on account of the extremely small sample plot or the various 

circumstances of investigation at that time. In those cases, they were measured in two or 

more divisions together. 

d. Sampling errors in estimating the root biomass by the individual whole root system digging 

method and the sampling soil block method 

There is an offset of the root biomass between the block according to the sampling soil 

block method which deals with an area per tree. Naturally, it makes a difference in root 

biomass as compared with the individual whole root digging method whereby every one root is 

carefully dug out. 

In order to .find the difference between the two methods, investigation was made in the 

Oneyama S 28 stand to compare the root biomass by the individual root digging method (A) 

with that by the sampling soil block method (B). Two groups of similc.r sample trees were 

picked out. They consisted of 10 trees respectively. 'fhe root biomass of one group was 

measured by the method of (A), while that of another measured by the method of (B). By 

the former method. the time spent was about 5 times as long as by the latter method. Clearly, 

it was very difficult to measure the root biomass in each horizontal and vertical division by 

the former and not by the latter. 

As can be seen from the result of investigations, the biomass of the above·and·under 

ground parts of ten sample trees a.re obtained. Let us. draw x axis for basal area andy axis 

for· part weigh in Fig. 7. The result makes it evident that both part weights had a linear 

connection with the basal area. Both methods had, besides, the posibility of making a difference 

between the regression coefficients in the parts where fine, small and medium roots are easily 

caused to permeate into one another, 



Fig. 7 DEference in part biomass between by individual root L';ystcm 

dig-g;ing method and by soil b1ock sampling method. 

17 -~ 

rrhc coefficients and the errors, ot :regression. nf each ;above~and··undc'r J..;round part are 

shown in Table 4, The table shows that there \vas almost no difference in regression between 

both m.ethods ]n sterns~ branches: leaves~ very large roots) and root st.oclL\ ·v/hereas the :cc­

gression coefficient of ftne 1·oots \Vas 2, -.1 the individual root systt~rn. d.ig;ging rn.ei:.h.odt and 

0. 14 by the block method. That of small roots vvas 3. 2 by the .former rnethod, and 0. 35 by 

the latter method. They explain that the regression codlicients are snm11cr according to tl1o 

block method, and that the individual root system digging m.ethod cau.ses a greater variation 
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by the increase of diameter of breast height than the. sampling soi] block method. 

Examinations were carried out on the correlation coefficients of regression using both 

methods. The correlation coefficients of a fine root and a small root were, for example, 0. 98 

and 0. 99 respectively by the individual root system digging method, and 0. 48 and 0. 61 res­

pectively by the sampling soil block method. It follows from the facts that the biomass of 

fine and small roots have small correlation coefficients to the basal area according to the 

sampling soil block method. 

Let us calculate each part biomass at the basal areas of 100 cm2 and 350 cm2 by the regres· 

sion equations of both methods. The ratios of the above-mentioned diffewnce to the average 

root biomass by the individual root system digging method are shown in Table 5. 

It was found that the thinner the roots become, the greater the difference in root biomass 

between by both methods becomes. This is borne out by the fact that at such parts, as a 

stem, branch, leaf, large root, very large root, and root stock, the differences were less than 

596 of the average part weight obtained by the individual root system digging method, but 

came to 19-~20%, 39~,48%, and 44--.,119% at the parts of medium, small and fine roots respec, 

tively. 

Table 4, Part biomass of C. japonica calculated by individual 

Stand 528, A, n : 10 Individual root system digging method 

Tree parts Regression equation 
Average Standerd 

(A) deviation 

Stem 
Branch 
Leaf 
Total above-ground part biomass 
Fine root 
Small root 
M.edium root 
Large root 
Very large root 
Root stock 
Underground part biomass 

Total 

y 
y 
y 
y 
y 
y 

.Y 
y 
y 
y 
y 

Stand 528, B, n : 1 o 

--

= 
..... 

-· 
= 
~ .. 

= 
"'" 
-

= 

--

····'················· ........... . 

~426. 8+202. 7566X 45,920 
638. 8+ 9. 0532X 2,708 

[\ 363, 9+ 28.2921X I. I' 831 
5, 575. 9+240. 10!9X 60,459 

60.8+ 2. 3537 X 599 

92. 1+ 3.213\x 827 

?14. S+ 6. 5!52x l, 804 
21.()-f 9.0332X 2,086 

169. 1+ 6. 87?0X 1,741 

410.2+ 43. 5020x l0,354 
1, 067. 8+ 71, 4941X 17,410 

77' 869 

Soil block sampBng method 

Stem Y =- 2, 323, 3+ 210. 1218X 46,727 
Branch Y= 693, 7+ 8. 3683x 2, 647 

Leaf y ~~ 5~ 013. 5+ 28.5962x J i, 689 

Total above-ground part biomass Y= :3, 384. O+ 217. 0862x 61,063 

Fine root Y= 543. O+ 0. 1397 X 576 
Small root Y= 699. 1+ 0. 3486X ?81 

Medium root Y= 976. 8+ 3. 6362X 1, 826 

Large root y "'' ~91. O+ 9, 5\60X 2,130 

Very large root Y= \04, 1+ 7.0944X l, 760 

Root stock Y= -308. 1+ 45, 8245X 10,389 

Underground part biomass y ""' l, 924. O+ 66, 5594X 1.7!461 

Total y '"' .5, 307. 9 +313. 6457 X 78,524 

. ·--········ 

1, 946 
268 
564 

2, Ill 

40 
54 
75 

144 
118 

637 
669 

2,636 

2,321 
159 
718 

2,976 
23 
40 

87 
144 
140 
493 
632 

39 ~33a 



.. , 
?;) ~ 19 ~ 

'This is shown in Fig. S. This figure prove;; that the root system is transiting step by 

step fron1 a. large root to n tine root: the difference is going up_, a.vcl up rapidly at the roots 

smaHer than a medium root in particular, 

Fig. S fJhows the ratios of the difference to the values obtained by the method of esti.ma· 

tion frm11 the individual root system digging method at the basal areas o£ 100 cm2 and 350 crn2• 

The nne root with the rnost intricacy had, as shmvn in the table, the difference equal to 88:?0 

of the root biomass estimated by the individual root system digging method in ;o, dominant 

tree, 100 cm2 in basal area, and that equal to 33~?6 in a predominant tree. The ;;:mall root had 

the difference equal to ?85S in the former, and that equal to 3396 in the latter. In the case 

of the tree with the basal area of abcmt 100 cm2, rhe root biomass by the block method was 

measured to be larger by about 80 \(:> 90)6 than the true •>ne, and .in that of 350 cm2, sma.ller 

by about :30•?). 

'I'he larger classes of t_h_e roois shovved rapid decreasing vi:Ju.es, just as the xnediurrl root 

got the respective values of 39% and 1396. 'T'he total root biomass, influenced by the intric'.CY 

between the nne and !:he small. roots, were larger by 496 at the basal area of 100 cm2, and 

smaller by 3% at that of :350 c1r1 2 than the tn;e root biomass. 

root digging method and soil block sarnpling method 

Variation 

codhcient 

0, 

0,0990 
0.0477 
0.0349 
0.0668 

0, 

0. 0691) 
0. 067~3 

0.06lS 

0. 03.39 

0,()497 

0.0601 
0,0614 

0427 
0. 0(l99 

0.06?6 
G.0/9b 
0, 
,, 
\.', 

0. 

Value calculated by 
regression equation 

Conelation Basal area Basal area 

350cn12 coefficient 

0.9936 
0.9A3A 
0.9731 

0.9804 
98o.r; 

0.9909 
0,9B26 

0.99?4 
0,9780 
(),9626 

0.9910 

0,6104 

0. 
0. 9fki() 

100cn1 2 

19,849 

' '> 

29,586 
296 
413 

966 
924 

7C\ 5.?8 
(l: 

lb) :266 
89, 6\2 

835 
1 , 21 7 

/ .. , 59:) 

3, 183 
2, ci76 

89~864 

249 

Basal area Basal area Basal an"a Basal area 
100CH1~~ .:350cn:J.i{ .l00cm2 

1 ~ 

, 

160 
13 

:)20 

1193 

261 

-'321 

3?4 
6J 
43 

681 
184 

244 

29:3 

296 

;:~ ,~, 

.'i 

ll 

0.025J 

0, 

0.024? 

Oo ~k\81 

0.2073 

0.024? 

C.Ol43 
0.0679 
0. 
O.OG42 
0<4291 
0.4?38 
C. 1918 

0.0273 
0.0063 

C09l 

0.050() 

0,00?9 

*1 B : Difference between the stand 

S 28 and S 29. 

y : Part biom<l:>S, g. 

x ; Basal area~ ern 2, 
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The value of y axis is the ratio of the difference in 

biomass between individual root system digging method 

and soil block sampling method average part biomass 

estimated by individual root system digging method. 

• : Difference in ratio between two method when basal 

area is 100 em 2. 

X : Difference in ratio between two method when basal 

area is 350 cm2. 

Fig. 8 Estimated biomass between individula 

root system digging method and soil block 

method. 

As to the total root biomass, the former took 3 percent in the former case and the latter 

1 percent. It follows from the fact that there ls only a slight influence by offsetting between 

fine and small roots in estimating the total root biomass. 

Even the root stock, which is not positively intricated, has the possible biomass error of 

about 10% by regression calculation. Considering all these together, the maximum difference 

of 3 to 4% of the total root biomass caused by both m.ethods is not a serious problem. As 

trees continue to grow, the ratio of fine and small roots to the total biomass decreases. So, 

the influence of intricacy between roots on the total biomass becomes less. 

To make clear their more detailed relation on fine, small, and medium roots which might 

have a bearing on possible significant differences by some regressions of both method in Table 4, 

examinations of difference between the coefficients or constants in both regressions were car· 

ried out. 

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

Fig. 7. Supposing that it is to be expressed as Y=a+bx (Y: part biomass (g), x: basal area 

Table 5. Test of regression coefficients and regression constants 

of each part of a tree by individual root system digging 

method and by soil block sampling method 

Test 
Test of homogeneity 

of variance by 
BARTLETT'S method. 

Test of regression 

coefficient 

Test of regression 
constant 

Part 

Stem 
f 
s 
m 

L 
St 

Underground 

F' 

0.22 
139. 17* 
107. 18* 

37.64* 
0.34 
0.08 

1. 72 

0.25 
3.9? 
6.43* 
0.00 
0.00 
0.07 
0.51 
0.95 
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(cm2)), it was investigated whether or not there was any difference between both regression 

equation of partial biomass by the individual root system digging method and by the sampling 

soil block rnethod. First, the distribution uniformity of both regression equations was examined 

according to BA.RTLwn's method. A.nd theE, the regression coeHicients and constants were ex­

amined. A comparison of the calculated values of x\ coefficients, and constants of F, with 

each value at the level of significance of 95/t; is shO\vn in Table 5. 

·ro examine the uniformity of JL\RTLETT's variance, x,,2 is to be equal to the value of x2 

at the degree of freedom of l and the level of significance of 95)6. And there is to be no 

difference in distribution of xo2 greater than x2• In this case, the value of xo2 was ~3. 84. 

Although x2 of the Ji.ne roots had a sonwwhat big value, any other value >vas below 3, 84. It 

is therefore not necessarily unreasonable to predict that the variance had no significant differ· 

ence. This is due to the small measured number and instead to the large variance. 

We took the second step to examine both regresdon coefli.cients and constants. When the 

degrees of freedom of n1 and 11 2 were to be 1 and 16 respectively and the level of significance 

of 95;J:;, the value of Fn vvas 4. 49. Thiel being so, it became clear that the regression coellid· 

ents of line, small and medium roots and the regression constant of small roots had significant 

differences between the regressions by two methods. 

The regression codhdents of each part in each sample stand by the sampling soil block 

n1ethod are shown in 'I'able 35 and 42. According to the table, they all increased regardless 

of species or stands, as roots were thickening fine, through small, medium, to large. 'fhis is 

partly because of properties o:f fine or small :roots, and partly because of the variation of the 

root biomass caused by intricacy among roots. Let u.s take the stands of S 13, H 3, A. 2 and 

K 1 in Table :55 as a good exam.ple to go through the var.lation of the regression coefficients, 

because they hold comparatively many samp.le trees, 

Table 42 shows the comparison between the regression coeflicients of the sample trees in 

the stands of Table :35 those when the sta.nds with similar site and tending conditions are 

run altogether. 

Table 42 corresponds to the coefficients of a regression equation inS 28 of 'fable 4. From 

it, the regression coefficients of the fine and the small roots of every species except for those 

of L. ief;tolq'lis turned out to be larger than those in the stands of Table :35. 

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

behveen the two was not so clearly mairrfeste.d as in comjxa-ison of the individt1.al root: system 

digp;ing method with the sampling soil block method in the stand S 28. .But then, the regres­

sion coefficient of the intricate parts of the root S)'stem bee<une larger. "I'hus, the difference 

between those methods was perceived hereupon too. 

The degree of intricacy among the root biomass according t<> both methods are different 

in species. The regression coeffi.cients of the iine roots are smaller in tlw. order of Ch. obtusa, 

C. _iaf;onica, L. leptoleJ!is, and P. densifiora as sh01vn in Table 35 and 42. T.hese regression 

coefG.cients axel though not al vvays, a direct indicator of intricacy arnong the root biomass~ 

enough to clear up a tendency that C. Jaj;onica and Ch. obtusa have a great difference in line 

root biomass between trees and a small intricacy among root biomass, and that L lcj;tofepis 

and P. densijfora have equalized biomass due to their line roots intricacy. 

".r·_h_us, the Intricacy 2-1111ong roots by t\V"CJ rne:thods, corresponding to various !~:onditions. are 

observed only within limits of fine. small. and medium roots, and most clearly in the fine 

roots. Jt is. therefore, not nccessaril.y ltrl.reasonable to estirnate that, of the fme nJOt biomass 
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of the sample trees, the small-diameter trees hold a gain by intrusi.on from a large-diameter 

tree, but that the large-diameter trees hold a decrease on the contrary. 

This amount, however, is very small when compared with the total root biomass. It does 

not come out in calculation such as T/R ratio. 

And also as calculation by both methods result in almost the same average, it is appro., 

priate to use either method in order to estimate the whole root biomass of the forest 

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

As mentioned before, the total root biomass dug up at every sample division, horizontal 

and vertical, i, e., the soil block, 1vas divided and measured at every block in the order as 

shown in Fig. 9. 

In this figure, the first step is the digging up of the soil and the root system. Only the 

roots of from fine roots to very large root picked out of the first are in the second. 

The total biomass of the very large and the large roots are separated out of the total 

biomass and measured at the third and the fourth. 

At the fifth, a certain amount is taken out from the remaining root (fine to medium roots). 

Then, it is separated into medium roots and " fine roots and small roots", measured and serves 

as a sample to determine the ratio of both, 

At the sixth, a certain amount is taken out from the rest (fine roots and small roots). 

These samples are divided into fine roots and smail roots to obtain the ratio of them as in 

the fifth. The root biomass thus classified is m.easured at the seventh. 

Two platform scales for 1.0 kg and 20 kg measure, and t"INO steelyards for 50 kg and 100 kg 

measure stems and root stocks were used in this study. 

At the eighth, a certain amount is respectively taken out of each measured samples of 

fine to very large wots in order to get the soil weight sticking to them. The ratio of the 

root weight to the root weight with the sticking soll is called the root weight ratio. The 

root weight ratio is, therefore, expressed by (root weight)/(root weight+ weight of sticking 

soil). 

At the ninth, a certain amount of samples are taken out of: each part of the root system 

to measure the water content. These operations are done outdoors. The indoor operations 

are as follows: 

At the tenth, the samples to measure the root weight ratio at the eighth are washed, and 

cleared of sticking soils to get the soil weight. 

At the eleventh, the materi.a.ls at the ninth are dried to obtain the dry weight ratio. The 

dry weight ratio is expressed by (dry weight)/(fresh weight). 

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

part is as follows: 

In =measured weightx--k' _____ xl-A. _,_ '- • Si+L' L' 

L.v : Dry weight of a very large root 

L' : Washed weight of a very large root (fresh weight). 

Si : Weight of sticking soiL 

: Root weight ratio of a very large root. 

: Dry vveight ratio of a very large root. 
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Fig. 9 'I'he root classhication and the procedure to measure the root biomascJ. 
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. l' l' d 
lD =Measured welghtx-.<ii'+T-XT 

lD : Dry weight of a large root. 

l' : ·washed weight of a large root (fresh weight). 

Si ; Weight of sticking soil. 

Si~l' :Root weight ratio of a large root. 

J~rj : Dry weight ratio of a large root. 

m0~~Measured weightx +~1+ 1. >< 
m1 .1 • 1 

m.v : Dry weight of a medium root 

mt. SJ> and ft : Classified root weight. 

m' xmd 
m' 

m' :Washed weight of a medium root (fresh weight). 

Si :Weight of sticking soil. 

m' . . . 
-;..-c:-····-; : Root we1ght ratw of a medmm root. 
,:,z+m 

-~·1·· : Dry weight ratio of a medium root. m 

Sn=S+/X "'S+2f X--5··T~··0iX 55:~ V2 .\:! t i. ~J 

SIJ : Dry weight of a small root 

S2 and f2 : classified root weight. 

S' : Washed weight of a small root (fresh weight). 

S' i : Weight of sticking soiL 

S' S' i+fF : Root weight ratlo of a small root. 

S1d. -§1-. weight ratio of a small root. 

f D : Dry weight of a .fine root. 

S'i : Vleight of sticking soil. 

f' :Washed weight of a fine root. 

j' > • • • r /'i+ f' ; Rooc we1ght rat10 of a nne root. 

f/J- : Dry weight ratio of a fine rooL 

Of leaves or branches, the dry weights were calculated from the measured fresh weight 

in the same way as this. 

f. Measurement of root biomass 

Unlike the above·ground parts, roots were classified into six groups, fine root, small root, 

medi.um root, large root, very large root, and root stock. The method of classification is, 

therefore, more complicated than that of leaves. But the way of thinking aml calculation is 

quite the same. 



a) .Measurement of root stock: A root stock, equivalent to the '3tern which is one of the 

above-ground pans, is an organ of rhe underground parts for au:umulation. It occupies EO·" 

609.~- of the tctal root biornass. Its total biornass 1.vas xneasured 01'1_ the spot \Vith a steel:n1rd~ 

as that of the stem, 

b) T\!feasnrement of very large root: Generally, a very large root. ne.:<.t to a root stock 

occupies the greater part of the total biormms, althoug·h it is not so many in number. Conse­

quently the variance is very large when its w;-~ight is estimated from the separated weights 

of the sample taken from a certain root hinnwss containing them, 

-'T·he. 'Variation coefficient \vas over 80_?,5 ~,vhen. 1{) sarnples of 1 kg contah:dng ver::,: 1ar$_{e 

roots \Vere taken fro:::n the S 13 stand of (;< jajJonica and the very large root bion1ass \Vas 

separated. By taking every 1 kg out of the totd root biomass of 20 kg, Lhe error and the smnpl1ng 

ratio \Vere, as shovln in t."ig, 10, ca1culated at the sig;niiicant le·vel of 9S;??). lt \V(H3 :found fron1 

it that 90?6 of the total weigh! (18 kg) must be measured to keep the error below 1096. 

Fig. 10 Sampling ratio and 

error of ve-ry large root 

1\.s very large roots occ.upy· a g-reater part of the tota.l biornass and the vadance 1s large, 

lt is nec.essary to measure the total bi<:rrr1ass. 

The distribution of very large n.•ots varies from one species to another. A calculation ot 

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

species had its own large error, and that there was no difference among spec·iel'-

~rhr classification, on the other hand, is very easy in operation. It requires much kss 

time spent per root biomass, as compared \Vlth that for fine roots or :sma.Ll roots, It is, there 

fore, of no eff.ect to s.horten the rneasuring time even if fewer sam.pling materials are to be 

taken out for classLficatiorL 1\s rnentioned before_) the very 1arg;e roots have a greater part 

of the total root: biomass. A reduction of the measuring time makes thereby nmch larger the 

error in estimating :he total root biomass when the sample'l for das~;!hcation are extracted. 

This is the nw.i.n reason why the total biomass of very large roots was measured in thLc; 

study. 

c) Measurement of large root: Fifteen samples of 1 kg unit weight were taken horn 

the total weight o:f Hi kg for the purpose of measuring the weig.ht of a large root, like that 

nf a very large root Calculations of their ~.::atTtp1ing ratios axe show--n in Fig~ 11. /\ccon:Eng 

lo the llgurc, the totd root weight of 80Sb (12 kg) has to be measured in order to keep the 

error below 109(;. TV!easnrement of the total biorrmss wa;'; also found to be necessary in this 



~- 26 

part as in very large roots. The species had all the large error, 

The measure.ment of the separated and extracted samples is of no ef:fect in these roots 

even when judged from the efficiency of classification. For this reason, the total biomass 

measu.rement was taken here again. 

d) Measurement of medium root: Fine to medium roots are left unclassified after very 

la-rge and large roots are separated. 1'heir biomass is equivalent only to about 20 to 3096 of 

the total biomass. Nevertheless, it is necessary to classify and measure them as exactly as 

possible, since these parts have many young organisms and physiologically they play an im­

portant role. 

Let us take the following steps to obtain the sa.mpling ratios a.nd the errors, of the species. 

The first step is to divide the total weight of 1 kg from the fine roots to the medium roots 

of C. japonica into the number of 20 (M) with the unit weight of 50 g. The second is to pick 

out only the medium roots from them a.nd measure their weight. The third or fi.nal is to 

·get the relation between the sampling ratios a.nd the errors. A result of this is shown in 

Fig. 12. According to the Jigure, the error was slightly belo\Y 1096 when the sampling ratio 

was clO% (300 g). And moreover, this explains that the va.riance became smaller ln the order 

of P. densijfora, Zelkova serrala, L. lepto!epis, C. japonica, and Clz. obtusa. At the error of 10%, 

the sampling ratios of P. densijlora, Zelkova serrata, L. lepiolepis, C . .fajJonica, and Ch. obtusa 

were 32;?6, 30%, 29%, 28%, and 2596 respectively. This arises from two facts, first that P. 

densijlom and L. leptolepis make a la.rge variance because the :fine and the small roots adhere 

to the medium roots sparsely, and secondly that Ch. obtusa has fine and small roots adhering 

to them densely, growing all these roots uniformly. 

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

Fig. 11 Sa.mplig ratio 

and error of large 

root. 
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Fig. 12 Sampling ratio 

and error of medium 

roots. 
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and rneasuring their .v:eight, V\re got the f1.)llovvinH· coeHicients of variation: 0.180 :for Eucaly/;tus 

globulus, 0, 178 for ()u.crcus myrsinaefolia. 0, 170 for Alnus hirsuta v. sibirica, 0. 174 for ()uercus 

mongolica, 0, 172 for Fagus crena!a, 0. 172 for Robinia pseudo·acacia, 0. 170 for Cornus coJilmversa, 

0. 168 for C!uercus serrata, 0. 165 for Zetkova sermta, 0. 165 for Beiulo enlianii, 0. 162 for Betula 

platyphytla, 0. lGl .for Ables firma, 0. 157 for Picea jezoensis v. hondoensis, 0. EiO for P. densifiora, 

0. 136 for Acacia decurrens, 0. 13G for L le(!tole{lis, 0. 125 for Tsuga canadensis, 0. 100 for C. 

jaj1onica, 0. 083 for C!z. obtusa, and finally 0. 080 for Ch. ;'Jisljiwa. 'l'he species with the large 

coefficient of variation were Eucalyptus g!obttius, Quercus Alnus hirsuta v. sibirica, 

C]un·cus mongolica, etc., which had fine and small roots sparsely growing out from the medium 

roots. On the other hand, the speck.s with small coeilicient of variation were C. jajxmica, Ch. 

obtusa, etc., which had fine and small mote; densely growing out. from the nwdlum roots, 

(~ene:rally speaking~ o:f the broad leaved trees, the sparsely rooted trees have a tendcr~cy to 

make large variation and, of the coniferous trees, the dense"ly rooted trees tend to make a 

small one. 

c) Estimation o:f the .fine and smai.l root biornass; Aftt?X the ve1·y large, large and medium 

roots \Vere rneasu:red, the sarn.pling- \Veig:hts necessary for cJass.lficat.ion trf the h:ne a:n.d the 

sma.U roots were calcuJ.ated. They had been .left u.nseparat.cd to the last 

\\/c. divided the. snn1 of both. :root <,;;.;.'eights of 400 p: Jnto the number of ::::0 sarnpJes Ut1) 

vdt:h t"'very unit ...., .. vei.g·ht cf 20 g, 'Tlu~ :nurnber of the S<'·.u:npk's (:tn) \Vas to be 3~ 5, 101 15) or 

:20. On this condition, we calcu1ated each error at the ievd of signilicance of 95%, and results 

of calculation are s.hown in 'fable G. As is clear from this table, the errors were 313);.5, 12§'(,, 

at m of 3 (60 g), [j (100 g), 10 (:200 g), and 15 (300 g) re;;pectively. 'rJ1e needful 

sampling ratio was 28;1) (UO g) here at the error of 10§0. 

The errors o.f line and small ro,)ts \Vere larger than those of leaves and thin branches. 

Table li. Sarnpling ratios and estimated erwrs of fine roots and srna1t 

roots for classitication, On stand S 1:~ 

x ~ Fine and small root weight (g) 
y : Fine root weight (g) 
I' Values of the significant level~ 0G% \Vhen n 1 and n::. are 1 and m --1 respectively, 



\!{e calculated the errors when the total weight (M) was 10 (200 g), 20 (400 g), 30 (600 g), 

or 40 (800 g). As a result, it was found, as shown in Table 7 and Fig. 13, that when (M") went 

up, they went up slightly, though not greatly, at (m) of three or five. Even when the total 

weight of 400 g was doubled at (m) of 5, they increased, for example, by only 0. 9696. It is 

thereby clear that even when the total weight goes beyond 400 g, the sampling weights of 

materials are to be enough within the limits o£ 100 g to 150 g. 

At the sampling ratio of 30% (120 g), P. densi.tlora, L. leptolepis, Zelfwva serrata, C. japonica, 

and Ch. obtusa had the errors of 15, 11, 10, 8 and 596 respectively, as shown .in Fig. 14. A.s 

described on the medium roots, the former two species, showing the large value, are the 

species which branch fine roots off from small roots sparsely, whereas Ch. obtusa, showing the 

small one, is the species which branches the fine roots off from the small roots densely. 

Turning now to the sample weights necessary for estimation at the ratio of error of 10 

;/:), P. densijiora, L leptolej;is, Zel.kova serrata, C. jajJOnica, and Ch. obtusa required 160, 140, 120, 

110, and 90 g respectively. VVhen that of C. japonica was to be 1, the ratios of those of the re­

mainder to that were as follows; 1. 41 for P. densijiora, I. 33 for L. lepto!epis, 1. 09 for Zelkoua 

serrata, and finally 0. 82 for Ch. obtusa. 

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

'fable 7. Sampling errors while the sampled total biomass (M) of line 

roots and small roots changing 

Fine and smail roots 

m 

111; 1.0 
(I'd-m)j(M-·l) (Fjm) 
v(M~m)f(M-1) (F/m) 
v(Llf-m)/(M-1) (F/m)·s 
111VCJ11=;n)T(M=15TI'! in) s· 

C** 
]'vf; 20 

(M-m)/(M-1) (F/m) 
v(XT-=m) /(Xi- i) Cl<' /m}" 
v(M- m)! (lV{-I)(F I ni) s 
Afv(lt:t=m)/.<:M':=:-!Y(F'/ni) .. s 

C** 

~-

" C) 

2.8 
2.8 
0,2667 

3, 1 
62 
0.2952 

5 10 15 

i 

1.2 

1.2 

0. 1143 

1. 4 0.? 0.4 
28 14 8 

0. 1 ~jJ;J 0,0667 0.0381 

20 

·····~·~············· 

M:.JO 
(M-m)/(M~l) (F/m) 
v(lvi=iii)Tclfif=-iT(iiJiii) 
v (llil=·mJT(lf1=!TTF'TmY s 
Mv eM- iii'fTCM=1HF'ImT s 

C** 

l'vf: 40 

(iVf-·m)/(M .. 1) (F (m) 

v (M·- ln)f(flil-=-1) C PTm5 
,l~TTC1W-=-1T'Cft'7rfi) s 
MV(Af-m)/(M-1) (Ffm) S 

C** 

'. 

3. 
9'' .. 
0. 2952 

') 
u. ' 

124 

0. ;~952 

These values are calculated from the foliowing factors. 
s ; It was obtaind from Table 6. 
y: 10. E 

m ; Number of the samples, 20 g in unit fresh weight. 
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45 
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1429 0.0762 0.04?6 0.0381 
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:'4 16 8 

1429 0. 057l 0381 0. 0190 



Fig. 1::\ ·rotal biomass (lvl) of fine and small root;; and sampling error. 
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Fig. 14 Sarnpling ratio, and error of fine and error of !lne and 
small roots. 
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of each different tree in the same way as done in the case o:f medium roots, and their coef· 

fidents of variation of fine roots were c<ilculated. Result of cakuiation, show they were 0. OGO 

for Eucalyptus globulus, 0. 054 for Gornus controocrsa, 0. OCO for Robinia j;seudo··aracia, 0. 045 for 

()uercus myrsinaefolia, 0. O'E for (.). serrata, 0. OH for Fagus crenata, 0. 041 for Alnus hirsu!a v. 

sibirica, 0. 040 for Quercus numgalica v. grosseserraia, 0. 03'7 for Betula ermanii, 0. 037 for B. 

t>latyphylla v . .fa,iJonica, 0. 035 for Ze!kova serrata, 0. 032 for /{cacia dewrrens v. dea!bata, 0. 028 for 

Abies firma, 0. O:U for Picea jezMnsis var, hondoensis, 0. 02'7 fur .P. densi)fora, 0. 024 [or Tsup;a 

canadensis, 0. 023 for L. lef;!o/ej;is, 0. 019 for C. faponica, 0. 012 for Cli. obtusa, and iin<1lly 0. 010 

for Ch. pisifera. It is evident: from the facts that tl.w variances of the broad .leaved trees are 

generally .large shtcc their fine roots grosv sparsely, while i:l:tosc• of the coniferous trees arc 

smaH; and particularly that of Ch. oblusa is small because the line mots branch and thicken 

remarkably. These agree weU w'ith the results we had observed, described and explained 

about the root properties of the trees investigated in the Forest .Experiment .Station before 

(See page 3), 

(3) l/2 soil block sampling method 

A considerable amount of effort must be spent to dig up the whole sample p.1ot (block) 

considering the area a tree ss an object It would be better to dig up a part of it. and thereby 

to estimate the total amount. 

A careful comparison of the distribution of rooi: biomass was canled out thereupon among 

blocks. It was found that the method was very inan"rate for large and very large roots, 
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because they were distributing densely at one block and sparsely at another. 

Fine, small, and medium roots m.ade a difference in root biomass up and down a slope, 

yet making equalized distributing at the right-and-left sides of it The following process 

therefore appears to make it possible to estimate the total amount of those roots at the whole 

sample ploL The first step is to divide a sample plot into two sides, right and left, along a 

slope; the second, to investigate either of them; and the third, to double the measured amount. 

This method was taken at some stands to reduce the investigation expenditure, In addition, 

the l/4 bloc.k method, 1/8 block method, etc. appear to be applicable. True, these methods have 

the possibility of applying to the roots smaller than a medium root in soil horizons I and II of 

them distributing evenly; but they lead to inacu:racies in the lower soil horizon as a whole 

because they get highly scattered there. 'iVhat's worse, it is next to impossible to use the 

1/4 block method only in the surface horizon and 1/2 block method in the lower horizons. Hence 

it is that those methods, even if possible to apply, are not necessarily the better methods, 

Taking the 1/2 block method, it will suffice to dig up half of the soil volume for investiga­

tion. The operation will thereby be reduced by almost three·fifth times that for investigation 

of the total root biomass, even if the digging·up in the opposite side, classifications and 

measurements of large and very large roots a:re added to it. 

Next, the remainings were dug up carefully, and their forms were photographed, drawn, 

and described. After that. the large and the very large roots were classified into every soil 

horizon and measured. 

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

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

4. The :root weight ratio (of the soH weight sticking to the :root weight) 

The root weight thus measured (those of the fine roots to the root stock) contain the soil 

weights. It is necessary to estimate the root biomass excluding these soil weights, and this 

relation is expressed by the following equation: 

RSi 

RSi : Root weight ratio 

Si : Soil sticking to the roots. 

R : Fresh root ·weight. 

(The root weight ratio means the ratio of the actual root weight, excluding the soil stick­

ing to the roots, to the weight of roots and soils.) 

The fresh root weight is to be gained by mu1tipling this ratio by the root weight including 

soils. From the soil horizons l a.nd II in the C. japonica stand, S 4, 50 samples of the fine 

roots each 40···-·3:30 g in weight, were taken out and washed. Assuming the mot weight with 

sells to be an independent variable, and the fresh root \veight without soil to be a dependent 

variable, the relation between both weights is shown in Fig. 15. As is clear from it, the 

linear regression passing the origin can he recognized between them, 

When the regression coefficients, relative coefficient, and errors were calculated, the ratio 

between both weight (Z) turned out to be 0. 8:3. This means that 85;~_; of the root weight 

with soils is equivalent to the root weight and 15% of it to the sticking soil weight. Since 

the relative coefficient (r) was ninety-nine percent, a close correlation was recognized between 

them, As the coefiicient of variation was L 396, the error was proved to be very smalL 



Ratio estimate equation: 

V(zl~z~ Jt~i ~ 

l (Jij{j) 81 

Fig. lS _Root \Veight ratio 
and variance of the line 
roots in ;soil horizons 1 
and U cf the C jaj10nica 
stand S 4_ 

Table 8. Dry weight ratio in each height of a sten1 o:f C. japonica 

Stand 

s s 
s 6 
s 7 
s 8 

Tree 

The weight of soils sticking to roots depends strongly on the weather or the soil condition 

when study is made. The weight becomes small as the soH dries up, and falls off at the 

measuring time on a fine and windy day. It becomes large if measured when the soils are 

wet after raining. Generally speaking, the vveight of sticking soils becomes large under wet 

conditions. It is, for example, larger in the moist soils than in the dry soils, and in the moist 

subsurface soils than in the dry surface soils. Soil properties, too, have an obvious bearing 

on this point; for example, weight is larger in the c1ayey soiis with a high power of holding 

water than in the mmdv soils with a low water-holding power. 
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5. Dry weight ratio 

To calculate their dry weights, the dry weight ratios were calculated from a certain 

amount of the collected samples whose fresh weight had been measured beforehand. The dry 

weight ratios are here the ratio of the dry weight to the fresh weight. 

R= WD 
Ww 

R : Dry weight ratio 

W n : Dry weight 

TV w : Fresh weight 

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

1) Leaf 

The fresh weight of leaves was measured in each leaving part of the tree-crown which 

was horizontally divided equally into three parts in this investigation. Dry weight ratios were 

measured at every unit of measurement (i.e., every horizon). And then the dry leaf weight 

was estimated multiplying the leaf weights by the dry weight ratios. It is less troublesome 

to take the materials out of Lhe total weight of leaves run together in each horizon. The dry 

weight ratios, however, differ in the positions of a tree crown. Measuring them in every 

horizon makes possible higher accuracy. The materials taken from each layer were l.. 0~1. 5 

kg by fresh weight. The fresh weights were measured at the site. 

Each material had been dried for 7 to 10 days at eighty to ninety degrees centigrade. The 

absolute dry weights were obtained thus. 

2) Branch 

Of the branches as well as of leaves, some medium·sized branches for dry weight :ratio 

'Nere selected from each level and cut off line to use as the materials. 

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

fresh weights were measured at the site. 

3) Stem 

The fresh weights of the disks for stem analysis were measured immediately after the 

disks were taken out. These disks were absolutely dried. And then, the dry weights of a 

stem were ca.lculated nmltiplying by each part weight of a stem, the ratios of the dry weights 

at every stem classification. 

Generaliy, a dry weight mtio of a stem is lowest near the root stock; it tends to increase 

towards the tip of a stem. As it differs at each part of a stem, accuracy of estimating it is 

to be heightened when the stem is divided as fine as possible. 

Fig. 16 shows the relation between the dry weight ratio of a stem in each position and 

the average dry 'Neight ratio in the stem analysis. According to the table, C. faponica shows, 

as in Table 8, the average dry weight ratio of stem at the height of 3 to 4 m when it is 13 

m. high and of 4 to 5 m when it is 19m high. 

rl) Very large root 

The very large roots of 2 or 3 kg were taken out of those roots normally grow·n up in 

soil horizons I and II, where they were mostly distributed, and their dry weight ratios were 

calculated, \Vhen the weights of the materials are 2 kg, the coe.fficient of variation of the dry 

weight ratio is found to be about 796. 
The materials are those from. which the sticking soils were taken off dearly and the 

fresh weights measured at the site. 



5) Large root 

In the vvay like as done for the 

very large roots, the large roots of 

two or three kg were taken as a 

Ban1ple., and their dry \Veight ratios 

'Were calculated. The coeflicient of 

var.iation of the large roots was about 

576 here, and was smaller than that 

of a very large root 

6) Medium root 

'fhe samples, ;vhich were taken 

out on the spot and carried back in 

vinyl sacks~ \.\.rere carefully washed 

whh water to remove the sticking 

soiL After that, the fresh vveights 

were rneasured. 

Medium roots are distributed 

evenly and widely at each horizon. 

Their growth and dry weight ratios 
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* Stand No. ** Sample tree No. Not measured. 

Fig, J.G Dry weight ratio of each part of trees. 

differ in each horizon. ·They run together to calculate the dry weight :ratios; the errors go 

up. ~ro measure the dry 'Ndght ratios, they were divided in the horizons I. II and below, 

The coeilident of variation is about 596 when each sample of 500 g is taken out in soil 

horizons I and IL 

7) root 

As samples, the small roots of each weight of :200 to :100 g were taken from soil horizons 

L II and below, lifter they wore washed out and dried, their dry ratios were calcu-

lated. The coeH.idents of ;;ariat\on are about 3···.-45';5. 

8) Fine root 

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

I, II and be.low. As in the case of the small roots, their dry weights were calculated after 

they were washed out and dried. The coefficients of va:rlz,tion are about 3·-+;:;, 

'fhe accuracy in 111easuring the ratios of dry weight of l1ne and small roots h given in 

the fn11uwi n.g. 

r .). Sample weight for estimating the dry weight .ratios and accuracy 

'The fresh \velg·hts~ dry ".veight~\ and dry ratios of the fine roots live:re caic~ulated 

in soil horizons l and II in the stand of S 3 of C. japonica. 

i\ linear regression -.,vhich passes th:roug-h the or1.g1n V-lfU~, as Ln Fig. 1'7) recognized bet~ 

ween the fresh w·eight and the dry weight. 

Tho dry weight ratios and their average values of these materiaLs are measured, ;\ccord· 

ing; to the re.Ju.1t. the dry:-· \Yeight ratio ·vvas 24_~;6 a~nd the coefficient o[ var!ati<J11 vvas 8_'?). 

1'he. ratios o:f d:ry· ·v-;,;--clght. \VCY(<: then calcuJatcd according to the ratio est1n1ate eoLtatiot1 

In which the same values were used. 

A. comparison between the t\vo makes dtcDr that the difference :in average dry ·weight 
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10 g 

.. 
y =0.233'/x 
O"z=O. 00259 
c '"0, 0111 
r •=0. 9441 

x : Fresh weight 
y : Dry weight 

Fig. 17 Dry weight ratio of the fine 

roots of C. japonica, obtained from 

the data of stand S 3 and by using 

ratio estimate equation. 

ratio is 0. 189'a and that the ratio estimate is more accurate, and besides that the error is 

reduced by one-eight that which is obtained using each dry weight ratio. 

Twenty samples each with fresh weight of unit weight, as shown in Table 9, were taken 

out of the fine and the small roots in soil horizons I and II in the .K 1 stand of L. leptolepis. 

Their dry weights were measured, and then the errors were calculated in the same way as 

mentioned above. Next. a comparison was made between both equations to be used in calcu· 

lation, while observing how the coeJtidents of variation change as the samples are putting on 

weight. The values of the :fine roots in soil horizon I, as shown in Table 9, are obtained from 

this table, According to Table 9, there is almost no difference between the ratios of dry 

weight according to both equations to be used in calculation, The coefficients of variation, 

however, are about four times more accurate by the ratio estimate than by the simple equation 

of error to be used in calculation. 

This discrepancy increase as the soil hodzons go lower and roots become thicker. 

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

creasing sample weight is tabulated in Fig. 18. It is clear from this that the coeffidents of 

Table 9. Weight and variation coelticient of dry weight ratio a sample unit. 

Fine root in the horizons I and ll of the L. lepto!epis stand Kl 

s!~~f~1~ o! umt l~2g 2~-3g J,--._.,4 g 1-,sg 5"-'6 g 6~~7 g ?~~sg 8"~9 g 

* 

R1 0,2353 0,2289 0.2350 0,2286 0.2306 0,2325 0.2328 0.2343 
R2 0.2352 0.2286 0.2350 0.2285 0.2306 0.2330 0.2337 0.2343 
c1 0,0396 0.0419 0.0310 0.0318 0.0262 0. 0177 0.0279 0.0460 
c2 0.0098 0. 0105 o. oon I 0.0074 0.0056 0.0039 0.0056 0, 0115 

C1/C2 4. 04 3.99 4,03 4.30 4.68 4.54 4.98 4.00 

Rt :Average of dry weight ratio, n:20. R 2 ; Dry weight. 
C· ; Variation coefficient of R!. C2 : Variation coefficient of R2. 

Table 10. Sample weight when 20 samples were measured at 

the variation coefficient of l% 

f s rn 

I 2. 5 3. 
,. 
,) 5. 5 

II 2. 5 J. 5 w.o< 
ill o. c 

·' 
c 
''· s 10. 0<-; 

IV :). 5 !O,O< 

9o~lQg 

0.2333 
0.2331 
0,0330 
0.0069 

4. 78 
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F'ig. 18 Variation coefficient of dry weight ratio. 

variation oJ the fine., small and medium roots decrease steeply as their sample increase. 

This tendency differs according to root class or to soil horizon. The sample meac:urcd wcig:hts 

increased, as shown in Table 10, as the root became thicker and the c;oil went deeper under 

the condition of 1(!,;; of the coeH.icient of variation obtained from Fig. 18. This is because the 

·'l(3Xia_nce of 1ncasurc:.nent becon1es large as a root becornes thicker and soils _g;o deeper, 

7. Moisture content of every pari of a tn'e 

The measurements of dry weight. ratio rn.a.de it possibie to estimate the m.o.isture content 

of each part of a tree. This cont.eni: has a close corre.lation to the growth of a tree. 

Here dry vveight ratios and how the ratios of containing water went up and down both 

in each part of a tree and under environmental conditions were gone into, 

1) Dry weight ratio in every part of a tree 

'J'he dry weight ratios in every part of sample trees which make· medium gro1vth in every 

stand are cshovvn in Fig. Hi. 

'T'he dry· v~reig;ht ratio of ·fine. roots are .lo\'ve:-:;t and .,within the :range ot tv,.,~enty to 
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per cent. This is common to the species like C. jajJonica, Ch. obtusa, P. densifiora, and L. lepto­

lepis. It increased gradua.lly as the root became thicker, and to the highest at the root stock 

or at the part about 20 em above the ground. To give an example, it was 40 to 45% for C. 

japonica. 

It increased remarkably to four to five per cent between fine and small roots, while from 

a small root to a root stock it increased to only about 1%. This is partly because the fine 

roots have many young tissues, inclusive of white roots, which contain much water, and 

partly because the roots larger than small roots consist of uniformly lignified tissues. For this 

reason it becomes necessary to measure the dry weight ratios of every part of a root. 

As already explained in the section about the measurements of those of a stem, the dry 

weight ratios decrease, but the water contents increase gradually according to the transit 

from downward to upward. Particularly near the tip, they decrease with rapid speed because 

many young tissues are there. Ch. obtusa taken here as an example, the change of the dry 

weight ratio in each part of the stem is shown in Fig. 19. 

This is due to good or bad growth of a tree, or to its size. The change in dry weight 

ratio tends to go similarly, but their values are not uniform. They also differ from species 

to species. 

The dry weight ratio of branches is the highest of all as they grow more slowly than 

the rest of the parts and are highly lignified. That of C. japonica, for example, showed 45~ 

50%. 

Generally, the dry weight ratio of leaves is lower than those of a stem or branches. It 

is almost the same as those of small and medium. roots. 

2) Species 

Species promote their own growth or change in dry weight ratio. A further examination 

of this is shown in Fig. 20 giving the average dry weight ratios both o:f the young trees, 

four to f1ve years of age, planted at Asakawa nursery and of the sample trees growing 

moderately. Many species showed the dry weight ratio of leaf of 3096 at Asakawa nursery, 

but the evergreen coniferous species with hard tissues, as Biota orientalis, P. densifiora, and 

C. japonica showed the higher percentages of 35 to 40. Of broad-leaved trees, the species 

with rather hard leaf tissue, such as Celtis sinensis, Aphananthe aspera, Quercus serrata, Ulmus 

parvifolia, and Zelkova serrata, sho·wed a higher ratio than the species with soft and thin leaf 

tissue, such as Catalpa ovata, 1\1a!lotus japonicus, 1'4elia azedarach, Robinia pseudo-acacia v. inermis, 

and Comus controversa, Firmiana platanifolia. 

The tendency was alike in the sample stand. The dry weight ratios of Ch. obtusa, Ch. 

pisifera, Abies firma, T.suga canadensis, etc. 1vere high in particular. That of Ch. obtusa was as 

much as 5296. The main species taken here as an example became lower in the order of Ch. 

C.4 

TREE HIGHT 

··-·1..··-·-~--·--

; 1.2 ;:;,? 

Fig. 19 Dry weight ratio o£ each 

height of a stem, in Ch. obtusa 

stand H 3. 
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obtusa, P. densiffora, C. japonica, and L. letJtolepis. 

Sometimes the· dry weight ratio of leaf changes according to the turning of the seasons. 

Even so, there appears to be no great difference among species. 

The dry weight ratios of branches and of a stem have a particular relationship to the 

growth rate. Low are, for example, those of the species which grow quickly and which are 

abundant in many young tissues. High are instead those of the species which grow slowly. 

As a result of investigations at Asakawa nursery, it was found that the high were those 

of both branches and stems of the species as Celtis sinensis v. japonica, Ulmus parmjolia, Sapin· 

dus mukurossi, Zelkova serrata, Alnus japonica, Alnus hirsuta v. sibirica, and Biota orientalis, etc. 

And also high were those of the sample species as Ch. obtusa, Acacia dencurrens, Zelkova serrata, 

Ch. pisifera, and P. strobus (growing poor). 

The dry. weight ratios of a large root, very large root, and root stock like those of the 

above·ground parts, are affected by character of species and growth condition. Particularly 

those of fine and small roots are affected mainly by the former. At Asakawa nursery, the 

species of which medium and large roots show a high percentage are Catalpa ovata, Eucommia 

utmoides, Cunninghamia lanceolata, C. jajJonica, Juglans ailanthifolia, L. lejJtolepis, P. densiflora. Of 

the sample trees, they are the broad·leaved trees as ilfallotus japonic11s, Aphani:mthe aspera, 

Quercus serrata, Ulmus parvifolia, Sapindus mukorossi, Zelkova serrata, Betula ermanii, .illnus 

hirsuta v. sibirica, Biota orientalis, etc. 

The species which have a large amount of thick white roots show a low dry-weight ratio 

of fine and small roots. This was observed at Asakawa nursery. The examples are the species 

such. as Catalpa ovata, Eucommia ulmoides, Cunninghamia lanceolata, C. fajJonica, ]uglans ailanthifolia, 

and L. leptolepis, etc. Vis·a~vis with them, there arc the species such as kialtotus japonicus, 

Aphananthe aspera, Ulmus pm·vifolia, Quercus serrata, SatJindus mukurossi, Zelkova serrata, Betula 

ermanii, Alnus hirsuta v. sibirica, Biota orientalis, etc. 

Of the sample trees, C. japonica and L. leptole,ois show a low percentage. The species 

which are vis-a-vis with these Acacia decurrens, Betula jJlatyj;hylla, Quercus mongolica, Zelkova 

sen·ata, P. densifiura, P. thunbergii, P. strobus, Ch. obtusa, etc. This shows a close similarity 

to the result of investigations at Asakawa nursery. 

The species which show the high dry-weight ratio of Jine roots, grow Jine roots sparsely. 

Their white roots are fine and highly lignified, and root types are mostly of dry Quercus 

myrsinaefolia type. There are many species which stand against drought strongly. 

Oh the contrary, the species, showing a low percentage belong to the root types of C. 

japonica, Firmiana p!atanifo!ia, and Cinnamomum camphora. Those species also are of moder· 

ately moist type. 

3) Site index and dry weight ratio 

The dry--weight ratios of each part depend upon the growth conditions. It is likely that 

they are closely related to site index. The relation between site index and dry·weight ratio 

is shown in Fig. 21. 

All the <>pecies and their above-and-under ground parts, although their variance is wide, 

tend to decrease their dry-weight ratios because the site index and then the water contents 

increase. The main reasons for this are the following two. Firstly, there are many young 

tissues with high moisture content distributing in the stand showing large site indices and 

sufficient grovvth. Secondly, there are instead many older tissues with low moisture content 

distributing ln the stand showing small site indices and insufficient growth. 



Fig. 2!. Site index and dry weight ratio of each part of trees. 

The change in dry weig;ht ratio ans\vering to the site index does not take place only in 

the stems, large roots, very large roots and root stocks, which are the parts for storag:e. It 

also occurs in the leavef>, iine roots, etc. with younger tl.ssues. Hence it is not unreasonable 

to presume that the tis,OJues uf these working parts and even their efficiency depend strongly 

upon the growth conditions. 

Generally, the stand soil with a small site index is either dry <)r heavy wet. Jn this site, 

the ftn(' roots have comparatively few new shooling white roots and many lignified parts. So, 

the dry ratio of the fine root becomes higher there. 

The low dry vrelght ratio in a heavy wet site explains that each part of a tree grows 

poor. it also makes dear that the white roots with high moisture content, shot from a line 

root, come to decrease thence to decay to death. 

8. Accuracy of measurement of part himnass 

Accuracy in measuring each part biornass of a tree is to be obtained after the above· 

mentioned are all finished. But each part biomass calculated in the final procedure comes out 

with enors made at each sh1ge of investigations, such as sample divisions, measure.ment of 

root weight, root classification, measurement of the ratios of the root weights and their dry 

weights. 

The sam.ple weights were decided and measured to make those errors as small as possible. 

The error of 10)!0 of the avenge value was aimed at under the significance level of 95){. 

·rhe errors were fairly different at each stuge of n1.casurements. Jt was therefore impos· 

sible to measure on a constant error. The errors were different even at each part of a tree 

too, so the part biomass could not be estimated with the same precision, It is within reason 

to predict that estimation enor of the total biomass .is 10· 2096 when calculated in terms of 

the coefficient of variation. 

9. Latest annual growth of branches and leaves 

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

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

of leaving periods or as how to estimate the amount of dead branches and fal1en leaves; also, 

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

Part c. japonica Ch. obtusa P. densiftora 

o~10 0.40 0.40 0.60 

Leaf (P) lO·~J20 0 . .35 o.:so 0.55 
20--v30 o.:so O.:JO 0. 5:5 
30----$ 0.25 0.22 0.50 

o"'--10 0. 40 0.40 0.60 

Branch (q) 10~20 0,35 0035 0.50 
20-~30 0~35 0035 0.40 
.3o~~ 0.30 0.30 0.30 

*1 Annual leaf growth (j)) multiplied by leaf biomass. 
*2 Annual branch growth (q) multiplied by branch biomass. 

age: The annual growth of branches is got by multiplying the latest annual growth of a 

stem by the coefficients in Table 11; and that of leaves is gained by multiplying the leaving 

amount by them shown in the table. To determine the accurate values of those coe.fficients, 

it is necessary to continue this type of study. The annual growth of branches and leaves 

was thus calculated. 

10. Representation of the absorption structure 

Nutriment and water in soils are taken into a tree through the surface of roots. 

Efficiency of absorption is dependent upon each part of roots. It is highest in the white 

roots existing in the tips and lowest in the llgnined parts. But as nutriment and water are 

to be absorbed through their surface in any case, the absorptive structure of the underground 

part is to be expressed with the surface area of roots. 

Greater parts of the root biomass are those of a large root to a root stock which have 

little to .do with absorption. But the nne and the small roots, whose tissues are young, have 

much greater surface area. 

1) Estimation of the surface area of roots 

It is necessary to estimate the root system surface area. As the root biomass in each 

stand had already been m.easured, the author thought of a method ·whereby calculating the 

surface area of roots from these biomass could be done. There is to exist the following 

relations between the surface area and the root biomass. 

/l~G-t~-
/1.; Root surface area (cm3), G: Root weight (g), D: Root. diameter (em), 

k :Bulk density (g/cc), l: Root length (em) 

That is to say, with the root weight, bulk density, and diameter obtained beforehand, the 

surface area is to be calculated :from the root biomass. The next step is to consider root 

diameter and bulk density necessary :for calculating the surface area, and the root length 

calculated from them. 

2) R.oot diameter 

(1) Root dassification and the accuracy o£ diameter measurement 

'When the root biomass is measured without ciassifying roots according to size, it is very 



difficult to get the corresponding diameter of the root to them. And at the same time. the 

average diameters calculated from them. come to have very large variance. The 6ner the 

.classification of roots is done~ the 1nore accurate the rneasurernent of a'n~ragf~ diarneter vvill 

become. As iiner classHicaticn involves greater trouble, the roots were classified into +in; 

classes as sho,,vn. i.n '"fable 4; Bnc root (0------·0, 2 cxn\ S111a.n rcot (0 . .:/ -JJ, 5 cn1\ 1nediurn root 

(0,5--2.0cm), iarge nlot (2.0··5.0cm) and very large root (6.0crn and above). 

'fhe diaTneter of a fine root was measured with a micrometer and those of Lhe nther 

Lu-ger :roots with a pair of slide calipers. 

l'vteasuxernenr of dian1ete.r c::uu1ot. escape sorne errors due to the v;:-_rr}an~~es of sarnp1es o.r 

methods of measuremenL 'The di:stribution of thickness is different from species to species, 

too; consequentl~/ the average diarn.eters are rno:re o:r less difCerent. 

~rhe ave-rage dian1.eters a:n.d the coefficients uf ·va:ria.tl.on cd~ each classiiied root .in ~3oJl 

h.orizon~:_; I and II uf S 4 stand are Ineasu.recL '_f'herc it C£-Ln be set:~n that the coeHicie.ut.s of 

vari.aUon be.carne larger as the roots be.carnc: thicker fron1 a fine root to a \tery larg;e :root. 

'The cce.flicic~.nts of variation 1n cttch horizon. are rneasu.-red. /\ccording to the result thes 

are 89!1 in soU horizon I (:u:1d 2G?;) .in soil horizon V, It is ah~c1 clear that they beconte la-rger 

.as soH horizons gc do\vn LY\.ver. 'f'h.is indicates tha.t tn the npl_K:r horizons roots tend to gro\v 

eveniy due to a UJJifonn gro\vth c.ondition, but th_at in the lo\,ver horizons the ~rrovvth cond1-

tion tends to go unbalanced. 

(2) Various conditions concerning the change in diamete:r: of root'' 

The average diameters of a nl<>1 depend largely upon species or en.vironmental conditions. 

a) Specic·s 

'T'he branching 1A :roots :is dependent u.pon the cha.:ra.cters uJ LTee" The trees u£ \v·hich 

the rooLs <Jrc br~n1chcd finE: g;ivc srnall averafrc ditu.netcrf\ vvhi.le those lnnring· .roots trranched 

FJug:hl)r ghre large ~rvcra.ge diar.netcrs, 

'Table .12 shcnvs i:n t.he order of tbch· rr1agnitude the avera.g:e dicunetcr of every classified 

root in. sol.l horizons 1 (J.nd It V\'hich \.Vere got from_ irr~/estigation~:; both at stGui.dS and at 

i\.sakaY·/a nu-rsery (1]lc stands of rnod.e:ratc habitat type ';:vcre chosen fr(itn_ 1-n.any stand~~ fo:r 

C JatHmica, Ch. obtusa, P. dcns(dora, and L. /q)toi<!pis). 

'T.'he a'verage dia:n1eters of the ±1nc routs of all the species \Vt'TC vr.ithin the range of 00 OH 

-• ..,Q, 132 c1n, and tht'. average vaJnes \Vere \vith.i.n 0, T- -0. 8 ern, T'he specie~> \:Yhich 'Nere conJ-­

paratively large and 0. l::>-0. 9() em in diameter are Acacia deunTetls, Cit. obtusa, Ch. 1<yisifem, 

iam·eolata, C, jajwnica, Abies ,!irma, Tsuga canadensis, Conms coutroversa, Bioia 

orienta/is, Jizrmiana j;latamfolia, Eucommia u!maidcs, etc. .~fh.e species \Vhich are large-r in 

dian1eter tha.n those species are P. densijiora) L. Lej;lole[ds? Eucalyj.>tu.s globulu..:;, Z,er!?ot'a serra!a. 

(Juercus nwngdica, Betu.la fJlatyj.>hy!la, Betula dmmrica, Aphananthe as}Ji!ra, [/lm!fs jHtroifolia, Celtis 

sinensisi .A.lnt-ts }aJ!Onica, A./nus hirsuta v, sibirica, (juercus strrata, Juglan:;; ailardhifo!ia, J1al!otus 

jajJonicu", ivfclia azedarach, Fraxinus mands!nvica, etc. J'his is due to the difference in distribu­

tion of t1;eh- fine roots; in other words, the former trees ha\'e many thicker fine roots while 

the latter have rnany thinnex root-S, 

This abJ has much to do 1vith the size of the absorptive mots. /\.s in ·rable 1:1, the treef, 

\Yith thlnnet· absorptive roots incUned to have fine roots >vith smaller a vcrage diameters. 01' 

all those trc(~S, the trees \Vith th.ln absor;;rti·vz;_:. roots, !or detaiL had .fine roots -;,.vith la_rge. ave·· 

mgc diamct2r \Vh.en their roots were fewer in nu.mbcr, and they had Jnany thick parts. And 

yet~ the trees \Yith rnany thin roots inclined to have srna U a\"'erage cliarneters. 



Table 12. Average root diameter of each species 

Acacia decurrens 
dealbata 

Catalpa ovafa 

Chamaecyparis oblusa 

Abies firma 
Eucommia ulmoides 
T~uga canadensis 
Zanthoxylum ailrmthoides 
Biota orientalis 
Chamaecyparis pisifera 
Cunninghamia lanceolata 
Cornus controversa 
F'raxinus mandshurica 

0.110 

0. llO 

0. 109 

0. 107 

()_ 104 

o. 10.:-?. 

0.095 

o.on 
0.08? 

0. 0?2 

C. 
0.0?0 
0.068 
0,070 

0. OtS9 

0. 068 
0.068 
0. 067 
0.067 

0. 066 

0. "64 

0.063 

0.062 
0.060 

Small root 

Firmiana simplex 
!'delia azedarach 
Zanthoxylum ailanlhoides 
Robinia pseudo-acacia 
Sapindus mukurossi 
Cornus controversa 

Cry;t;tomeria jajJonica 

Larix leptolepis 

.fraxinus mandshurica 
]ttglans aitanthifolia 

0.42 
0. 4 
0. 
0, 41 

C!. :35 ···0. 44 
---·cs:·-4-o 

o .. ;o 

( ) : Values measured in A sakawa nursery. 

(0. 

(C1. 

(0. 

Lnamaecyparis obtusa 

Biota orientalis 
Cunninghamia !anceolaia 
llracia decurrens v. 
dealbata 

Abies firma 
l<fallotus japonicus 
Eucalyptus globulus 
Ulmus parvifolia 
Alnus hirsuta v. sibirica 
Zellwva serrata 
Celtis sinensis v. japonica 
Quercus sen·ata 
Tsuga canadensis 
Quercus mongolica v. 
grosseserrata 

Chamaecyparis ,bisifera 
Aphananthe aspera 
Ahws japonica 
Betula ermanii 
Betula platyphylla v. 
japonica 

Betula davurica 

0. ~38 

0.37 

0.36 
0.35 

0. 
C.JS 
0 . .34 

0.3:0 
0,3) 

o. :33 
O • .J3 

0.33 

0.32 
0 .. J2 

0.32 
0. 3l 

0.31 

Medium root 

Chamaecyparis ob!usa 

1. 43 

1. 42 

1. 28~--~-· l b3 

!. 41 

1. 

l. 41 

l. 40 

l' 39 
J. 39 
1. 38 

!. 
l. JS 

1. 15 
1. 34 
1. 33 
1., 32 

(em) 

(0. 33) 

(l.. -50) 

(!. J8) 

(l. 35) 



Species 

Ulmus parvifolia 
Alnus hirsuta v. sibirica 
!l.j;fwnanthe aspura 
Betula davurica 
Euca(yjJtu,; globu!us 
Cluzmaecyj;aris jlisifera 
Abies .finna 
Betula platy/Jf1ylla v. 
faponica 

Acacia ducurrens v. 
dcalbala 

T:suga canade-nsis 
Quercu;s mongolica v. 
gvosseserrata 

Large root 

lJelula da;)uriGa 
Acat..·ia decu.rrens v. 
dealbata 

serraia 
V. 

Chamaecyparis pisi./era 
Tsuga canadensis 

CryfJtomeria jaj•ouica 

(Jucrcus mongalica v. 

(ern) 

L24 

Species 

Larix letJto!epis 

ilbics ;'irma 

Pinus densijlora 

J?irnliana shnjJ!c>.; 

11-felia azedarach 
Corrtus conl7ouersa 
A.p!umanthe as(xra 
Robinia pseudu·acar:ia 
Zanthoxylum ailanthoides 
,Hatlotus jajJ!micus 
Betula ermanii 
Cunninghamia lanceolata 
Alnus hirsuta v, sibirioi 
Sa[;indus m.uf.J&rossi 
Ulmus parvifolia 

Celtis sinensis v. fat>unica 
Aiuus iaponica 
F::ucorntJJ.ia ul1noirJcs 

Diameter (em) 

( ) 

'The avt:~rag:e; dia:::ncters C\f: the tine roots depend also on the ::>tates of gru\vth. ...rhe tre.es 

vv.hich took fine roots in clu3ter~ such as Zclho:'a serrata, ()uercus rnongolica, FJe!u!a 

Betula ermanii, etc, h.ad srnalk.r uverage diameters: on the other hand tho:se which took fine 

roots spa..rse.ly· had larrr·er averag;e dia.n1eters, 

Let ln' examine the relation of the dimensions o£ the average diameters of roots to the 

types of the roots already investigate.d. Result~; obtained ;;how that the moderaUy moist-typed 

trees as Cornus t·ontroversa. J?inn.iana f)latan£folia) and C. jaj;onica are inclined to have a. large 

average d.ia.rneteT, ·v\rhere{-lS such dryvt;yped trees a~; ()uercus Ju_·yr.sinaefolia (~t.c. are- inclined to 

hav{~ a sJ.nall diarneter. ~.rhi.s was) hoV'I/ever, :not very clear. 1~1-lf~ relation among the_ root types: 

rarn.Hicat:ions~ gro-.;ving of fine r(JOt.S 1 arid thicknci~s of absorptive roots is sho\VD n1 1\:d.)le .1.3. 

The above·rnenti.oned relation is also observed on the H1litll and the medium roots. For 

example, the trees with many thin roots bnmchlng, such as Ze!houa serrata, ()ucrcus mo11gulica, 

Betula f!latyj;hylla, Beiufa dauurica, C ja(;onica, and Ch. obiusa had smaller average diameters. 

'fhe small, med.iun1 and large roots did not show such a great discrepancy as the Jlne and 

very large root did, becau.se they' v..-'ere given u deDnite rant=_re of dia.rneter. P. drmsi}iora and 

L !e(;toic(Jis with less line roots and rough distribution had a rather J.arge average diameter. 

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

''>ample trees: those of the larger tree have larger avewge diameters, 

This was dependent upon the pattern of branching. In the trees wir.h greater branching 

and less t.hicJ.-::. roots suc1:t ;1s "T'suga canadensis and Ac·acic decurrens: the average diarnete.r of 
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Table 13. Root properties of each species 

Species 

Acacia dencurrens 
Eucommia ulmoides 
Cornus controversa 
Chamaecyparis jJiszfera 
Chamaecyj;aris obtusa 
Biota orientalis 
Cunninghamia !anceolata 
Cryptomeria japonica 
Abies firma 
Tsuga canadensis 
Zanthoxylum ailanthoides 
Pinus densijfora 
Fraxinus mandshuriea 
Larix lejJto!epis 
L'atalpa ovata 
Firmiana simj;lex 
juglans ailanthifolia 
Afelia azedarach 
Alnus japoniw 
Alnus hirsuta v. sibirica 
Betula p!atyphylla v. japonica 
Betula ermanii 
Betula davurica 
(Juercus mrmgolica 
Quercus serrata 
Robinia j;seudo-acacia 
S?lpindus mukurossi 
Ulmus parvifolia 
Zelkova serrata 
Celtis sinensis v. japonica 
E'ucalyptus globulus 

Root type 

Cornus controversa 
Firmiana simj;lex 
Cornus controversa 
Cornus controversa 
Quercus myrsinaefolia 
Quercus myrsinaefolia 
CryjJlomeria japonica 
Cryptomeria jajJonica 
Pinus densijfora 
Quercus myrsinaefo!ia 
Cinnamomum camplwra 
Pinus densijlora 
Firmiana simplex 
Quercus myrsinaefolia 
Firmiana simplex 
Firmiana simplex 
Quercus myrsinaefolia 
F'irmiana simplex 
Quercus myrsinaefolia 
Qzuwcus myrsinaefolia 
()uercus myrsinaefolia 
Quercus myrsinaefolia 
(Juercus myrsinaefolia 
Cercidiphytlum Japonicum 
Quercus ;nyrsinaefolia 
Firmiana simplex 
Firmiana simplex 
Quercus myrsinaefolia 
Quercus myrsinaefolia 
Quercus myrsinaefolia 
Cornus controversa 

*l Branching habits of small and medium roots 

5 
2 

3 

1 

2 

:3 
2 

2 

2 

4 

4 

4 

4 
2 

2 

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

1 :Very few, 2: Few_, 3 : Moderate, 4: Frequent, 5 :Very frequent. 
*3 Root type : See footnote on the page 3. 

Amount 
of fine 
root*2 

5 

2 
4 

2 

2 

2 

2 
2 

2 

Diameter 
of root 
tip mm 

1. (lr..-l. 

L 0··~1. 2 
(), 8•v), 0 

0. 7"·0. 8 
0. >~·0. 8 
o. 7---~-0~ 8 

o9 6----~o.? 
0.6~0.7 

0.6~0.? 

0, 6·-·0. 7 
0. 6···0. 7 
o. s-~o. 6 
0.5~0.6 

0. :;r-...-(). 6 

0. 3~·0. 4 

o. 3--·0. 4 
0. 3·--0. 4 
o .. :>----o. 4 

0. 2~0. 3 
0. 2··0. 3 
0. 2···0. 3 
0. 2··-·0. 3 

0. 2····0. 3 
0.2~0.3 

0, 1~0.2 
0.1~0.2 

0. >~0. 2 

0. 1··0. 2 

the very large root V11as small; however, it was large m such trees as L. lej;tolepis, Zetkoua 

sen·ata with less branching. 

b. The growth of a tree and the average diameter of roots 

As fme and small roots are susceptible to the properties of trees, correlation with basal 

area is hardly recognized, The diameter of large and very large roots becomes larger as trees 

grow. Particularly in very large roots, this trend is remarkable, A concave regression rather 

upward was recognized between them. A. very large root was Gem in average diameter when 

the basal area was 100 cm2, and it was 8 cn1 at the basal area of 500 cm2. 

Thus, the diameter of roots increases slowly in the case of a small tree and rapidly in. 

the case of a large tree. This is presumably because a very large root grows in stand in­

crease at an earlier time and so the average diameter does not increase. And besides, it may 

be due to the diameter increment of an almost given number of roots in the case of a large-



diameter tree. Both the small-and large-diameter trees, for example, impede their large ond 

very large roots from increasing in number. Or rather, they facilitme the thickening growth 

of their very large roots in definite number to support their above-ground parts. 'J'hat these 

roots show the high rate of innese in partlcular .is >vhy they don't keep <A1 growing by root 

classification. 

c. Average diameter in each soil horizon 

The pattern of branching or growth of the root system dif{en; in each soil horizon. This 

accompanies the change in average diameter_ The average diam.eter of a fine root of each 

species increases as tho soil horizon goes lower. For, due to the bad aeration and high per· 

centage of water in the core soil, the white roots are deterrul from branching off and besides, 

the skin tissues are caused to g:row extraordinarily thick. Th.is change is observed horizontally. 

A white rooL for example, is larger .in diameter in the wet site than in the dry one, 

Change of a fine root in thicknE>ss according t:o the depth of the soil horizon di!'fen; from 

species to species. It is. for example, for C. jaj;onir:a and Ch. obtusa and litHe for Zelllova 

serrala, (Juercus mongolica, and Betula p!atyj;hyrra. 

The diameter of sn1aU and nu:clium roots tends lo become a little larger .in the low soil 

horizon, hut not so dearly as that of a fine root, the reason being that the Toot system is 

checked from branching and the thin roots become fewer in number in the core soil. 

Large 2.nd very large roots, on the contrary, are small in diameter in the deep soiL 'J'his 

arises from a twofold reason, Firstly, they get smal.ler iu diamet<:r as they g:o farther from 

the Toot stock Secondly, they have their :secondary growth checked phy;slcally, say, by soU 

pressure. 'fhis change is more remaTkable in the shaEow-rooted trees Sllth as L 

Ch. obtusa, etc, than in such deep-rooted trees asP, de;wf!ora, and C. japonica. 'fhis is because 

the growth of the root system. in Cli. obtusa and L feptalei;is tend to be easily checked in the 

low and hard soil horizon. 

d. Soil type and soil moisture 

The diameter of a !ine root has a close relationship to the soil conditions, particularly to 

water condition. It was generally observed that it. is larger in the moderately wet soil than 

in the dry soiL 'J'his relation on the stand of C japmlica is shown i.n Table H. 

As can be seen in Table 14, the fine roots are 0. 075 to 0. 088 cn1 in averag-e diameter in 

1he dry soils d BlA to BA o.f the stands of S G to S 24, and. are 0. 090 to 0. 098 in the moderately 

wet or wet soils of BlE to 1h of the stands of S 1 to S '22, ()Vidcncing th<1t they are larger in 

diameter in the wet soil than in the dry soil. 

·1~his '\f\ras corrlpat:ib1e vvith the Inclination of the pF value and the c1rrlount of ·water in 

the field condition, 

!\.s ahead:v mentioned regarding the relation between the diameter of a root and the soiL 

Stand 
Soil type 

"fable 14. Soil types and avera.ge diameter of tine root of C. japunica 

in the soil horizons I and U 

Value of pF in field condition 
Soil water in Jidd condition 
Average diarneter 



this originates in the fact that a fine root is large in diameter for little branching in the 

moist soil, whereas it is small for big branching in the dry soiL The hypertrophy of cortical 

cells of a white root is observed in the moist soil. 

The phenomena similar to it can be recognized on Ch. obtusa, P. densijlora, L, leptolejJis. 

It- was observed there that the change in diameter by water condition tends to make them 

larger in C. jajJonica and Ch. obtusa, and instead smaller in P. densijfora and L. ieptolepis. 

e. Soil property 

Generally a fine root grows worse and the average diameter becomes smaller in the clay 

loam than in the loose and porous soil such as the volcanic ash soiL 

Let us make a comparison of the diameter of a fine root between the S 23 stand with a 

clay-loamy property from sandstone, and soil horizons I and J.I in the stands S 2 and S 4 with 

a volcanic ash property. It is evident from the result that of the former is 0. 082 em across, 

and that of the latter is 0. 091 to 0. 093 em across. 

The difference of soil property is also related to the amount of water in soil. The per­

colation velocity of the S 23 stand, for example, was 60 cc/min., that of the S 2 stand 125 cc/min., 

and that of the S 4 stand 100 cc/min, The clay loamy stand of S 23 was insufficiently aired. 

It can be presumed from this fact that fine roots grow unfavourably in the day loam soil rather 

than in the porous volcanic ash soiL 

3) Bulk density of root 

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

The bulk density is expressed as follows: 

R=-QQ. 
Va 

R : Bulk density, expressed here by g/cm3 

Go : Dry weight (g) 

V g : Volume in the fresh condition (cm3) 

The volume of fine and small roots was measured by the Metra chemical balance and the 

Beckmann air·comparison type specific gravity tester. That of the larger roots was measured 

by the smaU type xlometer. After sufficient supply o£ water, the extra content of water was 

put away :from the ilne and the small roots. From 10 to 15 samp1es each with fresh weight 

of 5 g were then picked out from them to measure their volume and to use their averages. 

The coefficients of variation were 3--,·496 in this case. The samples each with weight of 200 

to 300 g were taken out on the other larger mots. The coefficients of variation were :)",8% 

in this case. As can be seen, the coefficient of variation does not change greatly when 10 

samples or more are taken out. About 10 samples were measured, because the number of 

samples must be greatly increased to get higher accuracy. 

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

a. Species 

The bulk densities of different species were compared with one another to find out how 

they varied from one species to another on the yuong trees and the sample trees planted at 

Asakawa nursery. 

The bulk density according to every root classiiication of each species becomes thinner in 

such order oJ magnitude as shown in Table 15, 

The species the fine roots of which have a high bulk density are Betula errnanii, Alnus 

japonica, Betula davurica, and B. plaiyjJhylla, etc., and the species with fine roots having a low 



Table 15. Root bu1k density of each species 

Species 

Fine root 

Betula ermanii 
Alnus japonica 
Betula davurica 
Betula jJlatyj!hy!la v. 
japonica 

Ulmus par;;ifofia 
Biota orienta/is 
Saj;indus mulmrossi 
Fraxinus mandshurica 
()uercus mongoliw v, 
grosseserrata 

Quercus serrata 
1VIallotus japonicus 
Alnus hirsuta v. sibirica 
Conms controversa 

lanceolata 
Tsuga canadensis 

Larix leptolepis 

C'eltis sinensis v. jajwnica 
Abies firma 

Pinus densijlora 

Chamaecyparis pisifera 

Cryptomeria ja]'Jonica 

Zanthoxylum ailauthoides 
Acacia decurreus v. 
dealbata 

Aphananthe asjJera 
EucalyPtus globulus 
Firmiana simj;lex 
Zelkorm scrrata 
]i<gicms ailanthifolia 
klelia azedarach 
Robinia f>seuda·acacia 
Catalt>a ovata 
Eucommia uimoides 

lllnus jaj>onica 
Zel!wva serrata 

Small root 

Alnus hirsuta v. sibirica 
Cormts controversa 
Celtis sinensis v. japrmica 
Quercus mongolica v, 
grosseserrata 

Quercus sen·ata 
Betula ermanii 
T'.sttga canadensis 
Mal!otus japonicus 
Betula davur ica 

Elu1k density 

0, 

0, 

0. 

0.2581 
0, 2520 

0.2462 
c. 1997 
0, 195.' 

0.4320 

(0. 

(0. 

Species 

A.j;!umanfhe asj>era 

Chamaecyparis obiusa 

Abies firma 
Biola orienla!is 

Larix !ejJtolej;is 

Chamaeryparis j;is(fera 
Betula p!atyphy!la v. 
japouica 

Ulmus jxwvifo!ia 

(;ryj;toHzeria jaj;onica 

ilcasia decurrf!ns ·v, 
dealbata 

Sapindus mukurossi 
Zanthoxylum ailanthoides 

Pinus dmsijloM 

Eucalyptus glolmlus 
Fraximts mandshurica 
'~"<mnr.:'"''ur.nw lanceolata 

Eucommia ulmoides 
Robinia j;seudo·acacia 

Catalpa ovata 

0.3?04 
(), :h9"·· 

0.3508 
0, 16 

.Medl.mr: root 

Alnus jaj!Onica 
Bclula ermanii 
Ahms hirsuta v. sibirica 
Betula jJ/atyjJlzylla v. 
jaj11mica 

Cornus controversa 
Biota orienlalis 
Saj;indus mukurossi 
Ulmus jJarmfo/ia 
Zelkova serrata 
Celtis sinensis v. jafJoniw 
Quercus mongolica \". 
grosseserrala 

/lf>hanant!w asj;em 

Chamaecyj1aris oht11sa 

T~uga cmwdensis 
FJetu!a davurica 
Quercus serrata 
F:rax!nus JIIIJnds/m.rica 
Abies firma 

Larix lejJtolcj;is 

Pinus densiflora 

~)663 

0.51()() 
0.5060 

0.4630 

47 

(1772) 

(0.4256) 



Table 15. (Continued) 

Species Bulk density 

0. 346~:;;~/67~(0. 3888) 

0,4056 

Species 

Chamaecyparis piszfera 

Pinus densiflora 
Cryj;fomeria japonica 

Zanthoxylum ailanihoides 
Acasia decurrens v. 
dealbata 0. 3962 Larix leptolej;is 

Cunninghamia lanceolata o. 3900 Abies firma 
Eucalyptus globulus 0. 3845 Cryptomeria japonica 
Mallotus japonicus 0. 3840 
Eucommia ulmoides o. -3720 Cunninghamia lanceolata 
Robinia jJseudo-acacia 0. 3614 Eucommia ulmoides 
juglans ailanthifolia o. 346a Celtis sinensis v. japonica 
Firmiana simplex o. a042 Fraxinus mandshurica 
A1elia azedarach 0. 2864 Eucalyptus globulus 
Catalpa ovata o. 2684 Robinia pseudo-acacia 

······-············----~-~-----~-~~--~-~~----~------------········ -;' ]!delia azedarach 
Large root 

Bulk density 

0.4502 
0. 3952~0. 4970(0. ) 

0. 4461 4221 

0 · 3~?_2~9..:.:1?155 (0. 4088) 
0. 4364 

0.4321 
0 · :J?CJQ.:::-il.c.'!Z.5l' ( 0. 4150) 

0. 4228 

0.4215 
0.4209 
0.4191 
0 . .5150 

Firmiana simjJ!ex 
--.-4~--ln·~·u··~.-·s·~~~J-a ... p .... o ... n .... i ... c .... a ........................ - ......... ,_0_._5_6 __ 7_0 __________ i!_C_a_t_a __ lp_·_a_o_v __ ~_~t_a __________ c_. ________________________________ _ 

0, Ld32 

0.4080 
0.3304 
0.3294 
0,2825 

A.lnus hirsuta v. sibirica 0. 5589 
Thuja orientalis 0. :5562 
Acacia decurrens v. 
deal bat a 

Zelkova serrata 
Quercus mongolica v. 
grosseserrata 

Quercus serratrl 
Betula davurica 

Chamaecyparis oblusa 

}uglans ailanthifolia 
AjJ]wnanthe aspera 
Betula ermanii 
Cornus controversa 
Tsuga canadensis 
Betula p!atyphylla v. 
japonica 

SajJindus mukurossi 
Ulmus parvifolia 
A1allotus japonicus 
Zanthoxylum ailanthoides 

0.5425 

0.:5208 (0. 4/'00) 

0.5124 

0.5067 
0.5053 

Q.,±92o.-...o. 5J_:s.o 
0. 5026 

0.49!3 
0,4884 
0.4876 
0.4.364 

0.4827 

0.481S 

o. 48l0 
0.4810 
0.4809 
0.456.3 

* ( ) : Valus measured in Asakawa nursery. 

Very large root 

Zelkova serrata 
Quercus mongolica v. 
grosseserrata 

Betula davurica 
Ts11ga canadensis 
Betula platyphylla v. 
japonica 

Chamaecyj;aris obiusa 

Acacia decurrens v. 
dealbala 

Chamaecyparis pisifera 

Pinus denszjlora 

Abies firma 

Larix lej>to!ej>is 

Cryptomeria japonica 

Eucalyptus globulus 

0.5617 

0.5542 

0,5528 

0.5234 

0.4925 

0. 5305~0. 5109 
-------------~ 

0. 4913 

0,4827 

0.4761 
0, 4250.-....0. 4601 -----··--

0.4601 

0.4542 
0. 4012~0. 5004 

0. 3857,-,..,Q. 5100 

0. 4479 

0.4424 

bulk density are Nlelia azedarach, Robinia pseudo·acacia, Catalj>a ovata, and Eucmmnia ulmoides, 

etc. Of the main species, L. /ejJtolepis, Ch. obtusa and P. densijlora show a higher percentage 

than C. japonica. 

Let us tu:rn now to the size o:r striking of fine roots. Investigation reveals that bulk 

density tends to be high in the species wlth fibrous roots growing sparse, and yet to be low 

in the species with thick absorptive roots and bunchy fine roots. This .is because the bulk 

density is related to the content of water present in roots; it becomes thinner as the water 

content increases. It is safe to say, therefore, that the bulk density is low in the species 

which spread fine roots inclusive of many young absorptive roots, whUe it is high in the 

species which have greater parts of lignified fine roots inclusive of absorptive :roots growing 

sparse. Hence it is that the bulk density of the :fine root is greatly affected by the sticking 
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pattern and am.ount of absorptive roots. 

Concern.1ng; such :root types as sho-'.-Yn in T'able 1::5~ the bull: density is gen0:~.rall:-,r h.~gh in 

the dry·typed speciec: as Quen·us myninac/(J!ia; yet it is low in the moderately mo:ist-typed 

species as Corn-us controvcrsa) .F'irJniana j;laianifolia and C. jaj}onica~ 

That the fine roots of dry-typed species ha.ve high bulk den~;Jty :~s uot that the -::lonng a:nd 

soft tissues, such as absorptive roots co.n.tain.ing a lut of \vaterj are n1a.ny-j but that the fn1e 

roots are highly lignified, ~r.hls prope:rt:,r kt~cps the root sys :ern f:ron:r drying·, giving it stronger 

res.istance against drought. 

y.f'h.e bu.lk density o:f a sm.all rot_;t rc.nget~ f:ron1 0. 2.1'7 to 0. 432. 'T'hi~?> range of change is 

\vi.der than that o:f a Bne root. ~.I'l1e larger a root grov;s~ the vvide.r it be.con1es. 1'hat is to 

say, ahnost every species is chaxactexizc·d by· bu.l.k de.n.sity~ indicating that. the tissues 

of root tips seem to be very sixnllar to species, the;-' deveiop diffe.re:n.t.l.y· as they gn::n;v. 

As concerns the :roots larger than a small root, the species as A.lnus, Quercus and Zellwva 

spp., which grow slowly, have .little water content .. are Jine·grained, and show high buJ.k 

density, 'While the spec:ies as Zanthoxyhun ailanthoides~ f<'rax£nus n~andshur~ica, Ettr.:o-JJunia uhnoides, 

Firmiana platanifolia, Afeiia azedarach, and Cata[fJfJ ovata with much water content, soft quality 

of wood and sparse roots, show low bu.lk density. 

Of all the coniferous trees Clz, abiusa had the higheo;t bulk den~sity. 1'he bulk density 

became lower in the order of Ch. obtusa, L Zepto/!:j;is, C jaj)()nica, and P. dcnsij!ora. As far as 

Ch. obtusa is concerned~ it can he pointed ont. that the roots gro\v ~:;o slov,rly and. branch of£ so 

rernarkably that the grcn.vth of a root becorn.es sxnaiJ. and the ftnc roots contain rnany .lignified 

parts. 

'fhe species, such as ()uercus 1n.vrsinaejotia the w.hite roots of which arc short in general 

and branch off remarkably, have high bulk ckom<ity owing to that prop;,rty, 

.i\.s concerns the larr.se and the very lar,ge rootsJ the condition as ·~Nell as t.he 

characters o:f species hr.ts a. connection ·vvith the bulk d.enslty. ~I'he. species o:f \Vhich the :roots 

grow unfavourable tend to make the bulk density go lower. Fm example, Zclhova serrata, 

Quercus ;non.golica, Betultt davuricaf etc.~ the ve.:ry lart;-e roots o:f ·\vhich ~rn .. nv anfa-vouxahl":~lt 

have high bulk density. On the other hand, P. densijiora, Abies Jirma, L. lej;;to!ej>£s, C. japunica 

or Eur:atyptHs glo!mlus, etc. have low hu1k density (For detail, see 'f'<tble 15). 

b. Bulk density of every root da~'JS 

The typical stands of each species taken here as an example, have bulk density, as shown 

in 'fable 16, that increases as roots 1x•eome thicker. Between the fine and smaH roots, a par· 

ticuk1rly high rate of increase occurs. 'T'hat of each species, for example, increased to nearly 

10%, 

As for C. fajxmica, the rate of increase is lovv between the roots larger than a smaH root 

Table 16, Bulk density of each root class b soil .bJrizons I and II 

Species 

C. jajxmica 
Ch, obtusa 
P. densi;1om 
L. lejJ!olej•is 

.A'l 

K1 
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For instance it was 2?6 between a small root and a medium root, 1% between a medium root 

and a large root, and 296 betvveen a large root and a very large root. 

This difference is directly connected with the water content contained in each part of a 

root. A fine root with much water content is, low in bulk density, while large and very large 

roots with little water content is thick in it. Hence it is that the change of bulk density 

tends to be similar to that of the change of dry weight ratio. 

The bulk density obtained from the fresh weights and the volume range from 1. 1 to I. 3. 

They had not so great a difference in each part as those of the bulk density. 

c. Growth of a tree and bulk density 

The relation between the basal area and the bulk density of a small root and a very 

large root is shown in Fig. 22, 

The bulk density of both roots tends to increase somewhat as a tree becomes large, The 

young small-diameter trees have many young tissues and much water content as compared 

with the large-diameter trees, even if both roots of them belong to the same classification, 

According to Fig. 26, the bulk density becomes lower in the order of Ch. obtusa, P. den­

sijlora, L leptofepis, and C. japonica. The very large roots are a partlcuJarly good example. 

The difference by over 105(-5 was recognized between Ch. obtusa and C. japonica. This is due 

to the differences in the properties of species, such as growth, tissue, etc. 

d. Bulk density in each soil horizon 

The bulk density of roots, becomes higher as the soil horizon becomes lowec This means 

that a root grows worse and it is lignified more highly as the soil horizon goes down. 

e. Soil condition and bulk density 

Tree growth depends upon the soil conditions. Particularly, root growth is easily affected 

by them. Table 17 shows the bulk densities of the typical C. japonica stands with the different 

soil conditions extracted from the detailed data, A.s is clear from it, as the soil gets less 

moist :from the wet moderately moist-soil-typed S 5 and S 18 stands, the bulk density becomes 

higher in every part of a root. This tendency is especially :remarkable in the large and very 

large roots. A large root and a very large root had a difference of 0. 07 and 0. 08 respectively 

between in the stands S 5 and S 24, while a fine root had a difference of only 0. 01 there. 

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

L. fepto/ep:~<: 

100 

Fig. 22 Basal area and 

bulk density of root 

system. 
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Table 17. Soi.l condition and root bulk density in soil horizone 

J and II of C. japonica 

Stand 

Soil type 
Value of pF in field co:1dition 

Site index 
f 

TTl 

l 
L 

S5 

BiD(w) 
?0 00 

19. 3 

0.28 
0,:38 

0. 

" u. 

0.43 

CJ.2f3 
0. 
0,:38 

0.40 
0. J. 

o. 
0. 
i.), 

o. 
0. 

36 

39 
40 
41 

:'8 
0. 

0. 36 
0. 38 
0. -'10 

0.29 
0. 

0.47 

s 24 

1l. 0 

0. 
:'J. 45 

0.47 

0.4B 
0. 

roots than on the tips of the fme and the small roots. Th.e relation of the bulk density to 

the pF values is shown in Table 17. This table makes dear that the hulk density increases 

rapidly when the pF value exceeds 2. 0. 

The relation between the site index and the bulk density is shown in Table 17. .From 

this table it is evident that when the site index becomes sma.lll:•r, the bulk density becomes 

higher. The bulk density of a very brg·e root was 0. 40 in the S 13 stand with the largest site 

index of 25, and 0, 41 in the S 4 and S 18 stands with the site index of 19~.23. And yet it 

\vas 0. 49 to 0. 51 in the S 6 and S 24 stands with the site index of' 11. 

As already mentioned, bulk density changes according to the species, root classification, 

soil horizon, growth, and soil condition. In this study, therefore, it was measured under each 

condition and according to each soil horizon in each stand. 

4) Root length per un.it root weight 

'When the average diameter and the bulk density of the root system are given, it is 

possible to calculate root length per unit root weight and surface area of the root system. 

The root length according to each root classification of each sample tree was calculated in 

this study. 

a. Calculated values and measured value:,; 

The fine roots of C. japonica in soil horizons l and II \Nere used mJ a sample in order to 

examine the difference between the root lengths calculated from tlw average diameter and 

bulk density and the measured values ~1ctually. To do this, the root length was projected on 

paper and measured with a cnrvimeter and a ruler. 'fhe results are shown in Fig. 2:1. 

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

10 m 

f!OOT 1'1 E !GHT 

y =-·= 512. 5179x 
Clz=9. 8 
c "<J. 02 
r =0. 88 
n: 40 

Fig. 2:3 Measured root weight and 

length of the fine roots of C. 
ja1?onica measured actually. 
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. . . 
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ROOT VVE!GHT 

~ 259 45· 

Y ~·502.8657x <lz=ll.ll 
c =0. 022 r •=0. 8352 n : 35 

Fig. 24 Fine root weight and length 
of C. japonica obtained from. the 
average root diam.et:er and the bulk 
density. 

found to be 513 em. long and the coefficient of variation 2%. 'iNhen the root length is calculated 

from the diameter and tbe bulk density of the samples taken up in the ~:ame way, results are 

those given in Fig. 24. In this case, the average root length per gram was 503 em long, and 

the coefficient of variation was 2%. The difference in root length per unit root weight bet· 

ween these two was 10 em. This was equivalent to 296 of the actual measurement. 

The diameters of the nne roots were also calculated from the average actual measurement 

of the root lengths. As shown there, little difference was recognized between them. 

b. Species 

Table 18 shows the root length per unit root weight calculated from the root diameters 

and bulk densities of the fine to very large roots at Asakawa nursery and in each sample 

stand. According to the table, they change remarkably with changing diameter and pattern 

of branching. From the calculation it i.s evident that the length of roots does not become so 

long as that of the roots of the species with smaller average diameter and lower bulk density. 

The species ln which the fine root is longest and all beyond 10 meters per gram in length 

are .Melia azedarach, Robinia j!seudo-acacia, Betula platyphylla, Betula davurica, ]uglans ailanthifolia, 

Quercus mongolica, Zelkova serrata, Fil·miana platanifolia, and Celtis sinensis. The species in which 

the fine root is only 3 to 5 meters per gram, on the contrary, are Cornus controversa, ~Fraxinus 

mandshurica, Catalpa ovata, Cunninghamia lanceolata, Ch. fJici{era, Ch. obtusa, Zanthoxylum ae!an· 

thoides, Abies firma, Biota orientalis, Tsuga canadensis, and Acacia decurrens. The root length 

of the principal species became shorter in the order of L. leptolepis (671 em), C. japonica (622 

em), P. densijlora (547 em), and Ch. abtusa (386 em), Of all these, that per unit of Ch. obtusa 

was shortest because its average diameter was big and its bulk density vvas high. 

As for the relation to the type of the root system, the broad-leaved trees such as Quercus 

myrsinaefolia have long roots in general. 'fhe species such as Cornus controversa, Cinnamomum 

camphora, Firmiana f![atanifr;lia, C. japonica, etc. have the short roots per unit root weight be· 

cause their fine root is small in diameter and do not branch off so greatly. 

Many species with long roots are the dry-type trees, and many species with short roots 

are the trees suitable for moderately moist or moist ground condition. Coniferous trees have, 

generally speaking, shorter roots than broad-leaved trees. 

Although they have a low proportion of the biomass of fine roots to the total biomass, 

even the broad··leaved trees, the fine roots of which have small biomass in general have, as 

could be expected, the considerable total length of those roots; for those roots, are long :for 

unit root weight. 



-· 53 -

Table 18. .Root lcngt h par unit weight of each species (ern! g) 

Fine root 

Melia a.zcdarach 

Betula davurica 
]ughms ailanth~loria 
Quen:t£s mongotica " 
g-rosseserrata 

Zelkwa scrratu 
Firmiaua simplex 
Celtis sinensis v. ja;IJOnica 
A.fmrs hirsuta v. sibirica 
Quercus serrata 
.il..fJhauanthe asjJCra 
Aia1!otus jaj;onicus 
Uimus jxuvifolia 

globulus 
Alnus fa.bonica 
Betula ennanii 

Larix leptolepis 

CryjJtomeria japrmica 

rnukurossi 
Eucommia ulmoidcs 

Pinus densiflora 

Conms controversa 
Fraxinus J-J1.fl/J'f,dsi!l£rica 

Ca!a!jia ovata 
lanceola/a 

ChamaecyjJaris f;istfera 

Chamaecyjx;ris ubiusa 

Zanthoxylum ai{anthuides 
Abies firma 
Biota orienta!is 
1:c;uga canadensis 
Acacia decurens v. 
dealbata 

Small root 

Betula davurica 
v. 

Catalj;a ovata 
Betu!a ermanii 
/'l.phmmnthe as}Jera 
Quercus mongolica v. 
grosseserrata 

Zelkova senata 
Adnus ja;'Jonica 
1'suga canadensis 
Ulmus j;arvifolia 

1!40 

1.\!G 

1067 

lOJS 

100.-:} 

945 
91.0 
877 

834 
8:)2 

754 

716 

547 
515 

514 

508 
450 

3il2 

.363 

261 

:33.96.16 

29.7413 

28.?912 

(523) 

Species 

J{·ucalyptus [{lobulus 
Celtis siJwnsis v. }aJ'Ion£ca 
Alnus hirsuta v. sibirica 
Ezu:ommia ulmoides 
Cnnninghamia ianceolata 
Abies firma 
ll(-acla decurens v, 
dea!bata 

Chantru?cyj;aris c•b!r.lsa 

,Pinus densiflora 

JIJ"a/!otus jaj)(micus 
J?inniana si>njJlcx 

li/obinia J'!Seudo··acar:ia 
Quercus serrata 
]uglans· ailanth(foria 

Cryptomeria japoniw 

ltie!ia azedarach 
Chamaecyjl(tris jn"sifera 
Biota orientalis 

Larix 

SajJirtdus -;nulturossi 
Zanthoxylum ai!rmthoidcs 
Cornus cOJI!rocersa 

f1'raxin,us tnaruishurica 

Root length (em) 

26. 
;;{), 3?03 

25.9098 

25. 501 :o 

:~-:5. 341 

25. l 1.:38 
24,39'77 
2j.4966 
23.C686 

i9. 
iF . .l 

1/.b99S 

(17.9206) 

(20.8914) 

Medium root 

Catafj){l (mata 
J11elia a::edarach 
fi'inniana sin1j:•lex 
Zi:l/-?.ova serrata 
£1cacia decurt'HS v. 
dealbata 

l'suga canadensis 
.r1bies firnuJ 
I;;ucalyj;lus g!obulus 
Quercu.s tnongoh"ca v. 
grossescrrata 

M.aliolus .fat;onicus 
]uglatts ailanlhiforia 
Betula dazmrica 

Cryj)/omeria japonica 

9073) c·un:niN£.rha;nia lanceulata 
Eucommia ulmoides 

asj,era 

2.C90l 

2. 

l. 9626 

l. 

l, 

l. 
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Table 18. (Continued) 

Species 

Quercus so-rata 
Celtis sinensis v. japonica 
Zanthoxytum ailanthoides 

Larix leptolepis 

SajJindus mukurossi 
Alnus hirsuta v. sibirica 
Chamaecyparis pisifera 
Betula ermanii 
Robinia pseudo-acacia 

Pinus densiflora 

Root length (em) 

1.6285 

I. 6167 

1.5121 
I I 

1. 4949 
1. 4890 
I. 4756 

1.4328 
1.4282 

(1. 3253) 

Species 

Acacia decurens v. 
dealbata 

Pimts densiflora 

Larix Zeptolepis 

Betula jJlatyphyl!a , . 
japonica 

Chamaecyparis jlisifera 
Abies firma 
Beiula davurica 

Root length (em) 

0.2724 

0.2519 

0.2362 
0.2338 
0.2314 

(0.5561) 

(1. 4568) Chamaecyj;aris obtusa 
Cornus controversa 
Biota orientatis 
Alnus japonica 
Fraxinus mandshurica 

Chamaecyparis obtusa 

Large root 

Catalpa ovata 
juglans ailanthiforia 
Quercus serrata 
Eucommia ulmoides 
Celtis sinensis v. jaj;onica 
Fraxinus mandshurica 
lvfelia azedarach 
Ulmus parmfolia 
Sapindus mu!iurossi 
Finniana simplex 
Robinia pseudo-acacia 
Biota orientalis 
Alnus jaj;onica 
Jlfallotus jaf;onicus 
Betula ermanii 
Zanthoxylum ailanthoides 
Cunninghamia lanceolata 
Alnus hirsuta v .. sibirica 
AjJ/wnanthc aspera 
Cornus controversa 

Cryptomeria japonica 

1. 3492 
1. 2598 
l. 2521 
L 2'!54 

0,9?50 

0.6574 
0.5783 
0.5718 
0.5501 
0.4881 
0.4'/44 
0.4558 
0.4520 
0.4295 
0. L;l27 

0.3941 
0.38.57 

0.31'70 
0. 37!8 
0,3690 

0.3661 
0,3602 

o. 3447 

0.3.245 

(0.4732) 

* ( ) : Values measured in Asakawa nursery. 

Eucalyptus globulus 
Tsuga canadensis 
Ze!kova serrata 
Quercus mongolica v. 
grosseserrata 

0,2238 
0.2203 
0,2181 

0.2150 

Very large root 

Abies firma 
Acacia decurens v. 
dealbata 

Eucalyj;tus globulus 

Cryptomeria .iajJonica 

Pinus densiflora 

Chamaecyparis pisifera 
Tsuga canadensis 
Betula jJlatyphylla v. 
japonica 

C!wmaecyj;aris obtusa 

Larix leptolej;is 

Qum-cus mongolica v. 
grosseserrata 

Betula davurica 
Zelkova serrata 

0. 0779 

0. 0779 

0. 0732 

0.0594 
0.0572 

0.0572 

0.0437 

0.0415 

0.0350 

(0.3082) 

A small root gets to 18·<35 em in length par gram. The range of distribution is narrower 

than that of a fine root. The species in which the small roots are Iong are Betula davurica, 

Catalpa ovata, Betula jJlatyphyl!a, and Betula ermanii; the short small root species are L. leptolepis, 

Sapindus mukurossi, Cornus controversa, and Fraxinus mandshurica. 

In the medium roots, the distribution becomes much narrower, and it ranges from L 8 to 

2. 4 em. That of the large roots ranges from 0. 2 to 1. 0 em, and of the very large roots from 

0. 4 to 0.8 em. 
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Fig. 25 Root length ]J(T unit fine root weighL 

c. Basal area 

'I'he fine root kmgth per unit weight in soil horizons I and II goes on decreasing gradually 

be:fore the basal area increases to '.\00 l:o 4.00 cm2, ao; shown in Fig. 2':•. And besides, the smaH· 

diameter trees all have the long roots. 

In C. jaj,onica taken here as an examp.le, the fi.ne root length was about 600 ern at. the 

basal area o.f 100 cm2, 500 em at 300 cm2, 480 em at 500 crn2, and 480 em at 800 cm2 When the 

basal area went beyond 500 cm2, the root length remained nearly unchangeable. 

The root length at the lnwal area of 500 cm3, was 700 em for P. densi[iora, 600 em for L 

lej;tolepis, 480 em for C. jajwnica, and 320 em for Ch. obtusa, lienee it is that the fine roots of 

the species as P. densiflora and L leplolepis are longer than those of C. japonica and Ck obtusa. 

d. The root length In each so.il horizon 

The average diameter and the bulk density of the root system change according to soil 

horizon. Along with it, the root length per unit root weight cliange;'J. Table 19 with 

the stand~; S 5 •. ,1( l was derived from t.he already calculated data .for every stand. The ftne, 

small, and medium roots of eve.ry species became shorter as the soil horizon went J.o·wer. 'This 

tendency is particularly remarkable 1n the fine and the small roots. T'he rate of decrease JS, 

for example, higher for Ch. obfusa or L. !ejJtolejJis than C. jajJOI!ica or P. dcnsifTora. 

The root length of the large and the very large root, on the other hand, increased sl.i.ghtly 

in the lower soil horizons, because the; diameter became smaller. 

e. Soil conditions 

'The nobtion lx:twocn the soil cond.itions and the root length is shown in Table 20 on a 

frcw stand from the detailed da~:a, which had already been measured. 

In the roots larger than a small root, no particular relation was observed but in the .fine 

root, The fine root .length per gram ranged from 570 to 800 em in the dry soils o.f Bic ·BIA 

type, from bclO to 560 em in the moderately moist so] of Bin type, and from 480 to 500 em in 

the more rnoi:3t soils of Bln (w)--BE type. ln the dry soi.ls, fine roots became longer Jor unit root 

'\Veight in spite oJ :increasing b111k density because they vvere sxna.ll in avc.rar~e d.ia.rn::~tcr. 

The pF value and the site index in the field condition ran nc·carly paraHel to the soil type. 

As shown in "fable 27, their changes corresponded to the root length. That b i:o say, the 

roots \Vere short(-::r in the site svith a srna11 pF value or a larr:;e site index thn.n in the site 

with a large pF value or a small site index. 

5) The surface area p:~r unit root weight 

'.I'he surface area of the root systern l.s to be determined h~/ a verag.:~ diarnetcr and .root 

length obtained from the equation, already used in calculation. It can be precsurm;d hereby 
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Table 19. Root length per unit vvcight in each soil .horizon (em/g) 

Stand S5 H5 A1 K.l 

Root class Site index 19.3 16.0 14.4 16. 6 

Soit type Bln(w) BD Blo(d) BlDE 

I TI 496 422 69() 639 
f ill• IV 397 315 638 517 

v 303 2.34 443 404 

I TI 22 26 19 20 
s ill IV l 19 14 16 

v !3 14 13 1.3 

I TI L4 ).6 1.3 
rn TII IV 1.2 1.0 l. l 1.2 

v 0.9 0.8 0.9 l. 1 

I . TI 0.2 0.2 0.2 0. 2 
ill IV 0.3 0.2 0.3 0.3 

v 0.3 i 
I . TI 0.04 0.03 0.05 0.03 

L Ill· IV 0.06 0,05 0.09 0.04 
v 

Table 20. Root. length per unit weight of C. jaj>onica and t>oil conditions, 

in soil horizons I and ll 

Moist soil Moderately Dry soil moist soil 

Stand S5 
Soil type Bln(w) 

Value of p.F in field 2.00 condition 
Site index 19.3 

f IS6 

s 22 
ill. 1.4 

0.2 

y=.t49. 0149x O"z ••10. 70 
c·~(L 072 r=O. 9509 

Fig. 26 V'/eight and calculated 

surface area of the fine roots 
of C. jaj;onica. 

58 
Bln(w) 

1. 90 

20. ? 

487 
19 

1.6 
0.3 

.····• 
S22 S4 S2 57 324 S20 
Ih Blo Bln Blc BA BA 

1. 90 2.20 2.00 3~00 2.80 3.00 

21. 8 19.4 2L 7 13.6 1 L 0 1 ~ }. 

479 .~)56 534 742 802 572 
24 26 26 25 21 21 

1.7 1.6 l.6 L5 1.2 1.4 
0.3 0.2 n " \ .. , ,_') 0.3 0,3 0.2 

that the smaller the root is in length and the 

lower the bulk density is, the longer the root is 

and the wider the surface area is, if the root 

weight is given. 

The surface areas of every measured sample 

in the S 4 stand which root length is known have 

already been calculated. The average value and 

variance of the materials calculated by the ratio 

estimate are shown in Fig. 26. According to the 

figure, the surface area per gram was 149 cm9, 

the coei!icient of variation was 796, and the cor" 

relation coefficient was 9596. It is evident from. 

the fact that the coefficient of variation has a large 

value for root length. This is due to the wide 



Fine root 

Melia azedarach 
Robinia jJseudo·acacia 
]uglans ailanthifolia 
Betula v. 

Betula davurica 
Quercus v. 
grossesenata 

Firmiana simj>lex 
Celtis sinensis v. japonica 
Eucommia Nfmoides 
iii nus hirsuta v. sibirica 
Quercus serrala 
Eucalyptus globulus 
Calalf'a ovata 

Pinus densijfora 

Aphananthe aspem 
M.al!otus jaj;onicus 
Zel!wva serrata 

Larix lej;to!epis 

Alnus jat,onica 
Betula ermanii 

Cryj'Jtomeria jaj;onica 

Cornus controoersa 
Saj;indus mulmrossi 
Fmxinus maudshurica 
ChamaecyjNris j!isifera 
Cunninghamia lanceo!ata 
Zanthoxylum aitanthoides 
Abies firma 

ChamaecyjJaris obtusa 

Tsuga canadensis 
Biola orientalis 
Acacia decurnms v. 
dealbata 

Small root 

Betula jl[atyphyl!a v. 
fajHmica 

Betula davurica 
Eucomm£a ulmoides 
Firmiana 
Robinia pseudo·acacia 
.Aphananthe aspera 
Betula ermanii 
Eucalyj;tus globulus 
CunniNghamia lanceolata 
Ulmus parvifolia 
Quercus mongolica v. 
grosseserrata 

258 
226 

223 

211 

19? 

1El 

179 

16?··"···l(i9 
178 

1!3 
<'I/' ,., (_) 

159 

162 

162 
llJn . .-1(36 

149 
149 
118 

\Al 

138 

12'5 

)(}!"~146 

l25 
122 
116 

lCb 

J3.0S82 

,31.4096 

30.97?8 

30, 

30.7198 

29.8341 

(162) 

(214) 

(163) 

/vJdia azedarach 
Tsuga canadensis 
Ze!hova serrata 
Juglmis ai!anihifolia 
Alnus jaj)()nica 
Celtis sinetlsis v~ 
Acacia decurrens 
dea/bata 

Alnus hirsuia v. sibi7·ica 
Abies firma 
}l;fallotus 

Cryj;tomeria jajJOnica 

ChamaecyjHiris obtusa 

Pinus densijfora 

Larix lejJ!olcpis 

C)uercus serrata 
(I 52) Corn us controversa 

Fraxinus mands!mrica 

26.9451 
b708 

1050 

Tvledium root 

Catalj>a ova/a 
J\ifelia azedarach 
Firnziana sim;/Jlex 
Jug!ans aiiant!ujolia 
Betula j;lalyj;hylla v. 

dealbala 
Acacia decunens v. 
dcalbata 

E'ucalyjJtus globu!us 

Cryptomeria japonica 

2i1alfotus jaf)(micus 
Tsuga canadensis 
Abies }irma 
Eucommia u!moides 
Cunninghamia lanccoTata 
Querr:us mongolica v. 
grosseserrata 

lJe.iula dauurica 
Quercus serrata 
A.j;hananthe asj1era 

Pinus densijfora 

Zanthoxylum ailanthoides 

1 o. :·)78'8 
9.'7276 

<006 

e. L)69 

B. 1380 

7.9987 

?.82?9 
/.7C86 
7.70:32 

7. 

7. 1174 

6. 903:? 

6.8341 

6. 7:-)16 

-57-·· 

(29. '):)37) 

(6.7?33) 

(6.4224) 



Table 21. (Continued) 

Species 

Ulmus parvifolia 
Chamaecyparis pisifera 
Celtis sinensis v. japonica 

6. 7254 

6.7184 
6. 7009 

Species 

Alnus faponica 
A.cacia decurens v. 
dealbata 

Larix leptolepis 
5. 7009·~·7. 42!5 

6.5612 
AJnus hirsuta v. sibirica 

Saj;indus mukurossi 
Robinia pseudo·acacia 
Alnus hirsuta v. sibirica 
Zelkova serrata 
Cornus controversa 
Betula ermanii 

Chamaecyparis obtusa 

6.4308 
6.2335 
6.0781 
6.0155 
6.0158 
5.9387 

Biota orientalis 5. 8! 50 

Fraxinus mandshurica 5. 4239 
Alnus japonica 5. 2683 

Large root 

(6. 25,!6) Larix leptolepis 

Eucalyptus globu!us 
Abies firma 

(6. 9583) Chamaecyparis pis1jera 
Betula platyjJhylla v. 
japonica 

Betula davurica 
Tsuga canadensis 

Chamaecyparis obtusa 

Quercus mongolica v. 
grosseserrata 

Zelkova serrata 

2.7855 

2. 7798 

2. 7744 
2, 40/ScvJ, 0637 

2. 7358 
(3.8660) 

2.6071 
2.6062 
2.5662 

2.5627 

2..3978 

2.2953 

5878 

2.2942 (2.4194) 

Catalpa ovata 6.5822 
4·. 4794 
4.2!.J54 

4. 1338 
4.0506 

Very large root 
]uglans ailanthzfolia 
Melia azedarach 
Eucommia ulmoides 
Celtis sinensis v. japonica 
Firmiana sitnplex 
Quercus serrata 
Robinia pseudo-acacia 
U!nms jJarvifolia 
Fraxinus mandsJmrica 
Sapindus mu!?urossi 
Zanthoxylum ailanthoides 
JJ1allotus japonicus 
Betula erm<mii 
Biota orienlalis 
Aphananthe aspera 
Cunninghamia lanceolala 

Cryptomeria faj;onica 

Cornus controversa 

Pinus densijlora 

4.0459 
4,0221 
3.5(>37 

3.4535 
3.4505 
3.4276 
3, 1863 
3, 1370 

3.0937 
2.9823 
2. 9776 
2.9544 

(3. 7494) 

* ( ) : Values measured in Asakawa nursery. 

variance of bulk density, 

a. Species 

Abies firma 
EucalyjJtus globulus 
Acacia decw·ens v. 
dealbata 

Pinus densijlora 

Chamaecy;IJaris pisifera 

CryjJtomeria japonica 

Betula platyphylla v. 
ja,l;;onica 

Larix lepiolepis 

Tsuga canadensis 

Chamaecyparis obtusa 

Quercus mongolica v. 
grosseserraia. 

Betula davurica 
Zelkova serrata 

1. 4676 

1. '1411 

1. 4236 

l. 2515 

0.9948 

0.9708 
0.8847 

A.s the average diameters and bulk densities are different from species to species, the 

surface areas of the root system as well as root lengths depend upon the characters of roots 

of each species. 

Table 21 shows the surface areas of the roots of every species calculated from the avarege 

diameters and the root l:cngth. The species of which the fine root is 220 to 260 em~ per gram 

in length are Melia azedarach, Robinia psel£do-acacia, ]ugtans ailanthifolia, Betula platyphylla, 



Betula dmmrica, and (Juercus mongoliw v. grossesermta. And the species of which the fine root 

is 110·~130cm2 in length, about half of the former species, are ll.bies firma, Ch. oblusa, Tsuga 

canadensis. Biola orientalis, and Acacia decurrens. This tc~ndency is mainly dependent on the 

root diameter. In more detail, many of the~ former are small in diameter, while many of the 

latter are .large in diameter and thei.r bulk density is high. 

Genera11y speaking, the root surface areas of coniferous trees are small in width. For 

example, those areas of P. densijfora, L lejJto!epis, C. japonica, and Ch. oblusa are 1?8, Hi6, 149, 

and 125 cm2 in width respectively. 

The surface areas o.f the mmdl roots are large in width, They an:, for example, vvithin 

the range of 22~,-·33 cm2 for Betnla platyphyi!a, Betula davurica, Eucommia ulmoides, Firmiana 

platanifolia, and Bctufa Ermanii, and within the range of :?6 to 27 cn12 for C. jajwnica, Ch. obtusa, 

P, densif!ora, and L lefJlolej;is, 

]'hose of the medium roots ranged from 5 to 10 cm2• The species of which the medium 

root is large in width are Catalf;a ovata, kle!ia azedarach and Firmiana f;latanifolia, ·while the 

vis-a-vis examples are Ch, obtusa, Biota orienialis, .Fraxinus mandshurica, and A1mts japonica. 

Those of the large roots ranged from 2 to 7 nn2• Those of the very large roots ranged 

from 1. 5 to 0. 9 crn2• These roots do not show a given indination so distinctively as the former 

three do. 

b. Root class 

As already mentioned, the surface area of roots varies with each root class. This relation 

is shown in Table 22 on the typical stands of C. japonica, Ch. obtusa, P. densijlora, and L 

leptolepis. According to the table, the surface an•as of their line roots range from 135 to 175 

cm2 in horizon T • II. There is a great difference among species. They became narrower in 

the order of P. drmsijlora, L. lej;tolepis, C. faj;onica, and Ck obiusa. The small root had the 

Root class 

m. 

Table 22. Surface area of root per unit weight 

in each soil horizon (cm2;g) 

Species c. jajJonica Ch. obtusa P. densij!ora 

Stand s .') H5 !\4 

Site index 19. oj 16.0 4 

LJ 

L. lcfJtolef>is 

Kl 

16. 6 

lJJ 

26 
23 
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Fig. 27 Fine root surface 

area per unit weight in 

soil .horizons I and II. 

surface areas of 25"'··29 cm2• Of the four, Ch. obtusa had the slightly wider area. No great 

difference, however, was observed. Difference was almost unrecogn.izable among the roots 

larger than a medium root. 

c. Basal area 

The relation between the basal area and the surface area of the fine roots in soU horizons 

I and II is shown in Fig. 27. According to the figure, there is no great difference between 

the large-diameter trees and the small-diameter trees belonging to all species. The root surface 

areas .. hovvever, tend to become wider concerning the young and small trees of L. lepto!ej>is, 

C. faponica and Ch. obtusa. This is because their fine roots have narrower average diameter 

and more water content, connecting closely -...vith bulk densities, than those of large trees, 

According to this table, the surface areas at the basal area of 500 cm2 are 175 cm2 for P. 

densifiora, 160 cm2 for L. lepto!epis, 150 cm2 for C, japonica, and 110 cm2 for Ch. obtusa. 

d. The root surface area in each soil horizon 

The relation bet:\veen the soil horizon and the surface area of the root system is shown 

in Table 22. The surface areas of a fi.ne root to a medium root decrease, corresponding to the 

lower soil horizons, as the roots become smaller in d.iameter there. This held good in the case 

of root length. That tendency is more marked ln Ch. obtusa and L. lejJ!olej;is than in C. faj;onica 

and P. densijlora, The surface areas of the large and the very large roots, on the other hand, 

increase as the soil horizon goes down lower. This makes clear that their average diameters 

become narrower, corresponding to the deeper soil horizons, 

e. Soil condition 

Table 23 shows the relation between the soil type and the surface area of the root system. 

According to this table, the surface areas of the root system increases from the slightly moist 

BlD(w)·typed soil to the dry-typed soiL Those of fine roots ranged from 148 to 149 cm2 in the 

Value 

Table 23. Soil conditions and root surface areas per unit 

the 1 st and 2nd soil horizons of the C. faponica stand 

Moist soil Moderately 
moist soil 

Stand S" " ss s 1 0 l.,,:.. S4 S2 
Soil. type Blo(w) BlD(W) Blo(w) BlD Blo 
of pF in field 

condition 2,00 l, 90 l. 73 2.20 2.00 

Site index 19.3 ?0. 7 23.4 19.4 2!. 7 

f 149 118 148 159 156 

s 27 2" ,) 26 JO 30 

Ill 7 '7 7 7 7 
3 3 3 3 3 

weight in 

(cm2/g) 

Dry soil 

S7 s 24 53 
Blc BA B!n(d) 

3.00 2.80 3, 10 

!3.6 11.0 17.0 

182 186 169 

28 24 30 
7 6 7 

0 
0 3 v 



Fig. 28 Fine root surface area per unit weight in horizons I and II. 

s:)i\s of B!o(w)-type, while they ranged from 170 to 186 cm2 in the dry soils of Blo(d>BA types. 

1'he difference of 20 to 30 cm2 was recognized between them. This is because the root system 

is srnaller in average dia1neter, as \V i.th the leng;th~ in the dry S(}il than in the rnoist soiL 

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

surface areas caused by the diff;~rcnt soil conditiom; disappears gradually as roots become 

larger from a small root to a large root. 

'.l'he pF value and site index in the fi.dd condition are both closely connected with the soil 

type. The surface area was recognized to increase when the pF value Increased and the site 

index decreased. 

:f. Alr in ii.eld condition 

The amount of air in field condition of the soil is closely connected with the. productivity 

of soiL As shown 1n Fig. 28 of the relation lJetween the amount of air and the surface area 

of the fine root in soil. horizons I and II, variances are large irrespective of species, The 

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

crease of the air in field condition. 'fhis ar.ises from a tvvofo!d reason, first that the average 

diam.eter becomes narrower owing to the large amount of air In field condition in the dry soil, 

and secondly that the surface areas of roots become \vider owing to intricate branching, 

It i;; not unreasonable to estimate from figure that ·vvhen the amount of air in field condi· 

tion range;; from 20 to :)0'76, the surface areas of the fine root range from 150 to 160 cm2 for 

1? 

CGND:TION 

Fig. 29 Fine root surface area ver unit 
weight in horizons I and II. 

C. faj){mica, from 140 to 160 cm2 for Ch. 

obtusa, from. 170 to 180 cm2 for P. densi· 

flora, and from 140 to 150 cm2 for L. 

g. pF value 

Fig. 29 shows the relation between 

the pF values and the surface area of 

the fine roots of each species in soil hod· 

zons I and II of the sample stands. \Yhen 

the pF value went over 2. 5, the root 

surface areas o£ C . .fajJonica and Ch. obtusa 

increased rapidly; but that of P. densijfora 

increased, describing a gentle curve up­

ward. The fine roots of C. japonica and 



Table 24. Root hairs and 

Distance Diameter Length of Diameter Length 
between of a root a root of a root from a 

Species root hairs hair hair tip root tip to 
a root hair 

p, p, I'· fl· {' 

P. densi flora 50 18 158 410 l, 527 
IJ' 7 81 42 366 
n 45 30 30 30 30 

P. thunbergii 72 23 168 432 2,067 
r.r i 9 99 40 400 
n 40 30 30 30 30 

Picea jezoensis v. hondoensis 63 27 190 554 1' 441 
('f 6 47 135 550 
n 50 25 30 30 28 

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

\Vhen the pF value was 3, the surface areas of the fine roots were 180 cm2 for C. japonica, 

175 cm2 for P. densiflora, and 150 crn2 for Ch. obtusa. That the Toot surface area of the last is 

nanower is because the fine roots are larger in diameter. 

Their variances are smaller than those of the amount of air in field condition because 

the change of the amount of water contained is more directly connected with the change in 

surface area than in the amount of air in field condition of soil. 

h. The root hair and its surface area 

The root hairs develop at the rear of the elongation zone of the root tip. They affect the 

surface areas of the root tip. ln several species of the one-year or two-year-old saplings in the 

nursery of the Forestry Experiment Station, the existence of root hairs was examined and 

the root surface area calculated. 

1. Measurement of the root hair 

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

Period for observation: July to August, 1963. 

The one-year or t'lvo-year-old saplings of C. japonica, Ch. obtusa, P. densijlora, L teptolepis 

and others in Meguro nursery were observed to fmd out whether or not the root hairs existed 

in the roots in the surface soil horizon. Those of P. densiflora, P. thunbergii and Picea jezoensis 

v, hondoensis, which ·were then observed to have root hairs, were measured according to tho 

following process. 

The fine roots were carefully collected, put into water for some time, and cleared of soils 

sticking to them with a soft brush lest they should be impaired. After that, they were taken 

nut into a watered vessel. From them, 20 to 30 samples with the evenly grown white roots 

were selected <lnd their root hairs were measured on their density, diameter and length 

through a microscope of 150 magnification. It was not possible to observe the root hairs of 

C. japonica, Ch. obtusa, and L. leptolejJis, 

Measurements obtained are shown in Table 24. Taking P. densij!ora as an example from 

the table, the distance between the root hairs ranged from 50 to 63ft; the root hair was 18 to 

27,u in diameter, and 158 to 190,n in length; the surface area a root hair was 9, 000 to 10, 000v2 

in width; the root hairs a white root tip were 380 to 680 in number; the surface area of the 

root hairs a white root tip was 4. 6 to 10. 9 mm2 in width, and 2 to 4 times as wide as the 

surface area of the root tip alone. The total surface area of the white root tips including 



the surface a-rea.s 

Distance 
between 
living root 
hairs 

41 

11450 
-17f) 

J,j 

Surface 
a.rea per 
root hair 

12, 

16, \29 

Number 
of root 
hai.rs per 
root tip 

674 

Surface 
area per 
root tip 

Surface area 
of root hairs j 
Surface a.rca 
\V h_e:re. root 

2. 

4.06 

'Whole surface 
area including 
that of root hair! 
Surface area 
excluding thai: 
of root hair 

l. 366 

L 524 

root hairs v,:as 1. 4 to 1. 5 times as wide as that of the white root tip alom; . 

. Root hairs have much higher efficiency of absorption than the ordinary epidermal cells, 

There is positive difference in absorptive p:nver far greater than that of the surface area when 

that e!Iidency is counted in. 

Althcugh Pinus specie:> have a much smaller fine root weight than C japon.ica and Ch. 

obtusa, it can be estimated that the existence of root hairs caus(;S them to greatly heighten 

absorbing power of their fine roots. That Pinus species can grow i.n the soil may have 

something to do with the existence 

of the root hairs. Many points on 

the working of the root hairs of a 

i:ree still remain unknown, hence 

future study is necessary. 

11. Distribution of the root 

biomass in a stand 

'f.he distribution of root b.iornass 

was investigated in each block of n 

stand, horizontally and vertically. 

According to the block method, offset 

among the root biomass takes place; 

mainly in the fine, small and medium 

roots. T.he biomass of the large and 

the very large roots, \vhich occupy 

greater parts of root biomass, vary 

in proportion to the biomass of their 

above-ground parts. 

The root biomass is to be ex-

pressed as a function of the basal 

area. '.fhe changes in thi.s function 

was then examined according to each 

root class and the sample horizontal 

and vertical blocks. 

••• J ••••••••••••••••••••••••••• ~ "~~~~-~---

Fig. 30 Basal area and each root of the C. 

jaj;onica stand, S 13. 
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Particular attention was here paid to the S 13 stand with many sample trees which were 

investigated in detaiL This is also dominant over the other stands. 

1) Root class 

Fig. 30 shows the relation between each biomass of the root systern and the basal area. 

It is evident from the figure that each bimnass from a fine root to a root stock is almost 

primarily in linear relation with the basal area, and in addition, that there is a high correla­

tion between them. The regression coefficient (b) is also recognized to increase as the root 

system becomes larger in diameter. The coefficients, constants, and errors, as shown in Table 

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

Y=a+b(-_1/Ct) 
Y : Partial biomass of the root system (g) 

.D : D.BJ-I (em) 

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

Table 35 and 42 shows tho numerical values of each part of the root system. According 

to that table, the regression coe.fficient increased as the root system became larger. 

As already mentioned on the comparison between the block method and the total weight 

method, it takes place partly because of the offset between tho root systems, and partly be­

cause the roots of a small tree grow slower than those of a large tree, and they are thin 

roots rather than thick roots. In other words, the samll tree and the large tree have a small 

difference in biomass between the nne and the small roots, and a large one between the 

largo roots. 

The coefficient of variation of regression (Syx/J)*1 is smallN;t in the fine root. It increases 

as the root system becomes larger. That of a large root was 18;?6, for example; that of the 

total root biomass, on the other hand, was 8%, smaller than those o:f: from a large root to a 

root stock This is due to the offset of errors by the change in root biomass according to 

every root class. 

That the variance of the nne to medium roots is small means that these roots have a 

tendency to be evenly distributed along the surface ground, lt is not unreasonable to estimate 

therefrom that they and the other larger parts of the root system have extremely different 

patterns of distribution and function. 

The correlation coefficient between the biomass o:f each part and the basal area ranges 

from 93 to 9996; 93% for the large root, and 99% for the root stock or the total biomass. It 

is possible to conclude from this that there exists a close connection between the last two. 

2) Change according to soil horizon 

The above-mentioned relation is also recognized according to every soil hodzon even if 

roots go into the same root class. This is shown in Fig. 31 on the nne roots. The difference 

in tree size between the root biomass was smaller and the gradient of the regression line was 

gentler, in the upper soil horizons than in the lower ones. This is very similiar to the relation 

between the root biomass according to every root class and the basal areas in Fig. 3L 

The relation is more remarkable in the larger roots. Fig. 31 shows the relation between 

the large root biomass and tho basal areas according to every soil horizon. As is dear from 

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

*l Syx : Standard deviation in a regression equation. 
y : Average of regression. 
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Fig. 31 l Basal area and the fmc root 
biomass of C. jaf!lmica stand S B in 
each soH ho:cizon. 

' .. 

Fig. cll-2 Basal area and the large 
root biomass of C. japonica stand S 
13 in each soil horizon, 

'fable 25. Regression coefficientG in each soil horizon of the C. japonica 

stand, S 13 (Fine root density, Horizontal division I) 

Soil horizon 

l 
II 
m 
IV 

Reg-ression 

coefficient 

04 
0.09 
0. 1? 

Variation 

coefhcient 

0, lb 

0.08 

18 
0. 

In addition, it becomes sharper as soil horizons go lower. 

Root density 

6 
36 
34 
32 

Table 25 shows the result from the root density of a fine root calculated in the horizontal 

block division L The regression coefficient became larger as soils went deeper. The variance 

went up with it. 

(In Table 25 the coefficient of variation is ~;mall .ln soil horizon II because the second soil 

horizon S 13 stand the volcanic gravel soi.l and Its texture is extremely uniform.) 

To sum up: .First, the root biomass shows the changing distribution according to tree 

size as soil horizons go dow.n lower. Second, a large-diameter tree gets the larger root biomass 

and spreads more roots in the lower soil horizon than a small-diameter tree; and a small­

diameter tree maldistributes the roots to the surface soil horizon. 'I'hird, it .is clear from the 

change in variance that the root biomass is evenly distributed to the upper soil horizons, and 

that the variances are large and the root biomass is unevenly distributed to the .lower horizons. 



Table 26. Root distribution on the upper and the lower part of the 

slope (stand; S 13. Soil horizon I) (g) 

f :32 
s 45 
m 109 
1 57 
L 22 

3) The root biomass distribution up and down a slope 

:36 
53 

124 
141 
60 

Ratio of 
L to U 

l, 1 
l.2 
l. 1 
2.5 
3.0 

The distribution of the root biomass to the upward sides (the investigated plots CD and@)) 

and to the downward sides (the investigated plots ® and@) of a slope is shown in Table 26 

on the root biomass in soil horizon I. There it can be seen that the root biomass become larger 

in the downward sides than in the upward ones as roots grow thicker. 

When the ratio of distribution of the root biomass upward is to be 1, the ratios downward 

are L 1 for the fine root, 1. 2 for the small root, 1. 1 for the medium root, 2. 5 for the large root, 

3. 0 for the very large root. Hence it is that the thicker root gain the higher ratio, the thick 

roots, which support the above~ground parts, are distributed down a slope rather than up a slope, 

and the line and the small roots are almost evenly distributed near the surface soil horizon. 

Let us go through this relation on the root density of the fine and the large roots. The 

result is shown in Table 27. It is clear from the table that there was a difference between 

the root biomass distributed up and down the slope. And besides, this difference tended to 

become broader with the increase of the depth of the soil horizon or the size of the roots. 

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

The root density on the right and left sides of a slope was observed up CCD and Gl)) and 

down C® and @) the slope. The average values of the root density were 203 up and right, 

300 up and left, 286 down and right, and 395 down and left. They were larger on the left 

side both up and down the slope. But as shown in Table 28 on the result of regression calcu­

lation, variances were wide in both cases. No difference was recognized between them. 

5) Horizontal changes in root biomass 

The changes of the root biomass in horizontal divisions l, 2 and 3, in relation to the basal 

areas are shown in Table 29. The horizontal changes of the density of the fine roots in soil 

horizons I and II are shown in Table 30. 

Though the root density in the horizontal division did not change with the change in tree 

size, the difference between the root densities in horizontal divisions 1 and 3 became larger 

when the roots were horizontally farther away from the root stock, and so became the re­

gression coefii.cien ts. 

6) Block method recognized from the Toot distribution 

Let us go through the root densities of fine roots in horizontal divi&>lon 2 and in each 

sample block CD to (4) on soil horizon I. The result is shown in Table 31. According to the 

table, they are 280 and :316 in blocks (D and @) upward of a s.lope respectively; they are 323 

and 361 in block (i) and (4) downward of it, These are 3 to 41 thinner or thicker than the 

average, 320, in the second whole horizontal division. The ratios of these differences to the 

average are 1 to 3 per cent. 

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



l\oot 
clas~; 

Table 27. Root density on the upper and the lower part of the slope 

in the C. jajJonica stand S 13 

Horizon H.egression 
coef1icient 

0.2! 
0. 1 ~-) 

l. -,::: 
11. 3 

Upper part Lovver part 

0.40 

'fable 28. Hoot density on the right and the left side of the slope 

(Stand S lei. Fine root, Soil horizon 1) 

Variation 
coefficient 

0. }.f) 

0. 

0,50 
0,44 

Upper part Lower part 

Division 

Variance of regression 
.Root density g/1113 
Variation coefficient 
Correlation coefliclent 

* CD,.......Ci) : Horizontal division 

of Right side of 
the slope @ 

0. :21 

286 
4,5?3 

Left side of 
the slope CiD 

0,/.:0 

~), 529 
361 

0.21 
9. :21 

Table ?9. 1-Iorizontal change in fine root density in the C. jaj;onica 

stand, S Ul (Soll horizon I) 

Horizontal division 

H.t-;gress.1on l:oefG.cien t 
1\egres~Jion 
\Tariation 
Correlation 
Root density 

u. 15 
0. 10 

21 

0 . .?..? 
~~6 1 

J. 
o. 

Table 30. Horizontal change in fine root density in the C. faj)onica stand, S 13 
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Table 31. Fine root densities at the C. }aponica stand, S 13 in each 

sample block (Soil horizon I) 

Upper part of Lower pErt of 
the slope (A) the slope (A) 

Sample block CD @ ® I]) 

Root density (A) gjm8 280 316 3?3 361 

Difference from average 40 4 3 41 
Ratio of the differece from the 0. :w 0. 01 0.01 0. 13 
average to the average 

Average 
(B) 

2 

320 

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

Upper part of Lower part of Average the slope the slope 

Sample block 0) + @ ® + cg_; 2 

Root density (gimS) 298 :y,2 320 
Difference from average 22 22 
Ratio of the difference from the average 0,07 0,07 
to the average 

Table 3:1 Fine root density on the right and the left side of the slope in 

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

Right side of Left side of Average the slope the slope 

Sample block CD + @ ® + @ 2 

Root density (gjmB) 301 339 320 
Difference from average )9 19 -
Ratio of the difference :from the average 0,06 0.06 ··---
to the average I 

horizontal division. The dHferences between them are three to four. The ratio of them to 

the average is one per cent. It is not proved, however, that the root densities in blocks (~) 

and ® are always dose to the average in every stand. 

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

greatly, 

The root densities were, as shown in Table 32, 22 less than the average value up the 

slope and 7 more down the slope. 

It is generally observed that the root density down the slope is higher than that up the 

slope. It is presumable on every sample tree or stand that the roots are more densely dis· 

tribut0d down the slope than up the slope. 1'herefore, the total root biomass is to become 

large when only the upper half is examined, >vhile it is to become small when the lower half 

is examined. Neither result is desirable in measuring the root biomass. 

A.s shown in Table S3, the difference between the root densities on the right and left 

sides of the slope and the average value are both 19, and their ratio to the average value is 

6;:'0, 'fhis value is less by 190 than that of the up-and-down divisions. When the slope is 

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

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



similar to that vvhen the slope is divided into two parts, Ieft and right., and besides, the error 

of 1neasnrernent lu-ts a possibility to cancel each other. 

The ii.ne root in soil horizon I has a tendcncy to be more uniformly distributed tlmn any 

other root or to any other ~;oil horizon. Even in this case, it still shows such differences of 

distribution of th.e root biomass as already mentioned. They tend to increase more remarkably 

in the other larger roots in the 10\ver c;oil horizons. 

From these properties of root di.stributioE, the li2 block method, which divides the hlock 

into t\vo parts~ right and leftl alon_g the. slope~ rnay be suitable in cxan1ining the root biornass 

by the block method. 

1?. Variance of the measured part hiomal!s in a stand 

The part biomass o:f the sample trees is obtained by the soil block method. ~fhe variance 

changes greatly according to the methods of estimation when the partial biomass per unit 

area are calculated from the data in this table. 'fhe numerial calculations, wh.ich give differ~ 

ence as little as possible and operation a~J easy as possible, are desired in estimating the total 

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

equations (i..i)c·.(7)) in Table 34 were used, 

The logarithmic equation (§) in Table 34 has generally been used a(; the relative growth 

equaUon, rfhis c•.quation has) hU\VC\ierl a contradiction. in that the total biornass is not obtained 

when the equations for each part arc added up, unless the coefficient of relative growth, b*:C, 

18 L From this v·iewpoint, use of 

regrec<.;ions that Call be added up 

the other equations 

to obtain the total 

snch as 

b1ornass 

the semi-logarithmic cr linear 

are des.i.rable. Previously Mr. 

Y,ntAMlY<'con*» expressed the volume of root stock in relation to the diameter of iL The numeri­

cal caku.lation of(!) is an orthogonal polynomi;J which has nine independent variables. Thes<' 

variabks v;ere calculated according to Er«oYMso,;'s2) method, which is to be described lateL 

Here, only the tern1s relating to the partial biomass are taken up. 

As a result, the constants, coefficients, coeHJ.cients of correlation, coefficients o:f variation 

etc. were obtained as in Table :35 on each stand. The variat.lon codEcients when each equation 

is applied acccrrdi:ng to the ta.ble on the S 13 stand 1 .frorn \ivhich 1nany· trees san1pled, are shcnvn 

in Table ?6. 

Y1 (Stem) : The coef!k.lents of variation of the stem by equations CD. @ and @ v1ere large, 

l996l but by equation 0) :it v1n1s 696 and smallest. 

Y2 (Branch) : 'I'he coefficients of variation of branches were large, on the \vhol.e 21·,.28?:), 

but equations (~D and (f) gave Sinall one.s. 

Y3 (Leaf) : 'fhe coefficients of variation of leaves were large again on the whole, 18· ,.23C::0 , 

but by equation CZ\ it v~ras 1896 and srnallesL 

part) : The coefJicients of variation of the above· ground part were 6 .. ,. 

1696 smaller than those of dem, and by equation (6) it was G5t, and srn.allcst. It i~; due to the 

lJ 

An equation of relative gro'Nth: y ""axb, 

J': Part biomass, x: Total biomass or D2JJ, b: Coefficient of relative growth. 

An equation of the volume of root stock: 'v '"aDI!, 

V: Volumes of root stock (f\~3) }( ... 0. ;;,o:;, m, D: Diameters of root stock, a "2, 314. bcc<2, ·15. 
YAMAMOTO, K,: On the root volume of Pinus densicflom. BulL Gov, For. Exp. Sta .. b, 133~138, C192G). 

Zl EntOYMSON, M. : Multiple regression an8lys\s, Mathematical methods for digital computers. New York, 
J\l1N203, (1965), 
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Table 34.. Veriables and regression equations to be used in estimating 

each part biomass of a tree 

A. Definition of variables, 

Dependent variables (in unit dry weight : g) 
Y1 Stem biomass 
Y2 Branch biomass 
Ys Leaf biomass 
Y4 Above-ground part biomass 
Y5 Fine root biomass 
Y 6 Small root biomass 
Y7 Medium root biomass 
Y8 Large root biomass 
Y9 Very large root biomass 
Y1o Root stock biomass 
Yu Underground part biomass 
Y12 Total biomass of a tree (above-and under-ground parts) 
Y13 Latest annual stem growth 
Y14 P Y3 Latest annual leaf growth 
YJ.s OY13 Latest annual branch growth 

Independent variables 
D DBH em 
H Tree height em 
V Volume ems 

Y1e )\ + Y2 Above-ground part biomass excluding leaf biomass (stem, and branch biomass). 
Y17 Yo+ Y6 Working part biomass of the underground part (line root, and small root). 
Y18 Yd- Ys+ Y9+ Y1o Non-working part biomass of the underground part (medium root, large 

root, very large root, root stock). 
Y19 Yt+ Ys+ Y11 Above-and underground part biomass excluding leaf biomass. 

Y2o Y1s+ Y14 + Y1d· (Y13X --~~1·--) Total of the latest annual growth of stem, branch, leaf, and 

root. 
Y21 Maximum depth of root (em) 

B. Regression equations to be used in the calculating of biomass, (1>-{7). 

G) Y=a+b log D+c log IJ*l 
@ Y·=a+b log D 
® Y=a+b log (D2H) 

@ Y=a+b (-~;f2) 
® log Y=a-+-b log (D 2Jl) 
@ Jcoa+bV 
(f) Y= a0+a1D+a2H + aaD2+a4DH + a;ll2+ a6D3+ a7D2H --1 a8DIJ2+ a9ll3 

*1 The logarithms to be used in the calculations of Table 35 and 42 are all the natural 
logarithm. 
y; Yr to Y21 were calcu.lated. 
Choice method of variables by the orthogonal po.lynomial Cf) . 

.Y;=· a 0 + aifJ+ ad{+ asD2 + a4DH + a5H 2+ asD3+a7 D2H + asDH2 + a 9H 3 

·= a 0 +- a1 Xt + asxs+ aax3 + a,x.1 + a5x5+ a6x 6 + a7x 7 -+ a 8x8 + a9x 9 J= l ~--2\ 

Start....,. The regression constant, coefficient, 
and erro1·, remained eventually, of 
the variables when calculated using 
the choice method of variables are: 

F Level to enter variable == 2. 5 
F Level to remove variable= Zo 5 

* The equation (j) differs from those of w~GD in the character of equation. 

no 
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"fable :)fi. Estirnating regression equations for part biomass of a tree and 

their accuracy in a stand, See 'fable 34. 

C. }aj>onica stand S U, n : 15, 
Equation (:\) : Y =a+ b(Jt !)2/4) 

y 

4 

6 

8 

9 

10 

11 

l:?: 

13 

16 

l? 

18 
]9 

20 

/l 

a 

69 
-726 

-'168 

276 
-- 4?~-) 

(306 
--,-,.)38 

-3,007 

530 
110 

] '68(.10 

63.ll 

229t 

0. 673'5 

1' 1508 
6. 69 JO 
8, 

11.4209 
B. 61 

59BO 

66. 29:)2 

22-4. ?l76 

54.348:3 
0.2046 

C. }aj;onica stand S 13, n ; 16, 

,J, 359 

92 407 
o. 79 2~084 

0.97 
0.97 
0.94 

4,410 

13 

(), 9!:3 99 

0. 92 273 
0, 97 l95 

0. 98 1' 119 
0.98 943 

0.96 550 
(), 79 729 
0,96 

0. 98 3, 455 

0.96 
0.98 
0.98 
0.9S 

0.91 

40 

936 
262 

1; 3SO 

6 

Equation (j): Y=a 0+a1 D+ a2JI l··a 3D 2 

+a1 DIJ+aoH2+a6D3 

+ arD2H + asDH2+ a9 [J3 

y 

1, ?7:2+0. 1121801 D2H 
2 -112+9. 17?L173J)2 
') 
C) 

4 ~ 9) 760·+ 969035DH -0.01 

270+0. ()04564l)2Jl 

.... 426·+0. 006003[) 2Ff 

+ 2.123933/) Fi 
31D 2H 

-3, 711 + 607. 6S6S l) --0. 550821 Da 
I-+0. 004947 JJ 2.H 

l, 966+·0. ll9.S?79D 2H 
89;->+ o. 064.3e-+J)s 

--~33B+S.2. 06<9..16]) 2 

4, 2".-910. l56805D 2H 
-2, 874-1· 0. 74368SDJI 

97+0.CC2808DH 

256 

163 

.568 

943 
.-}1 572 

43.5 

592 
152 

936 

3~54l 

l, 054 

4 

C. Jaj;onica stand S 13, n : 15, 

Equation (§):logY a+b log (D2II) 

y 

3 
4 

a 

-1.4?7~:: 

--~ j_ 2?.33 

1. 0232 
-0.3239 

4, _!.t:A9 

4. 2103 

l 0.0001 
8 -2,1296 

9 ··-· l 3. 6S:JO 

"! 0 -2.5807 

\2 

13 
14 

IS 

; I 

18 

\9 
20 
21 

<J. 1999 
- ~). 2267 

-0. 0?66 
..... 6.2?65 

-1,3.549 

lr,b?OO 

-·· l' 8068 

~o. 4891 

--2. 05.l4 

7832 

b 

9487 
C. 86C:·2 

0.8806 

0, 1600 
0. 1839 

'/559 

l. 6503 

0.9161 
0. 'l90C 
(), 8~~90 

l. 08Ct 

0.6478 
1, 0801 

0. 9·1:36 
0, 1740 

0.8912 

0.8994 
0,9019 

0. 177<3 

Ch. obiusa stand : H ::1, n : 6, 

Equation ({l: Y=a+t!C;rD2!4) 

y 

2 
,) 

4 

6 

7 

8 
9 
lO 

12 

!4 

16 

17 

Jd 
19 
20 

a 

138 

2,463 

-66/ 

542 

1' 290 
468 
210 

-212:38 
··- ?32 

---l, 126 

·---- 27? 

7J9 
~97 

130 
1,832 

-2,291 
----·3, 539 

297 

97 

360.6666 
l.l 
.;., 

7. 80l3 

1:?,3012 

28. 96 
50.87S6 

ll2.A261 

473.092? 
17. 

b. 

6,0280 

:3-39.4078 

9285 
109.4971 

-36, 1982 

0.0613 

r 

0.98 
(),91 

91 

0.99 

91 

0,86 

0.9? 

i, 980 
3,9lJ 

0.93 
U,95 

0, 99 4, 

,, .. , 
.cc> 

:3:32 
,JS:J 

7?9 
868 

0.98 638 
0,91 69:3 

0.98 
0, 98 3, 

CJ. 89 68 

0. 99 
0, 99 3, ?5J 

0.9f3 1~30? 

0~97 

0. 99 :3, 
C.B9 
(\, 98 

0.99 
0.99 
0.9! 
0. 93 
0. 98 

49 

29 

92 
750 
840 

0. 99 4., 727 

CL B7 u 

0. /(' 440 
0. 8? 281;. 

0. 99 293 
o.9s n 
0. 98 l, 571 

0. 99 3, Sf35 
0.9S 1,835 
0.64 6 



Table 35. (Continued) 

Ch. obtusa stand H 3, n : 6, 

Equation ® : log Y =a+ b log (D2 H) 

y a b r 

1 -0~ 7908 0,9246 0.98 
2 -2.0091 0.8714 0.98 
3 i. 5786 0.5700 0.75 
4 0.0018 i o. 8811 0.98 
5 3.8089 0.2254 0.82 
6 5.2100 0.1737 0,95 
7 -0,3959 0. 6327 0.98 
8 -2.3294 0.8062 0.99 
9 ---8. 9502 1. 3799 o. 98 
JO -2.6810 0,9327 0. 97 
1l -1. 3682 0.8962 0.98 
12 0.2245 0.8847 0.98 
!3 -4.7888 1.0!10 0.91 
14 0.3747 0.5'700 0,75 
15 -5. 8386 1.0110 0.91 
16 -0. 5631 0. 9177 0.99 
17 5.3831 0.1907 0,91 
18 -2. 7362 0.9943 0.98 
19 -0.2006 0.9122 0.99 
20 -2~ 2520 0.8801 0.88 
21 3.6698 0.0809 0.55 

P. densijlora stand A 2, n : 23, 

Equation @;log Y=a+b log (D2H) 

y a b r 

l -1. 1552 0.9656 0.95 
2 -·8. 4709 1.4559 0.91 
8 -7.7365 1. 3254 0.96 
4 ·-1. 9127 I. 0534 0.95 
5 -0.3666 0.3146 0.83 
6 1. 6505 0.3495 0,90 

7 ~2~ 5172 0.7997 0.92 
8 -9.7036 I, 4591 0.95 
9 -19.4289 2. 1696 0,·90 

10 -3.60.31 I. 0325 0.94 
11 -2.9891 1. 0219 0.95 
12 -i. 6283 1. 0472 0.95 
13 -I. 8929 0.8449 0.85 
14 -8.2473 1< 3254 0.90 
15 -2.4037 0,8449 0,85 

16 -1. 7675 L 0344 0,95 

17 1. 7730 0.3463 0.90 
18 .. -3. 7276 I. 0818 c. 95 

19 -1.5105 I. 0319 0.95 

20 -1. 9492 0.9243 0.88 
21 2, 1446 0.2502 0. 56 

Syx 

4,210 

629 

1, 957 

6,090 
63 
50 

128 

113 

805 

1' 212 
2, 11J 

7,968 

848 
587 

297 
4, 148 

98 

2, 102 

5~557 

2,081 

7 

Sxy 

2,938 
1, 355 

627 
4, !39 

,] 

25 
129 
242 

169 
"1 ~~ 
! ~ ~) 

988 
4,883 

682 

376 

409 

3~853 

28 
974 

4, 6\0 

1, 635 

33 

P. densijlora stand A 2, n : 23, 
Equation @ : Y=a+b(n:D2/4) 

y a b r 

798 242.7678 0.94 
2 ..... ]' 440 71.5468 0.89 

3 -623 32.8598 0.89 
4 -I, 264 347. 1741 0. 94 
5 14 0. l47l 0.89 
6 149 I. 7\97 0.92 
7 66 9. 1081 0. 93 
8 -254 17.5567 0.97 
9 ~337 7.8736 0.85 

lO -·"6 47.4168 0,94 
11 -277 82.42.34 0.95 

12 -]., 542 429.5978 0.94 
13 1?4 29,3761 0.88 
14 -374 19.?159 0.89 
15 105 17.6257 0.88 
16 -641 314.3146 0.94 
17 163 ] . 8668 0.92 
18 -440 80.5566 0.95 
19 ..... 919 396. ?380 0.94 
20 -109 76.7633 0.90 

21 100 0.6363 0.70 

P. densijfora stand A 2, n ; 23, 

Equation ® : Y = a0+ a1D + a2H + asD2 

+a4DH+asH2 +a6D8 

Sv,: 

2, 731 

'I 134 

51! 
3,920 

') 

22 
109 

133 
142 

520 
808 

4,?08 
494· 

306 
296 

3,558 

24 
792 

4,339 
; 138 ,, 

20 

+ atD2H + asDH 2+ a9H 3 

y 

1 -11, 140+3.~i70515DH 
2 4, 343-1,360.801 D+O. 140574 

3 1,577·-·511. 1999D+0.057454D2H 
4 -375-0.000241 D2+o. 538385JJ 2H 

5 14+0. 000121D 2H 
6 150+0. 001424D 2H 

7 403-77.96727 D+O. 012197 D 2H 
8 ·-228+0. Ol4".06J)ZIJ 

9 
229-25. 80116J)2..f .. L 35438])8 

+O. 
-2075+2. 3?04l6H+O. 038136D 2H 
-206+0. 068387 D 2H 
--487 --272. 2l83D~+O. 638689 D 2H 

262-27. 38164D2 +·0. 052859 D 2H 
946-306.7201 D+O. o:YA73D2H 
157-16. 42894D 2 +0. 031715D 2H 
171-222. 7926D 2 +o. 492047 J) 2H 
164+0. OOl545D 2H 

-370+0. 066842D 2H 
~?12+0. 33!079 D2 H 

3, 593-862, 7788DtO. li5063D 2H 

65+8. 6695l5D 

2, 142 
763 
416 

2,869 

2 

20 

84 
118 

411 
647 

3,485 
424 
250 
255 

2,586 
21 

634 

3,393 
9:!7 

20 



'fable 3fi. (Continued) 

L !ejJtalej>is ,;tand 1( 1, n : 9, 

Equation (4): Y=a+-b(n'/)2/4) 

y 

9 

l.O 

ll 

I? 

Ch. ,bisifera .;oLand l'vi 1, n : fi, 

Equ.uUan (]): Y=a+b(!l:/) 2/4) 

I 73 



Table 35. (Continued) 

Z. serrata stand M 4., n : 5, 
Equation (4) : Y ·~a+ b ( n:D2/4) 

y 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

ll 
12 

13 

14 

15 

16 

17 

18 
)9 
20 

21 

a 

-24,717 

675 
551 

----23, 491 

1' 519 
1, 778 

lj 030 
849 

-2) 869 

-4,830 

-26,014 

1' ?Jl 
551 

519 
-24,042 

3,29? 

-5,819 

-26,565 

3,203 
124 

b 

7.3\. 8867 
31. 8944 

2. 7?37 

7 48. 5S4.7 

0.4916 

0. 9726 

14. 1890 
14. 1095 
31. 8925 
66.9103 

128. ~)655 

877. 1203 

J.0208 
2. 7737 
0,9062 

745. 7811 

1. 4642 
127. 1013 

874.3466 
7.0482 
0.2682 

A. firma stand M 5, n : 5, 

Equation@: Y~"a+b(n:D2J4.) 

-~ I a 
·-.,4, /49 

5,249 
:3 6} 3/0 

4 6, 8/0 

D 1.20 
6 4J6 

7 <2 
8 ----956 
9 -1} 173 
]() 2, 318 
1I 76? 

12 ,637 
13 -18 
14 1,~·92 

lS -5 

16 500 

i? 536 
13 231 
19 1, 267 
20 2y 00? 

21 2ll 

b 

165.0300 
27,6744 

23.0486 
2 ?530 

0, 26.L)7 

0.2775 
6.9595 

13. 1129 
13.4959 
32.5658 
66. 67!2 

282.4302 
17,8342 
5. 7622 

5.3503 

19?. 7044 
0.5131 

66. 1341 

259.3816 
35.6286 

0.7035 

r 

0.99 
0.99 
0.84 
0.99 
0.93 
0.95 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.70 
0.84 
0.70 
0.99 
0.96 
0.99 
0.99 
0.92 
0.95 

r 

0.99 
0.97 
0.9? 
0.99 
o. 41 

0. 4'1 
0.94 
o. 97 
0.98 
0.9S 
0.99 
0.99 
0.97 
0.97 
0.97 
0.99 
0.43 
0,99 
0.99 
0,98 
0.97 

Syx 

8,030 
366 
360 

8,257 
39 
66 

253 
13·1 

411 

l, 233 
9,258 

631 
360 

189 
8,362 

84 

l ~ J. 7 4 

9,389 
619 

18 

Syx 

I, 0?5 
39() 

345 
956 

35 
34 

140 

173 

152 

307 
242 

78-1 

1 

86 

1, 028 
68 

258 
8?2 

32? 
lO 

Z. serrata stand M 4, n : 5, 

Equation (5) : log Y =a+ b log (D2 H) 

y 

3 
4 
5 

6 

7 

3 
9 
I ,, .v 

11 

12 
13 
14 
15 
16 

17 
18 
19 
2() 

2l 

a 

-0.0456 
0.5966 

-0.0174 

0. 1592 

6.6634 
6.5591 
1 ~ 0293 

0.4?39 
- 12. 3!58 
-6. 2968 
-0. 4470 

0.5025 
6.0523 

-0.01 

4. 348·~ 
0. 1132 
7.2924 

-2.6248 

0.46.52 

5. 7742 
l. 3572 

b 

0,8952 
0.5800 
O.b367 
0.8827 
0.0564 
0.0801 

0.5938 
l. 5369 
l. 1614 
0. 8018 
0.8697 
0. !319 
(), 5367 

0. 1319 
0.8855 
0.0696 
0.951 
0.8720 
0.2069 
0.2570 

A. firma stand M 5, n : 5. 

r 

0.99 
0.96 
0.94 
0.99 
0.94 
0.86 
0.98 
0.99 
0.99 
0.99 
0.99 
0.99 
0.37 
0.94 
0.37 
0.99 
0.91 
0,99 
0.99 
0.76 
0.95 

Equation ® : logY ""a-+- b Jog (D2 H) 

y 

2 

3 
4 

5 

6 

7 
8 

9 

1.0 

I 1 

12 
12 

lS 

16 

l? 

1!3 
l9 

20 

21 

a 

--3. 7025 
t,, 3660 

5.3969 
L 6140 

1. 7041 
5.0086 

- i. 8943 
----9.9420 

-14<4612 

1. 2539 
--0. ?977 

1. 7196 

-3. 2316 

0106 
-4. 4.:356 

-0.4.:188 
7356 

-0. 79?9 

0. 19:2 

J. 0828 
2.0626 

b 

l. 1335 
0.4015 

0.3:88 
0. 7513 
0.2814 
0.0937 
0. 7{154 

1. 411 I 

1.7719 
0.6391 
0.8034 
Cl. 7629 
0.9308 
O~J188 

0.9308 
0.8986 
0. 1416 
0.8403 
0.8722 
0.6558 
003102 

r 

0.99 
0,95 
0.94 
0.99 
0.47 
0.4'! 
0. 91 

0,96 
0.97 
0.99 
0.99 
0,99 
0.96 
0.94 
0.96 
0. 99 

0.48 
0.99 
0.99 
0,97 
0,95 

16;:37~) 

766 
278 

16,927 

33 
\01 
562 
314 
671 

l, 488 
3j67() 

19,985 
1' 104 

278 
331 

16,800 
147 

2,691 
2'' 844 

l ~ 104 

19 

1' 1.51 
495 

51 

864 
40 
32 

170 

200 

1i3i 

234 
360 

1, 103 
328 
128 
98 

988 
69 

.341 
398 
480 

10 



;.: 

--; 

(t!r,(f.li) 'ii r;,,,f: CD uor,cmfJ:a 
~~J : ·u 'L _LI\j ptn:q_s VjV(jJ!X}JY . A SU,::UJJ!:J:Jp 'lf 

CLB 19l-­

C88 ·~: 

6VV 

,( 



-- 76 

Table 36. Regression equation and variation coefficient, to estimate 

part biomass of the C. japonica stand, S 13 (n : 15) 

the estimating of part biomass 

® 
]] 

23 
22 

9 
5 

2/ 

8 
l6 

.!0 
6 
7 
8 

l:J 

@ 

6 
2'' "· 
22 

6 

6 

9 
14 

7 

6 
7 

? 

0 
::, 
? 
6 
9 

4 

(j) 

21 

8 .. , 

6 
16 
13 
8 

? 
R 

10 
JB 
10 

., 

8 
7 

1() 

2 

offset of errors of each part as stem, branch, or leaf, that the variance of the weights of the 

above-ground parts was small on the whole. 

Y 5 (Fine root) : The coefficients of variation of the fine roots were 2··~55'0 and smallest of 

all. The most accurate equation is Lhe (J) one, 

Y 6 (Small root) : 'fhose of the small roots ·were •1· ·8/c), and that given by equation (J) was 

Y1 (Medium root) :Those of the medium roots were 6····13%. Equations @ and CD gave 

the smallest coefficients. 

Y8 (Large root) : The coefficients of variation of the large roots were larger than those 

of other roots by each equation. 'fhe smaJlest coefficient of variation vvas 1596, given by 

equation @). 

Y9 (Very large root) Those of the very large roots were g .. _·2796, and equation @) gave 

the smallest one. 

Y10 (Root stock): Those of the root stock were 8~-1796, and equation (j) g<tve the smallest 

one. 

Y11 (Underground part) :Those of the total biomass of the underground parts were 7c--l5 

96, and equations @, @ and Cf) gave small ones. 

J 12 (Total biomass of a tree) :Those of the total biomass of a tree were 6·····15%, which were 

smaller than those of the stern. branch, leaf, or large root. The (!>) equation showed the 

highest accuracy. 

Y13 (Annual growth of the stem) : Those of the annual growth of the stem were 7-~,20%, 

and were comparatively larger than those of other parts, 'fhe @ equation gave the sma11est 

error. 

Y14 (Annual growth of the leaf) ; The annual growth of the ieaf was based on such calcu-
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l:ati.on as the leaf bion1ass n1ultipUed by- a certain constant ratio. ~.I'hose o:f: the, .a..t1nual gn:nvth 

of the leaf v:~ere alrno:;t the same as those of the 1cat (Y3). "The 

srna_Ue~:>t coeff1c:ient of variation. 

Yrt> (Annual growth u:f the branch) : 'fhose of the annual growth of the branch w-ere 

almost the same as those of the annual growth of the stem, Y1n. They are those of the stem 

multipiied by a glven nltio. 

of the above-ground parts vverc G· · 19)(. The @ equation showed the smaHest one. 

Y11 (VYorldng parts of the underground) : 'f!JOS<'o of the weights of the working parts, the 

fine ar1d. srna.ll -roots~ \Vel·e 2----~-7%! and su1.a'l.le:r than. those of other parts. ParUcularly, the (~) 

equation sh(Ys..~vecl s1nall variance. 

v ~- IS (Accumulated parts of uw:krground) : 'fhose o£ the. accumulated weights of the under .. 

the smallest errors. 

(Unassimilated part weight of abo·>'e·and-under ground parts) : TlFJSC' of nna:ssimilated 

weights of the above·and·under ground parts were f5 "lS'?r5. The <§) equation showed the 

sn1a.lle.st var.1ance. 

Yz0 (Tot:d annual growth) : Those of the lotal annual growth were 9· "L)':::-. The @ equa· 

tion showed the smallest variance. 

i£1 (LVh1ximnm depth of root) : Those of the maximum depth of roots were :2· ··4.9!). T'he 

Ql eq11ation ;Jhowed the smallest error, 

When the 'tvith the least error is t(l be to each blon1ass in the S 13 stand, the 

coeffcients of variation arc 2 to 21<~; as shc~v·/.n in. ,..fable ;:rr T'he parts sh.(n;v_ing the coeHicient;.; 

of variaUon of abo-ve J0-?:5 by· any equation -s..verc the bra.cch (:2176)~ tht• l(~af (18:?))) the large 

are the Gne root (2%), 

the srnaH rooi: ( 4§-b), and the fine and ~;.anall roots (2'~?). J\lthough not a part blt).r:t1Hf3Sj that 

of the Jnaxin1u1n depth of roots \Vas t\VO percen.t. 

"'fhe equntions that shov/ the srnallest CCJcfr!c1cnt of \lariat ion arnong t.he equaUons of CD-.__ __ 

Cf) a:re those' of (~\ (~\ (tD and Ct\ '"I'he cqu_ation~. of Q\ (?) and (£-!) shovv lo'A-' accu.racy as corn~ 

pared \Vith the fon1wr four, as ;;hown i.n Tab1e 45. 'I'he biomass of many parts \vere estimated 

rnost accurately by the si;cth.~ of aJl the equations that ga'\'e the srnalle:st cocllicients of varl.a.­

tion. Here, they are the biomass of 14 parLs, i. (;., the stem;;, branch('s, above-ground narts, 

tnedium roots, large rootsl very large roots~ underground parts! tota.l hiorn.ass; annual gro\vth 

of the stem, annual growth of the branch, unass.inlilated above-ground parts, accumulated 

unde-rground parts, trnassim.ilated a.bove~and~under ground parts_, and total annual gro\vth. 

These all had a close nJationship to the volurnes of a tree, 

-·r'ab1e 37, Regres-~;ion equation oi: the~ smaJ.lest error o.rno.ng equations 

CD·-"·{!) and var}atio:n coefficient in the C. ja.fJonica Star.d, S 13 
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The equation which was accurate next to equation @ was the one chosen by equation (i) 

L e., the orthogonal polynomiaL The equations concerning such parts as leaf, fme root, and 

small root were accurate. AU the equations to be used in ® orthogonal polynomial will be de· 

scribed later. The equations of @ and ® were used with higher accuracy for both the total 

biomass of branches and underground parts, and the biomass of the accumulating underground 

parts, 

In this way their accuracy became higher when any equation suitable for each part was 

used rather than when a given equation was used. For the errors were different in each part, 

when the ratio estimates for each partial biomass were applied. But equation (j_) was, as a whole, 

accurate for all partso And each partial biomass was highiy I"elated to the tree volumes. 

13. Accuracy of the equations to be used in calculation for each stand 

·what has been described so far is only about the stand of S 13. Subsequently, the stands 

of S 6, S 9, S 24, and S 28, all investigated as detailedly as possible, were gone through in order 

to determine if there exists the relation like that concerning them. There, the X·axis is the 

equation and the Y ·axis is the coefficient of variation (The data about the stand of C. }a,oonica 

are listed up in Fig. 32). 

/l,s can be judged from the detailed data 1vhere calculation has already been done, the 

equation which as a \vhole, is most accurate for the stern C. jaj;onica is @, which coefficient 

of variation ranges from 2 to 7!J6. And besides, the first eq nation, although not for S 9, is 

unsuitable for S 13. For the coefficient of variation amounts to nearly twenty per cent. 

Thus, it is clear from Fig. 32 that almost every partial biomass can be expressed as a 

function of the basal area or volume, as shown in Table 38, when the equations with the 

highest accuracy are picked out for the C. japonica stand. 

*1 

*2 

Table 38, Regression equation at the smallest variation coefficient for 

part biomass of each species 

P. densi_lfora L !epiolejJis 

6 6 
2 l 6 6 
a 6 6 6 ) 

,J 

!, 6 4 6 ;·) 

s 6 4 6 

6 6 -~ 

6 4 6 4 
8 4 4 6 4 
9 6 -I 5 4 

10 6 6 4 

ll ~) 6 4 
12 6 4 6 5 
1 'J v 6 4 6 
14 6 4 6 

6 6 

!6 6 4 6 5 
17 6 1 6 
18 2 6 
19 6 5 ll 5 
20 6 J 6 ':± 

6 6 6 4 

Regression equation No. 
y : Parts of a tree. 
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THE: UNOfJ-I(lf"\OUi'.JD PARTS 

x axis : equation No. 

y axis : variation coefficient 

.Fig. :32 i\.cclJ.racy o:f ea.ch regression 

equation to calculate the part bioma~"s 

of a C. jajYJnica tree~ 
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Also from Fig. 32 ii: is clear that the coeltidents of variation of the parts as a branch, 

leaf, large root, very large root, root stock, etc. differ greatly from stand to stand; and yet, 

those of a fine root, small root, above-ground part, underground part, total bio.mass of tree, etc. 

differ slightly throughout each equation. This verifies that the former parts are remarkably 

ma!dist:ributed, although the latter parts are not. Hence it is possible to estimate by any 

equation the biomass of the parts, such as the fine and the small roots of small coefficients of 

variation, or the parts with small differences between stands, at high accuracy in any stand. 

A slight discrepancy is recognized between the equation with highest accuracy for S 13 

as shown in Table cl7 and the equation to be used in calculation with highest accuracy chosen 

from all stands in Table 38. There is, however, a small difference between the two coefficients 

of variation. Although the coefficients of variation differ from stand to stand, the equations 

of (!i, @, @ and (f; can be applied with comparatively high accuracy as already shown in 

Table 37 for S 13. 

1) Accuracy of the equations to be used in calculation according to each specie~J 

The equations with the smallest errors >vere selected hom the detailed table for Ch. obtusa, 

P. densiflora, L, leptolejJis as synthetically as for C. jajxmica. The result is shown in 'fable 38. 

Those which tend to be accurate for each species are as follows; the ® for C. japonica, the 

@) for Ch. obtusa, the @ for P. densijlora, and the @) for L. leptolepis. Equations of @ and @ 

are accurate on the whole, and even thoug;h a slight difference exists between them there 

could not be supposed to exist a difference by equation between species. 

2) Selection of the equations to estimate each part of a tree 

To get the accurate estimates, it is necessary to use the optimum equation for each part 

because each part has, as already explained in Table 35 and Fig. 32, its own optimum equation. 

Calculations however, are more complicated. 

Equation @ : It is necessary to use with great care the ® equation, which is most accurate 

on the whole; however, it is diflicult to estimate the volume of stands correctly, the more so 

because the volum.e itself em braces errors. It is, therefore, better to use the equations in 

which the breast height diameter, tree height, etc. are the direct independent variables. 

Equation ® : The equation yielding the second highest accuracy is the equation from the 

orthogonal polynomial of the (?) equation. For S 13, the items a.nd coefficients were, for ex· 

ample, chosen as in Table 38. 

It is very desirable to produce the equation which makes it possible to estimate the part 

biomass within a given accuracy and to estimate the partial biomass according to those caku· 

lations. This method, however, has a great defect in that an accurate equation can not be 

given unless many trees are sampled, and that it requires complicated calculations to decide 

an equation, such as would suggest, use of au electronic computer for calculations, for example. 

Let us calculate the pan biomass of each species on the materials of the S 13 stand and 

the other stands of A 2, ST, liT, AT, .K '· Results are shown in Table :39, According to this 

table, the items and the coefhcients of variation :for ec>timating each partial biomass are given 

in Table 39. 

A.s clearly shown in it, there are many various items picked out for estb.nating each part 

biomass both within and between stand. It follo·ws from the fact that the given terms, con· 

stants, and coetiidents of variation are not to be fixed for given parts of a tree, 

The total biomass of the sample t·cee of .V12 was examined to choose the following items: 

DH and D 2H for the S 13 stand, H 2 and D 2H for the ST stand, H 2, D2H and DIP for the A 2 
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Table 40. Accuracy of the ratio estimate equation. 
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stand and DH2 for the Ar stand. Thns, the different items were applied even to the same 

parts in the d.ifferent stands. However, the items ])2 and D2II were chosen for most stands. 

This makes clear that the biomass of each part has a high correlation with the basal area 
or volume. 

When the above-mentioned method is accepted, it is possible to set up the equations \vith 

higher accuracy to be used in estimating each part biomass. More closely scrutinized materials 

are necessary, however, for establishing the equations to be calculated with given accuracy. 

Equation @) : As already mentioned, the logarithmic equation has been accepted as the 

equation which is most applicable or as the equation of relative growth .up to now. Theore­

tically it may be tmremJOnable to apply it to the weight of each part with different coefficients. 

Also from the viewpoint of accuracy, equation @), a logarithmic equation, is never a good one 

as compared with the others in Table 35. 'fhis is also applicable to the result on the S 13 

stand. The coefficients of variation of the stem biomass in Table 36 were 1996 by the equa­

tions (j), @ and @, 10% by the @, 11% by the @), 6% by the @), and 7% by the @. Those 

errors were larger according to the @) than according to the equations @, ® and ®. 
The accuracy of the equations changes according to each part or to 0ach stand. It is 

therefore very unreasonable to presume that what was already mentioned on equation@) holds 

true in every case. As a result of synthetical examination according to Table 35 and the 

other detailed table, that equation was not the one vvith much higher accuracy. And at the 

same time, it is obvious that calculation becomes complicated becanse of logarithmic change, 

calculation of errors, and so on. 

Equation @ : The equation @ is comparatively accurate among those seven equations, and 

gives higher accuracy than equation @), a logarithmic equation. This is borne out Table 

43 and the others. Its method of calculation is much simpler and easier to use than the log­

arithmic equation and orthogonal polynomials. 

Thus, there are many regressions to estimate the partial biomass as stated so far. But 

the simple equation ® with comparatively high accuracy is most suitable, because accuracy 

does not become much higher even when more complicated equations are used. 

As previously mentioned, it is possible to improve accuracy in estimating J?art biomass if 

various kinds of equations are used in calculation. In thls study, however, the ratio estimate 

method by basal area similar to the equation @, was used to avoid involved calculation though 

the accuracy was slightly lower. The errors between them were calculated on. the materials 

of the S 13 stand. A result is shown in Table 40. 

3) Decision of the number of sample trees in a stand 

As mentioned repeatedly, the accuracy of estimation of each part biomass changes accord­

ing to the equations to be used in calculation or to the properties of variance each part has. 

Many sample trees are needed when their number is decided acconling to the parts in which 

errors are large, such as leaf, branch, and large root Investigation. requires much expenditure. 

But. not many sample trees are necessary for fine roots when estimation is carried out to 

obtain given accuracy, since variance is very narrow. On the other hand, the errors in leaves 

or branches become much greater. 

This granted, great attention should be focussed on estimating any special part biomass 

to decide the number of sample trees. Generally speaking, the number of sample trees has 

b2e:1 decided to make constant the estimation errors of th total biomass. 

The number of sample trees is given by the following equation to be used in calculation 
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\Vhe.n the coefficients of variationj p?rn1i.ttecl errors~ and levels of si.gTd.ficance, are given, 

no ····(f}~~r 
n0 : N·umbi;r of sample tree, P A.imcd accur·;o,cy, 

c : CoeHicient o:f vrJdation 

The coeiEcients of variation of tlw tota.l hinmass of each "pecies calculated by the equation 

@ fron: Fig. 32 range :fro.rn six ro ten perc-ent.. I.,.et us give the fol1o\~.dng conditions, taking 

as an airn the coefficient o.f variation of 1 05(:;·; the ,greatest of thern. ".C.h.en the number of 

necessary so:unple trees are to be 

is 10~;6 in average, 

iV\:hcn the coeilicicnt i.s 1096, l is 2~ and the a.in1cxl accu:r.acy 

vVhe.n calculated according to the vbo·ve·m.entioned equation, 16 san1plcc trees arc necessary 

to estin1at.e the 1c':af bi.orn.a.ss of C. }a_/Jon£ca as its cocHlcicnt of ··.raria.tion is about 20:<5'. T'his 

1neans that 16 san1ple tcec:~; ::tre necesm:rr:y for e~~;tJmating the branch bio:rnass hy the cquaUon 

({) at the leveJ o:f significance of 909t and the aimed accuracy o:f 1.05=0·~ ·vvhile about fi"ve trees 

are enough for est.b:nating the total blornass. 

Frorn a result ()f actua1 r.neasurc~rnents o.f the various sta.nds changing the ntunber of san1ple 

trees, it is evident that the coeH1cients of variation were not constant, as shown in Fig. 32. 

This n1ean.s that sorne of the stands ,,vith fcvve:r san1ple trees sho\vc.d fc'i.-ver errors than the 

stands with more sample trees. The stands S 6 and S 9 of C. faponica, from \vhi.ch 5 sample 

•;.vere taken~ both sho\ved the coc.GJ.cients of variation s.maHer than 10%. 

14. The equations to be used in calculation and their gccuracy when· all sample trees are 

run altogdh<~r 

vVhat h:w been dealt with so :far is the relation am.ong sample trees in a stand. Let us 

select such stands with norm.al growth as shown in Table t;l out of these sample stands and 

calculate the number of them, run together, according to the equations from (i) to (j). Their 

constants, codhcien.ts, coefficients of correbl:lon, and coei!icients of varb1l:ion are shown in 

Table 42 and ·rable 43 (S-r for the sample trees of C. japonir:a stands in gross, HT for those 

of Ch. obtusa, A-r for those of P. densijiora, Kr for those of L le/J[o!ejJis), 

From cornpari.sons between this table and Table 42 giving v;;.riances in the same stand, 

it is clear that the variances of different stands in gross are far bigger than those of the 

sa.n1c stand. 

Proceed now to a comparison between the stems o:f the stands S 13 and ST according to 

both tables. Table 35, -12 gives the result. As shown dearly there, the coefncient of variation 

for ST increased by over 6 times that for S lcl according to the equations (1), @ and (,~) wilh 

low adaptability, by about c.! times that for S 1:3 according to those of@ and and by about 

1. 5 times that for S 13 according to the equation (?} ..t\ccord.ing to the equation (J)l .hu\vcver, 

that of ST became smaller than that of S l:3. 

Equations CD) @)~and C2lJ are inaccurate for the san.1.p.le tre:;:~s :in the sa.n1.e sta.nds; bu..t. nTu.ch 

more inaccurate :for the ST stand with sample trees nm together. 

The which is least inaccurate is the equation chosen by the orthogonal polynomial 

o£ the equation (j) "\vhen the sarn.ple trees are run altogetheL T'he:i ranged~ for c~xrnnp.le$ froxn 

5 to 289c;· for C. fajJonica9 J::qnaU.on.s (i), (§) and (~) sho\·vec1 the next smallest errors. .A.ccording 

to the equation (4), the coefficients of variation of each part ranged front 15 to 45Y-5~ a-nd that 

of the total weight got up to 2476. 
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Table 41. Investigated stands1 calculated in a lot, and number o:f tree 

Spedes 
Number c. japonica Ch. obtusa den: r, ""'""";, of stand -~ 

sifg,d Trees sifg,ct Trees sffc~d Trees sifg,d Trees 

1 1 5 5 8 9 
2 2 5 2 5 2 23 3 5 
3 3 5 0 ,, 6 3 5 ll 3 
4 4 5 4 5 4 5 13 3 
5 5 5 5 5 7 5 15 3 

6 11 8 7 5 8 2 18 3 
7 12 s 8 5 9 5 19 3 
8 J ') ,; lD I 1 10 20 3 
9 15 ,-

" 21 3 
10 17 8 22 3 

ll 29 iO 23 4 
12 27 3 
13 28 3 
14 24 3 

Total ll 79 7 36 8 63 14 51 

This relation was also recognized in Ch. obtusa (HT), P. densiflora (AT), and L. lejJtolejJis 

(Kr). 

From these_ results, it is clear that the variances become generally larger when the sample 

trees are run altogether. Application to a polynomial equation is desirable in such cases. Even 

in this case, however, the partial biomass can be more accurately estimated by the linear 

regression, the independent variable of which is basal are~'1. 

These relations almost correspond to those of estimation o:f: the sample trees in the same 

stand. 

Many measurements of stands are still needed for deciding which eqnations to use for the 

partial biomass; hence much has been left that will have to be taken up in future studies, 
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'l'able 42. .Estimating regression equations for part biomass of u tree and 

their uccuracy .in the sample trees of the typical stands, See Table 34 

(..'. japonica stands, n ; '79 

Equation (4): Y~· a+b (7rD2/4) 

y 

3 

5 

6 

7 
8 

9 
10 

11 

12 
1:3 

15 
16 

!.7 

18 
19 

20 
21 

a 

~33, 15? 

---- 3) 384 

-1,420 
~38, 

2?4 
441 
868 
l25 

~7? 309 

- iO, 209 
~-~48, 6?0 

31? 

275 

·--·37, 041 

7.l5 

-10~ 923 
·····4?_1250 

1,884 

1(}6 

b 

36, 1043 

50.3?42 
494.S369 

), 0782 

1.3582 
3.3356 
7,9440 

37. 1923 

135~J5:JS 

629.8903 
13.4439 
12, 76?2 

4. U77 

443.6626 
2.'1364 

132.9171 
579.0161 
34.6366 
0, 1859 

r 

0,96 3,162 

0.97 4,:248 
0. 98 28, 945 
0.93 141 

0. 91 l9H 
()~92 4/J 
0.98 406 
0.98 2j86l 
0.98 5,2'13 
0.98 7,?6.3 
0. 98 36, 453 

0. 93 l, ?62 

0.94 
0.87 
0. 9i3 
0.93 
0.98 
0.98 
0. 9.6 
0,89 

1! 561 

26,5/:6 

324 

7,B79 

33.9?8 
3~ 106 

C. japonica stands, n : 79, 

Equation('!): )'o .. a 0 +a1D+adfl a3D2 

·+ a,DH+ a5H 2+ a 6D3 

y 

+ a1JPlf +a8DH2+a9H3 

-2, 786-!-0. 0072lliJ2 
+C. 002433DIJ2· 

0. OOi3653J)2lJ 

00072ll]2 ~ 0. OOOC002JIS 
..... 701 + 71. 22093D ·+ 1. Ol0366H 

+ '13. 3932? D +O. 002449 D'lJI 
733-3. 41060iJH+O. 0001/0DH2 

026707 D 2H 

l, 27. 
-40+2. 656472[) 

+O. l78699H-0. 

3,703 

1, 149 

2, 176 

41734 

29 

65 
191 
277 
740 
968 

l' 725 
6: 121 
l ~ 228 

609 
~~03 

176 

81 

C. japonica stands, 

Equation ® ; log .Y ""a+ b log (D 2 !f) 

y 

2 

3 
4 

5 

6 
7 

8 
9 
lO 

12 

13 
14 

15 
16 

1? 

13 

19 
20 
21 

a 

-·2. 0937 
L 9517 

0.3275 

0.6900 
] . .34.39 

)., 0232 

..... J.' 2831 

-ll. 6069 

7 
0. 6]2,') 

().9772 
/429 

0. tlA96 

~-1.0332 

..... L 4798 

~o. J1.ss 
2. 

2.0b07 

O.B032 
0.571Li 

O.S-396 
0.4389 
0. ,, 16:3 

0.4999 
0.6893 
L <iSOO 

0.9360 
C:.32l6 

0.3352 

0. 
0. 234-l 

Ch. obtusa stands, n : 36r 

Equation 0) : Y "'a+ b (rr [)2/,1) 

y 

2 

4 

6 

7 

8 
9 
10 
11 

12 

13 
14 

15 

16 

17 

18 

1.9 
20 

----·19, 282 

----·18, '126 

289 
564 
704 

..... 173 

-4,71.4 

~2JJ 93-1 

395 
726 

205 

-?0~ 012 

1 ~ 706 

S:l 

b 

4. ]_ ()~ 86:j9 

4B, 

,JO. 1924 
489. 1] 8() 

2.2979 
;::., 9858 

5,7941 
14.5937 

55. 032< 
64, 588/ 

11-. 

~·). 9541 

4. 149 I 

158v 1:1256 

8, 2BJ? 

I :;9, 4711 

28.9966 
G. 

r 

0.94. 

o. 95 

4,186 
5,021 

0. 99 21! 400 
0.97 
0,97 

0, 913 

0.98 
0.93 

CJ. 99 
0.99 

o.n 

0,99 
0.97 
0.99 
0.99 
0.92 
0,94 

r 

0.98 
0.93 
0.96 
0.98 
0.92 
0, ill 
0,96 
0.99 

0,97 
0.98 

96 
0. '?l 

G.93 

270 

557 
2,699 
:3,616 
6,243 

1 315 
3,021 

i_j810 

ll 062 

161660 

238 

5,646 

l 91? 
S, 7!c7 

lOj 5l.d 

1} 26? 

l! 228 

11,a62 

50S 

240 

259 
1, ()74 

] 7 5?9 

3j443 
14, 6W5 

6::'5 

404 

0. 98 l(\ 839 

0.89 
o. 98 3, 
0. 98 v·t~ l.td 
0. 9,:) l) 425 

c:. ?(. 1.6 
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Table 42. (Continued) 

Ch. obtusa stands, n : 36, 

Equation @ : log Y =a+ b log (D2 H) 

y 

1 

2 

3 
4 

5 
6 
7 
8 
9 
10 
11 
1 ~~ 

13 
14 
15 

16 

17 

18 

19 
20 

21 

a 

-1. 0564 
l. 4211 

3.7903 
l, 1358 
l. 9413 

1. 0846 
2. 1716 

~o. 8692 

-7.4537 
--1.0306 

0,2135 
1, 4667 
1. 8850 
4.0927 
1,5575 

-0.0022 
2.058.3 

-0, 6lll 

0.6569 
4.0706 
2 . . 3?26 

b 

0.9454 
0.6001 
0.4067 
0. 7937 
0.3722 
0.5060 
0.4271 
0,6910 
l. 2516 
0,8034 
0. ??24 

0.7886 
0.4876 
0.2725 
0.4229 
0,8739 
0.4579 
0.8266 

0,3818 
0. 1864 

P. densijlora stands, n : 63, 

Equation @ : y =a+ b (rclJ2/4) 

1 

2 
3 
4 

5 
6 

7 
8 
9 
10 

11 

12 

13 
14 

15 
16 
17 
18 

19 
20 
21 

a 

-6,564 

-225 

267 
-6,522 

24 

121 
116 

-70 

-3, 575 
-402 

-1,770 

--8, 293 
908 
220 
628 

-·· 6, 790 

145 

..... 8~ 560 

2)0?0 
118 

q 

367.9310 
50.5105 
19.0441 

437.4857 

2.3089 
8.9460 

12.4435 
36,6932 
54. 8712 

109. 1770 

546.6626 
12. ,3?9? 
9.3680 
3.0300 

418.4415 
2, 4811 

106.6959 
52?.6185 

28.34SO 
0. ,q:79A 

r 

0.99 
0.90 
0.87 
0,98 
0.92 
0,91 
0.97 
0.93 
0,97 
0.98 
0.93 
0.98 
0.86 

0.65 
0,79 

0.99 
0.92 
0.98 
0.99 
c. 78 

0.90 

5,241 
3,515 
2,378 

12, 193 
147 
517 

231 
424 

2,738 
1,883 
4, 156 

15,892 
1, 260 

364 

484 

8, 2:s? 

614 

3,920 
11' 947 

3,?20 
12 

0. 97 10, 460 

0. 93 2, 640 
0.95 810 
0, 9? 1.2~327 

0. 79 18 

0.96 8? 

0,95 392 

0.97 367 
0. 93 2, 193 
0,98 1,2fi9 
0.91' 3,l0l 
0.97 15,365 
0,88 8% 

0,94 44? 

0,63 195 
0,97 11,929 
0.96 90 
0.97 3,121 
0.9! 14,969 
0. 90 1., 731 
0,93 24 

:tfS 259 -f:j· 

Ch. obtusa stands, n : 36, 

Equation®: Y~"ao+a1D+a2H+asD2 

+ a&DH + aoiiLf- asD3 

+ a7fJ2J-I + asDJI2+ ag!{s 

y 

1, 477-0. '72414\fJH+O. 238735D2H 
2 1, 410+ 2. 43404',[)3 
3 1, 2!2+ 59. 66il630D 2-c. C36002D 2H 

4 50,033- 179.03D+ 6:22.169D 2 

-+C. 6860!8D 2H-0. 
698+ l, !5l490J)3 
1' 006+ 9. 92\6;27 ])2 -0, 000001JI3 

1 J02f- 0. 378093[)3 
J, 716+0. 268c357 D 2H -0, CWOJ OlJB 
173+ L 050588!1-----0. 047590DH 
-1H+55. 05780!) 2-0. OODJ ?ODJP 

1 3, 427+348, 82JD2H ---0. OOQ011If3 
2, 834 -+ .. 2. 2696:59 !)3 

58+0. 181419])2 

P. densijlora stands, n : 63, 

Equation (5) : logY=· a+- b log (D2 H) 

y 

2 

3 

4 
5 

6 

7 
8 

9 
10 

11 

12 

1:3 
11 
15 
16 
17 

18 
1.9 

20 
21 

a 

-0, 5A55 

--0. 4264 
0, 1738 

0.3685 

0.8920 
0.6894 

-0, 2?S8 

-4.5603 

-12. 1500 
-1,8544 

-0.6792 
0.6673 
0.9774 

-0. 1072 
l. 65-1:4 
0,0342 

L 1802 

-· 1. 2815 

0,4142 

1947 

2.8245 

b 

0.9098 
0. 7179 
0.6363 
0.8531. 

0 .. 2393 
0.4471 

0.6llS 

0.9782 
1.5659 
0.8755 
0.8226 
0.8463 
0.5763 
0.6088 
0.4469 
0.8751 

0 .. 4149 
0.8681 
0.8627 
0 .. 5437 
0.2033 

r 

0.99 
0.90 
o.e3 
0.98 
0.52 

0.93 
0.92 
0.96 
0.94 
0.98 
0,98 

0.93 
0. 9~1 
0.88 
0.82 
0.98 
0.91 
0,98 
0.98 
0.92 

0.84 

Syx 

564 
456 
349 

325 

17 

21 

35 
55 
88 

l.l? 
271 

707 

449 
130 
179 
336 

260 
486 
913 

2 

10,066 
4,959 
1' 971 

13,828 
52 

135 

661 
627 

2,883 
23074 

4J 054 

18, o:.~4 

2,528 
467 

902 

13, 111 
175 

4, 184 

16,586 
2,3?0 

42 



Table 42. (Continned) 

P. densijiora stands, n : 63, 
Equation (7): Y·· a0 +a 1D+a 2 H+a 3D2 

+ a.tDII + a 5H'1+ a0 l)'l 

+ a1D2H + a8DG2+ a,Hs 

y 

---5, ?oe+o. oo;!9:39 Dl£2 
2 ····· 4, ·Wl + 0. 001018.[) Hz 
.3 -1,6?7·+·0.0C0420DH2 

4 - ]_ l~ 986+0. 004377J).f:tj, 
26<1582 D~Lj- Oo 027 .3UB lY~ 

c' 151+0. OOl3!9D2JI 

-2:32+0. oocn lB D JP 
·····162--·13. o.0!7759D2IJ 

801 
+ L 3543801)8+0. 0!2585IJ2JI 
90808/) 2 ·+ 0. 083258I/z H 

90.65707 /J 2 +C\ 1~·)7998D2JJ 

-+-0. 005".06Dlf2 
-81:3+0. 000390DH2 

··-- l, 006 + 0. OCJ02S2 [) JI2 
... 48EH 0. 01)02311) FJ2 
-10, 309 +·0. 003957 D H 2 

---·89. d95731 Dz+o. 1 :J:i352D 2H 

- n, 055+ 0. OC•l985DH2 

C.006.l53l)H. 

L lejJlolepis '"tands, n : 51, 
Equation G~) : log .Y a+ b log (!PH) 

y a b r 

29tl8 c. 3822 0. 89 
.. , .... 'L 8389 ] O<i93 8/.: . , - 2. 6676 0. ?/"33 74 ·,) 

4 3848 n 
1 . .1, 8989 0. 9(} 

5 0. ?385 CJ. 3797 0~ 86 
6 -."5. 2403 0. 71 

7 
, 

1847 0, :5019 c. C\8 

8 0, 0029 C. 6:~:8 ~-) 0. 89 

9 .... 6. \ l 558 0, 96 

10 ~ 1 486 0. 79-lS (! 95 
1 1 -0. 3421 (), 7962 0. 96 
12 ' I 49 0, 9S 
13 - z~. 1281 0. 86 
14 ~ 

.. , 66?6 (), ?733 I:,, ; ..• 
15 --? 6:121 ()6')6 36 

l 6 --···0. 4561 902.5 l_!, 93 
1 ? ') 

U 9 1269 (). ~~961 (': 
V< ?9 

18 --~c. ?34? n 822l c. 96 
19 0. 88?4 0, 95 

20 -· 3. 9471 951 l o. 86 
21 (), ?074 0. 3Jl0 0. ?8 

• 246 

339 

203 
/ 75() 

34 
~i?J 

!-~ 

s11"' 
5'? , 779 

13~ Cl9 
2, 191 

4?j 1 0~3 
70 

2\() 

731 

' 
522 

0 u, 26·' 

· . .1, 936 
61 994 

4-5~ o:)o 
2, 7 l 

,: .. , 191 

813 

47J 756 

2:)6 

, 140 

44J 369 

" 19~: "•-'t 

42 

L leNoiepis stands, n : 51, 

Equation (j) ; Y" a ··I b (7rD2/4) 

y 

6 

8 
9 
l :) 

l.l 

12 

!-3 
14 

15 

16 
]7 

18 

19 

2C 

a 

·····5(l1 ·±8(; 
(,8 

···--3!3 
-639 

---53, ]74 

~61, 703 

····c.:-:, 554 

110 

b 

494.976'/ 

'/4,9090 

9.CC:J6 
~-)7f3. 8892 

0. 5443 

0. 
4. 9;)26 

l? 6.093 
c 17 
58,9836 
30,:3166 

9. oo:36 
5. 1986 

:J69~ 88b6 
j_, -5144 

128, ec22 

?00. 202:? 

~36. 2150 

L h:j,tolejJis stands, n : 51, 

r 

0.87 

0.87 
0.96 
O,B6 

0, 71 

0.87 
0.91 

0,96 

0,9? 

0.97 
0,96 

0.81 
C,8! 

0.81 
0. 96 

u. 79 

Syx 

29~752 

985 
Jl' 8JJ 

61 

186 

539 
1' 1:39 
2,864 
2, 81/ 

5,526 

J5~8/'0 

21399 

995 
?20 

0.97 5,559 

0.96 35~155 

o. b: a, sss 
0, 

Equation (i): Y·~a 0 ·ia 1D+a2H+aaD2 

y 

+ a.1DH +· a 5l:P+ a6f)S 

a7D2lf + asDG2 + 119Jl<l 

.359 

1} 216 

696 
801 
209 

.11' 60" 
14? 

141293 
lt2 l, ?03 

;3.~i 
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Table 430 Accur<lcy of 記ach regression 

Speci巴S 31' n: 79幻C. japonica Hr n : 36 Ch. obtusa 

'-"、y\E\q\uat、\Nioo\n . ① ② ③ ④ ③ ③ ⑦ ③ ③ ⑥ 

99*呂 102 104 25 14 7 5 52 52 57 17 9 28 
2 120 124 127 42 5ヲ 30 24 37 42 49 15 41 31 
3 80 86 8日 2ヲ 34 27 24 30 心勺。内 37 17 32 24 
4 97 101 103 24 18 9 6 47 48 53 15 16 27 
5 31 31 32 23 18 26 5 24 24 25 19 20 26 

も 25 25 25 23 17 26 日 ~ll 31 31 29 30 35 
7 25 26 27 2.1 14 30 11 14 19 13 13 23 
8 60 62 る5 15 21 18 13 36 37 4.3 10 16 22 
9 133 ¥37 140 41 39 26 17 73 75 81 28 42 35 
10 101 105 108 26 18 16 J 48 51 57 17 19 29 

11 96 99 102 24 18 12 8 48 49 54 15 18 26 
12 ヲ7 100 103 24 18 ヲ 6 47 48 54 15 16 27 
13 49 53 55 32 54 υつ r、) 28 29 35 42 20 40 30 
14 65 71 74 28 43 30 24 25 33 37 22 46 26 
15 44 49 51 34 57 39 28 27 36 42 24 48 32 

16 100 103 106 25 16 8 、 。 50 50 56 16 12 28 
17 27 27 27 22 16 25 5 28 23 28 25 25 31 
18 99 10:3 106 25 18 13 8 与] 52 58 16 i 1 ヲ 27 
l ヲ 99 102 105 25 16 9 b 49 50 55 15 13 27 
20 49 54 57 25 42 2ヲ 27 26 84 40 l ヲ 44 28 

21 21 21 22 19 15 21 7 9 12 10 15 11 16 

ホ 1 n: Number of samples. 

*2 Varﾏatﾎon coefficient of regression: (Syælÿ), 96 

森林itg去の壌における;恨系の機構と機能 I 

被系認査と1:良 推定の方法

まU 住 勢(l)

和文摘要

主表題である[森林生践の場における根系の機構と機能j のもとに森林の地上部，地下部の各部分の現

存主査と生産量，およびこれをとりまく各援の環境条件との関係が研究の対象としてとりあげられ，また林

業技術との関係が検討された。とく iじ未知]の問題が(i;:い地下;むについて， ;1長系の機構と機能の解析に重

点をおふ t民!:・根長， fJÜi\:表Tffi積，初、系f卒後@桜密度などの根系の言者烈子を 51ft じて，宝量的に根系の勧き

を'f!J:Jらかにしようと考えた。この研究の…DTlとして，まず液量調査1t;， 根遺;および生産笠の推定法が研究

された。この論文では2 とくにとの路線をとりあげた。

主主 .Jk分の初体内への吸収は根系表面積 iと路係しており，線系表直i ，f1Hま i;~::;jての!汲収構造を示すものと考

えられる o 1i t.こ 9 線長はt良子奈の広がりや分布を考察するための7主要な図j である。とれらの諮問予を切ら

かにするために，根系を大さによって約社43 小筏i恨 t r:þ{モ根，大径根，特大半ふ根株l乙 7 j;;{分し，各区分

の根室[，平均夜筏，容秘密皮数などを測定した。根系表国税や桜長はこの 3 [?;j二Flこよって昔l^算された。

1973年 8 Jl 14日受怨

(1) 造林部



森林生m'i.の j必における恨系(D機Htl戸および機能 1 (Xiij 主〕 - 39 …h 

0)] the aH sampl日 trees

AT 11 : 63 P. dens�lora KT n : S 1 L. le�tole�is 

@ ① ② @ ((� (~) @ C!) (か @ く:3) (お (~) {主}

5 65 己4 22 21 39 3ヲ 40 2.2 42 , , 9 
12 69 71 ~，) 9 7~， 5守 Cり 7-' 19 79 52 39 
8 53 27 66 40 4斗 48 〆、34 35 33 
2 63 63 21 24 39 3ヲ “J‘ J円J 20 00 i? 10 
4 37 33 29 82 18 17 :日 17 19 18 ふ 5

3 35 :35 1 ヲ 29 20 20 20 23 21 τs 、コJ 

4 51 50 4つi ア 3日 l? 16 17 んり 之4 12 
ι 57 57 22 37 1も 30 21 28 25 16 
13 109 109 70 92 47 ι必士7 50 24 つ7 ".，山ハν 15 
4 ν4 54 17 27 勺UにU :36 3ヲ �6 23 16 9 

4 る4 己4 :'1 2日 Jハ4、 33 .36 14 18 14 11 
υ つ 63 63 ?1 25 37 38 40 18 2~ 10 

24 14 J常L リ 14 4τ 70 70 '/0 58 65 b4 戸d、

。 lO5 109 '6? 65 40 44 48 :14 74 34 33 
26 27 ゐづ 7 3? 63 7G 70 70 58 65 54 

“ つ 6.1 6,j .j, 4一，訴Y 39 39 42 20 31 17 10 
5 64 ~)4 17 3" 18 、 8 19 18 20 19 1 ウ

、炉J 35 65 フ2 2守 33 :14 37' 15 l ヲ 10 
立 64 。4 争3μ今 21, 38 3[; 40 1[; 23 10 
18 、3 品J川~ 34 ハ30 40 一 :14 54 、)~) 40 313 弁ヘC. ，尚) 

3 18 18 13 22 18 18 18 19 23 20 1 日

根室量郊 fEij;iとはイモlj1fなり i二げな'.;，土.I$iブ治ロックサンプリングij~があるが， どの調1守:~(:， ，;土ト主義!lfl(;'L ， iH;僚

からの沼南t 傾斜のと下， 友右など， /.水ドk、平口凶灼t守J • ~浮F今:ï夜良 f的η巾;だと叫4根長議がわかるよう』κピとザてウ，\設、夜交百計十 3 才れしい7た之r戸土j

;ブプ7アうリ ングj法玄を f丹11れしい、 fたこ。 戸オ土i上壌J姦ミブブ守 I口J ヅクの F街d積;は土 l約句努窓訂的凶8弘i 悶P宗滋r弘えゼ主q妹味本求Aてづ3 けを[しノナたごものを f民立いると， 五時 115ネ;の根滋

にほぼi尽くなることがわかったο 乙の方法によると， ;1件~ヰネi'本iド(?~ラ分}乙のE乙D一)、川点必根Rくd1良:‘.(は立T幻予

る。 1色二t壌哀♂の〉表!溜議郎で:は立令 1玄主たh納可引し、根系 iほまど絞f匂ミ手愛~~の分!散法が小さく心， _...-~イうÎ定Xιι~仁f約11削?引j皮j又2 て工でJτ;挺佐必i定主する:にご:は土小数のブ 1口司コt ‘勺ソク

をサンヅプ匂リングすれ;ばまよいが'絞 fA'介、体:をサンプリングの対立3 としか場合，危険水10忽~ ~;公認の 10犯の設

設で終分のl長;患を捻丈立するには 5 ~'vl0;.与のお笠木を選べば十分であることがわかっ允。プロックの会長会

11mりト~v.y る ζ とは多大の労カ会裂するので，その半分校サンプリング、すると労力は公法サンプリングの60

必殺!おこなる。 このI見合?傾斜の下f慢のflilJ誌は I:.\"おより 20;1) üHJ芝多いので，信L刊に沿って分割する

がよいの傾斜0)定:tj"では絞殺のiJ.~;{まなかっ fこの

いて小叙の[，，(分には時，部がかかるが，上ヒヰf:1立法令mいる ι 容易に絞;えを訟法 i々 でお:)立する

ことができる。前九桜と小浅11えを続皮切汚でiitだするためには5 資料 U:.スギでは 110g でよかった。 ζ の

m: r立小径十三とけl'[l':波，分散が:ミなる itj務と?と lと jij11かめられた O

つぎに腕 f~'jjlざ筏， t!iぷ5などの変数止して奴j迭を求める数式の府J!誌が決3、tðtìノた ο

計算しやすいのは潟f;ij;ザi窃;t~，i を変数とする…次 1だであるととがわかった σ

J. 
」

カs}f;三割令1"tψイ A併につべ ,.....:) 

くて，
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Appendix 

Species Stand No. Local No. 
Stand age 

Years Area 
江12

Trees 

C. ja知的ca S. Onokoyama A ヲ 178 51 
2 1ヨ 23 270 5 白1

3 C 21 263 73 
4 D 34 -つ>54ゐ 3凸

5 E 45 378 dハむーd

6 F 28 200 50 
7 G 34 270 65 
8 H 2ヲ 203 55 
9 i 15 462 40 
10 1 48 400 79 

。neyam乱 A 自 327 ヲ5

12 B 21 244 45 
13 C L 今 7 456 Q〆、EPJ 

14 D 20 351 74 
15 E 2ヲ 471 58 

16 F j8 286 42 
17 G 4ヲ 630 40 
18 Ak羡a A 32 549 45 
1? B 32 4¥6 47 
20 i C 32 382 51 

21 Yasato A 45 187 44 
22 Chíb註 A 314 69 
23 B 141 4ヲ

24 C 41 127 55 
25 Obi A 21 509 47 

26 B 25 727 61 
27 C 31 698 ij 

28 Oneyam司 γ 24 286 50 
29 Obi D 17 324 50 
30 E 40 131 60 

31 OneY2cm乱 H 33 609 79 
32 I 62 号 81 60 
~)3 J もZ 875 95 
34 3ζ 29 513 /3 
35 29 634 87 

,36 Iぜ 28 418 63 
37 N ぺ白ム勺 42.3 68 
38 。 22 142 25 
39 P 40 546 67 
40 Q 40 570 99 

4¥ I完 22 412 80 
42 S 508 12¥ 
43 T 1/ 204 46 
44 む 17 108 28 
4"' Yoshino A )0 ,37 45 

場 1 H. B : He�ht to the first main branch 

*9 Site index : Estimated height of 45 year old tree. 

Followlng yield tables were used for estimating site indexes. 

C. jaj切符ica : Y�e1d tabJe of Norlh Kanto and Abu註uma distr�t. 

Cl" obtusa : Yield table of Kiso district. 

P. densiflora : Yield table of Iwaki district. 

L leρtolepis : Yield ta ble of Shinshu distr�t. 

Table 1. Table of 

Inv巴stigated

i'I、reeE1i11EigI11 H網 B*l
m 

6.8 1.8 
13.3 
9.6 5.3 
16.2 10 亀 O

19.3 13 噌 5

8 , 3 4.8 
11.5 8.1 
15.4 11. 0 
15.7 8 , 5 
12.8 8.0 

3 ‘ 1 1. 0 I 
13φ4 

11. 5 6.1 
8.9 ~，. ,] 

15 , ~) 

18.0 10 唱 9

21. 7 8.9 
18 , 6 11. 5 
).6.4 \0 ‘ 6 
12.3 7.3 

10.6 7 , 2 
20.6 17.8 
14.5 11. 4 
10、 2 8 , 3 
10.1 2.4 

12.8 3.5 

:Mi 6 、 6

12.8 7.5 
7 守 1

18.2 

18.9 
26.5 
19.2 
12.7 
17.0 

iO.4 
12.5 

o 
21. 0 
16.0 

13.5 
ー 2 ， 0
10.0 
札口

5 ‘ 3 2 , 0 



森村、~tnNのおどおり「る似系の機i1'~ オゴ d、び機:.1包 1 (苅tr: 常
in可μ

a� th日 i.nv日目tigated stanc1~3 

3乱mple st:and per ha 

Site 
1、ree.

D.B.H Basalarea γ。lurne
"1コ)tal

Volume index料
densityア Soil type 

じm cm2 tnZ Trees basa.1 area 
1113 index枯

打ドE、

8.8 61 0.024 ?857 17.4 68.6 2久 3 O. ~i' 3 BlE 
1,}'.8 249 O. ム 68 �.887 .0 ぶコ .0 21. 7 ().652 BlD 

109 い ObS 7吋，、7l、J f、ミJ什 ウ , 52.4 17 , 0 0 , 482 B1D(d) 
20.7 335 0.2�'0 、l ， J60 、 4,).6 367 ‘ 1 19. -1 0 , 600 B1D 
23.6 A39 0.4W 95C J89.S :ヲ43 O. 1 ヲ BID(w) 

11, ~) !05 札口50 2 ‘‘ [SOO 2己 .J 品 2f_l.O 。‘ 423 1ヨiA
14 也 2 160 。唱 2 , 407 38 ‘ 5 252. 7 1;3 , 6 ハO. ~、え， 75之 Blc 
1tんみ?， iJ O. ?04 2 , 7CO bdi3 ;);;0. 日 20.7 o ‘ 898 

13lD(((wdd>) >20.7 337 。 275 心86寸Jイ 「ょヲ .1 2:37 司も 15 、 1 ()時 3131 BIむ
16 , 2 .208 0.149 . 1 294.3 ω;. t)、 。哩 585 Bl� 

4 , 9 ノ 19 。，， 00己 つを日97 に、〉 14.5 23.0 。.122 ，Blη 

18 守 4 267 C. ,l33 1, i>14 <19.2 3:37.5 23.4 。目も;1'2 BlD(w) 
4降 r、5. 8 口A 〆6 C¥ 1 円 4 …) 08~:.~ '40.8 237.5 ハt乙 ιλじ r み 0.59ヨ Blo 
1. 2 仰。 lLJ O. OS~) 107 24.2 11 9 16。之 0.382 BID(d) 
24.0 151 ()、.3ó8 1, 214 51 , 8 44β.8 20.S 0.682 おお

22.7 40丘 0..3/4 1 ，む5 5久 5 547. ヲ 22.0 O. '752 B!o 
36.4 1.042 宅 L勺J 句A 634 66.1 717.1 つ0.6 0.703 lヨlD
26.6 (). Sl。 日 19 Lゅ J、毛，‘ 4 "11 7 調 7 2:，仁 4 0.545 BE 
2 品切り Vミ刊E 只υ 0.237 1, 1 つむ ~3f仁ヲ 3 勺3.7 20.6 。.510 Bo 
18.3 265 0.172 1, 3:j;j つ5. :3 22ヲ.，) U~). 4 0 ， 4口之 BA 

1: , 8 ]10 0.0ら己 dハé ， 心ハ ハJ f心~;5. 内プ lt)5. 1 10.6 O.4lh BlD 
23.1 41 ヲ O~404 2~ 193 。1.ヲ 886.0 ‘ 8 L 158 BE 
13.9 162 0.123 3)160 52. 己 425.6 15 ，昼ハ'v 。理 798 I至。
11. 2 99 。φose 4)29゚ ij2. {二 2-49.3 1 !、。円v 0.697 BA 

328 O. 噌 70 り2L3 30.3 15�. S1 匂f ， sur O. .398 !゚D(W) 

3 4JつにV 0.278 日38 36.6 勺‘つJ 、つ3~ (ノ、 19 , 0.4',9 おか(w)
.27.6 円。ヲ 0.450 6/3 40. :3 9 18.9 。砂 475 BiD 
1 2?ヲ 0 , 162 1, 750 40.1 :28孔 5 岡 2 O.S6� B1D 
12.2 ¥ 17 0.045 1, .541 18‘。 る守， 8 15. ? 0.287 Blv 
υrコ6.0 , むよ日 0.826 t15゚ 16‘ 6 378品 3 ふ 9.8 0.498 BlD 

24.4 468 0.433 1, 297 60. 7 5己7.0 r 、 、ハ;. /. 語十 0.701 

EEle <<<((ddwwW>) >) ) 
~)8. 0 ‘ 13< 1.110 611 凸守也 3 862 , 0 つ2 ‘;、 C.664 BID 
ヌ6.8 564 む回 1., 083 61、‘ 1 ;'92.0 1 毛も '，.1. 己77 BID 
J 6. こ06 0.153 lj 423 :;~よ 3 219.0 17. 1 0.407 B1D 
lS.8 196 ハO~ 1:39 1, 372 2ら.9 191. ~、 22ψ ヲ 0.395 BID 

1 C,. 2 :日 l 0 , lC6 1, 507 んつマ，. υ つ ! 61.2 ].1, 4 。‘ 386 BlD(d) 
17 , 3 235 。φ16.2 1J 608 37 , S 239~ 8 1 2 1, 1) 。弓 510 BlD 
18.0 254 0.1 ヲ凸 1. 761 ? ヲ 2:3.3 ().607 Blo(w) 
26.0 531 つれ ~-)27 1 、 :0:27 65 , 2 ハb/バ一J、 .0υ n n、り 0.7っ2 B!o 
1 ヲ倶 O 284 。‘ 263 l ‘ 137 4 、〆J 物 f日pι 4己 6.7 17 、、 0.643 B!D 

18.6 272 。‘ 203 1 ~ 94 ふフゆ v亡ふつ o り 392. 23唱。 0.681 BlD(W) 
13.0 133 O. C9t; と 38.2 3L? 223. ! 20.2 O.4B6 Blt< 
11.0 95 ()電 052 ??255 2 も 4 A 唱1t一叩ア ‘ ノ つ q 0.358 BlD 
12首。 113 ().()己 1 つ'"、~'~9ノ、3 29.3 .6 19 , 7 ()骨 46 :3 .BlD 
5.0 20 4 つ?1 0": 9 24.0 78，ア づj 、っ'.つu O. f)J;:~ Bn 

*8 Density 咊dex ; Rat� of shmding trees t� full dcnsity calculatcd by following equ品tions by R日LNE託E'S method. 

C. jOjりonica stand ; log N，郡江 L 630710g D十 5.5010

Cho obtusa stand : log Nm ,. .....1. 356:,!og D+.[;. 1:3自5

P. densìflm四 stand : log 1\/m. 口一1 ， 63831� D十 5.3330

L. /eptolcP�s stand ; !og Nrn." …1 咽 727310g D + 5. :1'773 

N批: Trees per ha in full deus咜y 

D ; D. B. H, cm 



- 92- 林系試験場研究報告第 259 号

Appendix-Table 1. (cont�ued) 

1nγestlgated 

Species Stand No. Local No. 
Stand age 

ITre己 znheight Years A刊誌 H. B 
日12

Trees m 

C, japo抑zca S. 46 Yoshino Iヨ 15 80 55 7. 1 3.7 
47 Jν ョ、 1 ヲ 102 46 10.5 6‘ 6 
48 D 24 212 73 J. 2~ ~i 7 岨 4

49 E 31 156 40 14.5 8. 1 

50 F 4,5 25.1 39 1 18.6 n.8 

5] G 5 一一L 348 46 21. 3 13. '7 
52 日 60 714 70 21. 9 10.5 

Ch. obtusa H. G思ro A 10 142 44 4ゐ 6 2.3 
2 B 18 232 48 7‘ 7 5.8 
3 C 28 104 16 12‘ 8 10.0 
4 D 38 5 フZ 51 13.0 10. :3 
5 E 48 901 74 16.9 12. ] 

6 28 293 51 7.4 3.6 

7 。YI旦IEsyataon1a w 31 265 46 13.5 vdr?- ハ" 

B B 38 205 4:3 13.0 7, 5 

P. densiflora A 同 Takahagi A 11 42 42 5.4 3.5 I 
フ お 19 400 200 ヲ.3 �.5 
3 C 36 230 40 12. ,3 7.5 
4 D 38 400 42 16.3 13. 1 
5 Okayama A 16 1 ょ 9 8ヲ 4. 7 3.0 

6 B 16 25 56 1 ヲ 1.0 
7 Meguro A 5 60 15 b, 1 1.4 
自 Komoro A 35 370 37 14.0 8. 7 

9 Yas呂 to c i 35 392 49 12.6 8 , 6 
10 Masi.ko A 18 73 155 5.8 3 , 1 

B 18 75 6ヲ 6‘ l 2.5 
12 C 18 53 24 6.0 1 砂 9

P.th現3時bb拙eγgii 13 Meguro B 5 60 15 5.6 :‘ 4 
P‘ stγ'ODUS 14 C 42 lο8 12 10.2 8‘ l 
民 th側bergii 15 Izu A 、門J 112 45 1.1 。‘ 2

P蜘 taeda 16 B 3 112 45 1.9 O. 4 
17 

18 I CD  3 112 45 2.0 0 , 6 

L. leptolepis K. 1 i Tanzeyama A 51 ヲ00 74 17争己 ヲ.2

2 i B 51 1, 000 107 11. 8 6, 7 
3 C 31 414 70 11. 7 呂。 1

4 D 31 759 97 6也 4 4.6 
J Nobeyama A 47 223 47 ヲ. I J. J 

6 A' 48 i 450 55 7昼 O 2.3 
7 45 402 58 11. 0 6.4 
呂 48 932 71 10. 1 
9 47 438 59 12.6 7, 1 

10 ! D1 47 311 45 11. 7 7, 4 

11 E 47 603 57 17.0 10.4 
12 47 146 42 14.7 8.4 

Iす 48 612 、。P戸占3 巴ο司 19.2 13.3 
14 Komoro A 33 482 41 17.8 11. 4 
15 じeda A 44 377 3S 17.2 11. 4 

16 E玉 44 44ヲ 49 l フ.? 7.3 

C 45 230 36 14 , 7 10.3 
18 D 45 611 6] 18.4 13.2 



おける

告白丹1Ple stand 

D.B.H B乱salarea Volume 
cm じτn2 n1'l 

Trees 

7. 1 40 υ.970 r 、 r唱、sλ}(、S~之J 

10. 1 之助 3<\0 久 503
), 2.5 123 6‘ 560 3)433 
16. 1 2C4 6‘ 250 Lハ盟、557

21.8 3?3 l'人 1‘ 557 

2:3.7 44¥ ;,2.0 'ÕO 1 ， 32ι 
28.:3 62守 18 礎 'í60 980 

f. .j 4 つ 0.0 占 i Jy086 
11. 5 104 0 , 042 2, 066 
H3‘。 254 0.171 1, 538 
ld.7 274 0.187 9?? 
23 , J 427 0.:368 呂つ 1

10‘日 91 0.03 己 1} 736 
、l.~.. 162 。‘ 1 ~ 736 
12.6 );,6 。、 091 2 , l()O 

5.5 ()"OG7 000 
9~ 0 63 0.033 び)0

15.9 198 O. 128 1 ， 73γ 

19♂ 9 311 0.267 1 ，(、川人)()υ 
5、，イuミ ?勺 O.αコ3 7 , 417 

4.6 17 0.001 Aコ o円u 

4.8 l 日 0.006 ずハUハu 

て1. 4 361 (), 2S0 ], cco 
17.1 228 O. ]44 1, 250 
4 潤 7 18 0.00'5 21 , 2()0 

6.4 32 0.0¥0 久 1( 日

/ .ヲ 4 ヲ 。‘ 012 4~50ヘLハJ 

5.4 4勺ι 、つJ o‘ 008 2、 500
11.0 154 0.088 
1.0 i 4.0ぐの

2.0 3 4~()C心

2.3 4 4, 000 

20. ヲ リつιλ:t u勺 O.ι21 822 
16 ‘ 2 206 ()q 13� 1,0/0 
15.3 183 O. 115 ヲ33
10.4 86 0.032 1.520 
lO. 7 ヲ0 0.044 2, 100 

10.7 92 。A 040 1, 221 
]2.8 128 tハJ. ハU作[，j、 1.4-'10 
14.6 169 0.101. 761 
14.1 15,5 0.106 1 ~ 34? 
14.4 ん lι3 O~ 10B ]. ~ 445 

19‘ 9 310 0.271 945 
ふヲー b 297 C.248 563 
21. 6 367 0.353 も6::ユ
23.2 422 れU。、勺369 〈ハ50ー Uハ

20.6 3:32 0.285 92/ 

18. 己 271 O. 17~") 1 ，ハ089
1 フ A 238 0.164 1 ，ら己 3
21. 0 ~;46 0.2ヲ4 997 

per .ha 

'fotal 
ba.sal area 

ru2 

Fフ1 ワ~ . ",1 
3ふ円

42. :1 
、fkJ ，/FJ、. ... 

S8.1 

f.)8 ‘ 3 
6 品‘ b

13‘。
2 ム笥 5

39, 1 
26 , 3 
35.1 

15. S 
28. 唱

:ィ己.5

24.0 
3:' 5 
34. " 

16.3 

38.1 
45.0 
36.1 
:28 , 5 
38.2 

4、:9. 1

22. ! 

57.5 
17 担 l
O.ll-

1ι ‘ dつA 

1.6 

28.2 
22.0 
17. 1 
13. ! 
18.9 

11. ; 

U3.4 
1:2.9 
20命ヲ

23‘ 6 

ワ久 3

16.7 
31. 7 
35. 守

,JO.8 

29.5 
~j7. 2 
J4. r-j 

w 

c>、

Volume 
れ1 3

t 戸川 3 

229.0 
3'09.0 
400.() 
580.4 

633.3 
678, .3 

33品 9

86 ‘ 8 
272.2 
182.7 
302. 1 

62.5 
ぇ 97. ヲ

70. り

190, 0 
222 , 3 
230時司

59‘ 3 

22 町 41

2~)()‘。

180.0 
10ι.0 

91. 0 
5400 
20.0 
ヲ 7. 己

263.9 
145.5 
107.3 
48.6 
ヲ2.4

48.8 
.1 O~). 1 
76.9 
142.8 
156. 1 

256.1 
139 ‘ ι 
305 目 3
313.7 
26ι2 

190曹 6

256.3 
293. 1 

1 (ま F 明 93

Site 
'I'rε日

index 
d記nsity So� type 
index 

17 , 8 ()o ~)34 B1) 

20.2 0 , 603 lヨB
19. " 0.665 BD 
18.J 、ハJ ， 町4 ム内川1 Bc 
1よ 5 担 6 0 , 716 BE 

20, 0 ()且 70己 BE 
19.0 Cl. 671 BD(W) 

18‘ 2 0.331 BD(d) 
17.6 0.414 BD 
18‘呂 0.566 130 
15.0 。‘ 379 おD(W)
16ん o ().429 13D 

11. 4 0, :3.20 Bn 
18.6 0.412 B1D 
UL 9 0.4/7 B1D 

l 弘 2 0 , 758 

BRBBEJrtIhMeJ(BCdddO ) ) A ) 
16 , 6 0.850 
13.8 O.7t)() 
1 '7.4 U.655 
唱 1 他 4 0.529 

6 争 6 1, 268 Er..B 
24 , 0 。.152 Hlo 
1ヰ 5. (、コJ O. 703 1310 
ム 4.2 。， 603 おか
る1. 6 1.つ43 BA 

J.2.0 0, 884 BA 
J 1, 8 仏 618 BA 
24.4 。.1134 H1D 
10.4 。.3S9 も:fn

0.019 B゚  

0.058 BE 

0.073 BD(W) 

16 ‘ 6 。‘ 647 B1D E 
11. 0 00534 Blv--E 
14.8 0.426 B1E 
8噌 2 0<408 BlF 
〈よ o U〆、< :)唱L 、J BlE-F 

も. e. 0.307 Bh---F 
11. 0 0.467 13IG 
ヲ.8 0.314 B1D 

1 つ .4 O. ,:33,3 H1D 
11 令 5 O. :)85 日ln

16.8 C.682 BlD 
14. .5 0.389 Bln 
18‘ヲ 0.715 BlD 
ワ 1 ‘。 0.814 BiD ,7.4 O. 74ヲ Bln 

12.7 。る99 11Jp((d>]
14.7 0.807 BloCd 
18.4 0.811 おID
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(continued) 

In可日stigated

Species Stand No. Local No. 
St旦nd age 

ITr巴e 11b1 eight Years Area 
Tre巴S

H.B 
立l自 打1

L ‘ leþtoleþís I心 1.9 F 吋d 、LーJ 556 43 20.7 13.7 
20 むeda F 45 788 35 23.6 15.4 

21 G 43 499 33 22.6 11. 8 
22 H 45 809 53 21. 5 14.8 
23 1 52 188 52 10. 1 6.8 
24 3 Uァーぷハ 7一》ザ 一て令'1 44 15.7 8.9 
25 K "2 315 44 13.5 8.9 

26 L 5乙A 323 68 ヲ.ヲ むf ぷr、

27 M 50 579 ~12 16. 1 9.9 
28 N 51 1, 114 42 21 験自 13 , 6 
つヲ 。 53 347 40 11. 2 5.8 

Ch. 争isifera M Yasato A 38 i 171 36 12.0 6.5 
2 Eo4ke旦gYuarmoa C' 57 1 も0 10 14.4 8. ~1 

E恥 globulus 3 C 9 288 32 15.0 10.7 
Z. 邑邑γγ'ata 4 Oneyama X υr、 υに 539 97 15. 1 13. 1 

A. fiγma 5 Y 20 168 37 8.1 2.0 

T.c品陥:dellsis も z 38 296 46 12. 守 6.9 

A. * 7 Okayama A' 13 呂 7.4 3.8 

Q. * 8 No乱byeyama11且1乱 C' 34~46 932 11 7 幽 5 1.8 
β* ヲ C' 19~ぜ39 932 16 7.7 3.2 

B. davur�a 10 C' 32へ---40 932 。〆 呂曹 6 3.6 

Appendíx四Tab1e 1 調

β。本酔 β闘 iうんdyþhyUαv. .11α戸onicaQ. キ :Q. 慨ongolica V. gγosseserγαta A. * : A. decurrens v. dea!bata 

Averag巴 part biomass of Table 2. Appe:ndi耳

Above.ground part 

ぐTotal

Volum巴
cm3 Species 

4, 5221 12, ,564 
8} 5871 65 , 45 :3 
3, 1961 18，ヲ05
i4 .6 7fíI133‘ヲ79
14，川山5j

7, 026[ 271908j 
7, 193! 50, 868: 
9, OJ3j 69 ~ OJ8j 

16, 4451 97 , 2691 
8, 7971 62, 6891 

004 
363 
483 
259 
238 

1, 676 
240 
206 
219 
34-5 

91 
702 
5守口

419 
1, D50 

守司 0

17 , 5 
10.0 
20. � 
24.4! 

1 1.制

1 ().今
17.2i 
19. ヲ:
16. 11 

5.21 
17.51 
14.51 
12.1 
27.7 

に
。
只
U
m
h
o
t
j
v
m
k
o
人
「V
U
μ
J
V
戸
川U
ζ
d

8
8
3
m

目
立
。

ー
ム

-
a

つ
ム
つ
U
〆
勺
口
、U
A
U
7
4
Q
U
Q

ノ
ハ
U
1
A

つ
μ
つ
u
A
A
U

，

O
Y
A
n
k
u

1

1

1

1

1

1

1

1

1

 

S 。C. jajJo珂ica

2, 4101 321 ， 83911 つ2 ，
42811~ 191 ，ヲOSl438
34S1 645, 2991165, 

s 
8 



sam ple stallcl 

。， ß.n Ba，、éil 孔r刊号

crn cm2 

二 7 "ー é つ
27. 己 S99 

4 。:)己

24。 t59 
13.4 141 
12.8 410 
la ‘む 27-3 

11.\ ‘ 4 1M 
36:1 

ワ d ， 6 る45

15 ヲ 山00

13 曜 2
238 

15.0 177 
15.5 188 
14. 1 156 

16.4 211 
13.1 ¥:)5 
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Appendix-Table 2. (continued) 
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A. fin叫d

T. cana尋問sìs
A.* 
Q. キ
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Photo. 1 The conditions of the investigated stand 

1 1. L. lejJtoleρis stalld K 

28, D. B. H 29 cm, tree 

height 22 m , s�e index 
21 , density i日d巴x 0.5. 

Photo, 2 Classification of root 

2--1. Large, very large and root 
stock of C. jαþonica. Inclination 

of root growth is observed 乱t

the bas巴 of root5. 

2--2. Root class of C. jalうo111 1'a.

F匤e Small Med匀lm Large 
root root root root 
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にむけるぷ外主およ、び機11己 1 O:;{J) 一 Plate 2-

Phot仏:3 Method for measuring root llÍomR呂S

3-2. Digging: up of e以 11 soil 

blockゐdiggíllg hor.izontal dîvト

白iO!1 2 of hoτízons 1 and J1 � 

ム Le戸loleþis stand , K 25. 

Photo. 4 Measurment of root biom副島

4-1. C. ja向mù;a S 17, tre巴 No.7， D. 
B. H 48 cm, tree h巴ig;ht 25111, above. 
gれ)und part biomass 914 kg , under. 
誌round part biomass 253 kg', digging 
up horizontal division 1 of so匀 hori. 
zon 'v人

3 -1. Horizontal di.vis卲ns b巴fore

di;之宮 ing' U f¥ c. jajうonica stand 

S 15 

4-2. C. jajうollica stand S 2, D. B. H 18 cm, 
tree he刕ht 13 m , digging up of (主札口dl彰
of horizontal divi日ion 1 of soil horizon 1 、
Cutt� ng off t11e root in soil horizol1 L 
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4-3. Pick匤g up the roots from th巴 soil

011 the mat. 

Photo. 5 Measurment of root 

biomass by a half 制i1 block 

楠mpling method. 

5-1. Diggﾌng up hol"ﾍzontal 

division 1 and 2 of soil horﾍzons 

1, U, and m. 

4.. 4. Root sarnples t.aken out from the 
soi.l before classifing roots. 

Photo. 6 Root hairs 

4....5. rャ，1eaSUfIll e.nt of 

root b�rnass. 

6 -1 帽 Root hairs of P�ea jezoe叩sis

v. hondoe抗sís




