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ド~n.n廿nary : The .fine root denslty was h刕best {n the surface 501!. The dens咜:ies of the 
悶atu1'ed stands were obont 200 for C. ja�oilica and L. lrjうtole戸 is a bout 400 for Ch , obtusa 
and about 40 for p , de叫sZf"lora ; and tnose of the dosely plant匤g or dry s t:ands, ],000 for 
C .íapω!ica and Ch. obtusa, 400 for .!へ deHsi/toγa ， and 300 for L !ePlole�is. Compet:1ti� 
is consid.ered to absorb nutrltion and water jn such a case おら high root den剖ty ，

The 1"oot surface area is �e of t11e factors d�ectly reJating to t11e absorption of watcr 
and nutrieni:. The area p剖 t 1'oo 羽 t the basal are品 of 500rn2 .was 22rn2 for C. jaþon町α，

3fi m2 for Ch. obtnsa, 9 m2 for 1'. dellsi/loro, anrl J[i m 2 for L. Üφtoleptふ Ch ， obtu.sa was 
largest 絜 tbe surface area of ahsorptîol1, and P診 dcusグ[0ダ a ， smallest there, 

The root surface are品目 er ba is shown as f01l0W8, w11ere it is almost stahilized in 
the mature stand: 1..5 ha �()r C. ja戸01lica ， 2.5 ha for Ch ‘ obtusa, 0.5 ha for P. de l1sijlo1'a, 
and ],0 ha for L、 leþtoù少is， It was much wider for Ch. o/!tusa than any oher species, but 
for }ミ del1S~fioYαit mted low , Th� explain, that C九 obtusa 1S abundant in the Hne 
roots which oceupy the greater parts of thc absorptive surface area, alld p , de1!s�lora 
18 not , 

The variation curve of the root smJace area to the trec size cmne up to the max�um 
valu8 in the 20 t:o 2 ，γyeaf..old stand. To dte examples of each spocÍ<司; 3.Oiha rorζ\ 
ja戸onir:a 1 :3 ha for Chι obtusu ， 2ha fo1'.lミ dei1siflom ， and L"jba for ム leJうtoleþis. This rnake只
clear that it has the tendency t� increase more clearly thaね the ro() t biomass , 1t can 
be estlmated that the increasin宮 root 日江face area has an infl.uence on the grovvth of 
the trees throllgh the increasing absorpt卲n of water and nutrienL 

The root surface area per ha differs ;n the stanrl density and the site condìtion , 

According 1.0 the table, the exampJes 絜 the conditions, such as the dry solls and the 
m窗imum stand densíty, are as follows; 4 ha for C, jaβυ ntc仇 fjba for C丸 oi;! usa ， 1‘ 711 a. 
for p , de Jtsi/lora, and 1.2 ha for L. le戸toleþîs. fn the conditionsf sucn. aぉ the wet soils 
and tho maximum stand density, J..2ha for C. juþυ l1 ica ， 2.0 ha for Ch , uhtusa , 0.4 ha for 
P. de'isif!Ot.u , and 0.6 ha for .r, leþ!ohノþis，

The ratﾎo ()f each part to the wh01e roo! surface area is highesl; 匤 fjne root5. For 
e瓦anlple. it was 585話 for the fine roOt3 and 1.6% for the small 1"00t5, of C, ja戸O}"IÙ α. It 
follows therefrom that those two 1'oots have a big part of the whole 1'00¥ surface area 
as 1S the case. This was alike in the other spec印私 Particula r1.y, they had 835話 for Ch , 
obt払sa which was abundant ln the fine and the small roots、

The greate1' parts of tbe wlw]e 1'001 biornass were the accumulated parts of large [oots, 
very large roots or root et川:ks ， hut t110ぉo of the whole root surface area were fine roots 
and 5lnall root5 which Ch311ged with roots W01也king‘ Accordíngly ， the root surf�e area 
must be l1sed in this respec1 as an iudcx of 昌 bsorptìon l'i1thf寸 than the 1'oot hlomass、

The vertical dht.dbntion of the root surface area in the stand of each spcdes is 
shown in .T'able <18. It 1S conceivable that nutr.lent and 官ater should he t3 ken in from 
each soi1 horizon almost hy such a ratio as shown Ihεre. That of each spec福s to the 
total ahsorption in the soil horizoJl :)0 cm deep helow the 剖lrface hofﾍzol1 � the stands 
of the basal area of about 500cm:J is as fo11ows : 59% for C. jaρrmic(I， G996 for Ch旬。btusa ，
57% for P. d(!1lsíjfrna , and 73% for L. leþlo!eμs. '1'his 四plalns t:hat the absorptive 
structures are maldistribu.ted to tbe lower so匀 horizon much more for C、 ;0初日ica and 
p , den吋/101'(I than for Ch , ob咊sa and L. [e�t�e�is 

The ab引一世ptive structure indexed hy thot area was rnaldistributed to tho surﾍ�ce 
hOr1zon 匤 the 匤fertile and dry sìt巴s on the residual 50;]' wﾎlh the thin 5urface soils 01 
of the heavy wet 剖(e5 ， Those rat犱s came up to 紛~∞労 )11 soil hor荢ns 1 and II. At 
the same time, it was observed that the dead fine [oots caused the absorpiive structu問
to decayed in the heav y wet 訪ites or in the deeper soi.ls with bad aeration , 
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1 IniroductioIl. 

1 

E総eCωonc必1下18へ)ら，“‘啄I及主00抗七 b悦コえ1(ω)刀}江rr口laSS ar恐ld distribut綷n i加n 邑ωta註 t紅.ldsη of th巴 p1'es巴nt th邑邸si為sw巴r巴 a11'εa(向iちy r問阜poぽrt旬邑d

in口1 th巴 r巴port防呂 Oぱf Go、vernm泣1己nt Forest J芯:1J瓦託 p巴riment Station No. 259 and No. 267. てl'he relations 

between root densit:yア且nd env�onmenl:al conditìon, and the problems on 1'oot surfac巴 area are 

teported i11 th﨎 th叝d issu巴.

Such C011C邑pts as root density, abso1'pt�e structure expressed as 1'oot su1'face area，記tc. ar告

very 匇portant to analyse the production 01' g1'owth of forest, or 1:0 know the r記latio11 betw牢記11

the site cond咜ions and the 1'oot system. 

1'his repo1't v巴rifìed thes日 p1'oblems on the data of the sample stands used in Report宮 I

and II. The reader may refer to this report \\ペth them. 

立録。ot dCllsity 

When 乱 comparatiγ日 study 1s made of root biomass at every 8且mple block between eith記r

trees or stands, the m開sured 1'oot biomass can not be used as such b記cause e乱ch soil volume 

containing th巴 γoots of 悶ch tree or stand 18 different f1'om 巴ach other, 1n this case, it is 
判部ible to halt this inconven冾nce if the root biomass 1s to be 巴xpr記ssed 出 a root w巴ight per 

investigated soil volume, i. e吋 the root weight (dry weight) pe1' 1 m3 of soil as the root 

densitv10)l211ß) ‘ 

The root density i8 c乱lculated from hoth the 1'oot we�ht ln 己ach 01 the horizontal and the 

vertical 80i1 blocks and the volum巴 of a so� block切 1、h 即日rage rωt d忠良sity in 拍ch llori,:011 

of 8t陥ds 1S similar to the root bioma8詰 per ha. But as shown 1n the S l1~S 17 stands, the 
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so�1 horizol1s arc dUfer日nt in depth at th忠告乱me stands , So tl1巴 root hiomass per h乱 is t卲t 

c口nsid巴red to be the saJηe as :root dcnsÍty , 

PredE，己ly hecause the arcas d�fer usuaHy by tr巳巴 density， it 1s very df日ctivc

1'0 convcrt th位)1or}zontal clistr兊utions of roots 匤to thc root density 凬 comp日γí8011 﨎 Tllado 

bet¥voen the stands' locations in l!odzoぉ and 1:ho root hiomass , 

The dlstr�ut卲n of 1'oot bi01nass w品s analysed by n5�g root de口slty， t110ugh 

th1s w日 s douhled 匤 1:11e part 01' 100t: biom乱誌に:) to sonl己 ex\en 仁

1< 仁 derwìty 﨎 diHerent by the s坥e 心f tr日記， tree clensity , and so匀 conditicIl. A,nd 匤 th忠

告Hfnε51:丘日cl ， 1t is different both in t11e so;l hor�ons and �11 thc hor.izontal posit�ns f1'om trecs, 

'.fhough it I゚ poss�le to eXi¥lnﾎne t110 dens�y 01' each root class, that (lf 呂 line roo1:, especí札口v

in the surface so匀 hむrÎzon (.h<江 ízon 1) , has an important physiolo乞ìcal and むcolog.i叩1

to the ,dxmrpi:ion of ILl1\J・inwl1t a仁!d、Nater二

The root dens� ty 口f 乱 fne 1'O� is highcst � 5011 horizon L 1n a dry forest , cle口so

and vlﾍth shallow snrfaCf、 soìl ‘ the root density becom巴s rem_arl五ably high in the same horizo )J, 

50 it causε出 çompetiti(1) for ab日Or:PÜOll of water and nutrìmcóllt, wh祥h hInders trec 

'1すl.e explan呂tîOllS ()f root den日ity wiU he glven hcnミínaftcr Oll each condition , 

1) Ve:rt�al changes il1 w申t densUy 

すh巳 roct denstty deçreas日日 quickly as the soil hoτlZOD go企s d日cpcr. In 1:110 ca日日 01' root 

blornass, the cu.rve of root b�mass cl�.str兊utlDn showed 品 warp betwoen hOr]ZOIlS I"" ,1I and HI, 

beC8use of the d凬ference of the volnme of th日 soils of 日ampling block But in thc casεof root 

Fig , ].,-} Vertkal distribution of root 
biomass in thc typ1ca1 stands , 

F刕. 1-:1 Ve1't�al d1stribut卲n of root 
dens咜y � the typ祥al stands. 

* Root density. 
昨今 Ratio of m偀 density to that of horizon L 

Fig. 1 2 Vert�al distrlb¥ltiol1 of !'()ot 
density 1 口 thc typi仁社j "t 日cl1ds.

$ヤムNO.

Fig , 1-4 Ve1't�al di品t1'Ì.butiol1 of Hlot 
densi ty i11 th巴 typk乱 1 stands , 
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density, root biomass is indicated as per volume of soil, so 1ts curve 罇 a gentle decreasing 

one制〈巴specially remarkable amOl1g fine to rn日dium roots). 

The vertical changεin root d巴n8ity wlth the tree gτowth hecame stable when th日 basal

are乱 got to about 500 cm2, as shown 絜 Fig. 1 and as applying to the principal stands S 5, 

H 5, A 8, K 21 , of the �vestigated stands. Although there was S0111e difference, th1s vertical 

change was di任erent 1r0111 that in root size. Those changes of small and fine roots, for example, 
、'1e1'e g巴ntl巴; th08e of large and very large root8 diffe1'ed with thei1' charaιteristícs of b1'anch蝉

i11g. The 1'001:8 of C. japon兤a we1'e r巴mark日lbly br旦11ched ln soil horizons n a11d IH. Conseｭ

quently , the叝 roo1: densities we1'e h1gh. The 1'atios to th巴 root den詰1ty in hor1son 1 w日r巴， in 

1:he case of the large 1'oot, 1.7, 1.6, alld 0.8 1n so匀 hofﾎzons H, llr and IV r巴spectively. l'、h1s

sp日cies had a great difference 匤 the distribut綷n patte1'n of root dens咜y frol11 Ch , obtusa and 

L. leptoleρis， the flat root巴d species, the root den百ìties of which were high i11 hodzons 1 and n, 

and low in hor� 20ns III al1cl 1 V‘ 1n the case of Ch合 obtusa， flat rooted, the ratios to th巴 root

del1sity of the large 1'oot were 0.8 all<ﾌ 0.3 匤 horizons II and TII respectiγe]y. Those of the 

very large 1'oot w巴f巴 0.9 and 0.1 1n ho1'izo!1s H and III respective1y. In th巴 case of L. leptolψZS1 

thos巴 of the large root w巴r巴 0.9 and 0,8 in horizons II and IU respect咩e1y. Those of the very 

large root were 0.8 alld 0.1 in ho1'izon8 n and III 1'espectively. In 品ny case, the� large roots 

w己re maldistrìbut配d to t11e surfac日 soîl horizon. 

ln the case of P. de持siflora ， thos記 of the la1'g邑乱nd the very 1arg日 roots were high in the 

surface soil hor1:wn. '1'h巴y were 0.8 1n horizon n al1d 0.3 in hor坥on IIr. The species has t.he 

same tr己nd 旦s the f!乱t-rooted species ¥n th﨎 respect. Howev巴r ， the dε己p-rooted species is cha1'acｭ

terized e羡her byア the fact that the dens�ios of the fin巴 to rnedium 1'oots arríve 乱t horizon XI, 

or by the fact that it has tap root8‘ 

The root density of the fine root i日 horizon 1 became lower 絜 the orde1' ()f Ch. obtusa 1n 

H 5 stalld (398)的， C japonica (224) , L. leptolepis (115) , and P. densijlora (36) ‘ P. de開siflora had 

the ext1'emely low r(Jot density 卲r its tre巴'8 size. 

1:、he decr日asing tendency of the hlle root d巴nsity acco1'ding to soil hor�on was 1110St reｭ

mark品b1e in P. dens凬lora of whkh the ratios to the root del1s�y in hor坥on 1 we1'e 0.22 乳nd

0.19 in horizons II and III respectívely, decreasing gradually to hor�on XL The maldistribuｭ

tion of the 五口巴 roots to the su.rface soil and t11e tap鍋1'ootedncss were two main characteristics 

of the 1'()ot system of P回 densijlora1l > F1'oτn tho view-po�t of a1sorptìon , P. densìftm内a has a 

cha1'品ct邑1'istk of shallow-rootedness. 

L. le�tolepis and Ch. obtusa had the second highest 五11e 1'oot density in hor・î:wD. 1. In the 

former, the ratios to tho root density 匤 hOI'ﾌzon 1 were 0.365 alld 0.130 in horizoD.s H and III 

respoctively. ln the latt己r ， I:hey were 0.3G7 and 0.178 in each of these 1:wo horizons. Thc 

ve1'tical changes wer巴 10th vory much alíke, out L. leptole�﨎 shovvγod 乱 mo1'e r日markable

decr巴乱5e than Ch. obtu.sa. The 1'oot density of L. le1うtolejうis d巴creased 1'apidly in. 1:h日 deep horizon 

to 4*3 (0，04)ベ and that of Ch. obtusa, to 47 (0.118). Th叩gh they aro both f1at納1'ooted， the 1atte1' 

has a char乱cteristic 1:0 deve10p the root syst巴m decper ev 日n in a comp乱ct and wet soil*5, 

本 1 Compare the vertical distribut�n of root b卲mass to the root densìty , in the stands S5 and H5 of Fig. 1. 
*2 This imlicates the root blomass (g!m:J) in the 50il of 1m3. Units are a11 omitted hereafter. 
*3 4: Root density. 
*4 (白骨04) : Ratio o� the root denslty to that in horizon 1. 
本5 Ch 内 obtusa develops the root system favourably in an aerobic condition, and. it has the high root 
density even 1n a compact and wet soi1 of the surface soil horízon , 
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'1守1巴1'atios of the i絜e root density o[ C. jajう(mica to tha1: in horizon 1 w巴f日 0，42， 0.27 and 

0.14 1n horizo!1s n, HI and IV resp印、tively. 'fhese rat�s w巴re a11 higher th呂n th08e of thrce 

other species. Hence 1t is that C. ja戸側ica is deep-rooted. 

In all speci忠告， the root biomass of the fine roots was maldistributed to t11e su1'face soil働 1n 

lower horizoロS ， it decreased 1'apidly. As conce1'ns the smal1品nd medium roots , lt illcreased 111 

1:he deep, so t11e decreasing curve 柿官nt gentlcr. As concerns the large and the very la1'ge 

1'001:8, .;n the deep , no inc1'eas巴、 but 咜 gathered in the surface. It 8トiOwed， howeve1', the thick 

layer's d.istri bution if comp呂red w�h thc gradual decrcase of '" fine 1'oot. 

2) Root den昌ity and 自tand growth 

1、he 1'oot density of e乱ch root class at every �mple soi! block va1'ies , a8 shown i.n Fig. 2, 

w� th tree growth. 

1'he chan諒e in 長 ne 1'oot dens i.ty , which has the closest. connectiol1 wit:h th巴 t1"巴c grc}¥vth 

iηeach soil ho1'ízon, 18 shown 匤 F1g. 2. Accord1ng to the iigur己， each 1"001. d台nsitv in soil 

l!or]zon 1 b位came highe1' with� the range ()f the basal areas ()f 100 1:0 200 cm2• Th乱t of Ch. 

obtus仏 as shown ln Tab1日 1 ， was fiOO at th日 basal area of 50 cm2、札11d that ぐ}J P. densijlora, 260 

a1: th旦t of 50 cm2 except )n the extremely lnfe1'li1e and dense stands. Ch , obtusa ancl P. dens�

flora had a. tendency to iIlcrease 1:he density of th記長ne root8 in !lo1・íZOTl 1 at 札口 ear1i巴r t�e 

1:han C. jajうonica. It 1s due ei1:her 10 !.ﾍle high tree dcns咜y these stands l1ave o{ to 1:11巴 fact

that Ch. obl却sa d�triblltes rnany fine 1'oot8 10 the fm1'face soil horizon 乱t a you日誌 stage

lf cornpared w�h C. fapo目 ica ， Ch. obtusa 品nd P. densifiora , L. loþlolejうìs do巴s not 8how an ìn仇

c1'ease ()f root dermity a t an ea rly stag日1\t the bas呂1 are旦 of 300cm2 , fo1' example , thc root 

(立tfkm 森林~t設の場における ìE系の!匁W~ と?抗告

S
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density increased sHghtly to 200. H was not clear whether it w旦s c且used by the charactristics 

of root distribution of L. leρtotepis root or by th日 mEぅthod of choosing sampl己 trε巴s.

l消aximum of root dellsity d1五ers by spedes届 Generally down to t加 basal ar開s 300~~400 

cm2, however, it increas吋 temporarily at an 巴arly stage, decreaslllg down to the almost conｭ

stant density. At a混乱rea of more than 600 訂正12 ， it becam巴誌 littk higher. 1n the S 17 stand, 
for example, it wω400 a t basal ar悶 of 1,042 cm2, At the basal 旦rea of 500cm9, whcre they 

became almost constant, they becam巴 10\ver in the order of C九 obtusa (400) , C. jaρonica or ふ

leptole�is (200) , and P. densiflora (40) (See Fig.2). Ch , obtusa had twl.c巴 as high a d阜nsity as 

C. japonica and L. 1φtolepis， and 10 tlmes th母 high density of P. densiflora. Make a comparison 

between th邑se densiti日s a也d those at an 世，arller tim記， arriving at the maximulIl , The resリ 11

18 shown in Table t As i8 cloar froll1 it, P. d側sìflora had 1/5 of tho maximull1, C. jajうomca

1/3 , and Ch. obtusa 4/5 , Hεnce it 18 that 1:he decreas匤g ratio of 1モ de向siflora was high, and 

that of Ch. obtusa 10w, 

The ﾌncreasing density of the fin巴 root in the surface soil ﾌs relat記d to trεe growth. When 

tho den8ity became higher in fertiJe horIzon 1 w咜h good aerad.on, 1:he above-ground p乱rt grεw 

vigorously (F竑. 2) 時 lt is cl ear th且t there was a close relationship 1:沼tween them句1'his

step is a 1ittle bit eadier than when th巴 le品f biom註S8 Ìn正 reases to tho maximum p巴r 乱1・eaキ。

And besides, at this stage, most m記長mil乱ted product is consumed foγ the growth of 五ne roots. 

Tl1e vigorous functions of absorptiou and assimilatiou promotes 1:h日 growth of both parts untU 

both root density and leaf biomass become constant to maintain a given rel乱tiol1 ship betw巴巴11

absorptiol1 and asslmilatioll. These facts suggest that there is a posslb�1�ty of root competitioll 

fcr absorb�g nutrimont and water at this stage, particularly in th邑 infertil臼 and dry s1te. 

Th巴 fine 1'oot densﾎ ty decreased 1:0 b巴 co工lstant 乱t th日 basal ar巴as of :lOO~500 cm 2. Th� is 

because the assimilat告d product is distributed largely to the larger roots for their growth, 
ratnor thau to the 五 ne and the small roots, and conseq間以ly their growth slows down. Also 

tll巴 numb巴r of trees decr日éll1e as they gro \V“ 

The density (if the fino roots in soil horizOIl I, onco d己creasing when th記 trees were medium嘱

sized, illCreaSes agaiu wh巴n 1.11日y grow further , be正 ause the .&nεroots ， as mentioned beforeW , 

h乳ve a property oj 日記!ec ting so�1 horlzo日s. In the sampl巴 starょds ， thi3 teτldency was clear in 

t.h忠 L. leptoleP﨎 K 28 stand at the aver乱ge basal area of 645 Cl口 2 and ln the C. fa�onica S 17 

stand，乱t tha1: of 1,042 cm2, And 1n t11e ordinary forest also, the root density in the sudace 

soil we註t highe1' remark旦bly � a large-dïa!すletεr t1'記e sta凡d唱

'1'h巴 maximum I つíut of th日 root dens咜y moves to the 1a rg(うr basal area as the soil horizon 

becom巴s deeper. ln 工he case of C伺 iaponica， they were highest at thc bas乱1 areas of 150 to 200 

cm2 in soil noriz0118 1 and 11. 'I'hey were, what's more, highest at those of 200 1:0 root density‘ 

The conc]usion is either that the fOot density is always constant reg乱rdless of the size of 

trees when the root8 乱re small and when the soil horizon is shal!ow, or that it becom巴昌 higb忠告t

at the young stag札

The maximum pnint mov巴s to the large basal ar巴a as the dì丘meter of r口01 b巴comes 1arg巴f

昌nd as th記 soil goes lower. And fìnally, the root dellsity describ日s a para�lic curve or such 

a sl1ghtly COl1cave i11cr色asing curve upward as the very larg色 root descriò色 in so匀 horizons lV 

and V. 

本 Cúmp品re to the changing むurve18) 22) of Ieaf biomass per ha (See F刕. 38) ー
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T旦ble 2‘ Var1ation coefficients Qf root 
densitie弓 in each hor.i zon of 
Stand S 2 

γable :0,. Yarianc日 ()f yoo1. densit�s of 
耐え'- root in horizon 1 (;<0) 

ヌ.oot class s 日1

I 0.12 o 18 0, 41 

Il O. 16 0.26 O. 

H.or菶on I立 。， 25 0.31 0, 57 

登J 0, 82 O. '/0 0.92 

V I 1. 5りし 20 i 1.70 I 

3) Variance 01' r{lot density 

L 

0.55 じ 0.74 

0, 60 0.95 

O. 日3

1.95 

Species 

Stand 

¥iariat�n 
c>,-' < 

COe咜iCWn t 

!e�toｭ
le�is 

1(2 

内 r、

ふ ιJ

The vari乱nce of the r{)ot d白nsity 匤 a stand becomes la1'ger as th巴 roots become larger and 

the so精 goes deep吃r. '1'he coeffici日nts of V呂riation of the l絜e roots of C、 .lUjうonica � t11e S 2 

stand îDcr開sed， as i.11 Table 2, gradllal1y fror口 12汚 in soil ho1'izon 1 to 82タッ ín soil horizol1 IV , 

and thιn to 15G% in. soi� horizon V司すhe 五11e and th臼 small roots were dîstribut記d to 仁'ach

so� h.orizon witll litUe VHriance, but the root日 show巴d conslderable v旦r.i乱nce.

混乱ch sped巴s~s co記舟ìdent of vHriance of the 五ne root 絜 soU llorizol1 1 he(、aη1巴， as 絜 Table 

3, smalIer in 1:he order of P. dettsiflora, 250cm~， 300cm2, and 350cm2 in soil horizoDs rII , IV 

and V respむctively ， This 﨎 hecause no rool 日ystem of small tree~) grows � Lhe deep so.ils ‘ 

1n the lower hOrÍzon出， SU<民h as lV <l n仁1 'v九 th日 root dens羡y of tho 1乱 rge-di註met色r tre也、.v3S

not so high; tb旦t of H med.i nm-dlamel 日r tree 日t basal areas of 300"AIGﾜcrn2 was ral:her higher, 
because it h.ad many branching tip roots there. ThHt of tho brge dí 旦metcr tree did llot increa.se 

b己 cause the decrease ()f 1:1'e巴 11llmber cau告ed 1ess 1'oot densit:yヘ

Up from horizon TV , only the 1"001: d把nsities of tap-1'oot巴d P. d吋lSiflora and of (人 jα戸山ûca

large dlamete1' tre日 (517 stand) ¥lve1'e observ己d. p , dcnsijio叩 tended to 111品ke 乱 par丘bolical

incr日目se ()f root density w咜h the incr吃asing b;J.sal area 

1n t11e small 日日d medium rooL'l, the j ぜ:ndency w乳s aJmost simﾍ.lar to that ()f a 五日巴 root，

A.l乱rge root show以l 乱n almos1: parabolical incr巴as日乱c，;ordin誌 to the î.ncre乱se or basal 旦rea酬

Th� tendency 耳V乱S ll10re d﨎ti.nctive in a very lar只e rooL 1n tlle largc root of theι: 

talうomι a stand, the root density tended to b日come higher 乱t an earlier .st:ag台 ln the v日ry

large root it was not obsεyved � horizon 1. As the basal area increased, 80 incr口ased t11巴ム

leþtoleþís, C喧 jaþonica 鴈nd Ch. obtusa. 

Though 1:he 1"001: density v品1'iance ()f P. densiflora spread UI1巳venly， that of く:ム obtusa with 

the 1ine 1'oots densely spre日d was very even. 1n fact , that of the fon以，1' was fou1' ti.mes as 

high as th乱t of thε1乱tter.

4) Rnot den自îty and various omditions 

τh杷1'001: density varies w羡h such condítîOl1s 司自 tree density , site condìtion，巴tc守 The 1'el託m

tion b巴tw日記n each of those couditions and the densltv of t.he 五n臼 1'oots in so� horizon 1 w �1l 

be describ日d below, 

(1) Tree den.sity 

Each species's 1'oot dens羡y of fin巴1'oot incre乱sed w�h the treεd刷、sity ， as slHJWn 111 .Fig 勾

3. The trend was most rem乱rkahle in P司 drmsíf!ora. The spec冾s hac1 th巴 yoot cl日nsities of 400 

to 600 in the h刕hly dense plHnting stancb ()f A 10 and A 6. C. faρoNica had the root del1sities 

of 250 and 450 at th巴 tree density indices of 0.5 and l ,G respeιtive! y. The root density increased 

to 1.8 ti訂正les 昌s hlgh a1: twice the tree d記nsìty. Eacll spedes's variance wa.s ìarge, '"詰 .shown in 
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Fig.3. Foτinstancoタ th巴 root den5ities w邑re

remarkably h刕h for 1ree den8ity 匤 81.1ch 5t註nds

as S 24, S 14, 36, 87, S 10, S 23 , H 5, H 1, A 5, 

巴tc. 1t was, how日γ巴r ， low in tho S 22 5tand, 

mainly due t口 the sito cond羡ions. 

1'he iロcrease of tree density cause the size 

of trees to change, OWillg th邑 to coτ口 petitive

density effect, and the root deusity to go up 
and dO\ivηalong w�h 羡. It is, th巴re:f:ore~ irnｭ

possible to make I:h巴 sam巴 cornparisoll bet.ween 

th日目1. Here go throllgh the root densities ac町

cordil1g to each soil horizou on tho stands wﾌth 

th巴 alrnost equal耐sízed t1'ees 且nd the differ巴nt t1'記巴 densitíes. A result 18 shown in Tablo 4. ln 

乱ddition ， make a compa1'ison b巴tween the close planting S 22 stand of C. jajうonica and tho "parse 

planting S 18 ono, and b世tw即日 the S 8 and tho S 2 ,Jtand. 1'h1s do口 e ， two facts emergo, namely, 

the root d忠良sity in th己 10'''' horizon is higher 匤 a closo planting stand than in a sparse plant帥

ing 011<ヘ and t11at t110 încreasin記 rates 1:ond to go higher t11e1'e t11且n in tho su rf ace so精 ho1'i zon. 

3
い
凶
之
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山
口
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川
口
に

ドiiι3. Tree density and i�o 1'oot 
dons咜y i百 soil horizon L 

Table 4. V巴1'tkal va1'僘tion .in τ口ot density and tree donsity 

Closo planting stand 5parse planting 日tand

822 818 

8t旦nd ago 「立つ
、"，'41 

Bas,;l aroa (crn2) 

Donsity íud日X

419 551 

()咽 ~)451. 1,,8 

3ito index 23. 21. 8 

Root class f S 111 

Horizon 

Stand 

8tand ag巴

Basal 呂 roa (cm2) 

Dens�y ind巴X

81to 匤dex 

Root c1ass 

Horﾌzon 

日 ln L i f L 

2, 192 
2, 708 
1, 272 

286 
82 

88 52 

2ヲ 23 

238 24ヲ

0.898 O. 6.52 

L 

1, 648 
805 
270 
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1守ÙS ﾌ!olds true not ou!y in t.he case of th己 úue roo1:, but also 匤 t11e case of the a mecHum roo仁

'1'he working and 旦ccumulating paτts had 昌 high root dens�y in the .low .horizon in a close 

pbnting stand , '1、he trむe density m乱kes 1:11e root density increase I!lO工 e remarkably in the low 

ho偂on than iηthe sm内face soiJ horizon , possibly becιuse of trec d仁白llsit可日ffect. Pτεcíse!y beｭ

camic 匤terferellce and competit�n among root3， ωshown � Photo‘ 2 of Lhe seconc1 issue18ヘ
are causεd by the rem乱rkably increasing root density in the surtμce so� horizon � n 礼 hìghly

dose pl乱nting stand, roots 品r日 prevented fro111 growing there, and conv日rsely ， hav日 their

growth enhanced in the 10w horizoD; furth日rmore ， in the 仁日日巴 of a large root, it rηay r己sult

fro1l1 the ，世1日 ptabUity by th巴 supporting structure to th日 physica! change of the abov巴 strucwre‘

'1、he root 引，vellîng evolv.es '¥vea.kly in a highJ.y dense stanc1,: in 乱 sparsc plant.1ng stand, 咜 oftcn 

gro\vsεxtraordinarily to be plank-like som記tiれ1{汚

As nul:rimcnl: and 1l1oisture are prり1110t日d 1:0 bo used in the ]ow horizons in a ﾌ1刕hly <Ïens巴

stand, the in司羽生うnce deriving ﾍrOlll the increaso of tree dなnsity 匤 the deep-日oil si te 﨎 匤si gni f揵

cant. Roct dev日!opmcnt: is retarded in the site w咜h shallow surface 80i1s, and maldistributed 

to tho sllrface soil horizon � th日 s.it日 with de日p so�1. C0111pet咜ion alllong 1'0口上s i_s (がほn induc巴d

in an exζessi vely dense stand. 

(2) Soil type 

Tho 1'oot densitv has 乱 clos(うr rela tion to tho soll type than to t11e tr悦 d叩sity， as sho¥vn 

io Fig. 4, bf、cause it is e乱sì1y affected by soi 1 condit卲[l. 

T11日 [(lot densit.�es w己主e high in the dry soils of Er-p, Er, Ih , Blt, and Blc typ申告‘ In the 

case ()f C. jajうonica， t11日y we1'e 900 in th巴 13" soil-typed S 24, 650 in the l゚c soìlベ yped S 7, 600 

in b川h the B1A soil凶typed S 6 and the BID(d) so�yped S 14, 300 to 400 in 1: 11 巴 B1D typed soil , 

and 100 to 200 i.n thε 13D i:ypod one. '.rhis expbins that thε root densitv bむじO日!eS lower as the 

soil b日comes 1110re moisi 

'rhi 日 also holds true 匤 t110 C呂se of the other speci正弘 Ch, obtusa taken as a日記:x.ample ，

the .1'oot dens羡ies ¥-vere 60υin the H (1 stand of the 13" so偰 type, 500 in the H J stancl of the 

Blo(d) , 400 匤 the H 2, H'3 and H 5 stands of the .BD, and 350 iηthe H'* stanc1 of t11e BD(W) 内

This also expla絜s that th巴帆，ttEう r the soils, the loweτthe 1:oot densities become. 

Part�ularly in the cas巴 of P. densijlo1^lJ, theτ(lot density was about 600 匤 the A 10 stand 

of the BA soi] type bec乱use 01' close plant�g and dryne詰s， /¥.nd i.t可νas 400 111 the dry and 111-

fertil巴 fo1'es1: stand , A 6, This i3 very high as against 1:he .[(lot d日nsities ()f 30 工o 40 in the 

stand of Bt口(<1) soil typεor {--lS a芯ai t1st those of 20 to 30 匤 the st品工Id ()f お10.

'1'h18 叫JpJies abo to ム feþtoleþis. The 1'oot density was 旦bout 300 ﾎ11 t11(;、 dry soih of 1ヨlc

札nd 131D m , 1t decreasE刊し however. to about 

50 to 70 in the soils of Bh: , 13h .F, 13[F, and 13!G. 

'1'h1" is b杷cause a11 th四日 soils were moist and 

under the condition of bad a日ration.

1t became evklent frorn these obse1'vat�ns 

I:hat th日1'oot densities wer日 hígh日r in the dry 

soil 乳nd lower in the 1ll0ﾍst soìl唱 'I'hey b相:alue

lower in 1:11日 order of 1へ densíflora ， C. japonica, 
L. leþlole]うì$， and 正、九 obtltsa. Hence 1t � t:hai 

I:he 1'oot: densities of P. d内lsiflora's ftne )'oots 

are easily 乱ffected by the quantity or waJer 

the so匀s eontain, and that those of Ch, obtusa 

令、1

子、ìg ， -1 Soil types and G.ne .1'oot 
densities in so匀 hor坥on 1. 
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Soil types and 五宣告 root densi土iesTabl日 5.

P. densiflora 

E40isot f csoonidl ition Drv soiI Moder旦tely moist soil !lItlo� soi1 

Stand A6 A2 Al A7 A9 

Soil type Erβ Bln(d) おお(d) BlD Blv 

1 401 44 1:..7 つω只、d ーず)7

E 28 l! ¥"0 45 6 
E立 呂 ど 4 11 o 

IV 1 2 己 2 
v l トメ土

Horizon vτ 0.5 0.3 O. 只v 004 ム
VJl 0.4 
九溜 o. 1 

ix x 。0 1
。.04

XI 十

BD(W) 

母
J
A
Y

内
i
u
Oノ
に

u

向
上
向
υ
η
‘
u
四
ヘV

ハt
u
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BID 

7
5
6
5
1
 

只
u
円
V
F
h「U

A
て
3

よ

BD 

395 
107 
56 
3 

BB 

587 
71 
21 
2 

E
E

覆
W
H
V

Soil typ邑

Stand 

狂orizon

Dry soil iv1i11u0uicsit 説sし巴DiAlY Moist soil 

St品nd 86 S7 820 52 823 826 38 318 822 

30il type BlA Blc BA BID BD BfD(W) BI[)(w) BE BE 

E 597 653 377 350 616 171 317 118 218 
n 80 ょヲ3 123 103 :ヲ6 65 160 62 もも

HOr1zon :m 35 103 43 477 a 120 56 124 44 48 
N 25 44 24 51 60 28 ヲ3 30 53 
v 呂 14 5 11 10 i 10 32 12 25 
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arc not‘ 

Tabk' 5 shows th日 of the densities of each specí日s's ﾍine root acconEng to the 

80il ccndítioDs , As 罇 cleaτfrorn t.he tablc, the TO� dens羡福s wet記 high ev日n i11 1:he 

deep so精 絜 the moderai日1}' moLザ site ， whi.le � the ゐ Y f;oil they w中re remarJ王ably in the 

SUrÚI(:巴 hOrlz、m and low' in thむ cüre s�L '1守üS 1.S c1 e乱red up by t:wC! facts : 1) 1'hat the sltes 

of the dγ'J' soi1 typesj. such <H~ お AI 1307 et正吋 have， the :shal1ow 白urfaむと soH which .makes growth 

of rootしS possible, and as 乱工巴sult，わ that toots arc がlysically oblig巴d to d�tr� bu te on ly to th日

surf乱ce horizon. 

'1'he speciそ)s have their OWil r日\ation of soi1 c<コndiüon百1:0 the ve1't兤al distribntioll of 1'oot 

densiticト" C jaþonicι ， tor 日文乱lllpk ， h日d the h竑he1' root d日IlslUes in tb巴 core soi1 than Ch , obiusa 

al1d L teptole,óìs, {:l al 鍋ナooted. The SPCCIEつS .had a1so the h刕her root dens��s 1n 1:11e deep soi1 

記ven �:f in the wet solJ ι'fhls in the propcrty that the 1'ooL3 of th巴 specìcs stand w巴11

ag-ainst the anacrobic condi t�nsB)1j) (おに~e Pho�;o 5 and 6 1n the secon� íssue1B)) ー And instcad , 
ム lc�to��� sh口wcd a とrnaτ1王乱11e decrea~)e of 1:he root d告nsity in the dぞep soﾍ] 匤 heavy wet soiL 

This comes of th日 aerobic pτoperty of the spむく i忠告 's r()o¥:; therefo1'記， 111018t1.1.1'e and bad a配raüon

imp日1，、 it8 abso:rpL1on and gro"t'vih, 

Ch.必tusa had a rernarkably 巳r root dens羡y )n h01'ﾍzon 1 tLan 匤 the lower horizons. 

The roots wer日行ot pl 記丸'ent記{f froII1grひ so m1.1ch in 1:11e deep 日011 of nl�st soi1s 8UC1:1 as 

BD(Vl) dc. 'fhey stood well agaìη31. the anaerobk conditions, 

P. dα号がS将Z丸ß庁7

ho1'izoJ口ふ il口1 the dγy o゚iL lnτ1 horlz.o1れ1 J, for 記x正心低2註t対r口一npl，正e斗， tbat of Pへ‘ どde内F沌lsijf，οf必 w呂Fλsち UE巴うatly t巳n tirn 是詑三S

as 1泌1斗19ぷ5ぷh 1詰{S 1 山h呂以t Ì1J口1 the rnoderate� moist st札口 d ， and t11a1. of L, iψto/e戸ís almost twke 乳巴

as that ther色 Howevor. hoth 1'001. densitie日 decreased rapid1y in horizon 11 and 10wむr.

(:3) Site index (日ite q �lit v lndex) 

.F�. ;:; shows 1.ho r日1a1.1.on bet\vct吋:1 the 1'00仁 dcnsíties 0:1:五ne roots in horizor1 1 and the 8:1 te 

iudiじ足元'. to the the :root don日10εsd巴crcase as tllo site indkes incr配ase. '1'his 

is 仁omr1l01l tり a11 the spe仁 ìes. 'There '，v丘出品 hiιh interre.lation between th日 two. 'J 守li_ß is due 

1.0 t110 t1l1'町、Íold cau日es， 1ﾌrst that the sur:Cace S�l are dry and 只ha1ìow 1n thむ sítes with small 

s�e lnd日xe，九 secoudly 1:ha1: fine roob fac曻iaLe ram禛�ation and growth .1n such a sitc and finaly 

th繒d th日j 両日 e 1'oo1.s arc physíc且Hy obHged to (1�stribute to the surface hodzOll , ow絜g to the 

bacl soi1 condit卲ns in th日 deeper so琇s. 

Th日 si1e indices ôec:rcas(川町ve日 Ol1 the heavy wet cOlld羡lon. u゚t ln thi詰 case， thc relatioll 

oJ them to 1'001: densiti己s was the opposIte to t11c ahove-mcntiol1ed re!atíoll , 'fhis was clearly 

ob~(うfved in the c日 se {)f L h!lうfρ!epis， T11日1'oot

densìtì日s ， fo1'日X<lmple , werε 日III 10w 匤 the 

s�ds with smal1 s劦:e indices and heavy h1.1剛

lu禔ity such as K f.i, K ,1, K 8, and J{ 6, 1t folｭ

i口忘れ; :from the~;色 that I:he changes in 日.ìt日 .ìndex

乳re D.ot a hvay日 compatihle wIth those in ro日t

densît\ぺ

By dr去lwing t11e chang匤g curvcs of root 

de.nsity .....site .絜dcx1 11Si.TJ 話 the st,md where the 

dry cOIldiU� caused 10w sitc í.ndke討?もV巴 ge t.

the 1'esult shown � Fig , 5、 And the relation 

b企れ\?E:.記n si1:e 匤dex 註nd 1'001: dcnsity 罇 ShO¥'111 

Fig , 5 S咜e indexes and 五日記工 001

densiti.es in soi1 ho1'菶on I. 
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Table 6. S�e ind♀x and fine root d巴nsities in horizon 1 

C. ja�onica 

(00 

350 

Ch. obtusa 

600 

400 

P. densijloγ品

300 

40 

L. leþtole戸zs

250 

150 

in Table 6. According to the table, P. d仰siflora had the highest changing ratio of root d日nsíty

by the change 01 si t号 index. That is to say, the spec�s's root dens�y decre旦sed to about one剛

eight as the s羡e index inc問ased twìc巴. And th日 changingγatios became lower in the order 

of P且 densijlora， C. japonica, L. leρtolelうís， and Ch. obtusa. 

The root dens�y w白日 low in the stand with good growth and h竑h in the stand w1th pooτ 

growth. Th� explains the differ己nce inεf日dency betwe巴11 absorption and assimilat�n by roots. 

It is therefore to be recognizecl that the eH�iency of absorption is caused to lower, owing to 
the shortage of nutriment and wateτfor th巴 f乱culty of absorpt卲n of roots, becaus日 the root 

denslty 﨎 h刕h i.n品 dry and infertile stand. 

The increasing root dens�y 11乱s a connectioll wi th t11e Încr朗自ing amount of absorpt綷n in 

a dry staud. The growth, however, does not increase for root density b色cause the absorption 

巴ffidency is caused to ]ower‘ The root density w乱s lower 絜 a mod巴r乱tely moist soi1 than in a 

dry soil. HO\人!ever ， the efficeロcy of absorption mak巴s good and th色 growth increas日s because 

of the sufficient supply of nutr匇ent and 九V旦ter.

Soll type, site Îndex, etc. are the general ind�ators of site conditions. Th¥s is described 

in the r巴latìon of each phyγsìcaí 且nd cb記mical factor of soi1s w咜h root density. 

(4) The 乳mOllDt of air � th巴 fìeld condit�n 

Fig. 6 shows th白 rεlation of the densities ()f the 丘立e roots in horizon 1 w咜h the arnount 

of air in tb巴五εld 印ndition. As can be s出n Fig ‘ 6 froIll the figure , the root densities increas巴

as the amount of air in the 五日id co乱dition íl1creas巴s. Th�.s is 巴xplained by the reason that:, 

on the on巴 hand， t11e bett巴r the aerat卲n the mOl"e favorable growth of 1"00ts on the suf五cient

W乱ter conditîon, and on t11e other hand, t11at the root d巴nsityand th日 amount of air in tﾌle f�ld 

condition increase in a dry soil � g日neral.

Fig. 6 Soil properti思s ancl f�e root densities in so11 hor�on 1. 
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Ther巴 \verε? 乱 s in Fig , 6, all the dry so�s 1n such stancls w�h the large amount り fair and 

h刕h root dens�y as H 6, 56, 57, S 14, S 10, S 20, K 22, l( 26，とtc.

Amoug 士our spccîes, Ch obtuぷa had the h�;hest rooi: density aお乱、vhole ， Th巴 root den゚i ty 

of that 日以:cÌes w乱8 ,)59 in the stand of 114 w�h lhc amOl1nt of aír ぱ 8.450九社nd it wa日 587

匤 the staud of H 6 with air of 2~:Uヌふ JI1 the ca日e of C. í，吋þonica， they were 218 and 5S0 匤 

t11巴 stands of S 22 ¥v羡h that ()f 12, 596 and S 10 w�h t11at of :18.196 rcspectî刊行 1n the cas日

。 f 1'. densifioグa， th日y were 38 and 112 ln t11e st主mds ()f A;1 with a叝 of 26‘6今;， aod 1¥ 1:2 with 

that of 42.1対 respectivcly ， In the case of L , Iψlo!eρis ， t11町r were 87 and 230 in the st札口市

of K 28 with that of 30ぷ形 ilnd K 25 with that of 必 95どれもspectí\叫y ，

Compa1'e now tho amount of air of 25;:;' 1n the 劦eld cOllditio!l and the l"oot density , And it 

い'1 i1l b"‘じlear t11at Ch品。btusa has the 1"001: dCIl出i 工 y of 650，し ;ajうotlíca 11乱s 1:ha1: ()f :300, L le�tolePis 

has 100, and jへ densífiora has 30, That lS to say, Cιυbtusa ， on 1.he ()ne hand , 11乱d a hí1ぜh yoot 

dens咜y evon in I:he 80il with a 8ma11 amount of air; and L Ü;jりto/e戸川守 Oll the o1:11er hand , had 

a low root density 匤 the soil w羡h a large amount of air. As is clear Fig. 6, furthonuore , 

Ch. oblusa took the hìgh巴τratío of increase 01" the 1'oot dens咜y to t110 乱111oun1: 01 託iτin t11日

五eld condit�n; hovv吃ver、 there w乳s no compatib�咜y with this � 1:he casとり L. le�to[c�﨎. 

Tho varian仁ew丘s wlde Jn t11e [e1乱tioηbel:ween the 託mount of a11' in th巴 fi e1 d condition and 

the ro口 t density, At the amoul1t of air of 25(:'乙 in the .6ekl condìUon, C. jゆoniw took the clﾍsｭ

tribUt伀ll a1'ea of 150 to 650 , Th罇 �8 a180 app1icaら1e in the case oJ. L. leþtolé少is and p , d l?tlsiflora , 

This varﾍallce of root density was tb巴n wider tban that 10 tI陪 soi.l type 旦nd the 31紅白 lnd巴x which 

put the var卲us factors together. Pr巴ci日記ly b日cause the r{)ot d巴nsity h泊 s been greatly chang巴d

by the othe1' f飢えors except fo1' the amount of 品ír 絜 t11e f�ld conditiofl, 

(5) '1'11巴 amount of water i.n th己五eld condition 

Fig , G shows the relat卲n ()[ th巴 aτrlount of wat巴r 匤 the f�ld cond.�tion t_o the 1'oot density‘ 

Th巴 root densi ty d日cr日ased ， as shown in the figure, as t.he amount of ¥vater ino-巴ased‘

Th罇 arﾏses from 品 twofold reason , on t11c oue handヲ tl1乱1 ae1'ation gets '"，o1's日 as t.hεam.ount 

of w旦tcr ìncreases, and, 00 the ot11er hand, th司t th思 b1'anchi.ng and t11e growth o:f root8 礼r位

。hlig吋 to make ﾍnsufficient ln the sofl with mueh moisrurιThìs 﨎 �1) reverse to the case � 

the dry soil w羡h a 1乱rge amount of a11' in 111巴 lield cond.ition 

At the amollnt of water ()f 5096 1n the �-ield condition, the root densities Wl'1'e 550, 300, 100, 

and 30 f:or Ch. botusa, C. faρonìca， L. leþtolepis, and P. dens�iora respecl:ively 

As alr巴ady me工nioned， the 1'oot densi.ty dec1'巴ases as the amount ()f water in lhe 五eld conｭ

di tion incrc乱S巴S，ム letJtole戸is and P. densiflora took t11e highest rat� of increase, Their 1'oot 

densit.ies dec1'esed sharpl y as th日ir amount of water in the field condition d日cτeased jo 40 to 

450ク Ch. obtusa drew aηaJrnos( s1:raight llne in challge fτ0111 the dry stand of H 6 1:0 t Ìle 、'，Tt

stand {)f .H 4. '1'.hb 18 just the contrast wﾏth t11e cas巴 01: lﾌle amount of a� 匤 the 五日ld cond�ion_ 

C. jaρonica had a r巴markably wide variance as against the othe1' spedes, '1、his also held 

true in the case of th巴 amount 01:乱ir � the 五日ld condi t1011. 

(6) Non-capillary pore sp呂ce

Th日日ou-capillaハ pore space included th日 por巴 8pace of tﾌ1e pF valuεs of 0 to 1.7 ancl the 

mÍnir口um ai.r capcity. Fig , 7 shows the :relation bet¥'/e8n the non-capill旦1'y pore space and t. 11巴

root d巴nsity ， C. jajJoηicαand P首 densißora took , as g咩en in the figure，乱 V己1'y w.ide variance. 

The root clensity drew 丘 concave eurve sl刕ht1y upward with the 絜creasing non-capill乱ry pOfe 

? This indicates the percentage of volmne. 
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Fig. 7 Non吋:apH1ary pore spaces and 五n日

root d日nsities in soil hor�on I 

Table 7. Flne roo1: d日nsity and non-cap�ary 
pore space 

13 

Species R 
dens凬lora 

Rate of change 
絜 root density 

Amount of change ;n root density per 1 % of 
呂町l.Ount of non 肉capillary pore space. 
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Fig. 8 Amount of non-capil1ary water and 
i�.ne root dens咜ies 1n soil horizon I. 

Tabl巴 8. Fine root densities in horizon 1 
under the condition of 1596 of no日開
capill品ry po1'e sp品ce

抗B

ft必tふふ…iみム1れぱt
(ぴ7) Non 僻-capi臼出i江l乳1'y 恥wγate1' τ s絞ねaturai:icω肌o例)l日]

30 The non-capillary w乱te1' saturat卲n 

Speci巴S

Root density 
(g/m3) 
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space. This is not con:nnon to all the 

specí日S. Ch省 obtusa ， for example, as 1n 
Table 7, to 口k a high巴r root densi ty than 

C .falうonica ， P. densiflora, and L. lejうtolepis.

Ch. obtusa took th邑 h1gher r旦tío of cnang巴

of thεroot clensity to the non-capiJJa1'Y pore 

space, p1'ovi11g that the growt11 of t11e 

sped巴S'8 i�. ne root8 was easiIy 礼ffぃ~CI 官d by th巴

ch旦ngi.ng anlount of a�1" conta�ed 匤 the 

soìl, alld further・ηlor・e due to the fact thai 

the nOI1-C乱pílla1'Y p01"色 sp乱C巴 illcreased in 

a dry 80il where the root d日nsity lncreased. 

11: was ﾍI1 the soils with clryn己ss that a11 

species had a large ])on叩capillary pore space 

and a high root clensi ty. 

Ch. obtusa took the high root cle11s1ties 

()f 400 to 600 日V日11 in the site with th記

SlU乳11 non-capillary pore space of 10 to 15 

96 because it hacl a h1gh己l' 1'oot density 

th旦11 any other specJ忠告 ln g配n巴ral. The 

root densities of each spec福s at the 11011帥

巳註pillary pore space � 1fjタS were, as Jn 

Table 8, high巴st and 巴xtrεm巴1y low for 

Ch. obtusa 札口d P. dr3l1sifioγa r記3p日ctively.

1'his i8 owlng to the ramification pwperty 

each 品ne 1"oot speciεs ha8 , 1'0 draw a C011-

clusion from th日自己 figures that Ch , obtusa 

grows 1'oot8 suf自ci己utly even under an an悶

aerobi.c soll conditon would therefore be 

means the l!orosities at the pF values ()f 0 

to 1.7, Fig. 8 shows the rεlatíol1 betwωn the 11on-capill旦ry wat巴1・ satu1'ation and th日1'oot

clensltyヘ According to the 五gure， the 1'oot density inc1'eases as t11 配 non-capillary water satu1'aｭ

tion inc1'eases‘'I、his aεreed 11位ar1y with the case of the 11011叩capillary pore space, and made 
dear t11日lt thεre was a high interr巴lation between tﾌle growth ()f roots ancl t11e aerat�n. At 

the same time, th18 explainecl that 1'oots sped up growing :in the site with larg訂 non明capilIary

water saturation, whεre aeratioll became 11101'e suffident. 

The r乱tio of roo1: densit冾s 1:0 th記 non吋:apil1ary v/ater saturation bec乱m記 hígher in the 

ord忠r of Ch, obtusa, C. .faponíca， 乱11d P. densißor仏 A.t the 1l0n-capil1a1'Y water saturat10n of 

1096, the root clensit冾s w巴間 500, 300, al1cl 30 for Ch, obtusa, C. .faponicll, and p , d，開siflora rか

spectively・沢 densiflora h旦d a lower 1'atio of �crease � the 工oüt densities to the 11011吋:apillary

W乱ter s品turation than C. .fa�onica and Ch. ootusa. ]、hal: spedes, however, i:ook the hlgh root 
density for non-capillary ¥vatel' satll.ration � such inferti1己 and dry slands a8 A 6, A 5，巴tc.
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1"i宮崎 9 Fi118 po1'記 space 品nd I1.nc 1'oot 
densities � soH ho1'i20n 1. 

Fig. 10 Coa:r8e po1'e spaC8 乱nd f�e 
roo1: densities 匤 soi1 hor坥on 1 

(8) For巴 space unáピl' 1:he pF values 2.7 ,lnd ahove 

Fìg. ヲ shows the 1'eJ乱tioっ b巴twe日n the pore space under 1.he pF vaJue駘 2‘ 7 O:r乳bov己 and

the 1"001: densities o:f L. le�tole�is. As the figul'e shows, ther台、V乱S 乱 \\lid巴 vadanむe bet¥�reen 

th巴m， and 品目 a who J.e, the root densities increased as th日前)1'e spaces under the pF valりとs 2.7 

昌弘d ahov色 lncreased. T1:I日 root demョities on an ave:r乱忽色、vere 75, 175唱 日 nd ,lfiO at the por仕

6pac問。f 305弘 40;;弘 and 50% respectively唱

(9) Ponモ space a1: the pF va1u巳s 2,7 and helow 

Fig , 10 shows the rclat�n between the po1'e spaces at the pl午、ralues 2.7 and belo¥N and 

the roo1, density , l'he1'e w註s a wider vari乱nce than ﾌn th巴 C礼se ()j建t.he poγe :3p託ces at the uF 

γalues 2.7 and ahove; for ìnstance, thc roo�; d記l1siLies had the distribut10n area ot ,.,,}OO 
100.....300 

the pore space ot 4% at th日 pF valu日s 2.7 and be10w ‘ ]'hb exp1.ains t11al. the po1'e spaoゐ al

the pF va.lues 2.7 and abov巴 has a doser counection with the and the distribntioJ1 o.f 

roots than the pore space at the pF values 2,7 <lnd b日low，

(1めか:Unimum air capac咜y 

1'ho root densitíe日 increase. as shown i11 F�. 11, descr�ing a sixaight l�le or a conc乱"'f..le

curve slightly upv、?ard as th色 minimum air c乱pacity inc1'日耳目的‘ Th巴 s咜es with the large miniｭ

mum a1:r capa�y heJd the d1'Y so精s wi け1. a ]arg日 amount ():( air 1.n g日neraL There, the 1'001: 

d一色白日itíes had a tenclency to go hígh日r. Th﨎 w且$ ηlore 1'e1ηarkable in the order of Ch. obtusα， 

C. japo持ica ， 1へ densiflora ， 日 nd ム leþtolelうis， as shown in Fig. 11. 

Going through thcm 011 the stands of C九 obtusa， H S and 116, and 口11 thむ sta日 ds of P. 

densiflora , A 1 ancl A 6, where that rel註tîon was o11s忠rvecl most dìstincUvely, we got the resu.lts 

shown in T品ble 9. Acco1'ding to the ta 01e, tLe root densit冾s of al1 sp日cies i釘 c1'e品sed with the 

minimurn air capac�y. For 記 xample ， Ch凋 obtusa and P. densiflortl had the incrc、ases of the rO皦 

d記口sitîes hy 67 and 22 as the m:�iml.lD1 a� capadty increased by 1 percent r日告jJEうctiγelv. The 

ノ, 
'1、able 9. Mini九Tum air capacity and 

iJne root density 絜 hor坥on 1 

]手ig. 11 Min絈um <11r capacity and 五日台

ro口t d色n日i.ties in soil )1orizon L 
* も7 ::2 

ヤ Zとatio o{ incrεase to 1 % o{ air capacity旬、
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Fig , 12 Value of pF Ín 五eld conditlol1 fil1d 
fme root dens咜ies in soil hOrﾍSOD 1. 

Table 10‘ Value of pF and 五ne root 
dens羡y 1n horizon 1 

Ch , P 
obtnsa den芭iflo:γa

400 ,30 

600 150 

1 首 25 5, 00 
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Fig唱 13 Percolat卲Il rate 札口d 五ne root 
densitiεs in soil horizon 1. 
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fOTm邑r took th巴 hîgher 絜creasing ratio 

than the 1品tter; but on the other halld, L. 
letうloleρis mad思 almost no increase ()f the 

root densit冾s a1though th日 minimmll air 

capadty incre乱sed. This is just the contrast 

w羡h the case of Ch. oblusa. The variance 

was wide in the stand of C訴 jajうonica. The 

1'oot densities wer色 low for the m�imum 

air capadty � th己 stands of S 18, S 1仏 and

S 20 because the density ind兤es we.re low 

there. 

(11) pF value日 in th己長eld cOlldit�n 

Fig , 12 shows the r己lation betw巴en the 

pF values in th記長eld condition and the 

root de.nsities. The 1'oot densities of 告ach

spec福s iD.creased, as shown there, as the 

pF vallles i ncr巴ased. C. japonica, for ex幽

ample, took the broadest variance. '1、he

species had the distribution areas 01' ]00 to 

600 at th日 pF value of 2.2 , 

Ch. obtusa had the hígh日，1: 1'oot densト

ties of 2 and 3 both，呂s shown in Table 10, 

And the root dens咜ies becaτn巴 lower 匤 

the order ()f Ch. obtusa , C. jaþo持ica， and P. 

densijlora. The 1'atios of increas記 ()f the 

roo批t dens羡y tωo t叶h犯巴 pF vaωluε5民， hoγU 

jaρonica (2 ‘ 25) , and Ch. ob釘tu削sa (1.25). P. de拙将si併jlo仰1'a wo註 th沈巴 hi吋ighε呂t of tﾌ1e th口1'e巴 specÎE払es渇雪. 1t t 

is 工口wl汁ti比c配針正abl号 that C. jaþo初、ca took a higher ratio 0:[ inc1'巴ase of root d巴nsìty 1コy dryness than 

Ch. obtusa. 80 it c旦n be said that th巴 growth of th日五ne roots of th臼 former is af{ected more 

easily by ¥vater condition than that of th日 l乱tter.

(12) Percolatiol1 v日lodty

F刕. 13 shows the badly compl�ated relation ﾌJetween the percolation velocity and the roo! 

densíty , 1n gι~nerd the rool densi�:y is high 1n the sit巴 \víth 101'1 percolation velocity, and low 
in the s�e with high percolation velocity ancl sufficient aeration. 

The percolat卲D. velocityー，root dens咜y curve 18 an upw乱1'd concave decreasing curv払 How駒

ever, i1: 18 not always common to al1 specie日開 Ch. obtusa , P. deηsìflora， and L leρ!o[eJうis， for 

example , W記re causecl to increase thεír root dens咜ies mo1'巴 rapidly than C. jajうonica as their 

percolat.ioD. velodty sIowed up. The turning pojnts of each species iは the relation behveen the 

Tabl.e 11, Critica.1 point of percolat卲n ratjo from the ngure indicating 

the relation betw巴en p巴1'colation rate and fine root d邑l1sity

Species C. japonica 

Perco!ation 1'atio 
(cc/mm) 

From l"i g', 13. 

200 

Ch. obtusa P, de説si声。γa

75 己o
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C. jaþ側Ica

ずrable 12. Fìn色 roo1: density in hor�oll 1 at the percolat:ion. rat巴 of 100cc p巴r m�l 

ム leptoleþisSp恥:ies

450 -U 
(
 

、
J(
 

]
 

Root density 
均四3)

Ch. obtusa P. densijlora 

:380 。。

two are shown in Table 110 According 1:0 the tab1e, P. dellsiflora did not:口mke a great changc 

il1 root dCllsity b日fore its P巴rcolat.i on ve!ocity dec1'eased to 60 cc!min. But beIow thai: ve!ocity 

乱 change was bronght about. A11 spedes w巴re prompted 1:0 í日C1問se t:hei1' roo1: density rapidly 

� the site w咜h the percolatioll velocity of 20 cc!m匤 or be!ow綱すhis exolain日 that the growth 

。 f roots makes a remarkablc change the1'e , 

〆rhe 乱bove凶日lentÎoτ].ed relaLi� between percoI日tion ve10dty 且nd roo1: den日ity is just the 仁0τJ­

t.rast with the growth condit卲n th司 t roots grow suf6.ci問lJy .ì 口 the conditkm ()f high perc口la­

tion ve10dty and good 孔eration， 1'h18, howcvcr, is precise!y �.n lín日 whh the tendency that the 

root density incre乱自己s ， and that th巴 p日 rcolaHon ve10city s]ows down in a dτy and infertHe st:and 

If ¥ve go thl'ough the root densit�s at the percolat�n v巳locity of 100 cc!m匤 us絜g Fîg , 1:3, we 

get results shown in Tablc 12. Accordi.ng to thと tablc ， the 1'oot dens�冾s became lower in the 

onler of C, .Ía戸onica ， Ch , obtusa, L‘ leþtoleJぅis， and P. dens勀lora. c..Íaρonica h託d nine times 品s

h�h a root dens�y as P. dens�fora at the sam巴 percolaíÍon velocity 

(13) pH (H30) 

'fhe potential 01 hydrogen (pH) ís 品11 �dicator of the chem�al properties of so.ils. An 

εxanún乳tíon of the relation hetween the pII and root: d巴nsity， y�lds the resuIts of Fìg , 14 , 

The varianc巴 ()f each species w品s very wide 自由 in the i竑m:e. The root density d巴creased in 

芯eneral with th巴 ìncrcasing pH, with 乱n exception of a few stands of C. jaþ側ica

γhe relation a8 apply�n.g to C九 obtusa

cal1 be s巴cn 匤 Tablc 13. The pJ:I of the 

table was 4.3 in 1.he infertHe 乱11d drv 8t且nd

of H 6. Thi8 makes c]巴a1' 1.h担 t the stand is 

more ac冝 than 1.he stand of H 7. Fnrth町内

more, the root d巴nsitics ch礼nged 乱long with 

咜. 'fhey were 587 and 355 in the stands H 6 

and H 7 respec工ively , rnaking 日 diff巴rence ()f 

232 between thelTIゐ'1'he root d巴l1sities of 

each spedes at th巴 pH of 5 b巴carne lower, 
乱日 in '1‘ able 14 , in 1. 11巴 order of Ch. oblusa, 

C宅 jaþo托ica を P. de也君ißoγa， and L. leptolejJis. 

T'here was a small differ ence among the111 

if compared w咜h 1.11巴 other factors. ¥Vhat 

has been mentiol1ed so far 﨎 a cO!1s�erably 

rough accollnt. Actually , each spedes has 

j fトじ7、F fi i J ]
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Fiι14 pH (H20) fine 1'oot densities 
in so� hor坥on 1 

Table 13. pH and 日ne [oot d日nsity in 

hOl'.�on 1 ()f the Ch. obtusa stands 

(gim3) 

H7 

6. j 

355 

Sp巴cíes C. Jaþo丹ica

Table 14. Fine root densIty in har坥on 1 01 pH 5 

L. le�lole�is 

Fil1e root d日nsity 350 100 
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Excnang記able 乳ddity and 五ne root density 1n hor坥on 1 

3pecies C‘ ja争onic品 Ch L , leptolepis 

Stand S27 810 H7 H6 I王 28 K17 

Exchangeab� addity 0.5 11 , 0 1 2, 8 26 , 0 

Fine root density 137 550 87 207 

Rate of increase本 39 4 5 

1'abl邑 15，

aγery broad distr�ution ar記註 of the root 

densities even at the same pH value. 1'he 

root densit冾s of C. ja仰向ica， for 母xample，

ranged from 137 in the st託nd of S 27 to 653 

in the stand of 3 7踊

(14) Exch註nge正l.ble acldity 

The root d日l1sities of each species ín副

creas巴d， as shown in Fig. 15, with the 
increasing exchangeabl忠 acidity. This 罇 

ohserv記d most distinctively in the case of 

C. japoníca, Inquire into this on the siands 

of 827 to K 17 wi th the extremely diff記T忠nt

的êchang己able acidity, and turn to Table 15 
for results. Th日n the ratio of increas告 of

the 1'oot dens�i.es to the exchangeable 乱闘

ddity becarne lowe1' in the order of C噌

j暗闇ica (39) , L leptol，ψis (5) ，乱nd Ch , 

obtusa (4). C. japonica greatly increased 

the root dens咜y in the sit色 with lnc1'easing 

exchangeable addity. Ch. obtusa had sti1l 

a low ratio of increase. It is c1ear from 

this that th邑 chernical property of soils 

巴xercises 且 gr巴ater in自uence on the growth 

and distribut�n of the 五n巴 roots of C. 

japonica than 0ロ those of Ch. obtusa. 

Th巴 exchangeable acidity and th記 root

d車工lsity incr倒sed， as sho\'可m in T旦b1e 16, 
10th r邑markably i11 the infertile and dry st乱nd of }て densijlora such as A 5 and A 6. The root 

densities, for example, were 44 and 401 in the B!D(d) soiJ-typed stand of A 2 and in the Er-β 

soil typed siand of A 6 at the 邑xch乱ngeable acîdití記s o:f: 12 and 21 respectively. That sp巴cies

h旦d th巴 root density incr呂在日巴 o:f 40. Th1s ratio, as in Table 15, was higher than that of C. 
ja�on兤a. 

(15) Ca1'bむn

The relation between the amount of carbon and th日 root density, 乱詰 ShOW11 in F�. 16, has 
considヒrably wid日 variance， which is co江lmo11 tむ each sp巴cies. 1n general the root d忠良síties，

however, decreased, as the amotmt of ca1'bon il1cr巴ased.

本 Ratlo of increase: Ratio of root density to the exchangeable acldity L 

" 
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Fig. 15 Exιh乱ng巴able acidity and 五ne

1'oot densities 1n soil ho1'lzon L 

Table 16. Exchang開ble acidity and nne 
root densi.ty i.n horizon 1 of the 
P. de持sìjlora stand告

Stand A2 A5 A る

3011 type B1D(d) Er Er-β 

Ex. acidity 12 19 21 

Fine root density 44 254 401 

Rat位。f increas巴* 40 

* Ratio of increase of root density to that of A 2. 

〉
』
一
凶
之
叫
G
F
口
当α
凶
宏
一
L

内

Fig. 16 Carbon and f�le root densities 
1n s01l hor.izon L 
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Roots gTOW sufficiently 絜 a s�e with 品

1aτge amount (}f c品rbOD and high fe r. tiHty ‘ 

Iえoot. dens羡ies íncr日ase il1 atl infertile and 

d.ry sit日 wlth a sn:J.all amoun1. of ca伊bon

It is duc not 0111y to the dccrease of carbon 

content, bnt to the inüuenc位。宍iven by the 

other factors there. 1t 﨎 also owing to the 

�:act that 五 D.C roots a:r官 caus日1 1 臼Illaldhtr:i~

butc to thc surface hor坥on 匤 tlw drv site 

with the poor phYßícal 日ndιhemÍ<:乱 1 p.roｭ

pertíe告。

l'he 乱bove寸.11en l:íoned rdat:�om; wer己，

as ln Fig~ 16) not obvious in the case of 

Ck obtu:ν1， but W1三re I:)bs(忌rved dist�ct�e1y 

111 both the infertíleιlnd dry stand 孔nd

the stand of p, de月点j10m in ~l、able

17. T110 root densit�s w己f也 remark乱bly

high in th日 Er…AB and Er-" s011叫 Lyp日d �w 

fertil邑 and dry stands of A 5 and .A. G as 

agail1st those in the BtD(d) soiH:yped stand 

of j主 L Th0 a1110日 nt of carbon was larger 

1.1) the latter , 

'1三1b1.e 17A Cal七on and 註ne :r()ot dCllsitv in 

hodz仁川 1 of the p , densi゚ora stands 

Stand 

C正ll'bon

;:;oi1 typと

Fîg , 17 '.fotaI 註mount of nítrogeτ\ alld fine 
root de!lsities in soil horizon L 

'Tab と 18担 Nitrogen 計nd 五日告 root density 

匤 horizon 1 of t110 C丸 obtus(] stands 

Stand H2 

Total nitrog日n {入ヲ

Fine 1:'oot density 395 

'T、he root density of each spedes dccre乱自己d rapidly until th巴品mount of c品 rbon came up to 

8ω 10%. 1t cUd not d己cro自民 greatly in thc sites wlth 乱 higher c乱rbon content , 

1¥t th記乱γnOllut of (ヲlrboH (}f 10, ln Fìiふ 16 ， th日1"oot deロsltie3 becam日 lower in t11e order 

oJ (コh， oﾎJlusa (400), (二 jaþonica (300) , L. le�tolejJis (150) 下 and p , de月sì.#出戸a (:30) 。

(16) Nitrogen 

'.]可 \e am<、unt of N al1d carbon are alike i日間lation to the root c1011 日1ty ， as shown in Fig崎

17, Howe弔10r二 nitrogen is more cio犯行 rO.1at巴d to the root density and tho root growth th乱11

carbo!l. T110 root density of じ'h. obtu$a had lit日記 C01T巴latí.o11 with carbon , 'rheτe was, how，ピver，

a h刕h correlation ¥vith.N as shown in Fig. 17. Jえ{潟ulüョ of ohservatio!ls on this rel乱tion 0段

位協 st:a訂正1s of Ch. ob!usa oi H 6 駘nd H 2 ar巴 3h川vn ﾎ.n Tablo 18, from ¥vhich it is clear t11a1 

the rGot denshv decreases 詰 s the 乱rnount ()f N :incr自制日S，

This phenOnlenOl1 j呂 tnl.ceahle to the Jact that roots are i 口duc何1 to lJraldlstri hute in the 

8urface ]Jorizりn in 投球 dry a 口d btぇrren sit:e with a l羡iJe arnount o! ト，[! a.s 1 n the case 01 1.he 

3.mOullt of car!Joll. 

すh.is 1s observod nww cl色arly 1n tho case of C‘ j吋:ponica a幻d P. dens凬lora than in th日 Cf.J昌己

(}f Ch, obtusa and L‘ leþtoleJぅ{s， and th旦t is pτeCÍsely b日caus記 t11e branching and the oﾍ 

the 五ne 1:oots of the forrner two are easily affected by theιhemical prope.rties of soiIs‘ 

すhe r<Jot densi ty of Ch. obtusa decreω以前 the iJmounl: ot .N �creased up to 1. 0;ぢ The

inf1.ectiou pOillts were about. {),6% for (二 ja)うonica， O,7y{ for L. !eþtolcþis, and 0.4:75 for 1'. densíflo問。

Th記 spedes wore not caus巴d to 

a1l10un工8.

(17) CjN rat卲 

their Toot densities "yvhen the }¥T content e又ccedむd thosc 

The CjN rat:;o, carbonfnitτりiごとn Tatío, which incl兤ates the fert�1ity of soils and the root 
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Flg. 18 C;N ratio and D.n邑 root densities 
in soi! horﾎzon L 
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density had, as shown in Fig. 18, th日 clo幽

sest int:err日lation of al1 chemical factors 

betwe巴n them, And besides, their r対抗ion

drew an a!most straight line. 

As often mentioned, this agrees very 
well with the fact that the root densities 

increase in the surface horizon in the Î1ト

fertile and dry stand with the high CjN 

ratio. 

Estimate from Fig. 18 t11巴 root density of each species 乱t the CjN ratios of 10 and 20, 
and turn to Table 19 for r巴sults. According to the table, the ratios of increase of root 

density bε.came low邑r in the order of P. dem/ifiora , L. le戸toleþis， C. japonìca, and Ch. obtusa. 

Tt was inferred from t11ese that if compar吋 wîth the other species, Ch. obtusa did 110t make 

a great change of growth for ch君mical change, owing to the low rat卲s 01 increase of the 

amount of carbon and N and the CjN ratio all. 

The relatio11s between the v乱ríous factors of soils 乱nd the root de11sit�s have b色en gOl1巴

into 呂o far , and as is c1e乱r from th巴ir corre1ation graphs, the interrelation of th巴 root density 

with the individual fadors had a remarkab!y w冝e varianc巴 as against that with th色 factors

whkh put together the �d咩idual factors such as soil type , site index , etc. This com巴s about 

precisely becallse the root densiti日s have b日記n 五xed upon by the înterr日lation among the vari駒

ous soil factors , The root density has a tendency to not incr巴ase where aeratiou , mOÎstllr巴，

fertility, etc吋 faciliate the growth of trees but to increase.in the infertile and dry condit.卲n. 

This is cleared IIp by a twofold reason : 011 th邑 o11e hand, the rami五catio11 and growth of 五n日

roots are prol11oted i11 tha t si t日， and 011 the ot11e1' 11and, roots are caused to maldistribute to 

the surf乳ce hodzon becallse they are subjected to a limitatiol1 011 growing in th邑 sh乱110w

sur.face s011. The soil factors tb乱t have a comp乱rativ邑ly close relatiol1 w�h th日 root density 

are such physlcal properties as the am01.lnt of 品ir al1d water i11 五eld condition and the pIテ

valu巴s， and 8uch chemical propertîes 乱8 th忠 amount of carbon and N and C!N ratio. 

The root densities íncreasεd， as above-mentioned, 匤 a dry and infertile 8t乱nd; and at the 

sam巴 time， their surface areas of absorption increased. The absorbed quantity i.tseIf did l10t 

make for 品 gr日at Íncreas記 ín root density because the absorptio日記ffid巴l1cy of roots was caused 

to decl匤e e咜her by t恥 shortage of wat邑r by dryness or by high lignif旬以:ion 1n the tissues 

()f nnεroots. 

5) Horizol1tal va:riation of the :root den苗ity in a stand 

Draw the relatio11 betwe巴11 the distance from a root stock and the root density accord�g 

to each root classiJication and each 80ﾏl horizon using the detail巴d data. Results are shown in 

F刕. 19. According to the 五gure， the root dens咜ies got highest 絜 horizontal div﨎ion 1 near 

th記 root stock in each species, 80i1 horizon and root classif�ation. But they kept on decreas-

Table 19, C;N ratio and fine root dellsity in horizon 1 

Species c. jαpo珂ica obtusa l'. dens凬iora L leptolepis 

10 (A) ¥50 350 30 80 

20 (B) 550 .5t)O 150 300 

Ratio of increas記 (AjB) 3. 7 1.6 5, 0 3.8 
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キ 1 ; Root deosity of horizontal d�is卲n 1 
2 : Root density of horizontal d���n Z 
3 ‘ Root dens咜y of horizon�l d咩ls�n 3 

キ* Each isolated point lndicateぉ the rool 
density only 匤 the third horizontal 
dívision, The point of No司 45 ìs, for 
example, the 叩ot dens�y ;11. the third 
h�izontal divis卲n of stand No.45目

Fig. 19 .Ba8a1 area and f�e root density � soll 
horizons 1 and n of tho C. japonica 8t乱nd.

ing a8 tho horlzon tal div罇ions go frolll 1 to :.;, that i.s , farthor from th巴 rooj stock Sl1ch 

r机io of decr間関 is 110t comm011 to a11 species , root c1assîfication, so.il horizons, tree densities, 

and soil conditions. 

(1) Horizontal variation of tl日 root density of each spedes 

The ratios of decれèase are shown in Fig. 19 on the fin巴 roots in soiJ horizon 1. Accordi ng 

to t11em , the l1at刷rootod specios, L. lqうtole戸 is and 1て densiflom had tho 1m号'0 1' ratios of decreaso 

by horizo11 ta1 di vi sﾍon th呂n C. japo持lca aηdC九 obtusa. This was also obsorv巴d in tho experi嗣

ment at the Asakawa nursεry. There was, th乱t is , a 日ma11 diff己rence in 1'oot d巴nsity bet\v巴en

hor�ontal divis綷ns � a11c1 3, ']司he rat卲 of c1ec1'ease of tho d日nsity of 1:he fine root from hori.ｭ

zontal d� visioll 1 to :'1 � the so匀 horizoH 1 of i上le stands S 5, H 5, A 4 乱nd K 22 with similar 

moderate siぬ conditions from the deta�!ed data 﨎 shown 匤 '1'ぬ1020.

When tho rat卲s of decrease fr口π1 horizontal di visiol1S 1 to 3 were to b巴巴xpross日d as the 

r日 tios to 1:he root densitles in horizontal division 1, 1:h日y became lower � tho order of L. 

lejうtolePis (0.82) , P唱 d併lsíflora (0.72) , C. jajうonica (0噛60) and Ch 0占的、sa (0.51). 

L ICj戸toleJうis and P , densißoグa， on the Ol1e hand, 11乱d almost 1:he same density of tho 五n巴

Tabl巴 20， Hor坥ontal change in fin日 r()ot d日nsity in 11orizon 1 

Horizontal divis卲n 
Species Stand 

3 

268 23 勺 16 :. c. fαρonica S5 (1 , 00) (0.87) (0.60) 

579 374 298 
Ch. obtusa H5 

(1. (0) (0. ι5) (0.51) 

iャ~(.どJ 33 
fへ densíßora A4 (1. ()()) (0.72) (0 ， η〉

108 96 1.. IClうtolepis K22 
(1. 00) (0.92) (0.82) 

The fígur、es in the parentheses shows the ratios in root density when the root density in the first 
horlzontal d iv;sio11. i5 to be 1, 
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(oots regardless of the dist呂nce from 伯母1'001: stock‘ C. jaþo持ica and Ch. obtusa 011 the oth色T

hand, had 匤 hor�ontal d�ision 3 near the root stむck nearly twofold as high roo1: d号nsities as 

those about midway between th邑m and thelr nei.ghbour t1'ee. 宮、h1s makes cIe旦r that the former 

hvo develop the� roots w冝ely along tho surfao号 h01"Ízon， and inst巴且d that the laUer two 00ト

leot their l'∞ts around their root stmえ It became more ind�tinct ln the lower soil horizon. 

1、h巴 ι1iffe1'enoe by hor�ol1tal distr�ution amOllg species was obs邑1'ved 江lOst di日tinctly in soil 

ho1'izou I Th巴1'oot densiげ

1 in so� horizons HI and beïow面

(2) Tree g1'owth and horizolltalγariation of 1'oot density 

The 1'001: dens咜y in the horizontal dlvislon ch旦工1ges with th位 t1'ee growth , An cxam�ation 

of thc relation beい可veen the two on C, faþonìca , Ch, obtusa and P. densi゚ora as rat卲s of the 

root density in hoTﾏzontal div﨎ions 3 to 1, p1'oduces results shown 匤 Table 21. According to 

the t五ble， the ratio increas邑d wit11 the tree g1'owth. The difference iηdensity Ìl巴twe巴n 1:11e two 

dlvislons, after 乱11 ， became smalleに Aml at the same time it i8 c1car 1:h呂t the nne root8 grow 

u.nifo1'訂11yア ín soil ho1'菶on 1 as the t1'ce grows. 

(3) Tree density 

Gencrally speaki11g, t11巴 high正r the tre日 densìtìes Ìlecoill阜 th臼 more interlocked the 1'Oots 

become affiong t1'ee8. AIong w�h 1t th日 root densities increased 1:0 bccomc equalized 111 each 

soil horizo�. The rclation b巴tween t11e tree density and t11e horizol1t乱1 varﾌation of 1'oot del1sity 

ill a few stand品rd stands with dlffcrent tree dens羡福s ls shown ﾎ.n T乱ble 22. すhe d禛ference ¥n 

the 1'oot densi ty b記tween hOr1zont丘1 divisions 1 and 3, becamc smalle1' as thc íγcc density got 
smallεr ， show絜g the ratios of the t.wo denslties to b邑 mor邑 than 0.9 in the close plantil1g for忠告t

with the density indices of 0.8~Jl.2，乱nd from 0.6 to 0,8 in th記 sparse planting stand w1th the 

dcnsity indices of 0,4",.0,6. T、h巴 ro勺00ぱt d品忠11S叫sit任i巴e，) 11c飢c旦]11巴 h臼19h巴r aro仇叩?九幻1江md the roo悦t sはtoω3必ckζ仁. About 

7刊0% 0ぱf tぬha抗t density w可v昌硝詰 a泊bOl叫1詑t mi誠d，羽為

詰s11ぬO鴨w日 iち記 cα:om中p孔riS011 ()f口1 th巴イìne root densities of C jaJう併1Íca � so精 hOr.ﾏZOIl 1 between t11e 

sparse plant匤g stalld ﾎn the Obi distdct and the、 dense ph吃nting stand in thc Y oshino district担

According t，り the tabl巴， the :ratio然、vere 0也 51 to 0.64 and 0.68 to 0.72 in t.h邑 sparse planting 

st乱nd 絜 t11e Ob� district aロd i� the dos告 plantil1g stand 111 the Yoshino district rεspectively. 

The root d叩sitîes wer日 more uniform hoγìzontally 1n the latter than 1n the former. That is 

to say, th邑1'oot d記nsities were low about mldway between t11e tI百es 丘s against those nea1' the 

tr巴es 111 the spaτS巴 pla11ting 日tand， and besídes, the hor菶ontal equalizaUon of 1'oot density 

似dUtated thc uniforl11 lncrease of root den日ity regardless ()f the distanc巴 from the root stock 

in th記 do日記 p1antlng 8tand. This equ日lizatíon 罇 caused bv a twofold fact; in th記五rst place, 
the �creasing tree densi.ties pr011l0te t11e i11cr己asc of the root w巴ights cOlltained in so i1s, and 

in the s巴cond place, th己 roots te立d 1:0 grow fr011l wh♀re they are of high yoot density to where 

th邑y are o.f low root densJty. 

(4) Soi1 

As 品lr開dy mentioned , a phys祥al Emìta泊)l) i8 put on t11e spaces for root growing 111 dry 

乳nd lnfertilc for日8t land with shallow surf初、記 soHs. Also, the root densities inc1'印se thcr母

becaus日五日記 roots aァe cal1日日i to grow fu1'ther on that condition. A horizontal analys罇 of tb記

1nc1日as杷 of root d己刀 è，ity 011 the 五lle roots in so�1 horizon 1 � the "t品11d of C叫 jaþo幻ica ， prodl1ccd 

results shoWI1 111 Table 24, As 1S clear from the table, the ratios in horlzontal 忍ìvis�ns 3 1:0 

1 we1'e 0.83 10 1.00 , 0.71 to 0‘ 76 , and 0.54 to 0.60 in the dry soil of. J3A.-Blc soiI types, in the 

modcr乱tely moist soil, and in the wet so丨 Fro111 this it follows t11at the ratios becom己 high邑r
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Table 21. Horizontal change in fine root density in hor坥on I and bas且1 ar巴a (g/l泊り

100へ，200

C. ja争onica
(5 1) 317*~"177帥

0.56ネネ*

Ch. obt話事品
(H2) 142 、 ~334

0. 76 

F , densij!or.品
(A2) 54"~ :36 

。‘ 67

( ) Stul1d No. 
" R.oot density in hOf.坥ontal divi.sion 1 (A). 
料 Root del1sity in hOr!zontal divisiol1 3 (お)‘

本木本 E!A 

200，-~，，'300 300- 、，500

一一一…一一一一一一一

(S 3) 340~~291 (S 4) 248~ ;89 
0.86 。吋〆

.iO 

(H.3) 560,,-382 (H6) 5.30八 451
0.68 。‘ 85

(A:ミ) 37-"-.-, 33 (A8) 43r，~ 30 
。~ 89 0.70 

Tahle 22. Horizontal change � root dens咜y and tr閃 density (g!m3) 

Tree del1sity .index 

C. jap酎!Ïea
(85) 

ム leptolePis

( ) Stand No. 

* Root density in hOr1zontal division 1. (A). 

** R.o� dens�y in hOr1zontal division 3 (B) ‘ 

料ネ E!A

(K22) 1;7'~ 何
0.82 

。‘日 "0 1. 2 

(5 n) 2; ~i-'<;Ol 
0，ヲ3

0(26) 286 へ，284
。。ヲヲ

'fable 23. Hor坥ontal change ín 五ne root density in horlzon I of tbピ sparse planting 
stands of C. }alうonica in the Obi distγict and of the cJos記 planting stands in 
th記 Yoshino d﨎tr.ict 

Ob� district Yoshino district 

Stand 825 S26 S 2� 548 850 

Trec densitv index ()‘ 3ヲ8 0.449 0.475 0.67 o. 72 

五orizontal division 1 (A) 281'お 247 182 ?8~: ?40 

Hor坥ontal clivision ,j (B) 151 キ 111 93 203 163 

B!A 0, 54 0.45 0.51 。E72 0.68 

ホ Flne wot density ・

Tab� 24. Horizontal change ln 五ne root density in hor1zo11 1 and soil properties 

。f the C. ja�onica stands 

Dry soil Moist solJ 

Stancl S7 S20 S24 823 54 S 1:) 85 512 

S t,l 
。. 7! 

~l59 

251 

O. 70 

825 

80iI type Blc BA BA BID 
Horizo主ltal divisioll 

おか Bin BIE BID(w) BtD(W) 

l(A) 653* 3日4 9;'-;0 ゅィ 、rJっ,:. 248 3ヲ3 26i3 293 281 

Horizontal d�ls�n 474 370 9ユ9 537 139 283 J 61 160 1.5J 
.3(B) 
BiA 仏 73 O. ヲ6 1. 00 t、マ).ワ71 o. '/6 O. ?l 0.60 。.55 0 , 54 

* Root density 
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T乱ble 25. Horizontal change 1n 記ach root d記nsity of t11e C, ja�onica stand S 5 

Root c1乱ss f $ m 

* Root dens咜y in horizontal division 3/ Root density ln horizontal division 1. 
** The plus signs show existing only 匤 hor�ontal div�ion 1. 

and the root densities get 11101'e equaI菶ed as th巴 soîl beco丘ìes drier. 

(5) 武口口t classi五cation and root density 

L 

Each root class , say司 fine ， small, medium roots, etc. , has ii:s own way of horizontal distr�uｭ

tion. By exam絜illg t.hese relation according to each soi1 hodzon in the S 5 stand of C. jaþonica, 
可ve got the results ShOWll in Table 25. According to the table, the distdbution of the 五ne

and th巴 small roots became much more unifonTl than that of the larger roots. The mediul11 

and the large roots , in a word, we1'e dlstr兊uted mostly around th巴 root stock、

Such di抗日rent ways of distribut�n of the roots indicat日 that the 8maller roots absorb water 

乱nd untrimellt f1'olll a far and wicle area where they are distributed evenly , while the large 

root8 are cOllcentrated near the root 8tock and support the above“ ground part. Distribution 

of the root8 larger than the large root was hardly s巴en in hor�ontal division 3 of the soil 

hOriZOll UI 乱nd b巴10w.

(日) Horizontal variation of the 1'oot d巴nsity ln 悶ch 8011 horizon 

An explanat�n has been practically made of the fin巴 roots in soil horizon 1 so far. Further凶

nlore, e乱ch soil horizon facilitates the horizontal change in root density. Table 25 on the 

stand of S 5 日xplains that the r旦tios decreasεìn 邑ach root classification as the soil hor�ons 

go down, and in addition, that the 1'oot biomass have a tend巴ncy to maldistribute to ho1'izontal 

div罇ion 1. A distinctive line was drawn between 0 to 30 cm in depth and 30 cm above in 

depth ﾎn soi.1 horizons I and II respectively. That is to say, the ]JoTﾌzontal distr�utioll pattern 
of the roots chang巴cl h抗告白 The ratio of the large roots w乱s 0.03 in so11 horizoll lV, where 
93% of all large roc、~ b�mass were distribut巴d to horízont且1 division 1. In soi1 horizon V , the 
fine to large roots wer巴 al1 distr兊uted to ho偂onta! division 1 and not to hOrlzontal divis卲n 3. 

6) Root deusity and f{)(lt competition 

We have 80 far clealt with the challging roo1: d巴nsity caus巳d by th巴 varîous conditions. 

We make here an effort 10 go thr(11)良h th記 densiti邑s of the 五日巴1"00ts which hav巴 the clos巴st

connection with the tree growth. Th日 root densit冾s became highest in the soil hor坥on 0 to 

Table 26. Full density of the l1ue roots of each species 

Species Stand 

C. jaJうomca S 24 

Ch. obtz仰 I H6 

P. densi゚ora 1¥.6 

L. leptolep﨎 K23 
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15 cm deep 匤 the yOllng and c10se planting stand ìn 呂 dry and Ìnfertíl巳 sitc. There，正 olllpeti“

t卲n may take pJace arnong t1'日es when nutriment and Vi叫er are abso1'bed 

Upon picking out frorn the investlgated stands the highest dcnsit冾s of the fine roots of 

each speci己s ， we get the r巴sU.lts sho九.v11 in 'l'ab1e 26‘/主ccordìng to the table , they were 930 , 416 , 

and 301 for C. .ia�!mica. C仏 obtusa ， P. densìflora , and L. leJりtoZe戸is respectivc1y. Ch. oblusa had 

a higher root d巴nsity in g日neral. C. jalうoníca， ho,veve1', had a higheI・1'oot dens羡y thal1 that 

spedes 匤 the 巴xt1'emely �fe1'tile and dry forest land. These stand ages 1'anged from lG to 

52 year日、 and a11 tlle planting sites were on horizontal division 1 呂 nd vert�al division 1 in 礼

dry and inr日rtile fOTCst land. 

'1'he soil cond咜ion 﨎 one or the 日nvironmental factors COl11mOll日st to a11 stands with highest 

root density , The aridity ()f so11 evoked a gre註 t in丑uence on thピ d日nsity of 五口e 1'001:8 in parｭ

tkul呂1'， The reaSOIlS for this 乱re ， 011 the one hand , that the 五ne 1'00t8 <Jre caused to make 

t乱3ie1' their ra rni五c乱tion and growth 0!1 an 絜fe1't�e alld dry condítíりll ， and on the oth"r 11and, 

I:ha1: the 1'ool:s are caused to 広row only � soil horizo11 1 beι 乱mm of the shallow surface soiJ. 

7) Va:riou卦 soil j)l'O{I母:rties and vcrtical variat卲n of the root density 

Fig. 20 shows the relat�n between the d巴nsity of th(ぅ五ne roo l:, which ls 1110st dosely 

conected wi th the tree 民rowth， and the phys�al and ch巴rnica1 propertie日 of th日 soi1 as to SOl11C 

typ祥al stands. 

As rnentioned before and seC11 i11 Fig. 20, the density of th日 fine rc)ot \,vas high 1.n the 

shallow 話。il ho1'izon and low in the lowヒr hOr!zon reganllesち口f species 且ge and soil envîrol1剛

ment. Although the root densii:y clecreased frol11 the sha110w soil horizon to the !ower one, 

the decreasing patte1'n did not always 乱gree with vcrtical variation 01' eaGh fac1:o1' of the soi1. 

'[、hìs ﾎs becaus巴 the roo!. d�tribut�n is aHected not only by a simp巴 factor hut by the Ìnt巴rac­

tion of al1 1:he phys�al and ch巴mìcal f乱ctors ()f the soì1, 811Ch as water , aiτ ， fertllity ， and gτavi仙

ty. The re1at綷n between th巴1"00t dens�y and the vertica! va1'ﾍation of 出1c11 日oi1 faζtoτis 

shown in F�. 20. 

(1) Air in 1:he field cond咜ion 

'1'h巴 amoun1: of <tir io the l�e1d cond�ti.on is a tempora1'y �dicator of aeration of soiJs. 

Gen巴1'ally ， � 﨎 !arge in l:11e surface horizon , 札口 cl 日mall 絜 t11e lower ho1'izol1. This 乱greed

W巴11 wﾍth the change in 1'oot density by soil.〆fhe sl刕htly wet soils liko the S 22 stand etc. 

cOlltained much water in the surf<¥ce ho1'ﾌzol1 and somet叝nes a less amount of air than in the 

1m九'er soil ho1'izoIls. 111 thes巴 sitそうS ， the root densit�s had a t日ndency to decrease � the 3Uff乱ce

soH ho1'izon and to increase in t11e !ower soil horﾌzol1s w�h a laxg:e amount of ai1' if COIllｭ

parecl w�h 1:hose 絜 such clry stands ¥v咜h an extremo!y 1arge alτlOunt ofωr as S 6, S 7, H G, 

A 5, and K 1丘 (Refe1' to \11日 stand ()f S 22 � Fig. つ0.)

The arnount ()f aiτwas 1arge i.n the 関心meηtary 80i1 ho1'izons with volcanic gravel , such 

as soil hOr[zons I and VI, in the stands of S 13, S 16 品I1d H 7 in On己yama Nat卲nal Foresl 時

'1'here, tho root dens咜y decreased as the arnount of air inc1'eased , because both the shortage 

nutr.im巴11t and water and the b日d so匀 ,,1:1'uc1:\11'e irnpedεthe growl:h of root8. This is just 

opposite to the ch註I1ge in the amount of air. 

ln t11巴 stand of S 16, the 1'oot densities were lower in the volcanic g1'av巴1 horizon of soH 

hodzOTl II than io soﾍl hor.izons 1 and IlI, as shown in '1、ab1e 27，乱lthough tl1e amount of air 

was 1arge1' ther日 111呂n in soi1 ho1'izons 1 乱nd 111. '1 、h巴 amount of a� regained increase 匤 soi1 

hor�on IV. The 1'001: density did ).1ot, how巴ve.r， go ﾍnto reverse as s巴en 匤 so匀 horizons II 

乱lld III, partly because the tol:a1. root biornass dec1'eased in the low巴τsoìl ho.rizons, and partly 
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Air iね五elcl condi tion an d 五ne root clensﾏty of th巴〈二 jaþonica stand S 16 T旦blo 27. 

F�e root d日nsíty (g/m3) 
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because tho growth conclition of roots ヒquaIi z巴d ther記。 Ther巴 fore ， 1t docr巴ased gradually to 

73 in soil horizon III, to 2.1 絜 so匀 hOrlzon IV , and to 5 ill soil horizon Vめ

1'he larger the arnount of air becomes the better the roots grow in the so�!s holding a 

suf五dent supply of water and nutrim記nL The vertical varﾏation of th邑 amount of air, for 

example, corresponded very well w�h changεin root clensity as in thεsl 乱nds of S 4, H 3, A 4, 

and K 21. But i.n the soils with the small amounts of nutriment and \vater, the 1'oot density 

decreased 匤 the soil horizon with 1:h日 Iarge al1lount of air. 

An ext:raodinari1y larg巴 amount of aﾍr 1S contain日d in tho shallow turf品C巴 soìl in 1!¥. dry 

and il1fert�e forest lal1d. The 1'oot densities w巴r巴 remarkably high in the surfac巴 soil hoシizon

and extremeIy low � the lower soi1 hor�ol1s. This has a twofold reason; 1) that root8 are 

deterred from growing in th巴品rm lower so�s; al1d 2) that 1'oots are caused to maldistribute 

physically to t11e surface horizoll. There, the root distribution dεpends on w hethe1' 01' not 

tl防犯邑xists 81)品ce for roots grow匤g � the SDils, and llot on the physical al1d chemical proper仙

ti巴S of soils島

(2) The amount of water ﾌl1 the 恥ld co凶ition

The al1lount of water in the fteld conditio!1, generally speaking, is contained Illuch rnore 

in the lowe1' horizons than ln the surface horizon. (5問ドig. 20.) This is quite d�ferent frol1l 

the case of the amount of air. Th巴 change 﨎 also just contrary to that of th邑 la1'ge and 

γertical dist1'ibution of the root densities in the surface horizon. T、hese may be caused to 

take place bec乱use roots come to maldistribute to th記 surface horﾎzon with good aerat�n in 

the moderately !Uoist or wそうt so匀s with bad 乳erati.oτ1 ， whe1'e much water is rnaint:ained � the 

deep p1ace. Th巴 root dens� tíe日， however, w日re h�h in t;he surfac巴 horJ zon even in dry forest 

land, where the surface soil was dried l1p remarkably and much wat巴l' was held 1n th巴 coro

soil. That 1S to say, it was not Ob8巴rved here that the root densities becam記 higher in a co1'e 

soil wi th III u.ch 札rater than in th位 surface hor1zon. 

Table 28 shows the rel且tíon of the amount of water in tne field conditJon to the root den-

Wat思r in field condition and 榘ne 1'oot density ()f th日 C. japonica stand S 27 Table 28. 
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sitles � the BA soil-typed stand of S 6. The root densities werぐら as shown ther阜、 remarkably 

h1gh in th己 surface soil w咜h a Httle water, and low in 1:he lower so匀s with.. .much waler.. 

They d巴creased rapidly with the water increas絜g. 

The drv stand of S 6 has th巳 soil hor�on witﾌl much watεr COllt乱in巴d a1: the depth � 20 

to 30 cm. The root densi ties did not increase remarl王ably there. And also 1n the stand of K lG, 
t11ey did not ìncτ円lse although the qu乱ntity o:f w品ter increa日ed rem泣rkably at the dept:h of 

20 cm and below町 Furthennore， �l1 On巴yama National Fores1: they ran paraIlel to the decreaslng 

water in the volcan兤 gravel hoTﾍzon in the st乱nd ()f S 13 alld S 16. This arises from e羡her 

th日 shortag巴 0 1' w乱ter 01“ the badly inferior physical and chem�al properties of soil in thi日

soi1 horizon. 

Th配 root den日ities fell off i日 th日 deep巳r so�!s în 乳 dry st乱nd w咜h the exception ()f the 

sp日cíal cases 1n Oneyama Nadonal .Forest. Th� con陀s abol.1.t either becau日e of the bad aeraｭ

tion and soil structure, or of the J�rm soil 司nd poor chemical property‘ HorizontalIy , ln な dry

stand , roots often grow in a COJ1cave 乱rea with almost equalωil properties 01' aera t.i on , fertility , 

etc.ヲ and with much water. Vertically, roots nearly mald﨎tr兊ute to I:he surf品ce horizon beｭ

cause thf‘ above-rnentioned :factωs 1)¥1�. a gr日at lirnit:atioIl upon their grovving叩 Or rather , w乱ter

i話 Ol1e of the Jactors prevellting t.heir grow.ing in thLl case. 

'1'he YE寸tical distribution of roots 1s also 乱ffected by 咜 because the clim乱te condit綷l1 � 

Jap礼11 is not like that in a desert are註 where th日re is almost n� raﾌnfal.l all the yea1' rouぉ&

The vert兤al di呂tribution of root日 is there g.i.ven a greater in卦uence by soil str1.lcture , a記:ra伽

ti011, fertility, etc. rather than by w旦te1: condit卲n. 

(3) .Minimum air cap品dty

'1'he rninimul11乱î 1' capadty had a similar tendency to t11e vertical distribution of root 

density; they ¥vent OH up in the surface horizon and dOWll in the lower hor�on. This does 

not, how巴ver， always hold trn日]n all cases，おometim日s t11e min�.mu1ll o.ir cap乱dty， for exampl巴，

became small巴r in th巴 S111・face horizon than in l11e ]ower horizon as observed ;n th巴ぉtands ()f 

S 22 , S 13, S 16, and H 7. '1'hi8 is just 1:h記 re.vξrse with 1.he case of th巴 distributiorJ ()f root 

density. 

In the lh soíl白typed stand of S 22, th日 minÌmUIll a11' capaCﾌty was smalle1' in the surf乱ce

horizon with llluch water th乱n 絜 the lower hori.zon , Ae四tion was worse in the surface 

horizon as agaillst that ﾎn the other stand日， There, the root density became ]ower thal1 in t11e 

dry stallds S 6, S 7, etc. There was no influence to cause the decreasing trelld n�' .It goIng 

into reverse, It increased , for exam]lle, sl刕htly only in the lower hor坥o11 with th巴 1乱rg巴

minimum air c且pacity.

Thus, this stand lllad日 little diff巴rence il1 th日 chal1ge in root. density :[rom the nonl1al 

stand of S 4, despite the bad a尽ratìon in the surf乱ce horizol1. It ls due eith巴r to th巴 suflìcient

supp]y of oxyg白n because tha1: surface soH C0111忠告 into c011tacl with thc atmosphεrc ， or 1:0 the 

favorable growth of 1'00工s regardless of aeratioll , 

111 the stands of S 7, S 13 , alld S 16, th日 miómum air cap乱city w乱s srnaller in the surface 

horizon than in the lower horízon, because there existed volcaηíc gravel in the latt巴 r horizon. 

The root densities wcre hígh日r ther巴 than 1n the lower soil horizofl w羡h the large lllinirnum 

乱ir capacity, 1t was contrary 1:0 the case )n t11e other so�1s. This orig�ates in 1:he fact that 

the physical and chemical properies of soi1s are wo[se in this horìzOll‘ 

The minimnm air capacity w乱s larg日 and the r()o1: d巴nsity was high in th告 surface horiｭ

Z011S of such dry-soil 日tands as S 6, S 7, 11 6, A 5, K 16, etc. Possibly, partly b忠cause 1:he roots 



were m品ldistributed particularly to the su:rface ho:riz甁 with the la1'g日 minirnum 且ir capacity 

and good aer乱tion， and partly b自己乱t1se hight巴ning the 1'oot d忠nsities caused the physic証1 proω 

perty of soils to change and th日夜ünìmum 丘11' capadty to enla1'ge , 

'1'hus, thoro may b忠 always th倍 caus乱1 relation betw記en th記 root density and ali the facto1's 

closely connected w1th it, Pa1'tîαI1arly， !l1ost dosely connected w�h th官m is th邑 minímum aJr 

capadty.占

(4) Po1'colation velocity by water 

Among all physical prope1'ties of soil, t11e percolation 、 elocíty by water 1s most closely conｭ

nect邑d w�h th日 distribution of root density; they make a 日imí1ar chang己。'1'he percolation 

velocity and t.he dist1'ibut�n of root donsity both went up 111 the surface hOr!zon and down i11 

the lower hOriz011, The remarkably h竑h interrelatlon，註s shown ill Fig面 20 and i.n Table 29 , 

was observ日d between them 1n 1:he stand of S 7, 

Percolati.on velocity indicates the numbe1' of p皞es and t11e movernent of water in a soi1 

The high root density 111 th記 soil with lligh p日rcolation veloc咜y m巴ans that root" grow favorｭ

ably 1n the porous soil where water moγes e在日ily‘

As already mentioned, th芭l"oot densities became ﾌ1竑her as the po1'colation velodty became 

higher in the original stand. They decre乱sed， how邑ver， l'色markably in the vo1canic gravel 

horizon Jike the stand of S 16 where the r出t of the physical and chem兤al properties of soi1 

gむt "γorse. 

The vertical distrìbutio賞。，f root dεnsity 1S dependent on tho r巴latîvi十y a:mong each so匀 

horizon 匤 a s1te, and not on the 乱bsolute quanty of each factor. The p邑rcolation vεlodties 

were, for 日xample ， 650 ccfm匤 and 22 cc/m匤 in the soi1 horizo11 I in th邑 stands of 56 呂nd H6 

r色sp邑ctively. Though there was a grεat difference between tlle111, it did not exert any 匤tluｭ

開ce on the vertkal d�tribution of 1'oot d巴nsìty ¥11 each stand. (5e日 Fig， 20,) 

(5) Non四capilla1'Y porosity 

The 110n幽capi1l札ry poros�y goes on up in the surface horizoll, a11d doτwn in the lower 110士 i­

zon. It 113 similar to the change 1n root density. 一1、h巴 growth of roots is g忠良erally affected by 
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P巴rcolation ratio and 五ne root denshy 珵 the C, japo珂ica stand 87 '1'abl忠 29.

Fi間1'oot d忠nsity (g/m3) 
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the non-cap匀lary porosity when nutr匇ent and water are suppl冾d SD節dently， The roo1. density 

tends to b色 highe1' ﾌn the soil horizol1 with high norいG1pUlary porosítyφ In tb色詰tand 01 S 7, 

the 11011-Ç旦pil1品ry porosities were 11.996 and 9.575 匤 th世話urface so� hor�on a.nd in thεlower 

soil ho1'izoI1 1'e8p日cUvely. Correspondlng to it, the roo1. densities we1'e , <1ぉ shown in '.1'<lb1e 30。

653 札口d 14 1n so� horizons 1 and '\人 1'esp日正:tively. '}、hey decr色ased ， tha1: is, with gre品t speed 

a.t the non-cap精lary po1'osity of 10% and below. They we1'e 、 fo1' example, 44 and 14 at those 

of 吉.6;;5 品nd 9.5汚1'espectively ， but th� 﨎 l10j 乱lways commむn 1.0 all sl 日l1(h 1n the stand of 

S 6 as in Fig. 20, the rOot d巴nsity did not make 日o great <ln incr 日仕se as to go into reverse 

order even when th巴 llon-capìl1ary poros�y was hlgh日l' in the lower so.il .hor坥ol1s than 1n so.il 

.hor﨎Oll 1. This expl託íns tha1: t11日 distrîbution of each 1'oot hìorn丘忠告 匤 each so� hor坥on 﨎 

depelldent not 0111y on the non-capil1乱1'y P01'osity bむし on thι， othe1' soH 1acto1'8, 

(6) pF values in t11e 五dd condítìo幻

すhe pF value日 ln i:he field condition expγ色ss the amount of w乱ter which trees can abso:rb拠

They may b日 1110r巴 do告白Iy conn日cted with th巴 root density th註n w�t.h the amount of water in 

the 五eld condition 匤 this resped崎 ]デìg ， 20 shows the 1'elatioll b巴tween the pF valuぞうs and the 

root d記nsîtîes. ACGo:rding to the lìgure, the pF values and the wot d巴ねsities both go up in 

th抗告urface horizon, alld down in th己 lowel' 13011 ho1'izo札すhe 1'oot densities w巴r巴 higher ln a 

drv soi1 horizon th品n in a wet 011氏

The pF v旦lu日日 w乱s distinctive1y obse1'ved to make a change 乱ccOt可ling to each 5oi! horizon 

匤 the dry sLand of S 6. '1、ab1日 31 ShOW8 the r日ιltlon betw阜邑n t11em I:he:re, Esting t11e pF values 
of 2.5 and 1.8 in soil ho1'lzolls 1 司nd IV, respect咩ely. This makes clear that t11e surfacc soil 

was dr�d up mor告代markably than th日 lower soils, and that the 1'001: densities were 264 and 

16 1n the former and latter, 1'espective1y. An extremely big d�fe1'ence ex﨎ted b記れve日n t11e111. 

Roots grew favorably in the Il1ode1'ately moist soils w咜h th日 pF v旦lue ()f about 2,0 and 

nn:favorably in th巴 dry soi1 with tha1: of about 2 ， 5匂 A8 むO位cerロs the v日1'tical distri Dution of 

roo1:s biomass，員ne roots g1'巴W 81l ffid日ntly in the s口 rface soi1 hoTﾎzon with a 1礼rge pF v丘lucy

and insllH祥福ntly in the lower soil horﾍzon with 旦 s111a11 pF、 va1ue， T、hìs arises from a fourfold 

cause; 1) that the su1'face soils se邑m.，日 s al.re昌cly mentiolled, 1:0 be uufavou1'able 1:0 the 1'oot 

growth under drought couditiol1; and yet, roots g1'ow favourably in 1:h日 surtace hodzoll when 

the1'e is a suf五dent supply 01' 0克ygen from th記ピltomosphere and of water by 1'ainfal1 匤disｭ

p日nsable 1:0 the growth 且nd th日 fU.!1ction of root8; 2) that there are the 11101'巴 favourable chemふ

cal properties and 1110re supp1y (lf nutr匇ent 匤 the sn1'fac巴 hOr1zon than 111 the lower .ho:rizon; 

3) that thεde巴p忠l' so匀s 8t話nd physically well aga1.nst th日 roots infiltr品 til1g; ， thanks to the 匤ｭ

sl1f五ci告nt aeration and finnness; and 4) possibly that the v品luむs of pF、 a1'思 larg巴 and 1:he soils 

ar己正lried up in soil hOriZOll 1. The .root growth is, ho\γevcr， aff日cted by the amount ()f water 

〈立litt)I証森~*!::t阪の滋における;fJ'i.3Rのj対þ;{ と機総

T呂ble 31. V乱1ue o:f pF in field condition and lìn記 rooj

d巴!1sity of the じ， }a�onica stand S 6 
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dur絜g a short period噂 Therefore， root8 grow plenteously at th己 period， e. g. , the rainy se乳SOU，

when they have a high tempεrature and much rainfalL 

The valu巴s of pF vすεre all smaIl in the volc乱nic gr品\Tel layers of soi1 horizons n and IV 
in th巴 stands of S 13, S 16 and H 7. Those laye1's contained mllch water, wh兤h was ben巴ficial

to root growth, and had 乱 large amount of air, essenti乱1 to the growth and the functiol1 of 

1'oots. The soil structure and the chemical properti由民 however ， were remarkably worse there 

th乱n in the other soils; consequ自ntly ， root白 gr阜、v v巴ry unfa vourahly. Henc百， the 1'oot densi ty 

、，vas lower th日re than in the lower horizon. 

In the stand of A 7, the d巴eper soﾎ) contains the cl品yey soil with strong water-holding 

capacity. Th巴refo1'e ， the pF value was 2.Ei there and larger than in the surfac巴 horizon. Litt1e 

1司rater 罇 used fo1' p1ant growing although the site .Uke t.hat cont丘íns much phys兤al water. 1t 

caused poor a巴ration and consequently root8 gr記w illsuffic冾ntly and root8 densities feU off 

Even when they wer記 high in both hOriZOllS, the values of pF in th巴 lower ancl surface horizons 

had theiτOWIl prope1't冾s 絜 1'el且tion to the 1'oot dens�y. That � to say, the root growth was 

given another 匤�1uence by the value of pF in the dry suγface horizol1 and by that in the 

moﾍst lower hor�on. 

(7) pH (日20)

pH is related to the γertical d�8tribut綷n of hum�iJlcat卲ll as seen in the typkal stand, S 4, 

in Fig. 20 and Table 32. lt i8 small in th邑 hllmiclîfied surface horizon , and large in the little 
humidi恥d lower horizon. The 1'oot dens�y is high in the former horizon. Vertícally, the 
root density increased as pH decreased. 

The humidiiì.α1 fo1'也st soils suitab1e for the root growth become 1esB and loss 乱cidic in 

gεneraL vVhen there exist 設 sufficìent supply of a�.r and w乱t巴 r on this condition, root8 grow 

favo1'ably and root densit�s go up. 

Roots wer巴 not prevented frOlll growing only by the pH values of about 5.4 to 6目 3 lnsofar as 

they were not added 1:0 the ch日mkal properties 

of soil ,vhich set l1p the pH conditions. The 

root growth and dens.ity ar巴 both depεl1dent 

di1'ectly upon the d�ference of humidi五cation

1n distribution which mak巴$乱n inc1匤a tiol1 of 

the pH values 5.4 and 6.3 in t11吉田urf品仁巴 hori幽

ZOO. Aεration and wat邑r except for pH and 

th思 other chem祥al properties have helped root 

densiti巴s to go up 1n incl匤a tion as already ex帥

plained 111 dealing with the other soil factors. 

The value of pH 乱nd the l'α)t dcns�y we1'巴

6.3 and 2 respectively in soil horﾎzon V. There, 
roots ar記 caused to grow 11llfavo1'ably by the 

ove1'humidity, bad ae1'ation , etc叶品long with 

the short品ge of humus alld the ino1'ganic salts, 

日uch as N, carbon, and the 1ike. 
〆T、he v乳lu巴 ()f pH lncr巴as巴s and th日 r{)ot

d巴n一討ty decr 巴as 日s under the s(り)i口1 condition 呂 that 

i泊ack王 humね1.US and ino1'ganic s日al託ts. Th18 1s clearly 

observed in the vo1canic gravel lay巴r in the 
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stands of S 13, S 16, and 50 forth. There 判 as， as sllown i.n T、able :33, <ln oppos�e interrelat卲n 

betwoen tho valu巴 of plI and root d日nsity in that li勾γ巴1:. "1 、he vaIuo ()f plI and the root derwity 

W己re 5.8 and 31. 1n soil horizon II, and 5,4 and 73 respcctively in so�1 hor;zo11 IlI. Th﨎 18 dî乱州

立letrical1 y contrary to t11e gradual decreasing of root d巴nsity‘

(8) 芯xchangea!:山 acidity

The exch品ngeable addities were 1 to 2 in th忠告。il vi'ﾏth good aeration or ri.ch humns and 

i.norganic salts‘ Theywγre， however, more than 20 in the barren and dry soil with bad aer乱開
tion. The root density, therefov巴， b印、ame higher when the exchang日乱 ble acidity became lower. 

Bnt th記 root density, general1 y 呂P巴akíng ， becomes higher in th巴 su1'face sol.l horizon wiLh higher 

exchaug巴呂ble addity, because of thc interact綷n bctw己en oth巴r soil factors as observed in pH 

and the oth巴r soil factors. '1'he root growth 﨎 di乱mctrically contrary to thc exchangeablc 

acídîtyぜ てrhe data ()f the S 6 stand in Fig. 20 show a '1e1'y good 巴又ample of thl日。 'rhe stand 

S G in the barrcn and dry suγface soil of BB type had a verv hi芯h exchangeaale acldity of 62 

if compared with those in the g古口伝ra1 :forest stand. Although thi 百 was not alw品ys good for 

the tree grc山'1t11， that stand took a very high root density of 1261, 

The h�h exchauge乱ble addity alone does not always f誌cilitate r口ot growÎng, as s己記II ﾎn 

the stand of S G. '1、he roo1: distribntion is also dependent upon the other physica! factors , such 
as aεratioll ， w旦ter-supply byτainfaU ， distr�ut卲u 1.n humus, etc, 

The stands oJ S 13, S 16, and 1王 7 had an extraordiua1'�y d凬ferent property of soil ﾎu th巴

de白p記r soils‘ There, the exch乱ngeable addity was higher 匤 the volcan兤 gravel layer 匤 soil 

hor坥on II than. in soil horizon 1 iIl the o1:h時r s1:ands. (Se日 Fíg ， 20.) The root dcnsity fell 0妊

al.ong with it , As the exchaug巴able ac�ity increased, th日:root density d色creased iu the d己記per

soils lu the stands of A 5 a11d A 7. This is opposite to the case in the above寸l1entioned stand 

of S 6. 1抗t i玲s díf伍五cul抗t to jかu必dg巴 from thes佼悦正忠 the 1 巴el品tior口:1 匤 the v巴Tれtical dìおstrìbutíOl口ヨ be以t七裕予研\fil吟F

exchangeabl芭 addity 乱ud root d告I口lS占i行tグy眉 1n gεl1eral the root density goes on up in the surf品ce

ho1'izon，品nd down in the 10wer hol'ﾎzou when the exchangeable addity trends to be higher二

Carbon 

(王\j(U開
凶

と機.M:~務ドl;~I~Rìê V) tEHζおける

(9) 

Gene1'ally is there much ca1'bon in the highly hU111idi五ed surfac巴 hOl'Î zol1， and less 匤 the 

scantily humidi五ed .lower hori.zOIl. '1'h巴1'oot density changes, corresponding to the quantity 

of carbon; that 113 1:0 say, it goes up in the su.rface hod zon. with much carbon, an.d dOWll �11 

the lower soil hor¥zon. Ther巴 i日 a dear inl:erre.latiou b位twe日n the111. F�g. 20 司nd '1'able 34 

show the relation betw(う巴n them in the はね1d of S 4, frolll which it can be seen th旦t t11巴

amounts of carbon and Ih日 root densi ti巴s we1'c 89ぷ自Ild 277 respectively 匤 soil hOrJzon 1, and 
2タ6 and 15 respective1y in 1:he !ow巴st horizoIl V, p1 白císeIy b巴cause J:oots grow sufi�ieutly � 

t11e surface solJs with much orgul1ﾎsm and 

good aerat綷l1. 1\.0、ording to the d乱t且 in the 

ÎuvestÌgat 記d stand they had 旦 d巴cisíve!y h�h 

correlat卲Il as against the other factors , That 

arises froIn a twofold re乱son; on the oue 11乱nd，

the factors suít乱ble Jor the tree growth, such 
as aeratÌoH, 'vvatεr， nutriment, etcリ have been 

iuj玩~1'twined 匤 th日 su r.f品ce horizon in 乱11 these 

stands, and on the otlle1' hand, 1:l1a1: especially 

among 品11 those factors, the distrlhution in 

'J、able 34. Carbon and 五ne 1'oot density 

of the C. ja�onica stand S 4 
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humus goes down all from upward to downｭ

ward. 

1'he layers of the volcanic gravel and volｭ

canic ash are accuffiulated alternatively in the 

stands of S 13, S 16 乱nd 託 7. Thus, the lay記rs
with much carbon and the layers with little 

C乱rbon are caused to 日xìst alternately in some 

of the iuvestigatcd stands. Th日 dist:ribution of 

th巴 root d巴nsîties corresponds to that of carbon 

in t.his site; in other wむrds， the root density 

goe8 up i11 th巴君。il layer with much carbon, and down in the 80B layer wi.th little carbon. 

This relation is clearly shown � Fig. 20, and particularly so on t.he stand of S 16 shown in 

1'ab!e 35. According to the table, t11記 al110nnts of c乱rbon and th邑 yoot densitles wer記 5.2% and 

257 resp記ctively in so精 hOriZOll 1, 0.59ぢ and 20 in soil hoyizon II, and 4.8タ6 and 44 in the volｭ

canic ash layer of soil hOr!zon IH. The root density in soil hodzon 111 was about twice as 

high as tﾌlat 匤 soil horizol1 II. Few facto:rs had 80 high 乱n interrelatiol1 w咜h root density as 

the amount of carbon 1n the surface or lowcr soil horizol1s. It had a h�her interrelatio!l than 

the amount of air in the f�ld condition and the minimuロヨ air capadty in soi1 hOr!zon II. 

(10) Nitrogel1 

Fig. 20 veri五es that there is much N in the highly humidif�d snrface soil horizoI1 and 

little in the 10wer hor匂on. 1t has, as observed in the case of carbon，品 high correl且 tiOll with 

th巴 root density. Th18 comes of a twofold rea80n, on t11e on巴 hand that roots grow unfavourｭ

ably in 1:he little hnmí副長ed soil '.'11th l�tle N, and on the other hand that N is highly con舗

nected v'llth th日 root growth 

The property of selectíng 告oils by roots ﾍs observed when th把 aτnount of nitrogen changes 

as that of carbon changes. The root density as in Table 36, was higher in so精 horizon HI 

wi.th much N 1:h且n in hOrlzon n with 勾pilli accumu1ated alternatively調

That w品s obs忠1了時Ted distinctly, as 111 Table 36, b邑tw巴en so匀 horizol1s 11 and III. The root 

density did not go 1nto reverse between soil hor120ns IV 乱nd V. Th1S 1S due 巴ither to the 

decreas位。f root b卲mass b巴tweeηthom， or to the equalization of th巴邑nvÎronl11ental C011-

ditions caused by the other �l1creaslng f乱ctors to pr巴V己nt roots growil1g. 1'ho root densiti日s

were 24 and 5 in soil horﾍzol1s IV al1d V rεspectively. They decreased gr乱dually regardless 

of the changing amount of N. 

Table 37 shows the vertical distribntions of root density 匤 th巴 BE soi1ぺyped stand of S 18 

conta�ing much N evなn in th巴 lower hor�OI1 and in the BA soíl 氾typed stand of S 20 with little 

t11ere. In the former, the root d記nsity made a low ratio of decrase. In the latter, it increased 
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Table 35 , Carbon and 五n邑 root density 
in th巴 vo1canlc gravel and ash 
soi1 of the C. japonica stand S 16 
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私、jふ!J:.忍の場!とおける絞系の機構と 1議後 I狂 〈郊伐〉

Tabl記 37. Vertical changεln N and f�e root density of thc C. ja�onica stands of 

di妊世代nt so� types (g匇3) 

Stand S 18 s 

Soil typo 13E BA 

77 …眠

Hor�Oll ]下; Fine root ny N 抗日記 root density 

I 0, 59 118 Gーも7 リり勺〆ト/ 

1I ()‘ 44 62 0.20 

阪 0.29 44 0.08 43 

lV 0.29 30 0.06 24 

V C.()1 12 5 

*γ制 tlcal distribution ratio of N 

代:τnarkably in soil horizon 1. In soi! horizOll H and below，刻 and root density both made a 

high ra tﾎD {):( decr叫se if comp品nぅd with t11080 ln soil horﾌioll I 

(11) C;N ratlo 

1'he CjN 主atio � low � the fertile snrfaco so�1 hi川ZOfl j 品凶 ìn 乱 core soíl “ (Seo Fig. 

20.) 

As alr也ady montioned, roots gro、v suff�iently in tho 五rtile soils with pl己主lty of ca1'bon and 

N, and root dellsiti日 s go up along with it. '1'11巴re is, In a word, a highly close coueI乳tíon

betw忠告n t11em. Thb h01ds tru巴 111 t:ho case of the CjN ratios as an indka1:oJ: of the fert�咜y 

of soils. '1'11e root densiLì忠弘 for example, inc1'e註sed �11 the surrac日 hOrÌZOll with the low CjN 

ratio and l�h f日J:tility争 and not i11 the .lower borizon with the 10w CjN ratio and t11e unfavour噌

able physica1 呂 nd chemic社1 p1'opert.ios. 'Th日r記、Nas， that 18令 a c!ose l'ε1昌tion here ag乱in io tho 

root gro¥yth bet ween the CjN ratio aml the root: densityゅ The clifference between th日 sltting

so精s causes th巴仁hanging trend of the CjN ratios to go .into revo1'se ¥11 thc日 lowe1' horizon 日出

� the stand of S 16. Th巴Te ， the 1'oot densitì日s change hand in hand ¥'1ith the C!N n吠ío民 And

they 11創:ome bJgher in the lower hor1zon w�h the low C/N 1'atio than 匤 th日L1pper horl.zOJ1也

A.s mcntioned above, t11e root density i8 affected by tlle 刊rious physical and chemical 

facto1's of soil, esp巴d.ally by suc11 a phY;lical proporty as percolation v巴locity ， or sLlch chemical 

p1'operties as c旦1'bol1 and N amounts and thei1' ratios掴 In pd.nc勾a1， 1:he root density decreases 

froβ1 upw品rd to clownw乱rd. This t巴ndency does not change even when there is some change 

111 th巴 soi1 propert�s. 

The TOOt. d巴口sities go up in t11巴 surfac忠 horizoτ1. ， and down ﾌn the lower 1106z011εvcn when 

the1'e ex﨎t the conditiorls unfavour乱ble to the root growth , s1.1ch as drought, bad aer誌tíon 、 etc. ，

in the former.、 Thìs is b 口rne out by t11e detailed data and Fig. 1 showing t11at th巴 root d己n­

sitie:日 go down g1'adually fro工n upward to clownwarcl，品nd yet that each so匀 f丘ctor do巴s not 

ah九アays make 呂 givel1 chang巴 as the 1'oot densíty ‘ p品 rticul旦rly 匤 the surface horÌzon , ro口1:8

grow 11101'0 sul五den t1y than in the 10we1' horizon even when the physicai 且nd chelll�al propε1'­

ti閃 of 80il are mnch worse there. 'f.he 1'ootι!ensitíes go up with it, possibly b己cal1se the 1'oot 

d罇tribution is subj日ct to the other st1'ong; influ日YH 記日 rather than to so.îls ‘ 

すh巴y ar日乱tmosphere and rainfalJ, which respectively supply oxygen 乱nd watι白r necessary 

for the gro\九/th of 1'oots 匤 the surface 8011. Th己S日 influences clirn匤i8h in the lower ho1'izon日，

Furt加mor記. dead leaves and branch時間pply organism which gives nutdm叩t to th己1'Oot8

in thc su1'face soil ho1'izol1、守、he synthetical function of th怠 above.-menUoned gr合at influonces 
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leads to ample growth of roots and consequently thelr maldistribution to the su:rface horizon 

even when the analyzed values of the physical and chemical prop己rties of soils there are conｭ

ditionむd by the factors unfavourable to th巴 root growth, such as infertility , drought, insu伍制
dent aer旦tion， and so forth. 

Such envlronmental factors influendng roots go on diminishing gradually in the lower 

horizon, whereas însu伍dent aeration, shortage of nutriment, etcリ com色 to be predominant 

there. The quality of the physical 註nd chemical properties of soil, ther記fore， comes to contr叫

the roo1: distribntion. It causes t11e roots to pick out soils. 1'he root densities, furthermore, 
go ﾍnto revese as obs記rved typically in the stands of S 13, S 16, H 7, and oth日rs; that 1S to sa)ら

the difference � property between soils cal1ses th色 root densities to go up i.n the 10wer hOr1zons 

and down in the sl1rface horizon. 

1'hat、 cannot be observed distinctive1y insofar as the physical and chcmical properties of 

soil do not make a conc1usive dlfference from each other as the alternative accumulation of 

the volcanﾍc gravel and vo1canic ash ﾌn the stands of S 13, S 16, and H 6. 1'heir sl�ht change 

does not cau犯 th白 root d巴nsîty 加工邑verse th巴 order in variation according to each soil horizon合

For i.t is neutralizcd by the fundam日nt乱1 propぽrty of the root density in distribution that it 

changes from upward 1:0 downwaτd圃

1'hc yertical variation of the root densities results from the ﾌnteraction by these physical 

and chemical properties o:f soils. That ﾍs to say, the various intertwined conditions of a巴ration ，

water, nutrÍmcnt, etc. either fadlitate or hinder the root growth. The root growth and the 

乱na1ys1s of the interaction between roots ar日 the subject for a future study. 

A lengthy and careful study should be made of the íncr朗se of root densíties, ínflu叩ce to 

the tr酷 growth by it，乱nd competition by roots. 

8) Root d母nsity 磁p and down the slop思 arollnd a r申ot stock 

Usual1y root8 develop equally in a11 direct卲n8 when a tree 18 on 宣at ground. But wh記n

a tree grows on slant巴d ground, the root distr神ution differs up and down the slope hecause 
of d凬ferences ﾍn the gravity and soil condit卲n. 

As already mentiol1ed in regard to investigating methods, hm匂ontal divisions 1 and 2 hav母

been subdivided 1nto two p乱rts resp昭ctively; the upper side 1 and tho lower sid日 2， and t11.記

upp邑r sides ((+() and the 10w巴r sides (③十③). A c0111pal"ﾎson on the root density up 

a註d down the slope has be開 made b思tween Q) and ( in horizontal d�ision 1 and between 

〈①十③) and ((!() in horizontal division 2. 寸hi8 r巴vealed th巴 fact that tho root densitie8 

'¥vere higher down the slope than np it in 乱11 speclos and 1'oot classif�atﾌon. 

Selecting the stand of S 13 of C. japonica a8 an exampl巴 and going through th忠 diJference

T呂ble 38, Root density in the upp記 r and the 10羽!er part of the slope of ho1"ﾌzontal 

division 2 01 the C. jaρonica stand S 2 

Root class f 呂 立1 l L 

Loc乳tion uppapret r IJpO乱もvretf U. P. 1.. 1.. P. じ。 P 。 L 固 P.

I 321 428 338 458 569 612 171 210 

B 98 107 167 188 265 308 60 116 43 

Horizon 頂 53 71 113 128 169 203 68 167 

lV 45 58 92 巴6 131 24 92 

V 9 13 43 60 137 

P. 

822 
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Table 39. Ratio in root denslty in 1:11e lower part to that of upp巴r part o:f the 

slope in the horizontal d茁isiol1 2 of soil hOriZOll 1 

Spec冾s Stand s 111 

C. jaþo:托ica Sl 1. 15 L 18 1.37 1. 56 

Ch. obtusa HI 1. 15 L J5 i ‘.29 1. 58 

P. dens凬iora A2 1. 20 1. 19 1. 16 ? 40 

L. leJうtoleNs K14 1. 18 1. 0ヲ 1. 16 1.41 

in roo1: denstty according 1:0 the sIope, we get th巴 r巴sults seeロ in Table 38. According to 

t11e table, the root donslties wore 821 up the s]ope and 428 dowl1 it. '1'111S cornes under a11 

cas関心f eac11 root classificatlof)日uch as 呂五ne root , a medium root , etc唱， or ellch soil horizoll. 

1ヨy calculat1ng the ra�s of th日 root densit:y do¥vn the slop巴 to that up the slope when the 

lat1必r 﨎 to be 1，、ve get a more specific understand�g of th巴 r日latiol1， as i日 con!1rτ日記d 1n th思

detailed data. 

(1) D1資自renc日 in ratio according to sp巴cies

Table 39 shows the ratios of th巴 root dens咜冾s down'i死'ard to those l1pW註rd on C. jaρonìca， 

Ch, obtusa, P. densl:.〆'OTa， and L. 1eρtolelうis out of the deta�ed data. i¥.ccording to the table , they 

were all more thall 1 iu all 叩edes. It proved t11a1: the root densit冾s down the slope were 

h�her than those up the slope in all species. However, IlO d凶nite signi五cance was obs日rved

on the difference between species. 

(2) Root classi劦cat卲n 

Fine and small roots distribute evenly to the surfac巴 soil hori孟on. Distributiol1 of the 

large roots, how巴ver， corr色sp口nds to the biomass d﨎tr兊ut卲n of the upper内ground parts as 

th記y relate 1.0 th出 supporting fl111Cti0l1. T、he ratio, for 日xample， of the !1ne roots of C. japonica 

was, as shown in Table 39, 1.15 , that of 1:ho small r()oi:昌1. 18 ， t.hat of the m円1iu1ηroots 1.37, 

and that of the larg巴1'oots 1ぷ6. 1t is dear from t11is that as root8 become thícker , 1.he rati.o 

of the 1'oot den8�y becomes higher. '1‘he sarn日 r記lation was also observed on Ch, obtusa, p , 

de:拍車:ifiora ， or L le争tole;争ís.

The vari旦tÍons of the ratios by th巴1"oot siz記 are showll in Fig. 21. According to it , 1:ho 

ratios of th杷昔ne and th日 small roots were almost the same in distribution , but t:hose of the 

rn巴dium and large root:s increased rapidly ‘ This explains that one grりup of tho roots and 

anothor smaller and lar司ger th呂n a modium root respectively, have a great dífferenc巴 in 1"oot 

di宮tribution to the slope. 

This is partly because the !1ne and the 

small roots distribllto evenly ¥0 the for日st J100r 

so as to absorb water and nutriment, and 
partly bec乱US忠 the larger root;; grow appropr揵

ately down the slope in ord巴r to support the 

abov記-ground parts. 

Fig. 22 shows the d罇tribut�n of the blo働

mass up 乱nd down 1:11e slope accord匤g to t11e 

strata of the branches and lea v己S of the above “ 

ground parts in t11忠 stand ()f S 15. 

Tho rat�s of distribution of the above-

今
/
ダ
一
ト
O
O
Z
E
J

b
J
bム
ト0
0同
玄
コ
一
口
凶
立Fig. 21 Root class and ratio of root 

density in horizon 1 of the llpper 
託nd 10wor parts of slope. 
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Fig. 22 fミatìo of leaf and branch 
blomass on the upper 呂nd

lower parts to the total of 
slope in the C. jajうonica

stand , S 15耐

品nd-und記r ground parts by slope are showll 1n 

T旦ble 40司 They Vi/"ere, as shown there, 38;;ぢ

and 62% of the total branch biomass 11p and 

dovm the slope respective1y at the lncllnation 

of 25" in th巴 stand � S 15‘ The parts down 

th日 slope stand against gravity by th﨎 ratio. 

The ratios of the t�al root biomass bv distriｭ

bution w巴re 42% and 58% up and down the 

slope r日spective1y. Although th日1r rati� are 

110t the sam邑， a high int巴rrelation is r巴coglliz­

able betw閃n the di呂tribution of b卲rnas8 of the 

abov巴-ground part8 and that of the root bì(ト

mas8. And at the same tlme, th日 l呂rg邑 root8

grow amply down the slope in order to support 

the above四ground parts � particul託r. Such a 

distributlon. o:f the biomass of branches and 

1e丘ves as in Tablc 40 﨎 a180 Ob8日rved 匤 an 

ordinary forest , When this 1s added to the 

f乱ct that the biomass of the underground 

part8 ar記 all larg邑r downward in any stand, 
it i8 ulliversally tenable that the biomass of 

the above-and-under ground parts ar巴 distribu崎

ted corresponding to the sJope. 

Dr. MIYAZAKI21) discovered that the 8upporting root8, called 2.11 旦nchorlik記 tap root, developed 
down the slopeð) , And a180 it 15 日asy to know th記se relation from the various froms of the 

roots of each investigated species given in this study. 

。) R.oot density up and down the 8lope and tree growth 

1、h巴 tree growth causes the diH巴rel1c位。f root biomass 1n di8tribution up and dOWl1 the 

610p日開 There was, ho\vever , no significant dHference between the tree growth and distribution 

TabJ日 40. Ratlo of the ahove-and..und巴iのground part biom泌;8 inthe upp巴r 乱nd

the lower part of the slope 250 in inclination 1 江 C‘ japonica stand S 15 

Part Uper (タぬ Lower (%) 

Above-ground part 

Underground p且rt

Br旦nch and leaf 

Root 42 58 

38 62 

Table 41‘Distrìbution ratio of the root biomass in th巴 10'，1\1巴r p詰rt to that in th巴

upper part (lf the slop巴 of the C. japonica stand 

St乱nd 111 

崎
ょ
っ
白
に

Q

Q
M
Q
M
Q
U
 

f s 

L 15 1, 18 

l 、 36

1. 19 1, 13 

1.56 

1.23 

1.38 

1. :37 

1.08 

L 18 

E王ere， the distribut卲n rati� by rO� biomass upward i5 to he 1. 
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oぱ3立f roo抗t b泌3オi白mas凶s l.n弘1 tぬh巴 d巴抗ta必ile配d da討ü乱1し. T、o go Ùω1リ1't出h巴引r内 i泌i口1tωo t出hi泊呂， t切正乱lke f 1'、."or

stands呂; Wl託th dîf1箆fer配nt b日~S乱1 乱r邑as 正呂幻l口nd th、en l�k �er tha弘t relation. A result is shown in 

1、ablε4L There was , as shown th記re， 110 g咩el1 1'e1日 ti.on between t11e tree grwth 品nd the 

1'at1口S ﾎl1 each 1'oot d丘ssifteation.

(4) Soil horizon 

Table 42 呂lH)1;vS the 1'atio of the roo!: d応nsity down the slope to that up the slope 匤 oach 

soil hor�on of the stand S 5, at th巴 age 01' 45 years. Th巴!"Oot density down the slope becornes 

h1ghεr 匤 the lower soil horizons, because the influence on the roots by water 且nd f ert:匀i ty 

gets weake1' and that by gravity gets strouge1'. 111 th♀ surf乱ce hOTÍzon, the rool 日1.nterlllÍngle

w1.t11 those of the neighbouring t1'oes，旦nd hence the díffen沼C巴 betwe巴n tﾌle densit�s of r伐)ts

up 乱nd down the slope is not '10 clear since this inte1'mingling does not occu1' in the deep soi1. 

Th18 ís 呂lso OUf' むf those :r色asons.

(5) Angle of the slope and 1'oot density 

The ratio of th日 roots hy distributioll dOWIl the slope becomes higher , proportionating t11e 

angle ()f the slope. すhe relat�n between t.he two �11 the C ja�onica stand is showγn in Table 

4:,). 

'fwo reasoJ.)日 can be conceÌv町1 to und昨日tand th﨎 phenomeno肌 One t削son i.s as follows: 

As the slope goes steepe1', the we竑11t of the above明ground becomes m且ldi'1t.ributed dovm t11e 

slope. Conespondingly, th日 root system down t11e slope clevelops as if th巴y support the above鳳

gronnd. T、his ho1ds good , espec僘lly 絜 the case of large 乱nd very 1品rge root~ 日md roo!: stocks. 

And this is an effect 心f the stimulus by the d�ference in gr呂vity distriblltion on th思 thi.cken槍

ing growth o.f la1'ge roots倶つrhìs phenol11巴non is one of the adapt乱tion of roots as a suppo1't絜g 

st主 uctur巴1:0 the gra\ぺty d﨎tribution in the above鞠ground.

l'he other is an effect of g1'乱vity on the g1'O¥1llth of root length. 1、his is bec乱use the 1'001. 

tips aτ日 m註de 1:0 strech down the slope by I:h日日timu1us of gravity, As aìr 巴ady montiond, 

th﨎 phenomenon c託工1 be recogniz日d 匤 the lower hoTﾍzou rather than in the su主 face horizon 

w11e1'記 less roots are intermÎllgl巴d.

Table 42. Differωlce iu root density in the upper and the lower part of the 

slope in each horizon of theι japo開ica stand S 5 

Root class f s m 

I 1. 19 1. L3 ], 18 1.38 * 
IT 0.98 1. 15 1.14 1.3,J 1. 31 

Horizoτt m 0.74 1, 27 1. 09 1.5'1 3" 21 

N lC7 1. 12 1.:3フ 2.13 

γ し 7:3 L S9 1. 17 l ‘ 86 

Table 43. Il1clinatioll of slop巴 and 1'atio ﾎn foot density 

Incl匤at卲n 
f s 立1

of slop巴

S3 6 つ 1. 07 1.02 09 

S 13 12 1. 14 1. I3 1. ¥2 

S2 20 1. 24 1. :'6 L 18 

Here, the root density 111 the upper part of the slope � to be 1. 
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Table 44. R乱tio by root density 匤 the right and the left 8ide むf the s!op巴 of

the C. jalうonica stand S 13 

Root dass f s 校1 L 

Horizontal division 2 2 2 2 2 

Horizon 
t
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* No root distribution on the left s冝e of sJope , 

( Ratio of the root dens羡y 絜 the Jeft side to th討 in the right side in the upper part of the sampl納

匤g dìvision網

@ Ratio of the root density ;n the left side to that in the right side in the lower part of the sampl“ 

ing divisio払

ヲ) Root density 011 the right and 1eft part躍。f th母l'ooi 呂tock

The ratios of the roo1: density on the left part to those on the right when the ratio on 

the 1旦tter is to be t As is appar巴nt frorn thi8 ta ble, there 18 no differen ce in root blo111ass 

betv\"思en th日 r.ight and the !eft parts in 乱11 condit卲ns such as speci巴s， stand ag巴， root classifica・1

tion, soi1 borizon, etc. 
Table 44 shows th日 data of the stand S 13 in the deta�1ed t臼lble which had the 1110st ex乱111-

ples me乱sured. According to th己 table， th巴 fine and the SI11乱11 [oots distributing evenly to soil 

horizoll 1 had almost tbe rat� of about 1. There was no 日igni五cant differenc巴 in root densi ty 

b己tween them、 And yet, some root百 did h乱γ邑 a big differenc日 in ratio in the lower soil hor1zon. 

I主owever， there was no significant difference in root density betweel1 both sides on th巴呂lope

because they a11 had 3n extr巴mely large variance , 

m Root 日urface area of the :root sy呂tem.

The surface ar記a of th邑 root system do巴s not 乱lways repres色nt the absorptivεstructure 

because 巴ach root has its own absorptiv巴巴fficiency. As previously stat巴d， how巴ver， it � cer仰

taínly 旦 tentative index indicating the absorptive structure. Th日 dlstríbution of the surface 

area of th巳 root sys:ern is of importance in this r色spect.

1) Average value of surfac喧 area per tree 

すh日乱verage surface are乱。f the root system per tree was obtained by multiplying the 

Table 45 , Average root surface area 乱 tr杷記 of each root class (111.2) 

Speci巴s Stand f rn L St Total 

12色。 3 咽 3 1, 8 1, 2 1, 5 。。宇 20. 7 
C‘ japonica S5 (58) (16) ( 9) ( 6) ( 7) ( 4) (100) 

18 , 9 9.6 1, 8 1, 6 1.8 0.5 34.2 Ch. obtusa H5 (55) (28) (ら〕 ( f;) ( 5) ( 2) (100) 

1.2 2, 8 :ヱ 1‘ 3 1.2 。内 4 ヲ. 1 P. densiflora A8 3ι1 (13) (31) (14) (13) ( 5) (100) 

7.0 2, 2 1, 7 1.5 0.5 15 , 2 
ム leptolePis K21 506 (46) (.l4) (15) (11 ) (10) ( 4) (100) 

( ): Ratio to tot品 J (%) 
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Fig , 23 (Cont1nued) 

surface 乱rea of the root syst巴m per weight by the average root bioma日s p巴r tree. 支店sults

呂re shown in Table ，45。

Each root surface 品rea chal1広告ら as in F刕. 23, differ己ntly with increasing basal areas. 

Thos，、 areas of fìn己 and small roots becam巴 constant when the basal area incre乱呂思d from 

200 cm2 to 300 cm2 (at the stand 丘g日 of 20 years to 2t� y記ars) 喝 Those of large root to ro01 

stocks incr巴ased describing a S...shaped curve. The upturn匤g po匤t of the increasing curv日

sh凬ted from 且 n乱rrower basal area to a brorder basal area. Hence it is that a tendency c旦a

b巴 fixed in its rrwvement. 

A big in五uenc巴 is given to the surface area of a11 roo1:5 by those areas of fine and s111all 

roo1:s which hav巴 a greatEぅr pa1't of the total surface ar巴a. 1'11日 increasing curvεis， therefore, 

s絈ila1' to those of thむJi11e and small roots. 1t became almost constant when th己 basal area 

got to 200 cms to 300 C11巾Z圃 In the s日cond-class stand of C, japonica, 咜 � equiv註lent ， though 

dep叩dent on the species and growth 8t乱te ， 1:0 1:h白呂rea at 1.he basal ar巴a of 200 cm2 to 300 cm2 

and at the stand 旦ge of about 20 years to 25 years. The annual growth per t1'ee increases to 

1:11e maλimum of this stage. Th﨎 ten占邑ncy agr記日s roughly in the 匤creasing tendency of the 

root surf旦C巴 area， especially of th巴 iinεand 8ma11 root surface area. 

1'he 五ne， sl11all 乱nd m忠dium roots have at their t綠s many young tissn出 excellent. 絜 abｭ

sorb�g. They have 呂 hìgh co1're1ation w�h tr巴e growth. When the absorptive effic福ncy of 

記ach part is consider己d to be constant, 1t can b忠告upposed tha1: tr日es ar日 caused to grow rapidly 

to a certain basal 紅白 by th記 lncr巴asing absorptiol1 of water and l1utriment with th己 illcreasc

of the ro コt surfac巴 are2.. Although tr即日 contInu記 to grow further, the increase of the 五n邑

root surface area slows down for tho increas記 of th日 basal area; 1:ha1: is to s乱y ， the absorptiol1 

drops down. 1'hel丸山巴rc 罇 a possible d巴crease of tho g1'ow匤g ratio by tho consumptio!1 of 

the 且ssh杭ìlatod products foγmaintai.niηg tτ即日， as the unass�精ated products pnt 011 weight. 
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In this way, the change of the surfa<、日 are乱 of the root system rel乱tlng 1:0 absorption 

(esp巴clally that of the fine root) i8 an 匇portant factor p:romot�g the t代‘e growth, along with 
that of the biomaS8 of the 1開lVes as the mai日乱開imílated part. 

Among the mature trees, the growth ()f the surface area of \he 五ne ， small and medium 

roots d前代ases， while that ()f the large and very large roots or 1:he root 8tock increases, For 

the.ﾎr :roots grow exrroad匤arily to snpport the above納ground part , and '1 great巴r part of th巴

assimilated prodllcts llowing into thε l.mderground part 﨎 used foτthe gれìwth of the l'1rge 

andγ巴ry Jarg巴 roots or the root stock. And ínstead, 1t is due 1:0 t:hei:r use for the branching 

and growth of the iine and S111乱11 roots in the c'1s倍。f young aud 3m乱1ì d僘meter tr悦s， 1t i8 

a180 poss兊le to presume tbat th巴 roo1: 1εngth ()f 1aτge tre記日 i8 ~)o rcmarkablc for that of S111乱 11

trees that the branching or extend�g ()f roo1: tip日明dn be reAr祥ted by tl百三 ene:rgy con古urnp眠

tion caused by the sh凬ting of ちr.ra.te :t 品目d nuJriment, Obscrv乱tíOI1S '1t thc investigatecl tlme 

made c1e且r that the small diameter trees had cOl1siderably 111any ilJ.1巴 r印Jts ， and th'1t the large 

dlameter trees 11acl i�e a11d sma11 rool:s ve:ry sparsely. 

The surface area of thc yc 口 t system diffεrs according to spec�s or to s咜e conditions. ev巴は

when t11e diameter at breast b巴1 ，， 11 1: i日t.he s呂m弘

Spedes 

The gellむral tellclency 匤 the change of 1:he r001 surfacc area of the v'1r卲us sp日cíes ， when 

plottcd 乱gaínst 1.l1e basal arefし 18 shovm in Fig. 23苛 Among the four kinds of th日 ma1n stancls 

extracted from thes記 investigaü叉1 sl 呂11ds，乱s is evident from Table 45, Ch, obtusa showed the 

b:road巴st fil1e root surfaclぅ areH of 18，合 m2 ， then C. jaþonìcf1, L , leJうfoleJうis， and P , de持siflora th舟

narrOVlεst one ()f 1.2 m ß• 

Tho� [lxeas of the small root were � l:11e same order訓 Those of th巴 medium. :root, howｭ
ev日r ， became narrower in the ord巴r 01' L. leþlolejうis， p , de河síflora ， ι japonica， 目白d Ch, obtusa. 

T1108巴 of the large root becan:陀れarrower 匤 the ord母r of L. lqかto1epis， Ch. obtusa, 1:ミ deJ1Siflora含

'1nd C. ja戸onica. l'hose of the very large roots became narrow記 r 匤 the order of C九 obtusa ，

C, japonica or L leþloleþis, and P “ densiflo t"a, '1'hese ord巴rs c11乱nge greatly corresponding to 

th記 dHf日rent p司tteτns of branching and growth of each species. 

The differenc杷 in the root smゅf乱ce ar巴a between sp色cícs V'í乱s larg日 fOT the fm巴 root， 1t 

became sm'1l1er '1s the root system put on we刕ht. 

The 8urface area per un羡 weight mll1tiplied by th巴 root weight is the root sl1rface area 

per tree. �hen the two values '1� large, the root surface '1reas per tree are broader. There 

îs, howev♀r， the bigg己r difference bεtwe巴11 thel1.1 in g巴ne:ral. 'fhe order in size of t11e r�t 

sur.face a.re日 was dete:rmí日記d hy the difference .1n root hìom訓告 Ch obtusa l1a<1, for example, 

example, the narrower root 告urface 訂正:乱伊r llnit weight if compared with any 口ther species, 

'l'he speci.es, however , had a hroader area p日r tree bec.ause th'1t ar巴a ﾌs affect巴d by the root 

biomass, thanks to the l'1rge amount 01' the fine roots 

The total snrface '1rea of the root system becam巴 n乱j'rowω場 in the order of Ch. obtusa 

(34 m 2) , C. Japon�a (21. 1112) , L [，φfoleþis (15 m 2) , and P. densi゚ora (9 打12)， 11: i8 cl日pendent upon 

tl1e biomass of theiT f�e and 8111a11 roots, th日 surface '1rεa of which occupies the great己[ p乱:r t

{)f the [()ot suxface ar位札

Tab!e ,16 ShOW8 the total surface area of the root 8ySt日m of the tnぅes whos巴 basal areas 

乱1'e almost the same. Of the �vest刕ated tr巴忠告， Acacia decurrens had th巴 broadest surface a1'ea 

per tree of 64 m 2, as shown � 'fable 46, althongh the spec�s ll(l.d a n乱rrowe1' basaJ. '1 r記aof

135 crn2 than C. fa�onica and Ch, obtusa , Zelkova serrata showed tll巴 second broadest root surf乱ce
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Table 46, Aγerage root surface area a t.re巴 of sach species (m2) 

S10 

Zelkova 
serrata Species C ICh.{.肋tsaI 

jaþo路ica I ~". v", ~O~ I densi jl. 叩

Stand H3 A3 恥'[4

Basal ar邑a (cm2) 

Soil Type 

208 

BlD(d) 

.254 198 。
。
〉
炉
、

u

n門
U

，
れ
が
・
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n
p

必Root surface area(ロ12)1 19.3 

Specl巴S Abies 
ftγ世Ia

Stand M5 

Basal ar巴a (crn2) 15� 211 135 214 9も

Soil Type Bln BlD Rτ BlD Bln 

Root surface も .2 17.0 63 ‘ 9 12, 6 4, 2 
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area of 47 m究心1 of which had 且 i呂rge 註mount of 五ne and small roo1:s. Zelkova serrata had, 
above 証ll ， a cons禔erably broad 乱rea for the srnall 乱mount of 五n巴 roots because the thinn忠告S

of the roo1:s i.ncr巴ased the 8urf品ce area per unlt welght. 

The rool: surfac色 areas of P. densiflora , Abies firma and Betula ρ{atyphylla rang記d from 4m2 

to 5m2曙 T可1巴y were 1/3 to 1/4 of th08巴 of C. jalりonica and Ch , obtusa, and less than 1/10 of those 
of Zelkova serrata and Acacia decurrens. Those of L. lejうtolejうis， Eucalyptus gíobulus, Quercus 
mongolica, and Betula davurica ranged from 10 m2 to 13 m2. 

As already described, ther日 1s a great di.fference 匤 root 8urface area betw出廷 sp巴cies;

however. there is little diff巴r巴nce in growth of the above-ground parts. It call b巴忠告tîmated，

th巴refore， that P. d，ωsijlora ， Abies βrma 註lldβetula platYPhylla have a high productiv忠巴mdellCY

per root surfacεar巴払

(2) Root surface area of a trεe in e且ch soll hOrlzon 

Fig. 24 show the relati.on between the basal 旦rea and the distribution of a11 tll忠 surfac日

areas of the 佖e roots to the root stocks of a tree in each so� horﾏzon. 

The root surface area increas四 with the basal ar巴a in a11 horizons from 1 to XL However, 
each hOrlzon has its Dwn pattern. 1n soil horizon 1, for ex乱mpl巴， the root 8nrface 昌rea tended 

to keむp constanτwhen the ba8al areas ranged from 200 cm2 to 300 cm2 , And as 8011 horizons 

went lower, this point of inflection moved to th巴 right， in other words, toward the larger basal 
areas, 

1n soi1 ﾌlor坥on 1fT, it made a parabolic incrεasing curve for C. ja�onica and Ch. obtusa and 

a concav母 one upward for ム 18Jうtoleρìs.

ln soil horizon IV, thi8 tendency becam母 more remarkahle. Of the shallow-rooted species, 
such as Ch. obtusa, L. leþtoleþis, and 80 on, that of the small-diamet巴r trees' d日cr君asεd w�h 

great speed 匤 an upw乱rd concave and S-shap巴d curve .for limitati.on of the root growth in 

deep soils, 

In soi1 horizon V, there was 110 distribution of the root surface area in the case of th巴

small and shal1ow-rooted tre問。f Ch. obtusa or L. le�tolep﨎. The S-shap巴d curve was described 

c1ear日r，

In 8oi1 horizon V or below, only the deep-rooted species, as P得 densiflora ， distributed the 

root system晦
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1、hese facts indicate that the lar,ger trees distribllte the.� roots 1:0 deeper ぉoils than do the 

sm 乱lIer t:r記es, and in additioH, th 乱t th巴 1'0α)ot surú乱以1{王じ:e arca decr 己a 

bec且Lり1 只以E巴， of d色t:erioratior詰1 o:f 日oí臼1 condit討i011S ， A. cl位ar dif釘[ú記土n己三nじe in the a目m白uね t 0汁:f 坑Wγat告r {，丘Hねj正d1 

llutrim♀nl: absorbed there becomes appλT日nt betw日記11 thc Jarge and 8rnall tr仇'，8. J.Iowever , 

there i出 litti日 dífference in the shallow horizoll betwとどn the I:wo. 

〆[hey also explain thai. the di仔erence in root suτface area betwe日n the lal'g日証n仁1 sma11 

trees is sma11 � the suτface so匀 with .its adequate aír 日upply and nutrirnent , and further , that 

i.t becomes 1註rge1' in deeper 目。i1s with thei.r insufEcienl: aer誌t:ion and poor cbemk乱1 ing1'cdients. 

In the sur.facc so11 horizon, the area b巴can1.e constant at 札 comparatJveJy e臼 rlíer tíme , then 
gradually 日lrüvJng at the d白pth with trce growth. 

In 詰口il horizons I and II, the Toot hi0111 ass, �:vhcn pl()tt(~d 品gaÍrlst the basal area, drew a 

som阜、rvhat C011cave i11creas匤g curve upward, but t11e surface a1'ea, as shown 匤 Fig. 24, drew 
a pambolk on日首 1'h灯e was a b� dHlerence between them ior a twofリld re，Js<的: fírst , that 

the root b綷mass depended upon thεbioma;，思り f thick roots, and second , that the 1'001. surraco 

area d巴pendcd upon the bio111品ss of .fine roots喝 The 1'Oot sur.f乳ce areas at t11e basal are乱 of

500 cmZ 匤 soil horizon 1 明日r日 14 m2 eor Ch. obtusa, 13 m2 for C. japonica, 8 m2 for L. leþtole1うl- Sj

and 31112 io1' P唱 densißora. すhc fourth sped巳s' 品γea was about one~五fth of that of C九 obtus仏

In so�1 horizon 11, they ¥vere 7 m2 for Ch. obtusa, 4.S m2 :for L. leþ[oleþis, 4 m2 for C. jaþonica, 
and 2 m2 for }及。 densij!ora. In soil hOr!zon III, they were 5ぷ m2 :Eor C. jUjうonica. [i.O m2 .fOl" Ch. 

obtusa, 3.5 m2 for L leptoleþis, and 2.0 m2 io1' P. densij!ora. 111 th巴 10wむr ho1'�olls IV alld V or 

be!ow, those of L. le_ρto1epis and Ch開 oblnsa decrcased. The díJfe1'巴nc巴 became dearer bctween 

th忠告haUow-ro廿ted 註nd deep-root.s t 1'ees, 

111 80i1 horizon V, the surface 乱rea of the deep~rootec1 C. jaかoniィ~a was 1 m2, and th乱t of 

thεshallow.向1'oot以1 L. 1ゅto1ゅis ranged from 0.1 m2 to 0.2 m 2• There w部品 gl'eur di首位rence

betweとn them, which became bi.gger in de叩~r soils. 

I、herc 乱伐 twu reasons why the surface area t孔，comes constant in so11 hOrizﾜll 1 品t an 

early st乱ge， and the 1'al:e of increase ill deepe.r .soi1s becornes 111gh. First, foot syste.ms a1'忠

maldistributed to that horizon rogardl(明。f diameter dass. Second, thc root biom剖S of la1'ge 

tr巴es is large 1n the deeper soUs. 

(3) D﨎tributlon ratio of t11e 1'oot surface ar母乳s to cac11 soil ﾌ1orizoll 

F�. 25 show the rat卲s of t11e root surfa(二巴品1'ca by distrilmtiol1 in 巴ach horizon to tho 

1川a1 surface area. 1n sol.l horizon 1, the 1'atio of small roots by 必stribution 18 111 every 

呂P日 cies. It deo 巴ases as the 1:1'丘町 grows, th日n ìnc1'eas託児l again though slightly in a la1'ge tree. 

The relation is shown in Table 47‘ Accordíng to the table, the ratlos by distributioll go on 
decreasing unt�1 1.he basal area gets to about 500 C111おか After that thne, they lncrcasc 註g乱i11

Table 47. Rat10 of the root surface area in horizon 1 to t11e total root surface 

area and bas且1 area (%') 

100 3氏} 5ケペUfリh 700 900 

C. ja;争前屯lca 〆、、'..円 40 1J 己 7 40 

Ch. obtusa 。む むの 口υ 53 56 

P. densìjior品 56 41 37 :37 38 

L. tejうtolepis 70 52 :,q 49 53 
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The sigl1s A , A' and Alf ind兤ate root growth in the surface soil horizon. On the 
other haml, the sí詰ns B , B' and B" 匤dicate rQot growth in the lower soil horﾎzons. 
1 : Small tree, II : Med咊m tree、 III : Large tree 

Fig , 26 Diff巴rence ill roo1. surface area ratío 乱t the stages of 

selective growth by roo1: 6YSt記ms.

a1: t11日 basal area ():fヲ00 cm2• This was remarkable fo1' C. japo制ca， but 2101. fo1' P. densiflora , 

ゴ~11e1'e are var綷us 1'easons. At the young stage, 1'oot8 are d�tributed only to the shallow uppe1' 

80i1; then d罇tr兊ution illcreases gradually in the deeper so匀s wlth the growth of a tree. They 

r記ach nearly the deep邑8t parts at the ba8al area of abo11t 500 cm2• And the:reafter , the growth 

1'ate of the root system p祥ks up speed w�h the growth of the t1'ee i11 th巴 surface soil, but 
slows dOWll in the deeper soil In brief, there 罇 a greate1' differ巴nce 111 growth rate between 

them. 

The 1'elation 罇 shown ln Fig. 26. Each slgn is set up her色 as follows : A 﨎 the growth 

rate of small吋liamet巴r trees 絜 the surface so精 1101'1zon. Al is that of medil1mωdiameter treεs. 

AI! 58 that of large-diametcr t1'ees. )日 Is the growth rate of small-di乱meter tre巴 s 絜 the lowe1' 

horizons, B' i8 that 01 medíum-dìametεr trees, Bff is that of large-diameter trees, The 1'oots 

of a small-sized t1'ee grow v]gorously 011 1.he whole , The g1'owth rates of .4 and B run togeｭ

ther at a given speed to t11巴 uppe1' soi1 horizon and 1:0 the und己r so匀 horizon. Whe設 a t1'ee 

becomes abov阜 medium sized, th忠 growth slows down on the whole, A.nd at th巳 sam記 time，

the dHference of (A' --BI) b巴corn巴s smaller in th色 surf且ce horizon than at the young stage. 1n 

other words, t11e diffe1'euce of (A-B) is greater than that of (A'--B1). Iu th記 cas思 of a 1arge 

diameter tree, this di托巴T巴nce of (A" -BI!) b記comes greate1' again. lt has two reasons. Fi1'詰t ，

in soi1 horizon 1, the growth, ¥vhich onc杷 slows dowu i11 the cas己 of a small-diamoter t 1'eo, 

picks up sp色ed in the cas位。f a large dìar乳母ter tr日記. s邑cond， g1'owth slows down in the Jow記r

horizou略

Suppose that flbsorpt�n of wator and uut1'iment 1s made at a1Jl1ost the same 1'atio of su1'甜

face a1'eas by distribut卲u ill 80i1 horizou 1 in Tflblε470 A small田di乱motεr tree, the basal area 
of ¥vhich ls 100 cm2, 1.s exp己cted to take in 6096 to 70% of th巴 tota1 absorption in soil hor喝iz叩

1. A medium-diam号to1' trε巴 having 品 basa1 ar向。f 500 cm2, 18 to take in 3596 to 50% of that 
there. 1t 1S thζ~.refore q uitεpresum乳ble that soi1 horizon 1 plays an impo1'tant ro1e, and that 
abso1'ption 1S markedly in宜uencecl by the 8011 p1'operties, 

Thus, 1:11e growth of a t1'oo i自己asìly i11fluenced by soil properties, becal1so of such an abｭ
sorption structure. 

In 60i1 horizoJ1 I, th己 root surface 灯台a of a young t1'ee became narrower in the ord己主 of 

L.le戸tolepis， C. japoníca, C1I. obtusa, ancl p , densiflora. 111 tho same horizol1, that of a ]a1'geｭ

diamete1' t玄関 became narrower in the ord日r of ι:h. obtusf1, L. lφtolepis， C, ja!うonica， and P. denω 

siflora , At a young stag日， C. japo持ica， de邑P四footed， had the highe1' ratio by distr�utio11 1n the 
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surface horizon thλn Ch. obtusa. B巳îng a large diameter t1'ee, the sp巴des made clear the 

spedal featur巴s 1'elated to root d﨎t1'ibution. That ra1:io of sha.11ow-1'ooted Ch. obtusa 01' L. 

le�tole�is was high in 1:he 8urface horizon. Th且t of C‘ jaþonica 01' P.岬 densißワタ a w,w 10ち7\7.、 So it 

is not reasoηable to judge the charact巴ristics~ deep rooted_ll日S8 or ilat 1'ootednes日， of 1'oot di日tr1-

bution from t11日 root distr兊ution of a s乱pling.

The differenc日s h日tw町en the ratios of roo1: surf乱ce area by diぉtrlbutíon were 14:b for a 

small diameter t 1'ee, 100 cm2 in basal a1'ea , and 20タ15 fo1' a large dìametぽ tree，間ocm2 1n basal 

are礼 Th� verifies that t11巴口1de1' a t1'ee hecom日8， the large1' that differでおce. It also � ndicates 

that 1:11己 dìstrîbution characte1'istics are similar regardless of species at the yOUllg stag日， but 

that th巴 difference 1n f巴atur巴 becomes clear fo1' large tre忠告。

In 80i.] .hor坥on n, that r乱tio to th巴 basal area drew a 8lightly decreas�.ng curv巴 ln tlle 

ca告白り f C晶 jaρtmica， HS shown 1n Fig , 25. It decr巴ascrl in an 日lrnosL stra竑ht 1in巴 in the case 

of t11e othe1' specÏE切に 1、heir ra1.e of decrea8e w乳s 10w. The1'e was almost 110 differ日nc台 by

t1'巴e sﾎze betw己cn th03C ratios. 

:¥t the basa1 area of 500 正 rn2， Lhと1'atio8 by root surface 乱rca we!'e 22俗 f()r Ch. obtusa 01' 

ム leptolepis， 20;76 for 1二， densìßora , and 1796 fo1' C. ja�onica. There was, as shown � F竑. 25 , 

)10 great djffere口ce bet ween 3p記cie3.

In soi.1 hor�on llJ, a basal a1'巴乱'1'atio bv 1'001: sm:fac日社rea curve p1'oduced a par呂 bolíc inM 

cre旦sing cu1've rεgm:dles8 of specìes, a日出howロ \n }<'jg. 25. 1t wa8 the oppos咜e with a decrea-

s1.ng curv忠 il1 soil ho1'ﾎzon 1. 

'1'h18 18，註8 alr日ady mentìoned, because the difference in rool: distribution between a 8m必ト

diametεr 1:1'ee and a large-d僘meter tr日日 îs Jarger in tho deepe1' soils. In 8hoft , 1:he di8tribution 
of 乳 small diamete1' tr記e i8 V巴1'y narrow 111 a d自己p soil , and that of a 1且rge diameter (ree j 由

broad there. 

The difforences 匤 t1'end betw巴en 1:11e changil1g 輹rves are l11a�ly due to the c11aηge � 

so匀 propεrtíes，ぐrhis 匤d�ates that the growth condition of the root system changes rapidly 

a1: th忽 depth of :~O crn and so do日s tl1e distribut卲ll of th記1'oot syst巴m. .ßri巴fly stated, th日
selective dist1'ibut!ofl by 1'()ot Lakes pl日ce 託t this .horizon; t11日1'oot grow�:h i8 qu1te d.ifferent 

up and be10w t11e depth 01 30 crn. 

In 8011 horìzo工1 III, t11巴 ratios by root surface ar日a at 1:he basal area of 500 cm2 were 27ヌづ

fo:τ c.j.時制lca‘ 25% foτ P， d官時点ßo:ra， 2296 io:τ L. leþtol吟ìs， and 1996 fo1' Ch. ぬ'tusa， '1'ho:宮，e of 

C. japon兤a and L. leþtole)うis， deep押1'ooted， 'Nere highεr than those of L也 18Jうtoù主{Jis and Ch. obtusa, 
shallow附rooted.

ln so匀 horizons lV al1d below, the ratio by root so 1'f乱じた: 乱rea s.howed a tendency to go 

h�her with the tree growth as 匤 soil ho1'izon lII. 1n soil hOrﾎZOl1S V and be10w‘ there could 

be soen no 1'oot. d�tribution 01 the shaJlow圃1'ootod species, C九 obtusa 01' L. le�tole�is. To soil 

hor�olls VI and b巴low， only th巴 root system of 1へ densijloグa could be 8een to distribute. 

'1'he8e r日l乱tions on the stands w咜h difﾍe1'ent diamεt.e1' cl乱部es 呂1'e shown in '1'呂ble 48. Ac凶

C口1'dlng to t11e t且bJe ， in soi1 horizon 1, th正~ r乱tios of C. japonica by 1'oot surface area decreased 

gradually to 8393 以位le young S 11 stand, 55% in the S 13 stand (at the basal a1'也a of 196 cm2) , 

and 30.96 � the S 18 stand (at tho basal a1'日a of 554 cm2) 噌 That raüo, however, incre制収1 1:0 

55呪づ in the S 17 stand 札t the basaJ 且rea of 1,042 cm 2
‘ A.s 旦 γ巴sul.t ， it proved that the 301J前

selective grO¥vth was ca工Ised by 1'oots. 

111 soil h01'izOllS 1 叩d II, ~òo crn de巴p from t11e su1'face h01'izo!1, the1'e were distributed 50% 

to 9096 of tﾎ1e total 1'oot surf呂ce 抗告a :f01' C町 ja仰niea， 695ぢ to 9396 of that fo1' C丸 obtusCl， 57% 
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Tab!e 48. Ratio of the root surface area in each horizon to th忠 total root 

surface area of 朗ch spedes (%) 

Sp巴cie日 C. jajうonica Ch. obtz給自

Stand S 11 S!.J S 17 S 18 S 19 526 Hl H2 H3 H4 

Basa� area (cm) 1 ヲ 196 1,042 554 345 425 A フ 104 254 274 

I 83 , 4 54.8 55. 4- 30, 0 40 , 3 38 隠 4 70.3 62.8 53, 1 54, 6 

II 12. ヲ 17.8 11 咽 3 20.3 19, 9 19.7 22 , 2 22.5 21. 6 25.9 

涯 3, 7 1 ヲ.6 23ゐ 2 28. J 22 , 4 25曹 8 7.5 13.9 19, 3 15 , 7 

HOrlzon れf 6.8 6.3 16 , 4 14.2 12.5 0.8 5. 2 2. ? 

V 1.0 2. 7 5, 2 3.2 3.8 0, 8 1. 1 

VI 1. 1 

1+ 日 96.3 72鼻 6 66. 7 50.3 60, 2 58.1 92‘ 5 85 ‘ 3 74.7 80, 5 

Species P. d側siftora L. le�tole�is 

5tand Al A2 A3 A4 A8 K6 KIO Kl1 K13 K20 

Basal area (cm) 24 63 198 

1 60.7 54 , 8 45 祖 5 41. 1 37. 7 70.5 62.0 51.8i48.8 48.6 

Il 20. ヲ 19時呂 20 , 2 20 , 1 19.2 26恥 l 23.6 23.6 i 20 , 7 21 ‘ 6 

直 1.3. ~) l 白 .7 19 , 6 18.4 21.7 3.4 12.4 17.6 19.6 23.8 

lV 3.6 4. 7 7. 1 7.3 10.8 02.0 6.2 9.4 5.3 

V l 砂 i 1, 5 4.0 5.2 4.7 0, 8 1.5 0, 7 

VI 0, 2 o ; 2.4 2.5 
Hor坥on VI! 1.0 2.0 1.5 

Y藍 0.6 1.3 0.8 

IX む.2 0.6 

x 0, 1 0.6 0.3 

玄I 0.5 0.2 

74.6 65. 7 61. 2 56. ヲ 96.6 85.6 75.4 69.4 70届 2

T乳ble 4.弘 Ratio of th邑 root surface are乱 in horizons 1 and n to the total 
root surfac日 ar巨乳

H5 

425 

47.0 

21.8 

l ヲ.9

も a も

2. 7 

68 , 8 

K28 

47.9 

22. 7 

22.9 

5.8 

0.7 

70.6 

Sp臼ci巴S C. ja戸omca Ch , obt也sa p , densiftoγa L , leptolepis 

Stand 526 H5 A8 K13 

B乱sal area (cm2) 425 425 361 36� 

Root surface ratio(タぬ 58 69 57 6ヲ

to 8296 for 1へ densiftora ， and 69労 to 97% for L , le，ρfo!eρ問、 1n a medium臨sîzed stand at the 

basal area of about 500 cm2, the 丹atωroot巴d species, such as C丸 obtusa and ム leβtoleρis， had 69% 

。f the total root surface area and P. densiftora and C. j，ゆonica had, as in Table 4久 5796 to 

585ぢ of that in soil horﾎzons 1 and II, that is, a di汀ereuc日 of about 10% betw即日 th巴m.

It b日came evld記nt from these ratios of the root surf旦ce ar巴乱 by v記rtical distrlbut卲n that 

五rst a grown-up tr己記 took ﾎn 60% to 7096 of the total absorptio!1 of watぼ or nutrim己nt from 
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soil horizons 1 and II, and second , that it absorbαi 30% to 40% of the r己st from so匀 hor�ons 

.LU and b巴low， and finally th品t it ab日orbed almost nothing 1n d巴ep soi!s. 

Thes日 characteristìcs of 1.he absorptiv臼 strl1cture related to the 旦bsorption oﾍ water and 

llutriment♂ explain why the tree growth depends largely upon the propertie，弓臼f the surf乳ce

soil. 

(4) Vertical d�tributiou of司 the root surface area of spedes 

F�. 27 shows t11e soil condition日 and t11e vertical distr兊ution of the fin日 τoot su，rface 乱rea

on the typical stands of each species. 

Although considerable dHferences b巴twee抗告tands existed � w乱t忠r， air, carbon , N, C!N r乱tìo ，

* S; So1id, G: Gravel, R ; Root, W ; Water, A : Air 
**む。 Carbon， N ; Nitrogen 
判* IA.l , 1A2, IB- "etι: Soil borizons 

F刕. 271 Vertical distrマibuti.on of fine root Sl1吉弘C記 ar刊し and. the phys祥al 
and cbemical propert冾s of sり.i l 民 C C， japonica stand, S 宮〉

Fig. 27…2 Ch. obtusαstand ， H 4. 

Fig. 273 P. de切sifiora stancl, A. 8. 



- 96- 林業試験場研究報告第 285 号

ユむ乙 n"-

Fig. 27.-4 Zelkova serrata sta11d, M 4, 

lDlC~ll 

Fig. 27-5 Abies jirma stand, M 5町

Tahle 50. Ratio of tl1e fin巴 root surfaα~ area in horizons 1 註nd H to the total 

l'oot surf旦C巴 ar巴a

3p記ci巴S C, jajJ抽混ìca Ch. obtt品sa L. leJうtolepìs Abies fiγma 

Stand 39 H4 A8 K�3 M4 M5 

21 19 9 15 46 5 

64 80 57 69 84 71 

and pF v乱lue i担 field conditíons, tho d�tribut卲l1 of root surface ar記註 show巴d 1:ho special features 

of each species. L. le}うtoleþís， Ch. obtusa or Zelkova setアata， for example, EJ.aldistributed their 

root sy.stems to 111e surface horizon , and yet C. japonica distributod tho root syst色町1 widely to 

th巴 subsoi1. To the deoper soi1, P. densiflora also 正listributed its root system, reach匤g th己

depth of 3 m. To so匀 110rizons III and IV, Abiω jirma distributed its root system more wídely‘ 

The foregoi11g ind兤ates the charact巴dstks of the absorptlve structl1res each species has6人

And the relation 1s d巴arly recognized in Table 50 when judg巴d frol11 the fine root surfac巴

areas 乱nd 1ts distrlbution rat綷 at the depth of O~30 cm in soil horizolls 1 and n. 
(5) Tree density aτld absorpt咩e structur記

立、he ch乳nges of the absorptiv忠告tructure by tree densityア is shown in T乱bliコ 51，昌良d as can 

be seen there, the rat108 of the total root surfacεarea ranged hom 5796 to 58% � 80il hodzons 

I and II in a sparse酬planting stand, but fromω% to 5196 there � a cJ ose齢planting stand. 111 

other words, the root sur唱face area was maldistributed to the 8urface forizon in th日 former

stand, but 1t gathered in deep horizon8 in tho latter. Th記 dHfer色nce between tl1em came up 

to 1096, Th巴 absorptive structurεs in a clos悲劇planting stand proved to be distribut日d bro叫er

by this dlff企rence 111 deep horizons than th08e 111 a sparse-planting stand. 
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Cjン'1うoniClよ

Sparse plant匤g stand Close pl乱nÜl1芯 ;;ümd

Stand 326 S2? 88 522 

Basal area (cm2) 134 5ハU4 立':]'1 403 

Tree denslty index: 0.449 ()勉 475 0.898 158 

I 33 ‘ 4 37 , 6 :33. ') rイο~9、ι .、υJ 

n 19 ，ブi ]守 0 \7 ‘ 1 19. ~.; 

Horizon ]江 J15 出 2;> , 6 2;3. ~5 ぷr、介3 。ど『

lV 唱え 3 1.3.5 宅lb、噌.， l' ~l. γ 

v ~). 8 4‘ :3 6, 8 7.6 

'I、able 51. Absorptive r口ot stn.lctuγes in the spa.1'se andι10問

stands (H以ìo by total TOGt surface area (%)) 

'fhe relat�.oIJ. of the v乱ri白us proprうrties of soils jo I:h.c vertka1 dis�i.bution of the 乳'verage

roo1: surface area pげ t.J 己記 is shown in Fig. 28. As d古川 frGm it , the sam色 tendency with the 

tota1 root sl1rface area was recognized in t110 fi.n日 root su:rf以:己目τ《乱。 'j 、he ú訓:ts thu丸 prov日

that the 品1治orptiv己 structure wm予i.n the lowe1' hori.zons 01' a dense forest than of a 

spars日 fo1'est when th桔 t1'e忠s a1'e of the same size. 

'1守lOugh furLhとrιie1ib日r日 üou is needcd to 枇termlne the reasoH , two suggestions will be 
given her日j:o a.id undersiぷnding. The f叝st is competition bet時合巴1'1 roots for the 1.ncreasc-()f 

root density by close悶 plantiug in the surfacc horizon. T、he second is esc乱píng hy yool:s 

as 8日記n in Photographs 2 of the secol1d i日告11(')8); such rootc, go on ;;1'γtorard the 80i18 

with lowe1' 1"Oot dens�v. すhes日 f乱cts lead to the following thr収拾old ic1巴日[);五rst.‘ c}円以トロ:日行 lÍI1g

causes root density to �crease in the surface soi!; s巳cond ， rool: .interfer刊_1ce rest:dcts t_he root 

g1'owth th巴re; 乱nd linally , contra1'y to t:11巴 second ， it promotes that p;rovvth � decp s011, 

¥Vhen the tJ:ees are of the sam日日h:e ， the ones in a dense sta:nd a__bs�b nl.ore vvate:r or 

nutl'ﾎment frorn de巳per s口í1s than the ones in a spaτse stand. H is, tlwrdore. qnite possibl巳

th註t the fe.rtile dceper soi]s w lth the 80ft 乳nd l110ist su bsoil c乱11 be used 巴fiiciently by c.losc 

planting・

As alre乱dy mentloncd 燁 the chapter dιa1íng "¥'vith t.he root blorn孔ss ピlistrìbution of 呂 C.

japonica 匇matu1'e stand in Asakawa nursery，設 tree of a dense stand í日告白18Jler than that of 

Tre日 d日ιlsity and rat卲 by root "11パace 日 r日a Cお〕τable 52. 

Closむ plantîng sW.nd Spa1';;e planting stand 
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Fig. 28..1 Physical and chemical properties of soil alld thεline root in 
the c10s記 pl且nting C. japon兤a stand, S 8. (Tr巴白 density index : 0.9.) 
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Clos巴 planting C. jaρonica stand, S 22恥 (Density index : 1.2.) Fig. 28-2 

F刕. 28 3 

h在oder乱t色1y dens巴 planting C. jaρonica st乱nd， S 27. (Density index : 0.5.) Fig. 28..4 
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a sparse stand of the same 乱ge， bec乱USC of the compet咜咩e density effect. For thi8 r巴aSOll ，

t11c root systems {)f a ... denso stand.. aτc di8tributcd rnorc to t11e surface soiL '1、he abso1'ptive 

structur巴~ thel 巴fo1'o ， 18 also m乱ldistriblltod to thc su rface. Th﨎 1'elalﾌofj on both t110 denso 

stands, K 26 , K 23 and K 25, and the sparse-plant�l1g stands, [( 24, K 22 and 1( 2'1, is shown in 

Table 52. Within the 1'an芯es of the basal areas from 363 cm2 1:0 459 C1ll2, the sp乱rs日明planting

stands w咜11 the tree dens.ities of 0.:) to 0.7 and wﾌ¥h la1'ge trcl汚 had the r註tíos of the root 

surface areas by distr兊ution of 7196 to 8196 in soi1 ho1'坥on 1 al1d 11. The clos1"-pla日ting stands 

with the l1'1"e d訂版ìties oJ 0‘ 9 to 1.3, 8uch as K 26, K 25 and K 23 , had those ()f 84% to 泌が at

t11e basal a1'eas ()f 141 cmz to 273 C1112 � the saITIむ horÌzりn3. So there was a difference of '1 5話

to 13% between them. 1n \11e 叩乱rse-plantlng stands, the 1'oot surfac記 areas equívah了n1: to this 

difference \ミlere distd.hut日d 1:0 soil hor�on HI and dOWll W品rcl.

1'0 be spedfic, take t11c 18づ'ea1'-old 1へ densijlom forest for dens�y expe1'�nent in 1:hc BA 

Sりil �:yp1"d slte, and 1:hc result � 1、able 53‘ According to thi3 table, the trees go OTJ growlng 

with decreasing tree d巳nsíty as the tree densities of 1. 24γ0.88 and 0.62 slow' down cり rrespond­

絜g to the basal a1'eas or 18 C1τ12 ， 32 cm2 and .{古 C111" respectivεly in a highly dense staud. T、h日

ver・tìcal distr兊utious of the root surfacc area in soil hOrﾎZOll 1, 拙 shown there, are 66% ln 

th巴 dense A 10 stand, 63% in the 1110d日1'ate 1¥ 11 stand, and 64;:;5 in the sparse A 2 stand. The 

difference between A n snd A 12 is only 1%, 1コぱ 296 or 3タ15 between A 11 and A 10. 

The surface a1'ea ratios weτe 88% in the A 10 stand , 82% 1n t11e A 11 stand, and 84必 ìn

the A 12 stand in so匀 hOr�OIl 1 and 11 30 cm deep fr:口m the surf乱ce horヤon. III a close plantｭ

ing stand, the individual b�mass becam巴 8ma11告に and b巳síd1"s ， th色 absorptive structure had 

a tendency to conc日ntrat記 in the su1'face soiL The rdationship � shown .in Fig. 2仏 the soil 

propertﾍes in.volv巴d. The same tendency wa日 recogniz巴d 011 the fﾌue root surf旦ce a1'ea. 

1'11118, 乱n lndiv禔ual growth is checked by competiti ve c]記nsity dfect 匤 a clos岳山planting

stand at 乱 8h01't rotation period. '.l、he abso1'ptive structur1"s , th1"1'efore, ar巴 expected to gather 

in the surfacεsoÍ 1. And also watετand nutrﾌment are absorbed 巴xcessív巴10' from the surface 

soil, caus絜g competition alllollg the root呂 fo1' VV日ter and nutfÌment, and a subsequ1"nt shortage 

of them, along w�h it. Th﨎 18 why the repet咜綷n of close 1升anting by 日m.a11 trees at a short 

maturity term caus臼s tl1e deterioration of th倍以lysical and chemical pr叩erties of th記 su1'fac巴

8011 and the p1'ocluctive power of forests. 

1、able 53. '1'1ずee densiJy 品I1d absorptive slructure of P. d円zsiflors (Rat卲 by root 

suriιce a1'ea (%) 

む10se planting s!and Mediulll plant匤g stand Sparse plallti.ng stand 

Stand A10 A.lム AU  

Basal area (cm2) 18 了j フ 4ヲ

Tree d日nsity 匤dex 1. 243 ()‘ 884 0.618 

I 66.3 ら 3.0 64 ‘ i 

II ﾟ 1 ヲ 3 20. i 

Horizon 1ll 9.9 L2.5 

IV οハ司む ? 7 

v 0, 6 0.6 
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F刕. 29 Rel品tions11op a,)nong t110 physical 乱nd che江rical

propoτties of soil，品n巴 100t surface aroa 呂nd
tr己記 ciensity in the P. densifiora stands, A 10, 
A 11 and A 12 

AREA 

Table 54. Soil types and distribution tatio by 五社記 root surface area 1:0 oach 

horizon ()f the C. jaρonica stand (%) 

Stand S18 S5 S4 S19 S ら S7 

Soil type BE Bl官 Bln Bn BlA Blc 

S咜e 匤dex 23.4 19‘ 3 19.4 20, 6 11 ‘3 1:1. 6 

Va五11g1巴ld<>cfolnpF ditiizol n l;he 2, 2 2, 0 2, 2 2, 1 2. :5 3‘。
30命。 38.0 3守.8 40伺 3 64.3 56.9 

立 20.3 21. 1 17.9 19, 9 16. ♀ 18. 1 

Hor坥on m 28, 1 22, 9 25 , 1 22幽 4 11. 2 150 4 

lV 16, 4 12.6 内J. 3、，し，一f、 14 内 2 6.1 7.6 

V 5 叩 2 5, 4 3. ヲ 3, ;~ 2.2 2.0 

(6) So精 types and r品tios of root surface areas by vertical distribution 

S24 

BA 

11 , 0 

2.8 

63‘ l 
16.7 

13.3 

6.4 

0, 5 

The r輙ation between t11e soJl types Rnd the vertical distribution 1'atlos of the total root 

surface areas extracted from the detailed table 0ロ C japonica � shown in Table 54.. Accon1ing 

to t11記 table， t11e ratﾍos by d﨎tribut伀ll i11 so� horizon 1 a1'O 30形 to 3896 匤 the BE and Bl(w) 

typed solls, and 57% jo 64% 1n the B!A, Blc and BA typed 80�18. ln t11e dry soi1, they are 印刷

markably h刕h in 80il hor�on 1, but low in so� horizon II or below. 

1t is ther日fore expected that the root systel11s develop ﾍnto the deeper parts in t11e BE, 

B1D(w) , B1D 口r Bo colluvial 8011s with 1:he soft and moist subωìl， absorbing much water and 

nutdment. And it 18 also thought that in the d1'Y residual soil , roots 丘1'e r日stricted frolll grow崎

illg in the subsoil, distributed conspﾏCuous1y to tho thin surf乱ce soi!, and then, absorb�g most 

of the waier and nutrirnent from that so丨 

In the mod百rately moist collu vial s1t巴， th日 growth 18 l10t so much influenced by changes 

of 011記 or two of th巴 soi.] conditíOI命科 and th巴日bきorption ef五Cl巴ncy i8 good bec日Luse 巴ach deep 

horﾎzon supports t11e tree g1'o耳vth. In the dry residual soil , howev巴1'， the absorption ﾎs easily 

affected by a t巴mporary chang日 of the weather, such as predpit且tion or aridity, be匤g very 
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ufl.st:able hec註use the abso1'ptive sl1'ucture 18 unevely C011C邑ntrated in the surface soil笹 1 ・h日

現bsorptioH ef五cioncy， a1so, drops down as th邑 surfacεsoil 﨎 u.sually dr冾d e品sily ， These differc 

ence 旦mong absorptiv忠 st1'uctures are caus己d by soi1 conditio江氏 Henc巴 ît is th日 t the absorptivc 

structur巴s h乱ve a gre乱t influellcε 白n the growth 01' trees in the coming g日neratlon through 

changes of the physical and chemical prop己rties of the soiL Close causality is perceived among 

soil condítiorls, challges of th記 absorptì.ve si.l'ucturo，こmd the growth of trees , 

Fíg , 30 shows the relat�n botween t110 physical 乱nd ch巴micaì prop巴 rtios of soi1 札口d the 

vertic耳1 change宕 of thc f�e 1'001: surface aroas on thc 5t品目ds ¥n Table 54. Accord�g to th� 

五反ure ， t.he physical and chernical properties of tb_o deepεr soils d抗日rÍoratc as they bccom巴

drier from }ヨ or BI(w) soil to the dry type B lD, BD， βlA， Blc or 13" soiL The i�e rool: surface 

品rea show詰 a t:endency to be maldistributed to thc、 sur.face 乱工むa with it 屯

VO~.U:-.:C 

Fig , 30-} Physical and chemkaJ. properties of soll, 
and the 五n日 rClot surface area in each soil 
type. (C, ja�onica stand, S 18. So匀 type B在〕

Fí必 30.2 C. ja�onira s t.and, S .5‘ Soil type BI(w) 

j'， J汁 1 [1

人

Fìg , 30 • 3 C. japonica stand, S 4. 3011 type Bi仇
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F�. 30.4 C. .iaρonica stand, S 19. So� typ巴日D.
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10品cm'

Fig. 30.-5 C. japonica st呂nd， S 6. Soi1 typ巴 BIム

Fig. 30-6 C. japon�a stand, S 7. Soi1 typ記 Blc.

Fig. 30-7 C. jaJう0持ica stand, S 24. Soil type, BA. 

101cm~ 
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In the surface 80i1 horizon, the absorptive 
structure d色γelops l110re suH�iel1tly in th日 re駒

s�ual soils th旦n ﾌll the col.luviaJ soils with 

the corrlI見lratively 11ηuch pore sp乱ce i瓜 the d巴ep

part. 

Table 55. Diffenιnce in soil type and ratio 

by 劦ne root surface area (労)

The 五ne root surface area 﨎 unb註lancedly

maldìstribut巴d to the suy:face soil 111 a P. 

de凡siflora fo1'e日t (A 6 81:旦nd) in the unprodllcｭ

tive and dry 8oíl, if compar巴d with the ;¥ 1 

siand w�h the BID(w) type soil. Th乱t i,s aト

m08t the same with 1h日 distribu t.i on ()f the J�e 

roots st1yface aτeas i11 Fig. 31. すh日五ne 1'001 

Stand 

Soil type 

Horizon 

I 

II 

滋

IV 

v 
VI 

surface are品 ratios of the ;¥ 6 aロd A 1 stands a1'e shown in TabJ日 55.

A' ;¥6 

1゚D(d) Erβ 

65担 4 89.8 

1iに呂 6, 4 

l(ペ)" 7 3.2 
ハ，j_ ,j ハ 0.6 

2. 1 

。、ヲ

でh日 sanほe tendency i s observ(可.1 in tbe Ch. obtusa stands, H 2 り f 1:he 130 type and H. 6 {if 

the Bぉ type. (See Fi必 32.)

The absorpt咩e structm下 ì8 caused to change not only by dryness but also by overhumidìtyヘ

[t shows, above all , a tendency to gather 匤 the surface 80il under thc overhumid conditions 

with bad acr乱tion as well as undcr drynes8. '1、his tendency ViHS remark品b1e �l the a日robic

foot ststem of L. leρ，tolejJis曜 In so.� horizon 1, the rat�s of 五ne )'()ot biorn呂田s by d.istribntion, 

as shown 匤 Tabl日 56 ， ranged f1'01'n 7196 to 77% in the dry 80i1 of t11e K 16 Of K 17 8t乱nd.

1、hey were higher by about 10タl6 than tho8t、 of 649() 1:0 66弘 il1 the soils, BE to Blo typecl. The 

Fi!匹。 31-1 The physical 乱nd chemical prop己rtíes of so� and 
the fine root sur face area ín 巴ach soil type. (P 

dens凬lora stand A. 1‘ Soi .1 typ科目ln(d).)

Fig. 31.2 1へ densifl仰-a 日tand， A 6. Soil type, Er'''E. 
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Table 56. Soil properties 且nd distributi.on ratio by f�e root surface area to 

each ho1'izon of L. !eptolψis (%) 

Stand K16 Iく 17 Klヲ K18 K20 K6 I、 7 K8 

Soil typ号 BID(d) BID Bn BE B!E-p 

Sit記 index 17 開 4 12, 7 20 , 7 18 , 4 23.6 6, 8 11. 0 ヲ.8

I 77.2 71. 3 65.8 61, 5 63.5 81, 4 86 , 4 8a.4 

立 17崎 2 14.0 21 , 4 23.1 1白血フ晶.1 16.0 11.8 15 時 1

Ho1'izon 巡 4.8 1106 11. 7 13.7 16.5 2.6 1.呂 1, 4 

lV 0.8 2.8 0.9 1.4 2.2 0.1 

V 0.3 。包 2 0.3 OV7 

\/()l.UHξ 

Fig, 32-1 Physical and chem兤al prop色rti.es of soll 且nd

the f�e root surface a1'日品 in eacl1 soi1 type. 
(Ch. obtusa stand H 2. Soil type Bn.) 

1 日.'cm1

い
Q
h山
口

Fig. 32-.2 Ch. obtusa stand, H 6. Soi! type, 13B. 

ratios of 五ne 1'oot surfacεa1'eas by d﨎trlbution inc1'eased from 8196 to 86タl) in soil horizon 1 

of th忠 excessively wet soil of Nobeyama Nat�nal Forest.てrhis explains that th巴 absorptive

structur日 is maldistr兊uted 1:0 the surface so11 口lOre than to the dry ゚O].!. That 1S to say, the 
r∞t g1'owth is strik�gly restric:ted b記cause th巴 lower so� horizons contain a large amount. of 

water 乱nd a1'e exces唖ive1y wet 呂nd anae1'oblc in such ove1'humid soi1s as K 6，五 7 and K8. 

The1'己 the t1'ee growth was v記1' y had, and thむ site quality index ranges from 7 to 11 

Unde1' the excesslve]y wet or d1'Y cOJJ.dition, which 1巴t th記 absorptlve st1'uctur唱e gath思主
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u.nbal且ncedly ﾎl1 the surfacc soil , th巴 ab~3orpti(Jn e自iciency of tho root syst台m. dropp以:1 dむwn.

A.s a result, the tree growth bec舐ue infer卲L 
1n tho soﾎ]s 80ft and inflated in depth , hav�g the fav()l乱b!o physical 乱I1d chomk乱1 p1'oｭ

perties, the absorptive structure develops deep and absorb込 water and nlltτim日l1t from each 

soil horlzorl. When , thore.fore, tho surface so匀 is c1ried up, 1t �8 tり 8upport th伝説bove~grりuncl

part. Thu8, l.t ﾌs des�ablc for tree growth that t11e absorptiv日以下口仁turc 8hou1d be distdbuted 

much t臼 t11e d巴eper 日oUs.

(7) Vertic品1 distr�lltion of tho l'()ot surface 薺C� and 80� cond�ons 

The root surface 孔reat as above~lnent.ioned ， ﾍs th巴 maxímu t1l in soil hUriZOIl 1. 11. decnぅa_-ses

graduallyア as soil horizous go lowεr and g1'owth cond�卲ns gct worse. 'fhis � shown 絜 Fig. 

38 as the relation b日1:we巴11 the soi1 f礼ctors 品nd the Úr土記 root surfa( 日乱reas in each stan(t 

As soil hori:wns go low日r， watcr content in root illcre乱ses at a take日-out t�c in the .s 3 

8tand, l゚o(d) typed, in Fig. 33, 'The contrary applies to the amount of aír, 5tro勾 water

h�ding power ls m.alntained ¥n the dむとj} 8011ぇ '.f.he \va 1:erιapaιity with thc pF value ()f 2 is 

55出 1n soi1 horizon I, and 68% 匤 so� horizon II, maldng a difference of ].:3% between thern, 

As :Eor the che11l祥al propc、rtîes ， th色 arnount of ，-:乱rbon aud N d日c:reaf、日d remarkably , 禛 comｭ

pared witﾌ1 the suτface soll. 

Thus, the physicaI and ch巴rnical prope:rties ofωí1 changed as s()i� horizons ちvent loyver. 

The l'oot sllrfac記 ar悶 d日cr巴乱sed gr乱du乱lly along with it. 1t was ;; m2, 62泌 ()f t he total l'oot 

�1urface ar開， in soil horizon L And they were 15弘 1496， 8弘 and 1巧 in so� horizol1s , 1I, III, 

IV 削減 V respecti vely ‘ In soil horizoTl IV 01' below, they decxeasεd wi1:h rapid sp巴ed. They 

were 77.1J5 o:f the tota1 root sorface area � so� llOr坥ons 1 and Il vv'ﾎth favor品bìe aeratiol1 and 

cll日rnical prop巴rties祖 1ヘhe above-ment1oned d﨎tribut綷l1 of the 五ne root surf旦ce ar日a. aru:nv臼ring

th出 phy日ical 乱nc1 chemkal change in soil is dom�mt 羽 generaL 1t changes 11} the mOlst or 

dry soll when thεhumidity ln soil change ln d吃gree.

(8) て[he remark且bly d凬fe1'ent physical and chemical properties o.f so精 

Though t11e S 1 and S 11 stands, both 8 or 9 yeal'S 01d, s110w an a1most sim精ar growt11, 

the ph)ァsical and chemical propertﾎes in t泌 S 1 stand with colluvial soils of the BE tvpe ch註nge

gr似l\1a11y from th日 surface to the d自己pe主 soi1s ， Al1d th日 S 11 8t削減 at the Oneyama Nat[o幻 a1

For記st，乳 habitat with volcanic ash and 芯r呂vel deposited altemately , has quite diJ1er巴nt physi耐

cal andιhemica1 pr即日rtíes，

Fig. 34 shows th巳 relation betwecn the physicaI and chemical. propertie日 and the 五ne Toot 

surfac日 ar印18. '1'h巴 amount uf water, air, carbon, N, th日 pF valu叫品n<1 the C;N ratio ¥n f福ld 

conditioIl, as ln it, changed smoothly ¥n the S 1 stand. As 8011 horizOllS went lower , the 

Fi芯 33 Physical aIld chemkal prop記rties of soi!, and 
th0 I1n母1'oot surf且C忠 a1'巴a of the C‘ japonica 
stand, S 3. 
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Fig. 34-1 Phys兤al and ch巴mical properties of soil and 
th巴 nne root surface area in the normal so11 
texture of the C. Ja�onica stand, S 1. 

Fig. 34-2 Physical and chemical propert1es of soil in the 
C. jajうonica stand S 11 with volcan� grav白1 in 
th記 lower horizons, and 五ne root surface are札

growth cOl1ditioIlS of the root system got worse. Along with th� changlng, the nn思 root

surface area d巴creased gr品dually. Th巴y were , for example, 1.9 m2 (52%) in soil horizon 1, 

1.0]112 (2.7%) in soil hori2on H , 0,8 ]112 (21%) in soil horizon m, and 0.04 m2 (1%) in soil 

hor1zon lV. The S 11 stand h乱d a volcanic gravel layer near 80il hor菶on IL This volcal1ﾍC 

grav日11在yer contains a small amount of water, a remarkably large amount of air, a low water 

cap旦city against the pF valu己s ， poor 再vater holding power , a small arnount of carbon and N , 

and finally, a high C!N ratJo. Hence � 1s that this layeτls utterly unsu Jt乱bl巴 for dev日lopì11g

t11e root system. There, the 且ne root surface ar日a was maldistr�uted to the surface 11orìzo11, 

showing 8496 i11 so� hori20n 1, 12必 [n soi] hor120n n, and 4労 in soil hOriZOll IIL lt was re帥

markable large in soil ﾍlor坥on 1, prりbably because of restraint frorn root development. .in soil 

hol"ﾍzon H or b日low. lt 1S evident from the fact that the soil condit�ns 11且ve 乱 great eff巴ct

Oll the di話tribut.io11 of th忠 roo1. systerηin the surface so匀 ho1'i20n. 

The volcan� gravel layers ar記 pi.1εd up aJternat巴dly in the S 12 to S 17 stands at the 

�eyama National Foresl ‘ Tlw differences by soi1 condltions betwe巴11 growth rates becomes 

larger there as a tree grows. ぐfhe root surface area becaui自 broad配r in soil horizon Hr with 

旦 favourable growth conditíol1, Di自己rel1ce � growth increas巴d gradllally b日tween this horizon 

and soil horizon 11. L巴t us t:ake out of it t11巴se stands; the S 12 stand, 267 cm2 in basal 昌:rea ，

staml S 15 , 451 cm2 in basal ar巴a and stand S 17, 1,042 cm2 in basal area. It is evident from 

Fig , 35, that the fine root surface area d己C目前回目markably in soi1 hor菶on II wJ.th vario11s 

inferior physical and chemical properties of soil. This decreas日 rate is higher in tbe S 17 stand 

with broad basa! area. ln the S 11 stand with small-diameter tr日開， the surface area ratios 

by d.istriblltion , as shown 匤 T呂ble 57, were 12勿 in soil horizo11 n 2cl1d 4悠 in the IIL Differｭ

日nce in ratio between both horizons enlarges as a tree grows up; for il1stance, the r乱tios wer巴

20% in th巴 S 15 stand, 2]/ぢ in the S 16 and 165る ín the S 17, 

These ph記nornena 旦re caused by the differ閉じe in growth rate due to the selectiv母 distrî憎
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F�. 35 1 1斗lyskal and chとmical properties of soil, and f�e root 
surface area of the C. jap併lÍca stand, S 12, 

Fì必 35-2 C. ja)う0舟ica stand, 8 15. 

Fig. 3i5-3 C. jéψoniw stand, S 17. 

'l'abl記 57. Root surface are乱 ratio by soil hori.zol1 i.n the vok札口ic gravel soil 

of the Oneyarna N乱tional Forest (9�) 

Stand 811 312 S 13 S ム 5 S 16 

1 84.1 48.8 53. ヲ 42.6 47.4 

II 12.3 11.3 16.5 。.\. 8 1.00 7 

Horizol1 
班 3.6 20.8 20.8 34弓 8 31. 8 

れ「 12.2 8毛 O 6.4 7..3 

V 3，守 O. 出 1.4 2.8 

VI 
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Fig. 36 Basal ar巴a and e品ch root surfaCe arefi p告r h孔

bution of th日 roo1: system, and 
due 1:0 the differ官nt properties 

of each soi1.. Even in a site 

wher古 the gradual and normal 

ch且nges of soil prop邑rtiε呂 occur，

位le root surface ara邑 ratio bv 

distr兊ution has a tend色白cy j;o 

become lower in so11 horizon II, 

partly b己cause the root systems 

in so匀 horizon II grow into soil 

horizon T, and partly because 

they branch greatly near soil 

horizon m. 
'l'he read己r may refer to 

Photographs 2-8, 2-9, 3-1 , 3-2, 

4.} and 4由 2 in the second issue18) 

011 th日 diff巴rences in the physical 

and th日 che日lkal properties of 

soil, root growth and chan広告8 by 

五ne rootヨ

2) Root sur:face area per ha 

The root surface ar日a per 

ha was calculatむd hy the r乱tio

estimate of basal area from t1波

乱veτage root surface arca r陪T

tr己記。 11s re1ation to basal area 

is sbowl1 in Fig. 36. The surface 

乱reas per ha of t加五日記， small 

O[ medium roots rcach to the 

ma:x imurτ\ wh巴n the ba日al area 

�11creases from 100 cm2 to 200 cm2 

regaτdless ()f species (20 years to 

25 yc乱rs old) , Thεy de仁rease

gradually HS a tree g.rows further. 

This tendencv is most l'ern品 rk禍

ahl己 in 乱Ji n台 root; it becomes 

Jess .remarkabk in the la1'ger 

1'oots. '1、トle summit ot inc.rease 

îs 孔ot observed at the young 

stage, wh忠11 the inc1'easi11g cu.rve 

t品kes almost p礼rabo1ic form , 

'fhe tota1 1'oot surf乱ce area 

dr創刊 almost the same �c.reas" 

ing curve as the 自問山d small 

roots do, because those roots 
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OCC1J.py a greater pa rt oJ 1:he 十otal root surface 品re孔 This 﨎 due to th己 intertwin白d 記l1ect of 

the property of root ÌJranching, and to th色 decr記ases ()f trees in n Ul11 b巴r with t1'ee growth. 

1、o clarify thc explanatíol1ヲ1:wo cxamplcs 乱re givεn : first 精l young tnうesァ 20 yeaτs to 25 years 

okl, the rooL, branch日d oE v�o1'ously. Therc were many 1n number per ha [01' many 五ne

臼nd 白111a11 roots. Scconc1, .� old-aged t 1'日es ， the Ilurnb円。 dec1'eases 広rεaUy .fo1' inc1'easing surface 

a.rea per tree , 

]ゴ1C τ日ason why thcse 1'clations are !l101'e re111aτkable in the 五ne~ 自作mIl 設nd )ηedium 1'oot5 

than 1n the lar二号巳 and ve1'y larg日 roots is that the surface areas ()f 完了1C ， (;¥11a11 and 111εdíU11l 

root8 increase greatly with the :1 ncrease i日 rmmber 01 young tre仁川 and that ﾍn the ca;;e ()f 

la:rg;e trees, t_he nlt忠 of :ncreas台。 f th巴 8urface areas of larg日註nd very large l"oots per tree 

is higher than 1:ha1: of fí口e and 8mall roots. 

(1) Tref.私立:tov<lth and Toot sur寸 a仁e area 

'1'a ble 58 . and Fîg、 37 show tﾍ1e anれua l. vo]umc !日rowth of each sp日cies per ha accorc1�g to 

stand age t1.nd basaJ arωìn t:llf、 second class site of the yield td..!e. As 﨎 cl巴ar hom 1:11e111 , 

each 1'ate ()f i.n仁rc;me reacbed 咜s maximum at thと basal area of abou�. 200 cm2 and at th吃 stand

ages ()f 20 to 25 years. lt had a close corr日lati.on with the chang:e of the 1'oot surfac日日rea per 

h<l 絜 Fíι36. 

The sal出向lation was a]so observed concerning the tota1 biomass growth per ha for t11e 

last ()ne year 1n this study; ea正;h growth came up 1:0 the maximum at the age of 20 to 25 yea1'8. 

1"'h罇 is also relative to the 広rowth c11 乱ract白ristlcs of e乱ch ，呂号p日cìE正E、で唱s札i. A 日 ls 仁] 

tけh限e Jれ~Oめot s斜1リJrù匂F乳lCe 白 re乱 Tれe校t託a仁hぽ伝制d t“h児日 111a日文xi七1司l1unη1 泣 t an e呂rly 呂tag巴 jj口1 th巴 ca呂巴 臼f P主， dens幻!Jβ10併?胡官礼d仏、 the 

annu立1. growth OI which came ¥0 th巴 largest at a11 early stage; but ill the c乱3日 of Cム obtusa，

both c品rne to th日 maxlmum a1: a 1ate stage‘ The.ìr changing curves corresponded to 記ach

(}'rj{J) III ヤに0)場における絞J誌の機ふλ と機-h!?:

Annual stC111 volume gれJwth � each yield '(丘 b1e
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キ Basal afea of dominan t trees. 
判 Annual slem 'f/olume growth of dom匤ant al1d predom�l1ant trees. 

不ザキ FOJ: the current total production of the saITヨple trees in this study. 
Cφ jaþotlù:o : The y冾ld tablc of the C. ja�on兤a sland il1 the north Kanto and the Abuknma district , 

second site‘ 

Ch. υbtusa : The yield tablc of the CIム obltlsa stand 匤 the Kiso dìstrict，間cond ぉite

P. dc ns!flora 帽 The yield table of tlw P. de1! si}lora 5t剖，d � the 1 waki distríct, second site. 
L ‘ lcþtolef>is ; The yield tahle of tho L. J，ρlう!olσpìs stand � tho Shinshu dístrìct, second site. 



pertillent poillts; 五rst， 1:hat th日 root surface 

area of a tree Îllcre且ses rapidly when young; 

$巴cond， that th日 tr巴巴5 ， llSeﾒ ﾎn the c註lculations

0:ﾎ: the root surface area per 11a, are unreaSOll仰
乱bly not a few ill number; and third, that the 
sa111e tendency is seen ev巴n 乱t full density,‘ 

Exa立1ining the change in leaf bio111a88 per 

ha, we 8日記 in Fig , 38 that they increase t巴m制

porarily al1d rapidly to the maximum at t11e 
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Fig‘ 37 Basal area, st呂nd age, al1d anllual 
growth of th日 stem volu111e per ha. 
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* See, leaf b卲rnass � th� study1.8J. 

Fig. 38 Stand age al1d leaf biomass 
per ha22). 

だ 11 ， 1

other v位ry distinctively. 

The following are pr自SU111凶

able wh日n judg巴d from the 

change of the growth of the 

root sllr.face area or vo1mne of 

a tre弘 First ， th色 surfac巴 areas

of 五羽巴 and small roots go on 

increas�g before the stand age 

gets to 20 to 25 years, oWlng 
to many yotlng tissues. And 

at the sam記 Hme， those root8 

grow and absorb wat巴r and 

nutrlment v 19orol1s1y tHl 1:hen. 

Second, the rate 01 illcrease of 

surface 丘1'eas slows dowl1旦s a 

t1'ee grows older. Along with 

ít, absorption and growth d1'op 

dowl1, 

The chang日 in root surface 

ar邑乱 per 11a d己pellds not only 

upon t11e chang記 01' trees in 

number, but strongly upon the 
ﾏncrease o.f root sllrface area a 

t 1'ee細1'11is ﾌs proved by three 

cnl 

stand age of 20 to 25 years when the allllual volllme growth reaches its maximum , This 

agrees well w1t11 the change in root surface 品rea.

1、11e reason v可hy the root surf呂C日 area increases at t111s stage i.s t11at as an lnevitable 

p1'oc巴ss of root g1'O\:vth, the f�e and small 工:oots branch 乱nd extend actively, having a greate1' 

part of the root b�mass a1: a young stage; ln tho case of 1:he larg←diamet日r trees , how記ve1'，

the thick roots of th巴 root system play an important 1'01巴 as on日 of accumu1ating parts. In 

thi8 respect , tree growth is 乱 series of growﾌl1g p1'ocess, including a change in root surface 

area as a main element租 Prematured root systems increase their 叩rface 乱rea ， which íncreas出

t11日 ahsorption amOUl1t o:f ηutriment and water, and this facìlitatεs the assimilat�n in leaves 
fürth巴仁 This Î l1creas巴 üf assimil乱t10n pro立lotes t11e growth of 百 olume again. 

As is lmown, the sn1'face areas of fine al1d small root8 lncr記乱S巴 t日mporarily with rapid 

sp巴巴d as one stag巴 of !'oot g1'owth. Hence 1t is t11at t11e incr釘l，S巴 of the 1巴af biomass or annual 
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F�. 39 Figure �l1d兤at絜g how to grow cons�ering root 

snrface area as the m乱în element of growth 

volume growth is highly relatecl to that of the root surfac巴日 rea.

The changεin root snrface area is, 匤 th1s scnsc, lhe possible n1品in cause oi 旦 GerÎ記S o:f 

只rowth ch乱nges. The growth change cau日ed by the change in root sur:face area , based on 

this ídea, is shovm in Fig. 39. 

Active absorpt卲l1 {}f w乱ter and nutr.絈ent is, fìrst , st匇ulated by the ìncrcas日 01' the 劦ne 

or small root ﾌn surface area 乱t an eady stage; second , 1.h1s promotes the increase of the 品s ・

s匇ilated product in !eaves, and third，旦 part of that proclnct mainfests itsejf a3 the growtb 

ofa 3tem, branches or leaves, partlcnlady followed by a11 í11cr巴a8c of the an11ual volume growth 

in a 8t巴m. The assimilated product rcduced to a root syst色m 1S mainly used Ior the growth 

{)f 五 ne root3 at an carly stage. As a tro巴 grows up, it is used more for thεgrowth of the 

thick root8, acculllul乱ted parts. 'fher巴fore， tho growth in surface are旦 declinに;s ， alld conscｭ

quent1y the absorption bocomes 1巴ss 註ctive. 30 does the treεgrowth， 

Wh門1 th日 5Cεd begills to gcrminat巴. theτnain roots develop , supporting the above叫ground

part 呂nd at the same tirne, begin absorption prior to 品ssimilation in the above-grouηcl p乱rt.

In shor1:, tl日 root funct�n � tho main ener‘gy for growth. lt is possible 1:0 presumc frolll 

thcse facts 1:ha1: the growth of t11巴 above-ground part depends UpOJ1 the chango 絜 root snrface 

area alld t11日 subsequent change of the absorptive power, assuming that theγe is no h匤drance 

Tahle 5ヲ Ro口t surface area pヒ r ha {)f imm品ture stands and of ma1:nrc stands 

の7V lde日 t roo1: Gurface ar問。f hnm品ture stands) 

180 i 200 

ム leρtote�ﾍs C. jaj争onica I Ch. obh祝sa

3:;, ()OO I 30, 000 15, 000 

15 ， OC コ 25)000 5 r üO心 10, 000 

'1、able 60. Maximum root surfacεareas por ha of each species 

Species C. ja争onic品 Ch. obtusa P掴 densiflo:γa L. le争toleþis

Stand S24 H3 A10 K26 

So匀 typc BA Bn BA Blc 

Site 匤clex 1]. () 18.8 ~ _ 6 ヲ.6

Dens咜y index 。宅 7 0"6 1 2 1.3 

Basal area (cm2) ヲ9 254 18 164 
Root surface area 

L 弓 しj

(ha) 
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Table 61. Root surface area 

P. Tz肌be:γgìí P. Strobus P. taeda Ch. 争'isifeγ品 正三 globulus 

Stand A13 A 14 A17 Ml お13

Soil typ巴 BID BID BID-F; BlD �-BF 

Basal ar回 (cm2) 2:3 1.54 4 1:j7 177 

Root surface ar日a(11a) 0.3 0, 4 0.2 2. 7 3町。

to growth of both the under-and油above ground part such a3 shade to assimilation of leaves. 

Each root surface area per ha at an ear!y stage, as in '1'ab1e 59, is :30,000 m2 to 35,000 m2 

at t11e m呂ximum， (1)(凡lt 3 to 3.5 times as larg日 as the p1anting area, for C. ja�on�a or Ch 

obtu5a, alld yet 15,000 m2 to 20,000 m2 for P. dens�lora 01' L. leþtole，βis包

At the basal area of 500 cm2 when the growth of the surface area b也came stable, the root 

surface area per ha was 25,000 m2, the largest , for Ch. obtusa, 15,000 m2 fo1' C. j，αþonica ， and 

5,000 m 2, 25% of its maximum 乱t an 巴arly stag記 fo1' P. densiflora. The rate of dec1'ease was 

the mﾌlll.mum for Ch. obtusa, on1.3'ァ 2096 off from its 11laximum si 乱広告'1'11î8 is ma�l1y c1ue to 

the decrease of tre巴s in n1.lmb巳1'， 江口d because th巴 root c1ensity b日comes high for Ch. obtusa 

with strong toleranc記 as the tree number does not decrease so much，乱nd becomes low il1 the 

case of P. densiflora whos巴 numbぽ decreases greatly. 

ト、01' the other speci日s involved ‘ the max�um root 呂urfaωa1'eas of each species, as in 

Tables 60 and fi9 , were 4.9 ha. fo1' C. japonica, 3.1 ha for Ch. obtusa, 2.9 ha for P. densi.flora, and 
2.3 ha for L. lejうtolepis命 According to γable 61 show匤g the 1'oot surface areas ()f other sp記cî己s ，

thev wer忠弘1 ha for Zelkova serrata, 1argest among the 絜vestigated species, and '*βh旦 fo1'

Acacia dec討作ens‘ It means that th巴 forme1' has 乱 wide sur.face a了間 per on� t weig h t 品nd th巴

la�1' has 乱 large amount of fin己 root.s

They w巴Y臼 0.0711a to 0.2 ha fo1' Quercus mongolica, Betura pl，αtYlうhylla or Betufa davurica , and 

srnall 禛 compared w咜h those of t11巴品bov色ωmentlO紅巳d species, becaus色 they had 3m乱H arnoullt 

of the fiロe root8 which had a greater part of a11 the 1'oot surface areas，乱n<1 10w tree dens羡y. 

Simi1arly, P，骨 Thunbergií， P ‘ stroous, P. taeda and Ab冾s firma had a 8111<111 surface a1'巴a ， 0.2 ha 

to 1.1 ha. 

That of the main specie~" Ch. obtusa, as in '1'ab1e 60, has a smaller root surface area than 

仁 japo四 ica can be explained as follows :五rst~ its finεroot is small in average diam日ter; seconc1; 

th日 ou1k d日nsity is high; third , its roo1: surfac巴 area per unit we竑ht is small, al1d fìnally , the 

tree dens�y is 10w. P. demiflora has these reasons :五rst ， the species h旦s a small a111口unt of 

th己品ne root8 when grown up !101'mally; second , the bulk density is low; and third, th巴 root

su1'face ar記a per ha � slightly 1記ss than on巴 ha , but it înc1'ea忠告s to 2.9 h3. in th巴 prern且tuτ色

and too d巴nse stands, a古 A 10. 1'11日 value is near to th3.1: of Ch. oblusa , and i.t is to be lloted 

t11乱t this illcrease 匤 a re礼 is just comp且tible with t11e tendency 1七 densíflorαhas to g1'ow 乱t an 

E乱1'ly t絈e. 

(2) '1'oot surface area per ha acじording to every 100t class 

Table 62 reveals the root surface area per 11a acco1'ding to 日very root c.lass in the C 

.ia�onica stand ()f S 5. A3 18 elear from it , the totat root surface are品 per ha is ].8 h品， of whi.ch 

1 ha is 日quîvalent to that of th巳五ne root , 0.2 ha to that ()f the 8111a11 1'oot, and 0.15 ha to thaì〆。f

the medium root. The ratio to th日 tutal 1'oot surfac己 ar開 decreas巴8 as t11配 roots become large1'. 
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'rabl 日1)三 Surfおじ巴品rca per ha OI ea(h ]'()ot ，'.1品目S (lT¥2) 

'rable 63. ，RaUり bv γりot �':U rh,C(ê r;工 ca of 仁;<.1c 1l 円、o t. claおお wh日n t hc ,;vholc root 

surfaω a.rωb to he 1 (j1)) 

Sp日ι.it"'s

C. j品争。;-ûca

]13 

The nülo り f each root surfacc area to t he tot乱1 1'oot surfa仁e a, rea \'i，1 ι 日仁日 k.- -u h:.tcd ¥vhen 

th日 total arCti '\，V(1日 、 o be t lt ﾌs shov,rn in "1'ab 1.ε63 ()口 thc S st ,Üld ()f C jap日比ica f.nnn t his 

tab1巴1\3 13 c.lear fro!11 thc tabl巴 j the suxfac己 area ()f thc. flnc -rc日t ¥OI/a8 eq oal 1:0 38'~é'， that 

of the 3mal1 root to 1(;'::;:;, and the medhl111 root to 9<::;; , of the tot,d roぱ Sl.lパace 寸削 '.fh� 

rado di!Iered HC仁o:rding to spec�.es � stand 司g巴S. 

. Fì広 40 日how~' the rel日don betw点、n 1hむ root surface 日 rea L~~tiつ ilnd th 日 bas以前・日"1、he

~:u 工 üえ仁巴品工日乱口lUO {)f 五 ne a.nd. 3D}♀11 roots was , as ShOWT¥ ther..:¥ hir~h fη1・ a slnaI 1， -d i.am(えとt^ 1.1'自己

vdthiη 111e range ()f the ba3al. areas of less than 300 仁川.1~ rcgJxd lc~)~~ sYK>,ci.f,S. 1 t dccre辻scd ，

hüwe、八òr， gradually with the increase 口 f b i',sal ar日ム '1、his Vv'(~;; :rζ' 1.)1:，、 rk ，::，;，blc .['Or tho~，c root 氏

'1'h品 t oJ a mediじ!11 1'()ot ìsζiÎmost eonstant re_g;ardles," of t be width 仁 f thc b; ,,;;i! anう<1， 1' 110おE

ratios 口Í large 乱nd very 1 乱rg日れ)ot.日 increa日('<:.1. ,].cò rh日 b注目a .1 incrcE-:.~-~::-~d! descl'ibﾎup; a para.boia (.P。

どùmsiflora 01' L lc�tole�﨎; and 誌はお s11ap日d じ urve respectlvclv , The max�num j)oin�; rnovηi 

towards th日b:roader b在sal arc比

'I'his iSj as befof('¥ pa:rt.ly beじ(111S七 thc rooi; gτowth ()f a "mal1-Jìarne! 臼 r l:rec 1 乱kes p1ace i刀

十h巴 form of branching; �ll1c1 extendìηg tb_{ぅ hne OY 百 01 ，111 rc)ots v!hì仁 h OCCl1py ë~ greateT p乱1'1'

of the toi:al bìomass, andν~-trtlv bCC8.11Se the i�e 01' ;::.:n1 日 11 [()口t ::~Lj r~~è:.~ce <:1.1む(l rat.io oÎ 江 large.

díam日ter tre記 becoll1 es lower as th日 σ れ)\vth ratc of t11e b [(re roo'( becoroe弓 hiQ'hいヨ明 íth. tree 、、- て示_"，._， ~V~~~ ".~~ 

gro、wth. 'J、市h(丘コ 日刊】urf泣c己 ar臼'eうa l";:日1 .t io りii' t hE巴う {五iD(巴)う r口on'ミ b'y' <1iμ5日:し τ i. b-;口.H川io、九1. え只ミ il口 Fi~只4. 40 , 坑 E乳ι.s 6-G~-:弓丸シJ 士ハr

じ.j六(lψρο加?η幻2吋1(正Cω《羽tμ'J， (印}汀}工? ι、み'11ム (.ρ必J必Lか1川z出4“5将a a以1: t抗山h"ι1);品JS作ね5勺泊a1 乱t打す c、d えひω〕バI 2(りj じIれ1は\2 い〈引J 30 ('1口II〆2え‘ 1 J{什川、円ぺ屯三J

え日üly 、Wl 上h thc 為 ìm仁:n巴，é!日 ing b孔E巴;a _l ，臥λn巴~a仏唱 ~;howjrη1)包_~ _ab{りn:d ぷ.}('ノどJ..t thc b,<){'i _t ~-Jca 0:[ EOO CHli¥ a differeηce 

()f 10タo‘ In the case ()f L leþtoteþÎs, the n�os wc1'己 ，15 夕、 at 100 仁m". and 10'くフ at 300η}2， In 

the case of p , d，ピmsiß!)タÜJ the raUoG ¥vere 60先r 司1: 10 cm" to 20 c11' 2,. "n<::1 λibout 12九 at 500 じ 1112 ，



Their ratios decreased stdkingｭ

ly, as compared with those of 
th邑 other species. 

This is b巴cause the growth 

rate of P. d開siflora b巴com.es

more rernarkable for the large 

roots and lower for th巴五ne or 

small root8 with th巴 increasing

basal area. 

As above-rn巴ntìoned， the 

snrface area ratio of the hl1e 

root closely related to the abｭ

sorpt卲n 18 h刕h for 昌 small嶋

diam巴ter tree and low for a 

large-diamet佼 tree. This runs 

parallel with the fact that tree 

growth is quick at the sapling 

stage and slow at the m乱tured

stage. 

The surface area ratios of 

the 五ne roots at the basal 呂 rea

of 500 cm2 w昨日 5096 to 60タd

for C. jlψonìca or Ch. obtusa, 
40% to 4596 for ム Jψtoleρ!s，

and 1096 to 1596 for P. densふ

flora. 1'his explains that the 

五ne roots of じ faponica and 

Ch時 obtusa occupied about half 

of the total rool: surface area, 

and t11at t11巴 root of P. de陪 si­

flora had only 1096 to 15% of 

that. 

The snrface 乱rea ratlo of 

a small root as well as that of 

a nne root decreas日d almo日t

equally with th日 increase of basal 旦rea. The differ日nce in ratio betw巴en the basal areas of 

50 cm2 and 500 cm2 was a.bout 5弘間以ller tham th品 t of the iine root. 1'h巴 ratios at the basal 

area of 500 cm2 were 38労 for P. den幻flora， 30;ぢ for Ch. obtusa, 22% for 1.. leρtoleρis， and ab011t 

15% for・C. jaρonica. 

Th色五ne root of P. deNsiflora had the lowest ratio of a11, but its large root had the hlghest 

ratio of a11. For the other roots grow more vigorously t:han the 五日記 root包

The ratio of a medium root runs almost parallel wlth the incr巴asing bas乱1 area, although 

that of a f�e or small root makes 乱 decr巴asing curve. And it goes almost constant r巴gardless

of diamet巴r class. The surface area ratios of t11e medium roots were 22彰 for P. densiflora, 

1896 for L. le.ρtolepís， 7% for C. japol1ìca ， 乱nd 5;ぢ for Ch. obtusa. 

第 285 号i休業試還金場研究報告-114-

γ';00 900 

11.;0(1 :::m' 800 

1000 ~m~ 9,jü 

。
一
』

l《
広
凶
U
τトh
a吉
凶
い
口φ
α

Fig. 40 Ratio of e品c11 root surface area to 
the w hole root surface area. 
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Table 64. Ratios by root biomass and by root 日urface ar巴a 口 r each root dass (デぷ)

St泣nd f S lH L S1: '}、口1:a1

55 1.5 2.4 5.3 7.8 勺2.3 60. ? J.OO 

Iえ乱tio by root H 日
r 勺

5. 、3 4.7 102 34_.1 /;λ .J尺, ¥0:) 

biomass /¥.8 o 、I~ ,J つフ 8. ;; 1 ぃ 3 26.0 51. 5 100 

K21 2‘ o 只、). (、) 13. :� 30 , 3 dーiも I、、). \.、) わ

5 rI7 ‘ 9 15.9 出つ 7倫 2 t.4 100 

Ratio by root .H5 ~.~s. 4 28.0 、~_). 丸勺J 4.6 ;).4 1‘ 3 100 
surface area /¥8 LJ. -1 30. 8 23 , 4 14. 1 13. ;::; 1.8 100 

K21 L10 , 1 14, 3 11. 0 9. ヲ 3 ‘ 100 

'1'hεratio ()f the 1乱rge roりt of P. densi゚ora Ol" L. !ぜþ!OÙφis increased b巴fore the b設sal ar巴a

reached 200 cm2，札口d then becam記 constant. The increasing curv日 of C. μ許oníca or Ch , obtusa 

went gentle, d巴scrîbìng a11 S shapζ:d curve berore the basal area reached 500 cm2 and 1:hen bそうw

ca.m日 constant:. '1'he ratios at. the basa.l area o.�: 500 cm.2 wcre 15'匂 for P. densi;7ora, 1250 for 
L leþloleβis， Gタt Jo1' C. japonica, and 496 for Ch. obtus仏

1、.he ratio of 呂 V巴ry large roo1: 駘hows this tende日cy mor巳 clear!y. 11: increιses describing 

an S shap巴d curve irrcspective of species. 1t re品ches the maxi.m1Jm at the ba,;al area (lf 350 

cm2 in tho caso 01 ム leρtolepis， and at that o:f 600 cm2 in the cas巴口f C. j，αþoníca or Ck obtusa. 

The ratios, corresponding to each b品目乱1 a代a， .wenぅ 14対 for P. densijlora , 1596 for L. leþtoleþís, 
8;ぢ for C. japonica, and 5汚:Eo1' Ch , obtusa , 

'fhe ratlos of 乱 root stock at tho basal area of 500 cm2 we1'e 4.2あ for ι jajうonicα， 3.5.96 for 

P. densijlora , 3.0*; ror L. leptolepís, and about 1.0% for C九 ob1us払

On the whole, the ratios of 乱 large or v巴ry large root or root stock were high and that 

of a fine root was low Ior P. densi;7ora 01' ム leþtole，ρis because (}f the characterìstìcs りf branchｭ

ing of root. They wcre the opposit日1:0 the case o:f C. jα，plmica or Ch , obtllsa. 

1、he sU.rfac巴 area ratios of 1:h日五ne and sma11 roots with young t�sues aτe high 仇 Their 

absorpUol1 日庁iciency is highcr than t1l旦t o[ large root8; thus it can be pr日sum.ed fr0111 the facts 

th乱t a larger arnount. ()f water or nutriment is absorb巴d through the nnεand 8ma11 roots, 

Th巴 ratios by himnass and surface area according to evcry root dass are SﾌlOWll in T乱bJe

6/t As is clear fr0111 the table, th日 ra1:ios by biomass were 0 ， 35話 to 2.2% Jor a {-jne root 乱nd

2,096 to 5.3タo for a sm乱11 root; t11e rati08 hv surface arca werc 1396 to 5851ぎ for t1l('. former 

root and 1496 to 315¥5 卲r tl1e latter. Thc lattcr were 30 to 40 timcs as h刕h a.s the former 

絜 th己 case of f�e root and 6 1:0 7 timcs 匤 the ca日記 o{ 乱 sma11 root ‘ 

As concerns th臼 root stock which hacl 

品 gre乱ter part of the root biomass, the 

ratios by amount were 4596 to G196 alld the 

γaüos hy surface ar伺 wer巴1.3お to 1.8，%。

Contrary to the former case , thcy were 

10 to 40 times as h竑h as thess ‘ 

(3) 1"、r色e density and 五ne root surface 

are乱 per 11乳

1、h巴 surface ar忠a per ha 01' a 五ne l"()りt

Jncreases as the stand dens咜y íncrεase， 1t 

a1so d凬fcrs greatly by sit 日 (;ond.itlons even 

Fig宅 41 .Fine roo! surface arca per ha 
and trec dcns羡y. 
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Tab¥e 65. Surface ar問。f absorpt綷ll per ha ill full density estimated (ha) 

C. ja争onic品 Ch. obtusa P. dcnsi jlora L. leρtolepis 

o ム() 1.7 1 ‘ 2 
f九 L3 1.0 0, 8 

1.2 2, 0 O. 4 0, 6 

under th巴日呂町le density目 Its dispersion to the density index is large as shown in Fig. 41. 

Therefore, n� dose relat卲n can be 日記en between thern 

The stlrﾍace areas of the fine root were 1.211a 匤 the S 22 stand of C. japonica wi.th the 

stand density index of 1.2, and 3.111a in the S 24 stand w�h tho ind巴X: o.f 0.7. 立、hoy we1"e 

broad日γby L9 ha in the forme1" than in the latt♂r. For the S 24 st品nd 﨎 dry BA酬typed an<1 

th巴 S 22 stand 1S rather moist BE-typed ‘ Thìs holds good in the case of Ch. obtusa、 P、 densijlora ，

and L. le�tolepis. 

The surface ar日a of the lino root at the ful1 density estimated from Fig. 41 is shown in 

Table 6:'), '1、nose 且r色as .in a dl'y soil were 5,0 ha, espedally broad, for Ch. obtusa, 4.0 ha for C. 

WjうO月以'a ， 1.7 h乱 for P. densìßoグ久 and 1.211a fo1' L. leptolepis. 

(4) Soi1 conditions 札口d the surface area ()f a fìnεroo1. per h乱

The surface are乱 of a fine 1"oot chan芯es by soil conditions. The various soil factors alld 

the surface are旦S of fine roots are gon記 through in tl� chapter 

a. Soil typ巴

F�. :.12 shows th巴 relatìon between the soH types and the surface areas of iin巴1'üots per 

ha. Regardless of spedes, those areas were, as in tb日 ftgure ， broad � 8uch dry soils as B，~， 

B1A , BB 乱nd Blc, 駘nd narrow ﾍn such wet soils 駘S BlE, BE, BlF and B1G. 

T、he foIlowlng two poìγ1(8 prove i仁 Fixst ， th日 surface area per unit weight incγ日ases 乱8

the 品ne 1"oot under a dry condition 18 srnall in averag記 diameter and .ls 1 日ng‘ Second， th日

root bioma呂田 itseH incr巴as巴s; as a 1 日sult ， 1:h日 surface 乱 τ巴a increases strikingly. 

1付0111 this figure, 11 ca!l be 日stimated th乱t the suτface areas of the 五ne root peτ11a � a 

mod記1'ately JJ:lo﨎t sît巴日Quiv旦1ent to the second胸rate soil 匤 the yield ta bleす are 1.5 ha fo1' (二;

jaj告側ica， 1.711乱 for Ch, obtusa , 0.2 11a for P. densißora, and 0.8 ha for L. 1ゆtole戸is. 〆1'ab1e 6f) 

shov~/s 呂 rough relation between the soi1 types and the sltrf乳ce areas of fme 1"00t8、

1n suじh 品!l ()τdinary forest as in Table 66 , the surface 旦reas of th巴 fllleτ00t.8 in a dry 

fo1'e8t would be 2.5 h:1 to :3.5 ha , widest, for Ch. obtusa唱 2βha 10 3.0 ha for C. faρonica， 0.5 ha 

to 2, 0 ha for P. densifiora ， 乱nd 1.0 ha to 2.0 ha f01" L. leploleþis, 

ぬ

ハ。

門、J

• x 
x 拠1，. 

包 x
~)( 9 

〉え

毒事

Fig. 42 Fine root sl1rface area 

P也r ha and soil typ巴.
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Fig. 43 1アìneτoot surface area per h乱乱nd
日ite .�dex. The dott日d 1�nc s]1ows 
that of very .moist stand. 

fn t11e wet soHs, they we:re 0.1 h乳1:0 0.2 ha for P. donsijlora and 0,2 ha to 0.5 h ,'1 fり r L. 

f口ρto!e1りis ， both decreasing sharply, 1t .i8 to be proved either by the fact that the ,growth ()f 

fine roots of those speci巴s w咜h aerotropl正 roots) sl1ch as }そ dm何人/i01'O and L. I e戸tolelうis， is casi1y 

T臼t品rdcd under a vvet cOlldition , or by the fact thHL lhc iineγoot 、3 eas�1y d巳ca;l und巴 γan. overｭ

humid couditíり目。

b. Si te i nc1ex 

'.1、he r記Iatíon bet¥veen the site 匤dex and the らurface nf刊行3d 五ne roots j 只 sho明日 in Fig 

4.3, '1、h03e surface areas iucrea日仏 gcner日.l1 y speaki l1g , as site iedex becornc sn1(-).11er, 1¥3 sho¥vn 

in Tabhぅ 67 obt.a�.ned froJ.11 Fig. 43 , the SUdHιe areélf, 01 C. jûpo仰ca were 2.7 ha , 1.711a , and 

0, 8ha re~3pec t.i vely under the 51te indexes of 10, 20 and 25. H そònce it ì弓 tlwt tho弐む areas deｭ

cre.ase in the 耳ites w�t11 largれ site 絜c1兤cs. 1'he rnain rc.asons f()r this :'-11ぐ" lìrst, that a s咜c 

with a sn:wIler 日ìtヒ ìudex � ~rとn記raUy a dry foresl. s.lld scconó 匂 I:b;:t thc a.rea de七了e (.ì ses undι‘ r 

an ov巴rhuηtid ，condìtioηeven .1 f t:he s.� te index lS S111 乳11

Fo工C. japo冝ca t乱k台n herと乱5 丘n e瓦ample， the s咜e índi正日日明むre 11.0 in stand S 24 with 

the dry BA type süìl , and 10.6 in stand S 2�. with 抗:loist hl日ck volcani.c ash , They were alrnost 
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equ呂1. The 五日記 root surface areas, however, were 3.1 ha in th色 S 24 stand, and 1. 7 h乱 ín th告

S 21 stand, showing d�ference of 1.4 ha in area betwe日n them. 

Also as shown in Tabl日 68 about the ム leþtolepis stands of K 29 and K 4, th巴 surface ar巴as

、vere 0.2 ha in the K 4 stand vvith the smaller s�e �dex and 0.6 ha in the K 29 stand, explain巴d

by the fact that the decreas巴 of th己 síte index is due to excesslve humidity in the K 4 sl:and 

and to dryness in the l'三 29 stand. Thus the su1'f註ce ar号aofafîn巴 root is thought to be directly 

relat巴d not to the sitEぅ .index but to th日 water conditions in soil ，も，vhich define 8咜e índex加

The 五n記 root sllrfac巴 area has a t巴ndency to go wide1' when the site ind巴X i8 small acｭ

co1'ding 10 Fig. 43, b巴cause the stands ,víth th巴 small site ind兤es c乱used by dryness are mainly 

taken as a sample. Th﨎 tendency 1S nol: so clear for L. leptole.ρis， because many samples are 

taken out of th巴 over値humid inferior for己st grounds , and because thε 五n位 root sllrface areas 

become rather 1'educed at thc 3D日all s羡e indcx (by a dotted line in Fig. 43). 

c. pF valu記 in fIeld conditions and surface 乱reas of 五ne root8 

Fig. 44 shows th色 relation between the pF values in 五巴ld COI1di tion and the fﾌne root sur-

林業試験場研究報告-118 

fac巴 a1'日as.

The 五n巴 root surface a1'日as a1'e changeable with the varﾌous factors, such as trec density, 

soil conditi.ons, etc伺すhe dispersion was w冝e in relation with th日 pF values. However, t11e arca 

gener品l1y increased, as s110vvn in Fig. 44, as the pF v呂.lue íncreased, especially when the pF 

value went 0γer 2.5. Frorn thi呂 i t: is clear that 

the physiological fllnction of t1'ees, r巴lated to 

absorption, changes suddenly whcn the pF 

value gocs ove1' 2.ö令 because the tree growth 

changes thell. T、he 五日記 root su rface areas per 

ha at th邑 pF values 2.0 , 2.5 and 3βfrom Fig. 

44 are shown 匤 Table 69‘ T11ìs table makes 

clear these relations11ips. 

d. Percolatioll rat阜

The relat�l1 bet.ween percolat�n rate 

亡山d

ル日

V八l リ戸 rト pド IN ド ![lC 九

F�. 44. Fin記 root surface 乱rea p色r 11a 

ilnd valu巴 of pF in 長eld cond咜ion. 

Fine root surf日C日 area per ha 1:0 each valu巴 of pF (ha) Table 69. 

P. del乱吉ífiora

0.2 

0 , 3 

1.0 

Ch‘ obt説S品

3 

1.4 

1.8 

C. japon�a 

1.5 

1.7 

2.0 

2.5 

3.5 

F�. 45 Fin記 root surface area 

pe1' ha and p巴rcojatioロ T旦te.

1

0
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and 五ne root surfac日 area 18 8ho,V11 Fig. ,:15. The 五gure shows that the surfac巴且rea has a 

tendency to decrease gr且dually， COl^τespondìng to 1he incr忠ase or p巴rcolatíon l̂ate. 

It may be presumed that g巴ηerally th巴 SUl^f乱CE巴2 乳re，註1 is \vアidι巳白r 匤 tリh，εう soì口i 、with good 乱era­

tiο11 乱I口.](} high PE色号ゴrcoh呂ltíOl政1 rat巴 tha乱i口 il1 t11(:'巴 soil w令，ith bad aι巴、可r命atíol狂1‘ The wat巴r percolation , 

however, was wor8e 1n th巴 dry BA or Bc type 8011 of the S 24 or S 7 8tand �l1 Fig. 45. And 

be日ides ， it was liable to go f乱日i 日r in th巴 mod巴rately moist so匀s deve10ped fu11y in structure. 

The hlle rool. sur:fac日 are乱 had 乱 tendency 1:0 incre昌se 111 the dτy so� with low pe1'colation 

rate 旦s the 五τle root surface area varied 1n proportion to the humidit.y in soi1. 

The1'巴 are v乱TÎO Il S r己目 sons ,vhy pe1'colation r品I 日 slows down. As � the case of site ìndex, 
the relation betwe巴n surface area al1d p王立'colation rate varies to the fundamentai f乱ct01"8 rele州

vant to percolation rate. 

The ﾏlne root sl1rfac巴乱rea of C. ja�onica per 11a and the percoJation rate 111 soJl hoτízon I, 

were 0.9 ha and 51 仁川111in respectively in thεS 26 stand，切り(w) soìl-ιtyped ， and 0.7.ha ancl 

40 ccJmin 匤 the K 7 stand，日xcessively wet .BIG soiHyped. '.T'his is qu i.t色 contrary to the abov十

rnentío!lそうd incre乱se of tlw fll1e 1'oot surf品じe area by the dec1'e乱81ηε percol乱tkm rate caused by 

d 1'ynes弘

Th口日叫， t仙he 五n色 1'0隙川0ぱt s引t1はrfおac巴 ar巴a 1以)(巴‘~C∞omes匂， tS加1叩O立m巴ωl:i me印s， 1ヲroader 01' narrow巴f 呂s the perco)，い

tion rate d巴cre乱ses under the extremely wet or dry conditions. Generally, the 1l10d巴rately

moist so� shows good percolation. 1'he snrfacε 品re乱 1s narrower there than in a dry soiL 

lt 﨎 th(う1'efore lnappropriate to regard thc pcrcolat卲n 1'at日 as an �dcx Qf growth of the 

root surface area. 

(主\]1 主〉I
 

i
 

l
 

森林生践の滋における根系の機構と漁rJ~

e. C仼 ratio 

The relation between th巴 C!N rat卲 a8 an indcx: of the chem兤al properties of 80íl 乱nd the 

ﾏlne 1'0口t surf旦C記 are且 JS ShOWll in Fig. 46、 As 1s c1昨日 r fnm.l it, most of the sarnple stand日

hav巴 the C/N ratﾍos of 10 to 15. 

vVithin th1s range of the C!N r乱t]08 ， each sp日cies' surface area Qf the f�e 1'001 b巴come 1ε58 

in the o1'de1' of Ch. obtusa, C. jaβonica， L闘 leptoleþis， anc1 P司どlensíflora (Table 70.). 'fhe v乱riance~

how巴ver ， was very wîd巴. 1\.s 旦τ1 example, that of C. japonica ranged fro111 0.6 ha to 3.0 ha. 
Jl1dging from this wideγ品rì 副

ance, the1'e �.s a close cor1'elatlon 

in the C!N ratjos of 10-,,15 bct叩

ween them. The 五11e root SUI‘ m 

facc area , howeve1', increases 乱s

the CjN ratio increases in 

genera1. 

The relat�n hetween t.he 

CjN r日 tìo and fine root sur:face 

area per in the 8amp]ε 日tands，

会、

v ノトj PÞ:í 氾

Fine r()ot surfacεarea pe1' ha and CíトJ ratio. 
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Table 70. Fi11日 root sl1rface area p巴 r ha of each spec冾s to the CjN 

rat108 of 1.0 to 15 (ha) 

L. lejうtolipis

行ワ，-.._，..() 7 
...目》偽

deJlsiflora 

(), l.~()眉 3

Species 

Fine 1'oot su rfilce 
品re乱 per lla 
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Tahle 71. CjN ratio of th巴 C .ìa戸onica stand and 五ne root surfac母乳roa pe:r ha 

Stand 520 521 522 

So匀 type BA BD 1きお

CjN ratio つVつ 17 12 
Fino root surface 

ス 3 1. 7 l 哩 2
乱r邑a1(1hElaex>
S�e i 15.4 ;~O. 6 23.4 

BE, .BD or 13A soil噂typed ， ln Ak�a Prefectur巴 situated 匤 the northern part of the Main Island 

of Jap且n is shown in Table 71. Sot up on the BA typod soil with a b旦d growth condition, th記
S 20 stand, as can b記日記巴n in t110 table, had tho sito 絜dex of 15.4, the CjN ratio of 23 , and the 

surf乱ce area p陛下 h呂 of 2.3 h11. .And as the soil types shifted from the dry BD typed so匀 in 

stand 5 21 to th巴 moist Ik typ記d Oll色 ln st乱nd S 22, th日 site ind兤es came up to 23.4 from 15.4, 

and t11記 CjN ratios went down from 23 to 12. A.loねg with ît, those surfaco are乱s decr日as巴d

hom 2.3 ha t口1.2 ha. Henco it is that the C;N ratio and the surface 3n‘a decr己ase hand ﾎn 

hand. 

Th� change is a result of ÌnteractÎon 乱Hlong each factor. For exampl巴， th記長11e root surｭ

face 品rεa increases as thEぅC;N rat� becomes h�her in a dry and barren for記st. It can bo 

said in other words 工hat the 品ne r()oj: stlr face ar02, incrεases und巴r the conditiol1 ﾌn >;,:hic11 the 

CjN rat� bccomes high巴τ.

Thore 罇 a tentative relationship hetween 記ach soil factor and fine root surface arca, but 

1t is not clear whether 巴ach facto1" � directly re1ated to the changes ﾌl1 fine 1'oot surface an、a

becaus巴 th巴re í日 a く 108日 rel乳tìon bet¥veen such :factors th巴1118εlves.

G己nerally， the surface 乱γεa is liabl日 to 絜crease in a dry and b立rren forest soi1. with suf, 

fícient 礼eratíofJ‘

This tendency can be regarded as an adaptatiol1 of thεtree to absorption {)f wato1' and 

nutr1ment, which it 1乱仁ks ， hy (、xtoDsion o:f roots ancl 匤creaso of the root mlrfac己 area in 乳

dry and b乱lTeIl 80i1. 

In fact~ th日 absorb心c1 w巴igh[ by a t1'巴e r﨎es in response to t11巴 increase of an absorbing 

snrface of fll1e rootト3. 11 varies with the w試行 condìtions of soil 01' proporty of t110 roots. 

When those conditions are ìnvariable, tho more plentiful tho absorbod weight, th巴 wider the 

surf乱C巴呂re乱‘ Troe growth declíne日品出 the absorhing surfacεa1'巴a lessensj ans\ve:r in芯 the deｭ

crease 01' tho f�e 1'oot amount by 巴xcessíve vvet, dìsease~ aηdiγIsects. A. suitable suxf‘a仁巴 ar合a

uf tll巴 nne root is necessary for satisfactory troe gfowth唱

日) ])isln冾gratioll of ab帥rptive str凶cture

A日 a whole, the absorptìγe 只tructure � distríbut己d llnbalancedly to tﾌ1e surf託ce soil 1J nd古r

a dry cond.ition. '1'here, the root systoms are 1ignifled to stand against an excessively d1'Y 

cond1tion. And thereby , 1:he whit巴 parts of the root tips branch off fro!ll the lignHied 五ne

1'oot8 in a 1'a匤y season. 

'1'hu8 tl二記乱bsorptive structuro rarely brε~al\:日 down， if not by 託n exc巴ssive dryness; 日t

most the abso1'ption ef五cìency per unﾏt root surface ar己乱 deterJoratos. Tha t strllcγu1'e ， howev色r.

often br色a.k s down by d巳cay of the root systom und巴r an excessively l1¥oist condition w1th bad 

aιTation. 

Th己 proces日(l f breakdown of the absorptive sし1・ucture of L. feJうfolφis， wh�h has littl巴

r己sistance against an excessiv記ly 日10ist condit卲n and a bad aeration , 罇 shown in Table 72 on 
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Ho1'lzon 

each stand, dry, mode1'ately moist , and we1‘ 

F.indings l�ted [n the I:able giv日 the following fo1' the st乱 nds of K 3, K 23, and K 26. In 

the stand (lf K 3, where the root system 日 rew faVOl1 f乱bly ， th色モ 「五iτれle 1' oot臼 wぐ日T(日r ;3)1tβ3 rn\1 .1 r凡1 巴urtaじ白

a1'問ea科l~ sho印V智パng 685劣必 dì均str、 i泌bu.以tìoりms in sωo見ぷ 1 hoα唄'j以z()n .1仁‘ b、uωin. thc drv-soi.ld stands of K 23 and K 26 ‘ 

the whole J�e 1'001 ぉuτface 品τ日誌 in仁 T日日目以i fl りm 4,0 lll" 1:0 4.G m盟、 And 71 C?ァ t:l 74;0 ()f them 

In乱 ldi.stributed exce;lslvι1 v !:o the sl1xface so� horizon. 

In t11巴se starlds the s.1 te index r立nged fr01n 9.5 to 9.G. The roots grew insufficienUy , 1"111" 

ime roo1.s nl日ldís l:ribu l:ed unba1ancedly to the surface so i1‘ '.rüむ乱b日orptí v 仁 st. ructu:r巴 was Ul 

no nonnality , if compared wi.th that in ~;tand 1¥ 3名 ']す1ρ 日urtac(う辻1'0日、 ho-\;VeVCf, '¥fVaS broader 

the1'e than t11乱t in stこmd 1く ;3 ， /\_ccord .i ngly' , tentatlvむly f丘Y' OUI乱 b1e <1nd 仁on_tinuous ,C.(:ro\vth ¥.vas 

expected though the absorptiけれ どüìじ i 日ncy ¥-vas low , 

011 th巴りtllor hand 予1.110 docay oJ 五 γI_C t"o口tぉ in thc'-lo¥/;/cr horizons cau,sed tho日巴凡u -rface ar正;，!f;

to �crease di"tr兊ution jo soU hor坥otl 1 in the exc応部iveiy moist st乱 nds with ÎnsuÜid告はt aera.~ 

tion , K 6, I¥:. 7, aud K 4. And those 号u1'face arC;JS decre品目むd to aboぱしのtle~third of that 匤 a 

tlormal slaml. 1t \\i 託手 evident f.rom 1110 fac1古 that breakdo¥.vn of the ahso:rpt咩e -funcUon ¥v'ent 
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is st.able1 though poりに beζause th巴 absorb­

inp; eftic�ncy decrεase. 
L乳rge 守的 ャHigh

Tree 日 dic as the 乱bsorptive slruc\nre日乱1'0 decayed in 
SmaU 一一:>- L..o\v…… 券

case that soil 﨎 dry ヒxc己ssively ，

Modium.----，.Modεrateーイi、.rees grow normally , 

Moist and 
mod巴rately
moist 

Veτy mo.i.st 
ヤTrees grow poor and die b日C ;Iuse of t]1e d己crease of a b~ 
sorpJJOl1 efficiency 乳nd decay of the 乱bsoγptiv巴 structn1'e.

Srnal1 .-ぅ Híg'h

Fig. 47 Schem乱tic p1'esentation ind�at匤g 1. 11日 d日C乱y ()f 日lbsりrptiv日 st1'ucture，
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on in the lower soil horizon8. 

1もe relation helltwe巴n 1he change 匤 ahsorptive structure w咜h th巴 changìl1g soil condltiol1s 

and the tree growth is showll � Fig. 47. 

Absorption effic冾ncy goes gen巴rally worse under a dry conditíon ‘ The br巴akdown of abｭ

sorptive function and tho subs巴quent death of tho treo do not tako plac巴 so oasi1y 呂s under 乱n

excess� ve 111oi8t condi tion. lt is concei、:able， however, that the absorptive structure is gradual1y 

ruinむd as a result of a v�卲us cycle of low ahsorpt卲n eHiciency and grow工h rate. For th巴

root system is prevented from reproduclng, owing to the limit of absorption and assimilation 
wh巴n the excessiv世ly dry condition cont�ues for a long t匇e. In th18 c乱se ， the absorpt茁e 

structure is small 匤 the surface so匀 with severe dryness and larg巴 ;11 the deeper soils. 

The function and growth of fﾌne roots declin色 due to bad 乱灯ation und巴r an 巴xcessively

mo﨎t conditiol1. Fin巴 roots are caused to di記 gradually from th巴 lower horﾎzolls. A.nd the 

品bsorptive structure is maldistributed to th巴 sl1rface s011. After that, it breal王s down gradually 

frOIIl the lower soil horizons‘ 

Eff巴cts of th記 water condition on the brea1王down of 1:h巴 absorptíve structure diff日r dependｭ

ing 011 species. Th巴 root systems of such wet-enduranc巴 specíes as Sal喆 spp. or Alnus japo慨ca

do notεasily bre乳k d日可Nn even in excessi.γely molst ground, but those of such species \7>lith 呂

small wet-endurance as L. lejうtoleρis etc. , break down. such condition easily. 

An.other br開kdown of the absorptive structure is also caused by 1:he damage by disease 

and insects. In this case, that structure does not alwァays m且ldistribu te to th巴 surface soilゐ

す註ble 73 shows th巴 process of breakdown of the absorptive structure in an inferlor L , 

leptolψis forest at Nobey乱ma National For・己針。

The d巴caying ratios of th巴 small and medium roots in soil horizon 1 of the K 7 stand with 

εxc.essi vely wet soils, as in Tahle 73, w巴re 48% and 4096 respectively九 These ratios rωe irreｭ

sp巴ctiv巴 of stands as soi1s went deeper, b巴cause the cond咜iol1s for development of th巴 root

system deteriorated in the lower soll horﾍzolls. 

At Nob記yama National Forest, the ¥vither�g rat卲 was h�h eve日 in the Bln typed soH due 

1、able 73. Death ratlo of th記 small and the m日liurn root of L. le�tolepis at the 

u11productive stands of the Nob巴yarna Nati.onal Forest (鰐〉

Stand K7 K9 K10 K5 K6 K11 1(12 K13 

Site index 10.6 12.4 11. 5 9, 0 6.8 16.8 14.5 18 , 7 

8011 typ忠 B1G B1D .Blv B1E-F Iヨh-p 1きD BIlJ BlD 

1 18 l� 35 27 27 20 ムつω ベ 26 

:u 51 28 34 42 17 63 30 32 

SmaU root 1証 もG 丘4 66 5] 70 4ヲ 7J 35 

w 40 47 61 86 85 37 

V 7C) 

40 23 30 33 57 26 20 24 

:u 今A 、η> 39 2ヲ 3ヲ 41 d ム f、ミ 22 20 
1\1巴dlum m 59 43 46 54 Cυ にリ 33 11 14 root 

w 63 54 34 58 S3 38 

V 70 47 

K8 

守 o

Bln 

18 

30 

55 

42 

27 

21 

37 

53 
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to the poor gwwth cau日cd by 

overhumid.iャy ， and particularly 

higher 10 the B!G and JヨlEF typl 

8011;) than in the Bi� type 80� Jn 

the normal stands, th告 w.i.thering

rat.�o of the root system WftS 

verv lov!/. 

ヤI、技b1e H shows the ratios by 

blomass of the young p乱rts 1:0 
Fig , 48 Maxim¥ll�1 root dιpth 品nd b品目礼 1 area, 

the ligni五正，d parts, ()f the 名目む root， 50 g in weight. and less t11乳n 2111m 1n dlameter. 

100, f ; th丘 biomass of the fteslt 1: 1鉛ues， F : the b卲111ass of 十he l�nif�d pa1't8). Accord匤g to 

th邑 table ， the rat�s in soB horizon were higher (1 85認知泌が) in t11('白記xcessìvely moist Blc 

or Bh;.'.F type s011 t11乱n (:i4.0) to [)骨51';) 1n the B1D typ日 so1L .Tlw工e was a d凬ference oﾍ lG汚 to

30% botween them , It \\んs eviden1: from the fac1:s that 1:h日 of fresh fine roots in 1:110 

excesslvely 1noi自 t Blc type soU W;J告 checked，台ven in soil horizon 1 with good conditions for 

Th色 d忠仁f記ase (lf absorptlon efficiency caused by that ()f the fresh 五ne 1'oot" leads 1:0 decreased 

growth; thus proving 1:h日 caus記 for th日 Jowerîng absorptiv告 structure and bad 

'1'111" r品tio decreased gradually in 1:ho deeper soil whenう七he cond咜綷ns for t11e p;rowth of 

f1ne 1:00ts became worse, It got down to 49',: 1:0 55�. in so匀 hOf.Îzon 古 IV and V, 

The for巴gcd_ng 15 乱伐むxtrεme Hlu日tration of the deteri.oration 乱nd bre旦kdo'，vn of th母 ab.

sorptive structurc in tho in.fcrior foresl:s w咜h anι.，xcossive1y moist soH 111 品 high and coJd 

dis1:r i.ci ‘ E der咩cs from l11e :f aι1 日 th孔 .ìn Lhe nor;nal stands, t11 巴(ioil conditiol1s afiect the 

absorpti、 e structure rel乱ted to absorptioll Hud 乱ss.l mílatlon ef日iciency ， iゑnd that tre日 grov'lth

var]es by interactions among them, 

"I、)Jough an ex.treme dec乱y ()f root 1" nol caused 1n a dry stand as � exc己ssivεly mo�t 

gnn.md，1:h巴九日巴註nd small root出品τ色日() much hom bad g;ro予vth of root th乱 t its ab-

so:rption ef日ci巴ncy deterioraies. 

Gen日rally in a dry st乱I1d， the nne and small roo1:s rどmaîn lìgni五日d �1l1d inact.ive unti1 the 

1γater in so� 罇 suppl冾d sulE七 îently at the time, as 札 ra1:n_y sea.sotij "'Ivhen t.h_ey 日!JOO[ out ITl�y 

ﾍresh whìtεroot tips and work actívely , 

"1、h日 states of the :root Sy8t 往すl. aγe qnite d禛fcrent under an excessiv巴ly mo�t cOIldition and 

under a dry condition, ev巴n wh巴11 th巴îr 81te indexes 乱r巴 both smalL PhoLogr品phs 4-3, f,.-4, 5, 
6 in the secon仁:1 188¥1e"8) i1lustrat巴 the differenc札

lV i¥1a:ximmn. depth � roots 

Fig ‘ 48 s110もr;rs t11e relatl仁川 between the bas;ヨ l 且re日目nd the aver日g日 rnaxiτn\Hn depl:h of 

1'oot per tree illclucling the main and obliqne root民 According to the 五gnrc， t.he Inaxirn-urn 

depth ofτoot ìllcreased, descr�ing an almost p且rabo1.ic CllTve reganl.1巴8S of 8p色des ， and cor刷

工臼sponding to th記 increastさり f the basal are孔 P<l rtícnl乱 rly � the yOllng tree , 101守 crn2 .1 n basal 

area, it �lcrea8ed rapidly 

"J.':ree : 'l¥-tble 75 Sﾌ10'NS theγ口乱文Ímmn depth of root at basal a1'eas of 100 C111芯 and

500 cm2, T11e rat10s oﾍ [1)(コム問問。 f 1'OO!: length at the basal area of 100 cm2 aro showl1 in Tal山

75吻 1、he 1'oot length ranged frol11 90 C111 to 17<5 C111 乱t tho b註sal 舐ea of 100 cm2, and from 2;) cm 

to 45 C111 per b且sal area 10() cm2 w咜hln t.he range of the basal ar巴as of 100 cm2 to 500 cm2, '1、ho
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growth ve10dty was one-half tり one-五fth that at the ar白註 of 100 cm2 or beJm九九

Species : 'J、he maximuη1 depth of root ﾎs diff巴rent from one species to anther. At th日 basal

area of 100 crn2, � was, fo1' example, 1.21立 for C. japoníca, 1 m for Ch. obtusa, 1.75 m for P. 

densiflora , or 0.9 m for L leptolePis. A1though only P ‘ densijlora had remaτkably long roots 

slnce lts sapUng stage, there was no great difference in length among C.凋 jゆonica ， Ch. obtusa 

and P. densiflora. At the basal a主巴且 of 500cm2タ for example, it was 2,2 m for C. japonica, 1.5 m 

for Ch. obtusa, 3.5 m f()r P. densijlora, or 2.0 m f()r L. leptolePis. Characleristics of each species 

appear clearer and differences b巴twe巴n sp日cies become bigger as roots becom記 Iarger.、 1、he

average rnaximum depth of P. dens凬lara reached 3.5 rn because its main roots grew !nto a tap 

shap巴. Th色 maximum d巴pth of 1:he sample tree No. 4 of tho A 4 stand, 29 cm � DBH grow , 

to 4 m , longest amol1g t11巴 troes �vestigated. 

Th巴 root system of Ch. obtusa mado simi.lar growth to thω巴 of C, japonica and L. lejうtoleþis

at tho yOUl1g stage. Aft己r that, th日 main 1"001: grew less in length. A characteristic of tho 

shallow-rootod species 'Nas app丘rent. Thεmaxìmum dopth of the root systems of th回世間d

othor specios , though at dHf巴r巴nt basa1. areas 札口d soil condit!ons, was as shown in Table 76, 

T呂ble 74. Ratio of the fresh tíssu巴S of fine root8 (Rat卲 by dry weight) 

31:品nd K7 K9 KIO K5 

Sit記 index 10, 6 12.4 11. 5 久 o

30� typ色 B!G BlD BID BlE"F 

I 22.8 39.7 34.6 ;,8.9 

立 8.6 12 噌 B 21. 3 15.6 

III 5.0 14.6 25.0 2 首 B

れ7 8.0 16.8 

V 4称。 -5. 1 

The values were calculated by the eq四tíonι 司 XI00
fベトF

F : We刕ht (lf the lignified p品rts of fine root8, 

K6 KlI {12 K三凶L
6‘ 8 16.8 14 , 5 18 ‘ 7 9同 O

Blll'F B� Blo Blo Blo 

17. ヲ 44. (コ 44.9 58.9 37.0 

16曜 5 27.2 21.5 46 ‘ 8 15幽己

5 -' 21 。ヲ 12“ 3 38.0 6.0 

/t n 11.8 も E マ 14. ヲ 9.5 

3.6 5.0 7.3 i 

f: Root weigllt of fresh tissues, almost occupied by tlle fine root8 of this year's growing. 

Table 75. Max�num depth of root Íl1田ch tree size (cm) 

C. j時間~ìca

120 

220 (63) 

( ): Shows ra tio to P. densiflor.α(%) 

Spedes C, jajうomca Ch. obtusa 

Stand S 10 H3 

3社sal area (cm2) 208 .254 

Maxおiom0f1iurmotyopt d巴epth ちlD(d) BD 

142 110 

Cho obtusa 

100 

150 

p. 
densijfora 

i¥.a 

198 

BID(d) 

227 

P. densiflora 

175 

350 (100) 

ム leptoleþis

90 

.200 

Table 7札 Maximum depth of roots 

L. 1ゅtole:争is Ch. 争isifeγa E. glabulus 

K2ヲ 加12 M3 

200 238 171' 

Bh BlD 1m 

70 149 60 



森林忠良の壌における絞系OJ機櫛と撚iif2: rn [25-

230 cm to 330 cm for the tapマooted P. den、吋fiom or Abies firma， 日 nd 60 cm to 110 C1孔 for Ch. 

obtusa手 L. leþlolePi耳、 EucalyjJtus glob誌lus， Befulα jJlatYPhyll品、 and Betula devuγica. 

Th﨎 max lmurn d日pth i8 cornparat�e!y sha110w becam,e the ordinary sl乱nd ground has a 

shallower efl�ient soil hor�on than a nur自己ry soil or s巴;時h口re s丘nd w.ith d巴ep subso i1φ It is 

due to the shallow su百ícient horﾌzons in an onUnary stand，むεne1'all y, the of roots is 

checked in al1巴xcessÎvely llloist andιOlllp乱ct cl旦y so精 with bad 日 eration ， bllt not in a slightly 

dry sandy so匀 with good aerat1011 and slllall phys兤al 1'csistance; tho roots g1'ow 匤 dεep so精s. 

Soil cond咜ions : As alroady mOlltloned, the maximum depth of root varies wﾏth soil cooｭ

dit.ions. Root growth lS 日xtr巴rn巴lv restτicted， physically and physiologica l1 y , ín 乱n excess� vely 

wet so�1 or soil with a shallow basc rock. Tho avorago rnaxirnum dcpth (lf 1'oot3 綷 t110 slands, 

註lrnost the sarn日 io b乱sal area‘ and different � 8011 conditions � Fig. ,18 , � shown in T白川e 96. 

According to the tab1e, 羡 i.s 214 C111 �.n th色 S 25 stand of t11eも日f!l (w) typo soil wlfh deep col 

lubial sllbsoil , or 1fjO cm in the S 9 stand ()f large trces 絜 the B1D(d) 1:ype sedじntary so匀 '.'1咜h 

sha11o'.'1 surface soí1 切 There was , that isヲ a differ巴nce of 60 crn b巴tween tbern. A. di!T日rence

of ::l0 cm lay between t11e Bln typed stand of 118 and BB typed 日tand of H 6, of Ch. oótns仏

A ditlerence of 64 cm lay between the Bln typed of K 11 and the B1D(d) typed stand of K 25 

w.it.h shallow effectív巴 soil horìzon , of L. l i!ptolejう1.5

30 far the case of dry soil w�h shaUow and <lvailable soi1 horizon has been mentioned‘ 

1、he same phenomenon 1s al臼o r巴cogoìzed und日l' an 巴xc日ssiv巴ly mo﨎t condition. The maxJmul11 

root depth was, for example, 184 cm � tho Bit; soil-typed stand of K 3‘ Ho、'.vever， the root 

system wa話 prevented great1y from growing in the lowとr 丹ooded so� hor�OIl. or the B!G soiJ四

typed and he乳vy w巴t stand of K 7. 

T、~re日 〈泳1<乞巴‘T幻i 臼討íty; T自計hメ1己 7邑 $付h判0\'/日 Lh いe r代叩可巴lal仏1.<<:凸朋、、e

d邑pth of root. T'he maximmn depth was 278 cm in the S 2? 日t呂町:1 w羡h h刕h dcm:ity , but 205 cm 

in the spafse S 26 stand 01 also ll10derately 11l0﨎t collub僘l soil , making a differeoce of 70 cm 

between t:hem. That 絜 the A 10 stand was 155 Cll1 ancl 出可E陪r by 20 crn than those in the less 

d記nse stallds, A 11 and A 12, with lar.g;er tτees and the same habitat conditions , 

Thus it 﨎 conceivahl日 that the hOr}zoutal 1'oot growth 﨎 restricted whíl記 the vert兤al 

Table 77 , Soil properties and maximum depth of :root 

Spec冾s 

Stand 

B在日al area (cm勺

Soil type 

M乳ximum depth of 

of each spec冾s 

Z. seγrata 

M4 

188 I 156 

BlD I BlD 

193 ! 329 

C. japonica 

32'5 H8 

3::;8 

BID(d) I BiD 
ふ 50 I 1¥8 

211 35 

BID Er 

]]:3 

B可ーp3lF品t13ヲ0i33IhL7E1a18 8-4a型uγica

M守 .M10 

9己 宅 B5

B{D Blll 

145 「札j円U 95 
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Table 78. Tree density and maxirnum depth of 1"00t 

Species C. ja争0礼ica P. de悶sijlora

Stand 822 S26 AICJ A11 A12 

Basal area (cm日〉 419 425 18 32 Aヲ

Soi1 type I主匙 即日(w) BA iうA I事A

1 ') 。帽 4 l ‘ 2 0.9 0.6 

278 20!5 155 134 134 

Table 79. 'Errors of the regr巴呂田ion 巴quations for maxiれl.um depth of roo1: (%)17) 

Specics Stand Tre吃S
Equation 

ぬ 〈喜) (5) ③ (5) Cii) (わ

S 13 15 υ つ 3 3 4 3 4 3 
C. jajう側lca

Sr 79 21 22 19 15 21 7 

Iま3 6 ら 6 6 6 b 5 
Ch. obtusa 

1fT 36 9 i ♀ 10 15 11 16 3 イ

A2 ハ白、ハム〈 15 15 15 24 15 ょ 4

P. 品目Isifloγa
Ar 63 18 13 之2 7 

Kl 9 7 3 7 、コ i、 8 
L. leþtolゆis

Kr 51 18 18 18 19 23 2CJ 18 

growth is promoted as th巴 stand density i工lcre呂S日s.

Expressions for the maximum depth of roots and thelr 記rrors ; 'VVhen 1.11e maximnm 批pth

is calculated according to 記quations (1) to Ct) as a function of the b且sal area and 1.h巴 tree h巴i.ght，

the co巴ffici巴nts， const乱nt町民nd 記ryors or th日 regression equ乱tions a1'e sho"九.1 in th邑 prec記ding

uumbel二 The variation co記鼠cients in a stand and a11 t11e stands of むach specios are shown in 

Tablc 79匹 1'he errors 記ach equ乱tion had within a stand w己主色 396 01' '1%. How巴す巴r， thoy were 

15% 1:0 2296 , and 5 to 7 times la1'ger in equation CD b邑caus己 the 60il condition and donsity, 

which had an influ巳nce CJ!l 1:h巴 depth of roo1:s , weT色 different hom ono stand to another. Tho 

error ~was 7% by 抗jUatloll ⑦. 'VVhen the items, 1'elative to tho m且xhnum depth, wer日 chos巴u ，

it was much smalle1' t11an those erro1's by the others‘ 

The large8t varlaLlol1 coef五dent was t11at of p , densiflora , foHowed by th08e 01、ム te持io/epis，

Ch. obtusa and (二 jaþonica in t11at order. Th日 varíation \v呂s large Eor P. densi゚ora as its m討n

roots g1'ew rem品rkably long with large va1'îatio弘 L. leρtolepis show日d th巴昌巳cond la1'gest 1二十

Table 80. Reg1'ession coeJhdonts of equatiol1( a pplied to t110 in v est刕a t吋 t1'e邑S

of each stand in 乱 10t

Spoci巴匂 Stand Samp1e tree Regressﾌou coef五cíent (%) 

C. jaρo叫lca Sr 7 ヲ 19 

Ch. obtU$(l 狂1、 .36 13 

P、ミle時sißor自 A.T 63 48 

L leþiolcjうis Kr 仁、〉 1L 20 
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cau自己 the 。 f 10り1.8 wa8 easHy aff邑ct色d by the habitat cond�ions. 

When the max imum d日pth 01' roo1.s in a stand was expresse正1. as a f1.1l1ctﾍon of the bas乱1

ar 巴乳 with 問llatÍOtl <1:), the 1約三;-est regressi日n coefficient was that ()f P. densijlora, followed by 

those of 1.ヘ le)う!olepìs， C Japoníc仏 P. deJlsijlom with a tap I"oot had a stdk匤gly larg在 coe鼠d.cnt

('1、ablε80).
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森林生産の場における根系の機構と機能亜

根密度と根系の吸収構

苅
…

住 昇U}

摘要

森林の生践そ支える線系の檎迭と叙1 きについて，さきに林業試験場研究報告第 259 号.11}では「根系調査

と t!ll最捻í1::の方法j について2 首"; 267 号18) ではスギンヒノキ，アカマツ，カラマツ林その他の杯分におけ

る「校一議とその分布 j について報告しだくとの弓占では以上の研究l乙関iciß し，これらの資本|から休分の根~&i

j交と吸収構造を解析，研究した。

地下部の構法の解析において一定士主義体積当たり根澄としての板密度:の考え方は有効な'ý.がかりとな

る。紅白努j交の;考えを取入れることによって調子Llニ壊休TJ%:がそれぞれ異なる部分の根蚤についてもとれた同

じウ ι イトで比較検討するととが可能であり，林床の 部の根性i皮測定から林分の板垣、分布を推定すると

とがTきる。

林水のと[践に関係が深い~ITI絞についてF その分布が最も多い H爵の根密度は成木安定林分でスヰ-:: &カラ

マツ 200，ヒ/キ 400，アカマツ 40，幼iJ!(;ìf&);:H 寺 lどはスギ領ヒノギ 600矛 アカマツ 200， カラマツ 100 程

度となった。

密総 e 乾燥**分で i立和j根の/恨密度は土持J]11するがスギ・ヒノキ 1 ， 000， アカマツ 400， カラマツ 300 以上

になることはきわめて少なく，このぶうな高い絞密i交になる林分は一般には表j の浅いー乾燥土擦で，との

ような立地では生践の I1ETと根E誌の競争が考えられ/こ。

1 瀦0)約根 (Jコ根-1!tJ皮は閉鎖した成本{ÿ}:-どはほぼ~)むこなるが， ζれは ha ~当たり細f長長;のところでも述

べたように地心郊の i司化生産の!El.い子である葉毘Aと地下 tillの主主・水分吸収の主体;をなす細根:蜜:が~fÎ2の均

衡を保つこと与告示すもので，特lこ腐楠と総1機塩WJH乙 EEむ 1 }議のfR密度でと，れらの対応が切らかであるとと

は表屈の一;むの約根設が森林の!j:_践を交えていることを意味するものである。

**分内における松街皮ば幼齢時にはfKt;長の li'ijlff!で高いが林5-!の成長 iご伴って根株から絞れた隣接木の中

間付i立の桜密度が高まり， J_返 ~~tの林分では{斗お120~25 年で水平氏分によるK:がほとんどff(くなる。

との材、分の足立j引と伴う i1'1: 1井iÐ芝の平均化は先ずiR!議でおとゥて次第 !ζ深i柏市全するが， ill!ì雪以下では根系

しく少なくなる。またこの傾向は細根@ノト筏根で有しく。大根j;..(どごはほとんど見られない。

林分 rJ における る υ

義水分l対比系の表泌をよむって修i体内 lことり入れられる。このため根系の表面積は林Aこの~!:j乏の蕊礎とな

っている議。水分の吸収作JjJ と鰐按;ζ関係している。このためi二壌中の絞系表白l積分布を lìfJ らかにするこ

とによって林太の汲収機迭を解析すをととができる。

1976年 5 月 8 日受IW

(1) 滋林部
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-水分の[吸収v 関係するほ!"i;' ff]な悶子であるが Ijiボ日〕松茶話災 ii百十 fま絢 ifb断IIüH"t 500 

c.m2 T' 京本 22m2， トノ 0，1'， 35m2骨アカマツ 9 rn2，カラマツ 15m2 となり ， L) キは最も!l，IえJ[Jワミ[自i泌が大

さくて， アカマツ l立/トざい。

ha 3 1.つり ほほーヴj';，"になったととろでスヰJはl. 5 ha, ヒノ干 2.5ha，アカ

マツ û.5ha，カァマツ1. Oha となりヲヒノト しく大きくてアカマツ i立小さい。 こ

れはヒノキは日没収 J之ーィn積の大部分 :-;þ !.~:î める jil 恨が多く，アカマツはノ少ないととによっている。

**本のI:，きさにえすずる ifkff:::l受 rlrj滋の変化 tllr なれま， 料鈴 20'~'25 5f!j で殺メーとなり， ス o\':iJ 3. 5 ha, ヒノ

キは 3h九 アカマツ 2ha，カラマツ 1.5ha で，似し1、よりもおふしいJ'~VJr]{I;i'lliíJ iß えられた。こ

のf計ノbiH主義 a 水分のi吸収殺のJ.l'll JJlIを述じて EIJを林水 (})lïx，Jii: iと:影 ~@l しているものと !íí;可ちできた。

ha 当たり椴系表íEl資はノド紋常良立地条例によって !)!i}なり， 乾燥， Jd多常j支でスギは 4 ha , ヒノニ子

5ha.，アカマツ1. 7 ha, }J フマツ1. 2ha となり， ifl品 j:VJ ・ ス止ー1. 2h弘ヒノキ 2.0ha，ア

カマツ仏 4ha，カラマツ仏 6h弘通潤;Idtではスピ 2.51uらい./ A', 2 ， 3ha，アカマツ1. Oha，カラマツ

仏 8ha となった。

る スギでは納税が 5896，小径絞が 1695 与を ~~:i め， �iJjj 

;!1í'でさ長恨系議üfiî肢の 7495 ろ:'r1j めた。 itl!の樹認も]，，]様であるが干)j ìC~Wぷ a 小筏jえが多い 1二ノキはその表部

被が 835ぢ本占 rl ; める。

の大書店分であヮたが，根系Ji.((ij]摘では細板。小漆 i良;bl太郎分でtli

の織さに対応した変化告示いこの人~.でも本キオての吸収作用を指標するには根登よりも社主系表0I肢が治労で

;見るととがわかった。

平均腕J吉野rr店街i)OOcm2 óHiIJ;支のノ1(;さ 3 の株分の~H~~系表面積の混同ij};(í(ま iむJえから 15cm の I I議 iとはス

ギ 385弘ヒノヰ 47;16，ア力マツ 385抗力ラ?ツ 48泌が， 1 , 1I滋の 30cm の附にはスヂは 59%，ヒノ

キ 69:ふアカマツ 57%l カラマツ 7~)9ó が分布し，スギ，アカマツの吸収機治はヒ./ A'" カラマツよりも

ド!丙で大きいとがわかったり深さ1i50".180cm の VNγヴはスギ 5.4お， ヒノキ 2. 79ó~ アカマツ 4. 7 

5ぢ，カラマツ1. 2郊で上記のことがーた封切らかワあ円よ.n

この;j;良系茨 ITiî騒が指標する汲以椅jるは lLLのLi% l"~ffLiニのせさ Hf~J;I!~燥域や J.Ii:\\ì!ITU訟では茨Ril-CJ-，-ti 好って，

1 • 1I J留での割合は何れも 80'~90;16 tご透する。J': tニ ìð\�!Jt j~j，や， jill 気が蕊い F l!l~土で i主義日恨の枯死による

吸収機;ì:iiの崩壊が認められた。
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ホ HOriZOfl : I O~15 cm, 1I 15~30 cm, 10: 30~60 cm, rvω~90 cm, V 90~120 cm......each hor坥()fl 30 cm, 
see p草ge 10 io the literature N(). 17 

帥 Stand No. 50e appendix'Table in the titerature No. 17 
料学 f : Fil1e fúot, ぉ: Small root，間: Medium root, 1: Largεroot， L; Very l.arge root. 

See page 15 io the Iiterature No. 17 
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Appendix-Table 1, (cont匤ued) 
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Appendix-'l、able 1. (continued) 
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Appendix Table 2.Physical and chemical properties 

一一一 .......................ï 一 f 一""::.::::.，:::::-=!，."，..~~~~..-.~-(" :==一一 I 一" .百 一:一-一 i 一 yγ一世 一 一一一_.--~一4・一一 一一f 包 ......!1
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50il IWM:?An I 服部 of jwd悶 i alr 
Loc山n 1 St凶 type Iば01加nlho山叫 g11tiittL 臼lid A1r !叫?5

<Pb")

Onokoy註ma 51 1 BlE 1 Al 20 51.71 -1 18.3 2.51 0.21 60.2: 18.81 6.5 
A2 I 35 52, 01 -119.2' 3.71 0.1161.5.15.51 5.0 

A-B 1 60 55.31 -----120.2 , 1.0¥ -1 64.7'! 14.11 4.2 
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52 1 Blo 1 Al 1 15152.31 -120.21 1.61 0.4153.0124.81 8.4 
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Appendìx舗Table 2. (cont�ued) 

Location Stand 
Soil 

tYPe 

Chiba 8A A2 B ~~9 ~i 
8 12 80‘ 2 300 0 o. 11 43.51 25.91 7, 9 
C 』今5 7又 2 28.6 o. 11 57.51 13.81 4.7 

Obi S 25 I Blo(w) I lA.1 4 65 , 4 27 ョ 4 。陶 81 37 , 01 34.71 12.3 

lA2 7 62 , 0 24. 7 
m..c 。 51.5 20ω 「

IlA 40 61 , 5 。‘ l 。‘ 41 59.21 22.91 5 
IlB 45 40 , 6 15.8 。‘ 2 十 20.11 5 
mc 

526 1 8附) IA 15 EυてU勺勺d 22.2 1.9 0.21 51.61 24.11 7 
豆 A1 15 50哩巴 19, 5 3. 6 0.11 57.01 19喝 81 4 
IlB 40 54.0 18.6 o. 11 60.61 17‘ 11 6 
IlC 100 60.5 16 , 5 十 14.81 5 

527 Blo A1 12 48.2 200 3 O. 41 50. 11 29.01 6 

A2 14 50“ 4 20.1 o. 21 54.01 25.41 5 銅

B 30 47 , 7 18.6 o. 21 56.31 24.81 7 調 7

C 60 37. 1 150 5 0.11 60.91 23 噌 6.3

S 29 I Btf) A2 12 49.0 l ヲ 6 ()ι11 48.31 26.51 7.0 

C 25 51.0 20.C l~ 2 。‘ 11 50.81 27.9i 5.6 

330 Blo A2 自 43 , 7 18.4 C.l 0.71 49 , 21 31耐久 4

B 18 39, 8 15.8 0.1 o. I1 51.41 32, 01 8,? 

C 30 40.5 15.6 0 , 9 0.91 51.11 31.51 4, 4 
C 36.2 14, 1 0.11 58.31 27.51 4.5 

Yoshino 345 Bs B1 15 2.46 24肺 71 12. 0.41 35.41 27.3[ 19.9 

B2 35 2.53 23.51 14岨

C 2, 1. 61 39.4l 1 久 5 ， 0

546 BD A1 7 2. 20 , 41 14. 0.51 35, 21 29 , 41 10, 2 

A2 20 2. 21. .31 16. 0 , 41 38, 4 23晶 6 ， 7
Iき 27 2. 23 , 51 20. 。合 11 41.li 15.01 4, 5 
C 7 24.71 I (入 43.71 L乙 4， 0

S 47 Bll J九 1 4 48 , 16.01 18, 0 , 51 35 , 01 29 , 81 13, 4 
A2 10 77~ 20 , ?1 14 , 0.1137.9126 , 91 9, 5 
B1 20 73. 23.61 19, o. 11 42 , 9i 14 聞 1 ， 2

B2 之0 門/C)戸 26.51 16, 4a , 5' 14.0 1, 0 

S 48 日J) Al 7 66. 22 , 41 16. 0 , 31 34.81 25.8 7.5 

A2 25 91. 27.01 20 , ()昆 11 35 , 51 17. 0: 5. 0 

Eヨ 45 78. 24.31 21 , 。略 31 41.01 12, 81 2.8 

C 30. 25 , 61 18. 。回 11 44.01 11 , 81 2, 0 

349 Bc A1 4 つ 14.71 6. 
Ih 20 つ 18 砂 01 11. o. 11 40.3! 30.51 6. 占

B2 27 2, 22 , 51 15. 0, 11 42.3 19.5] 4.2 
C 2, 24 , 41 18 , 45 , 61 12, 01 1 哩 5

350 BE A 15 ム，、 , 。.31 40 , 2 18‘ 5.2 
B1 20 “') ・ 22 , 41 18. 。. 11 42. 0, 17. l! 4, 2 

B2 30 2. 27 , 81 17 , 0.11 40 , 3 14.61 3‘占
C つ 27 , 51 15 , 48.61 8.91 2 吃 2

551 BE Al 15 2, 20.01 24. O. 31 35. 81 19‘ 4.2 
A2 15 2. .20. ヲ 20. ! 
B 40 L.. 0.11 45.31 14‘1, 0 
C 2 27 , 01 16.7 49 , Oi 7.3: 0.8 

352 i 臼 A1 15 2. 18.71 10喧 8 1. 81 41. 91 26.81 7 供 1

A2 15 2. 22.71 13.4 0.11 51.61 12.2' 1, 0 
B 30 2, ?3. 91 15.;2 O. 11 51. 81 9 ‘ 2祖。
C 2. 24.01 19.0 50.71 6, 3' 0.9 

Gero Hl (BD(d)i A1 4 
2‘ 

23.21 2帽。 0.21 :57.41 17 , 21 5, 4 
E宝 40 2 24.21 2‘ 5 59.11 14, 21 4 。

C 70 2 25.51 4.4 61. 61 8‘ 2, 
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Location Stand 

H3 

H4 1 BD(W) 

H5 BD 

日6 I BB 

。neyama H! IきID

M4 I Blo 

M6 BlD 

す品k乱hagi Al 1 BlD(d) 

A2 I B1D(d) 

A3 1 Blo(d) 

A4 即日付〉

Okayama A5 1 Er…BA 
M7 I 
A6 I Er-β 
M3 : Im--BD 
M3 I lm-BF 
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o 1 1 1 1.5 

11 
13 

5549l704?|402  11.6ヲ 9， 04i 0 哩 5 l17 6 
51.6.4685.5I4:哩 l ヲ 6.2ヲ 7 ~ 381 0唱 171 16 
5S , 5! 2. i 1 3. 41 5. 81 4, 221 C1. 151 3. 041 o. 231 ¥3 

1.71 lj ~?'.:I ~? ~~' 6.~'ll ?~. ~I 6.:'::1 5人 5.11 8.51 4 崎 41 3, 601 31.91110.121 0.691 15 
1.401 24 以 6/1.369684a766.716343 ヲ 4‘ 5.21 3.901 15.731 6.721 0.361 ¥9 
し 35: 2! 71. 81 700 9! 6守備守 69.61 69 , O! 67.11 2.21 2也 5 ‘ 71 4, 181 6.291 2.411 O.16i 15 

1 曜 7ヲ 4.51 3.751 21.571 8, 821 0.851 10 

1. 511 61 70.91 69, 41 67 , 61 66.0! 63.8 己 1.41 4, 91 7.4 5‘ 01 4. 101 7, 191 2. 021 O. 241 8 
1. 071 41 70.41 68.11 66.61 65.01 62.81 60.21 5.41 6.71 5.61 4.071 4.821 2.001 0.121 17 

2. ヲ己 221 64 宅 11 61. 11 55 , 61 52. 71 4守.61 47.31 l i, 41 15.61 4 割 3. 251 62. 151 10. 851 0‘ 471 23 
2.511 4i 59.11 57.61 56, 11 55.0 5C1 ‘ 21 50.71 4 亀 11 6‘ 4 担 3 ‘ 401 36. 171 6.251 0 , 181 35 
1.701 11 59.31 58.51 56.71 55. Z 5.3. 11 50喝 4.11 7‘~ 4, 71 3.9~ 21 ， 4~ 2.0~ 0.071 29 

2. 031 :3851 62, 41 60. 01 56‘ 71 55ぜ 11 51. 31 46, 31 7 , 31 17.71 5.01 4. () 1 1. 501 5‘ 461 ()屯 481 11 
1. 601 530i 42.81 37.51 29時 01 28, 21 25 , 41 23曹 61 14, 61 43, 11 5.71 5.4 1 2.421 0.431 0.021 22 
1.821 1451 58.8' 54.61 51.21 50.01 44.21 40曹 31 8. 81 20 , 01 5. 41 4 , 6 1 1. 651 5. 20! o. 471 11 

1.631 421 71. 81 70 , 01 67.21 65.01 60。ヲ 57喧 11 6.81 11 ‘ 01 4‘ 4.3 I 0.951 5.241 0.511 10 
1.571 301 75除 81 74, 21 72, 01 69, 31 65 , 2 る0， 81 6.5 久 5ι21 5. 6 I 1. 481 6. 951 0.241 25 

1 喝 95i .3¥ 51 6 L 71 58.21 54.31 52. 51 48.31 44‘ 01 9 , 21 20. 61 5. 41 4. 5 I 1.421 4. ヲ21 0.471 10 

1 a64547 5@34.3  2 o0j i 0.40 0.0220 
1. 871 180! 59.31 56.71 53.41 51 ,6/ 46.61 43.0! 7.71 17 , 2) 5, 31 4.7 i 1. 561 .5.331 0.53! 10 
1. 501 39.01 33号 225.424， 123.022.0 l4.945eba95。 14.0 0. 0612401 1 l 0.03121 
1, 641 821 71. 41 6ヲ.01 65. 11 6 1.己 58.31 54.2 9.91 14 , 71 5宅 01 4, 41 0.881 5, 141 0.471 11 
1.471 351 71.91 70司 01 67.01 63.41 60, 41 57.51 8.51 11 , 21 5.11 4, 7 1 1. 50) 5, 001 0.301 17 

2, 171 3001 63. 81 62, 01 5久 11 56.51 52, 11 47.3! 7 腿 31 17 , 31 6, o! 5. 1 1 1.201 4.51! 0. .50 ヲ

1, 751 1641 61.31 58.2! 55.01 52.71 47 , 51 41.41 8, 61 17.2l 5.81 4，ヲ 1.651 4.75: 0, 491 10 
1. 6:, 1 .5271 37.91 30.41 23.21 20.71 19, 01 18, 41 17.21 49.01 5, 91 6, 4 1 7.021 0.511 0.021 26 
1. 701 1,31 67.2: 65.0i 62.51 60. �! 56, 11 50.71 7.21 13, 41 5.61 4, 6 1 3.001 .5向。 0 ， 441 11 
1. 511 201 67 , 6[ 66.01 63, 41 61 苛 21 57 , 31 52年 11 6. 41 11. 11 5. 41 5. 0 1 1 1, 431 4‘ 651 0.311 15 

2.0 j4.3, 821.57 8.80.85|10 
1, 9 1 431 70凪 66 ， 21 58. 61 54 ‘ 01 50.0! 45.2116.6124.11 4.713.71 13 , 4817.2510.731 10 
i.ヲ 301 75, 01 73 , 71 67.51 62.51 60.71 59.31 12.51 15.71 5.51 4 掴 O! 7, 19! 4.511 O.62! 7 
i 噌 7 1 281 71 同 70.41 66, 41 63.01 58. 4: 56 , 51 8. 81 13. 11 5. 81 4 咽 l 己， 00; 2. 021 0開 2 ，4\ 8 

2.4 1 1621 66.21 64‘ 11 57 凪 81 54 , 01 49.91 47.61 U , 21 22.11 4, 91 4.0 1 11.691 9, 041 0, 571 16 
2.0 1 1301 70勾 67 ‘ 51 63 崎 81 57.11 51.21 48 , 51 13.11 20.5' 5.51 4.2 1 8‘ 421 7 , 381 0.471 16 
1, 7 1 741 75 , 41 73.11 66唾 71 60, 11 52.51 50 , 11 15.31 18.81 5.8! 4.2 i 6.291 3.041 0, 2,31 1,3 
1.5 1 451 63, 01 60. 11 55.71 51.61 47 ‘ 31 44 , 81 11.41 15.11 5.81 4 帽 1 1 3. 15! 2，。時 091 2.3 

3.0 1 1701 66 , 41 65.11 60.71 57潤己 51. 11 48.11 8.81 19, 3' 4,7i 3.8 1 20, 34 ヲ‘ O. 841 11 
2.11 841 73 , 51 71.21 6仇 31 61, 21 51 , 81 47 , 41 12.:11 17.61 4.81 3, 71 \1 , 251 6‘。.721 10 
2.2 1 401 75 , 41 74.31 70.41 65膏 61.41 55. 11 9, 61 13. 81 5.21 4. 1 1 5, 721 4 喝 0.331 12 
l ‘ 9 1 281 70, 91 69. 91 66，亨 64 ， li 58, 61 56. 31 6. 81 10. 21 5, 81 4, 2 1 4, 351 3 哩 0.211 14 
2凋 1 1 121 72.31 71.01 68. ヲ 66.81 62，守 60. 51 5. 51 6, 21 5.81 4, 0 1 3当 021 o. 531 O. 02! 27 

2.3 I 771 66.51 60, 61 59 , 01 55 , 61 51. 01 47.41 6.91 15 , 81 4.41 3.6 i 31. 91) 10.121 0.691 15 
1.9 I 611 74 , 凸守， 21 65 , 51 60‘ 52凪 t 48，~ 13.~ 17.~ 5.~ 3‘ 9 1 15. 731 6.721 O. 361 19 
2.0! 331 74 ‘ 72.01 70, 01 66.01 61.41 56.21 8, 21 12 , 41 5.71 4 時 o 1 10, 451 4.35! 0唱 271 16 
1.ヲヲ 70.81 68.71 65.4i 63 , 2i m, 51 57 , 31 7.61 11 , 3j 5, 81 4, 2 1 6.291 2, 0喝 \61 13 
1 号 7 1 41 72. 31 70. 61 68. 51 66, 71 62. 守 61 ， 21 6.11 6.51 6, 01 4, 5 1 2.841 0, 671 0.031 22 

3.6! 401 34, 61 29.01 26, 81 2~> ， 81 25.21 25. 11 8 凶 28.51 4. ヲ 3 ， 6 1 18. 701 1. 851 0‘ 121 15 
2. 5 I ,541 38, 01 34. ヲ 3 1.ヲ 2ヲ.31 27 , 21 26 , 2! 8. T 11 , 4' 4, 81 3.:J 1 20.451 0.921 0.03! 31 
4.0 1 45i 2~). 71 23. 41 23咽 21 23, 22, 61 2 1.ヲ 2 ， 6) 32 , 21 4, 91 3.2 1 20, 071 0.681 0.011 68 378a4d13773631356343163之 4i 乙 d?dl8453【:I38121aO7300るii 25 

0.974記 46.91 44.41 11. 11 39. 21 3~j ， 41 33.4! 7‘ U87J 110‘ 54a07 13.228e4;イ 0: 8�1 0: 03¥ 27 
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Appendix.、.Table 2. (cont�ued) 

Thick帽

Location St正ind
Soil 

Horlzon 
ness of 

type horizon 

(cm) 
soil 

bfbegJ121r1rso 己rv A 35 

31 「
42. 3' 36. 31 8哩 2

A2 20 2.341 20‘ 7 48. 0, 31.ゑ 5
B 30 2.401 22 , 5 57偏 20. :jl 4, 

B 35 2祖 441 23 , 6 61. 3: 15.11 1. 

Komoro A8 I BID IA 20 2, 20! 18.0 
K14 IAl 15 42.31 36‘ B 

llA2 2t) -1 2.351 18.3 45.0: 36曹 7.
I立A 40 一一 2.411 17.5 3.0 48. 61 30. 91 5. 

illAB 24 んつ. に，.)<..)つ 20.0 2咽 l 50.5! 27.41 4. 
I立 C ム 0 52, 11 20. 11 4. 

A8 BID Al 1.5 40. 81 35. 91 14. 
K14 A2 20 ..-1 2. 25! 20. 0 44E34Z10. 。442! 1 i Bl 45 --.1 2. 401 23. 5 45.01 23宮 9.

IA 10.11. 121 

B2 40 --1 2. 52! 22. 7 2.0 45. 30. 11 8圃

C 2, 651 24.5 4掴 3 49 , 51 21 , 71 5. 

Mashiko BA A 7 I -1 -1 24.3 32. 5: 42 , 11 15. 2 

Bl 12 1 -1 -1 20‘ 8 O. J 36. 21 42.51 8 , 4 
Bz 50 I ..1 --1 18.3 0.2 44.~ 37.~ ~6 

B2 1 守.6 49.31 31. 01 7.3 
C O.ι 

恥ieguro A14 BID Al 25 -1 2, 

M2 A:l 25 1 --1 2. 42.41 37 , 01 8 , 

B 60 i --1 2, 54 , 81 25. 81 5. 
B ? 62 , 61 16. 31 2. 7 

Izu AIC5.16 Bn Al 4 -1;つ'. 30.~ 44，~ 15.7 

A2 15 1 -1 2。 42.51 31.21 6.2 
B 55 1 -1 2. 43噂 28.61 2.5 

A17.18 I BD(W) I Al 15 1 4民 71 2. O. 41. 2¥ 37 , 41 5. ヲ

Az 。" 51. 3 2丸 G 4.5! 
お 70 1 46. 11 2. 5ヲ， 6 20, 2 2. 7 
C 4ヲ.31 2. 1. 1 0.8 

Tanzeyama ! KI I BlD'E I Al 自 O. 6 69. ヲ 12.0 0 , 0 
A2 17 5守 .21 23.0 5, 0 
E王 13 61J 19三 3.0 

l fi w B f 

i ヲ
20.1 

K2 BlO'''E i Al 4 
A2 ? 0 , 51 33. 01 35. 0 1.8 
B 2日 0.2 53. 3 29尋 O 6.0 

(AlB ] Jl 10 。‘ 7 6a.3 26齢 O l 調。l

C 30+ 46. C) 30柄。 10, 0 

K3 I BlE [ Al 15 1.0 44.0 32.0 4唱。

Az O~ S 53.5 27.0 2.0 

Bl l ノ} 。‘ 2 57.9 6.0 

B2 23 57.0 22.0 ら .01
CA/B)' 40 61. 0 21. 0 4.5 

B 20十

K4 BlF i-h 5 56 , 0 
11 0 , 5 64.0 

B 24 18.0 2唱。 もも.0

(A!B)I 40 十 16, 0 76.0 

Nobeyama K5 I B!E'F I Al 10 8, 8 t35.3 
A2 12 14. 1 66. 7 
Bl 15‘ 4 75.2 

K7 I Bla Al 10 14. I も.守 67~ 

A� 13 11 , 9 0, 3 83. 
A' :) 15 , 0 十 78. 
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Appendix明Tab!e 2伺 (continued)

Loc乱tion Stand 
Soil 
type 

Nobeyama I王ヲ B1D 

K10 BID 

Kll BD 

K12 Bln 

K13 B1D 

Ueda K15 131D 

K16 BfD(d) 

l王 17 B1D(d) 

K18 BlD 

KI9 BID Al 一|171 02i ペプ 25.7A2 38 -1 17.5 0.4 。‘~ 6~~ 17.91 3.7 

K20 Bt宮 Al i 出 -.1 14.7 0.5 0.31 33.71 50.81 27.2 
17.7 
12, 4 

K21 B1D A1 一1 13.61 O. ~ 37.~ 47.11 30.7 
21 ‘ 5 
9.01 
0.8 

K22 13lD A 1 -1 18.71 3.31 0.21 44. 41 33. 41 以 5
呂‘ 7
5.8 

!おID叩 i
、J

-1 20.sl 1.ヲ| 0.71 49.5 K23 Al 11. 6 
59胡呂 1.3 

K24 B1DE(m): Al 18 1 -1 15.01 0.31 0.41 44. 。 21.3 
52唱 o 7.3 
61 咽 9

K25 I Blo(d) I A , 8 1 ベ 17 ， 61 2.51 0.21 33.8 
60.2 5. 
56.6 8.4 

、J

- 14.01 K26 A 10.8 
44 12. 

K27 Iう10 Al 10 13.31 o. 81 35. 31 50曹 6 17 、

47.51 35.7 16舗
73.01 9.6 
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Appendix:-Table 2. (continued) 

Location Stand 
Soil 
type 

(cm) 

U巴da K28 Blo Al 16 
A2 15 

A-B 30 

K29 BtH Al 10 2宅 5

A-B 15 吋1. 5

A' 20十 。‘ υ
Oney品ill_él M5 Blu I IA1 9 1, 0 22.0 久 5

20 十

つ:7 0 , 2 17.9, 8‘ 01 
20 45.l 32帽 4
27 9. ?i 4催。

illB C 7, 21 2, 1 

Meguro 幼26s-18JD Al 25 0, 5 39.1 36.91 15 , 2 
forest Q日￠γcus A2 35 0, 2 45.0 31. 81 8 , 1 
ex:perìrn己nt forest Aa 2S 0.1 57.6 22.9 も， 7

A4 100 60 , 0 18 , 5 4 舟 4

A佐 100 61. 1 18.5 2‘ 3 
B 15 6久 O 12.4 2曜 5

C 10 64 困 4 11. 6 1.7 

Asakawa A* 1 15 1,31 O, l 41.7 32, 2 
nur悦ry 立 15 0, 9 0, 1 45.2 28 , 8 4, 3 

m 30 52.1 24 , 0 3循 2

IV ,30 0.6 0.1 53.8 23. 1 
V 30 60.6 17 , 9 2‘ l 

Iう* 1 15 0.1 47 , 2 29.8 9.2 

立 15 O. 3 0.1 48.6 27 , 0 10.0 

m 30 1 お p 0, 2 45.1 28.5 

lV 30 1.7 54.5 18.8 4. 7 

V 30 も，2.7 15, 0 1.4 

C本 Al 25 25. J 0.2 4~，. 1 32.6 

A2 30 24.3 0.1 46 , 7 28. ヲ 4. 2 

B1 30 23.0 55.4 21 , 6 3.5 

B2 60 21 ‘ 5 58, 7 i ヲ.8 2.4 
B2 i - 1 -1 -1 20曜 66.5 12.7 1.2 

Meguro 
* I .- I : 

40.3 39.0 7 幅 8

nursery B1 1 20 I -1 2.37! 22. 
47 守宅割 30. 1 

4. 7 
B 2 60 1 ----1 2. 451 23. 58.01 19.0 3附 2

B2 -- -1 2, 51j 24‘ 62.61 13.1 2.5 

Root box I'lV 1 10 I -1 2. 34: 22 , 40.+ 37.3 11 幅 2

TI • V • vm 20 --1 2. 601 20岨 政 01 20 , 6 5.3 

7.21 41.0 75 

一一一一一一一一一一

* A : Surface soil , 1ヨ: Subsurface soil，じ: Nursery soil , D : Sandy soils 



森林5:践の JJ;1における絞系の機憾と機能 盤 (}¥J{::J'.) - H9~-

C!N 
1.5 ratio 

J 2 
12 
10 

13.3! 1 也 3 i o. :31i 14 
4.1! 3，ヲ 0.291 13 
!O省 7! b.O 1 O.3�3j 13 

1, 751 6.00; o. 581 10 
11. 201 o. 521 O. 021 2" 

1 . 4 . 0 .  40436732 オd 川1 10 9.50: 0.821 0.0.31 27 
1, 4, 5710 ‘ 11 
ふ 5" OOi O. :32i 16 

1. I~ JO.5~ O.6~ 17 
1. Obi 9, 7il 0 , 601 1 己

2.73i 9.901 0 , 571 17 
3 ‘ 0 , 451 16 

。， 411 15 
15. ?� 2 , 顴I 0.071 :36 
28.001 0.821 O. ()21 41 

80 J5! O.47i 18 
7.80l O, 43! 18 
10. 3/ o. 531 19 

3. 首司 9.651, 0 , 441 22 
1.1216.411 0 , 191 ~i4 

ウ.231 0賓 901 0同 45
1. 78! 4. 651 O. 271 17 
1. 151 7. ,311 0.421 17 
O.62[ 7.801 0.461, 17 
].M21{M717  

]争ヲ.241 0.601 15 
l ‘ ム 01 7. 仁川 0 , 451 16 
3‘〆+51 5.311 0.301 18 
8 ‘ 521 3.261 0.141 23 

21 

1.021 9 , 421 0.721 13 
1. 451 7. :311 0.501 15 
0.901 5. 251 0.371 14 
1. :,HI 2. 己 21 0 , 091 23 

1 崎 10， 251 0 , 861 12 

5. 72! 08[ O. 091 23 

20 , 35! o. 




