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Influence of the Development of Forest Vegetation
and Clear Cutting on Some Properties of Forest Soil.
Part 1. Soil Changes with the Development of Forest Vegetation.

2 %
1. 0L U 3 [Toeererrernnserarricinnicicasncecnnnes 37 7. BERIUEBES OEBOITRS e 51
2. FEHI X O E e ererreereenrernranneinians 37 8. FEPTETLBYEDEES A e 53
3. WADRYEBFEDRETE D ooerereerreeeees 39 9. ¥ N Bbeeeserereen it 57
4. BYWEOBROEIICE {7c 5 FRERL--40 e Bifiveesneeenserematennrnnneianannrenaes 59
5. WHIC k13 5 A BB I OB reeeeeree 47 RESUINIG wevveververernerennerroserrsneennermneeeseses 62
6. BT ERCET I AR D HEE 50

1.3 U » KK

B E LI ORI S BB RHEIERA AR T 5 2 L XA BRI Rk S DB TH 51
DT, WL » THHELEBERZ L TH D, ThIEAMNECR Yo 0h B Hic L $ 705 b
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COMEERARERBHTE LR L T, RUDTROONELELNLENDTH B,

REXHRMRORNL, HRCE b7 ) M DU B OELEE L LB e B LR L, AL
TELRESHEIERAOBEFEHEOAE LIS L Lcb0D 5 b, HHRORITIC L H 785 RE, BH,
ERES OB RTELOBREMBT LD TH %,

KR ORI EEINCEFHEIE, FREHBELREC I BEFCE S HLE LT %,
¥R PHEOEFTRIG S SR ARFEE, #AEH, FE—8 BAR, M Z0BRICHELRT %,

sk, AREIAKEEKE, & BIURORL, M7, K& M, KB REOZERBEOHR
SLOMTE, HHHOL L fTiebhicd DT, Z 2 ELHILB LET %,

2. AEHs TORETER

F & LTHPFREBRACIE ST 5, TEESL B & UeTRBEmes U T Xh 7oA Il
BARE LTS THER S O TH D2, WIRE, HEORM, MR I cEE, BlEkoHE
BREELL, SENRELBSURER TEKEO DI RS D, WAWSIERT CL iR
PHEBEMNERLHBETED W5 BETERLTWS, #-T, ZhOOBLBRIIZ OV THRHRDRK
TRE S EHEEOBLRMER L 0RO L L BTN Z T o
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FAE L cBIIERIIL S E D 6 28K TH %o
(1) AR GERRERIHER, KREREIEKRIVERTEPD @ M IRRBES, 18,
35, 40, 42, 60, 62D, BIVOKRET H <Y HKRO 8K TH %,

(i) AEHK (RERFARULUSRE, MAEREASFRLUEETIERN) @ BLERRER?2,
3, 4, 5, 6, 7, 8FEDHG, BIOCKREZ7 A~ YHROEHHSTH %,
(i) FF#K (HUREFHFE, RUEREEFARLEETR) B LELRERS3, 5 7,

THEDAMD TH %o

(iv) G (RERSHAMPNET, BEILAD  BTEBEFEH2, 5, THEO 3G,

(v) WHEMWK (RERMZATESRET, MEEMFEN 74, KEUBREKR) @ B33, 4202
Mo THBD2HMADERORTEE I ZTFELLLSD I DI LISV, FHEIKE 54,
MR KB ORI T ol W) DT, = ORpa iR r U CRAERY Rd 1,

(vi) FHRIK GREEET, SRERENE, \AEBREAEK)  BiTH21, 40, 40 3K,

P EO&AHX T, #RE L TRBTOBRIMIZOW TR A bEERM T & -1

Tablel, W H Hh 0 &K & & #
Climatic conditions of sampling areas.
WA M A ® K X H £ B 5 m % | F A
Name of sampling area Kurita Rokko Tamano Kure Saijo Uji
#woowm g ¥ oAl [ S mn W Mo LS S -
station Setagawa Kobe Tanokuchi | Kaidaichi Saijo Uji
il C 14.1 15.3 15.5 15.1 14.5 14.6
Temperature
AE TE K B mm 1518 1386 1086 1387 1447 1351
Annual Precipitation
W k5 m 88 58 6 35 212 17
Elevation
ErXoK °C 113.6 126.0 126.5 123.6 109.4 120.1
Warmth index
EXDOEK °C —4.5 —-1.9 -1.1 —-1.9 —5.8 —4.1
Coldness index
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LB A BRI U 7228 812 0~10cm, 10~20cm, 20~40cm, 40~60cm Toh b, Hiz—MITHk
RO, & B E S (M 1957), 60cm B % ¢ & iud, WARDAEFBHRIRY HERD K
Mo kG LELTHBTHD, LL, HuiBlgikm cixBl b EEENREL, 30em BE+&
LW DT, DX 5ie AT 0~5cm, 5~15cm, 15~25cm O 3 B HEERL 720

m¥, ThHLOBLEKRE TIXEBRMC ORI ELR, BERLELIRR>TW50T, 138
ABZBRECOWTT R, LRG CTHEE, B\AE, RMoME» DRAMEY ) OBBELRHEEL
o

TEFRM AR LA Z 10T A BOBEIZHTE L, I A BOREELXIE L,
BATTORY b DB BICiisE Ui,

A LA RS CHATRE LTV, ZOd) BEAERKIC OV TE, #, ok, #
SAERBFRE O TR OBFEEEZRD 1o 10FERIEOE A ILERBITIERA (L LTe £ v
7 7+ Alnus pendula Matsum., #+#*-3¥ 3> 7 7> Alnus sieboldiana Matsum., v ~<-~v/F
Alnus hirsuta var. sibirica C. K. Schnoid., =+ 7 3+ 7 Robinia pseudo-acacia Linn.) X b &b,
T OHFNBAIRBERAKE Lic, 00U EDOERSIEE L LT 7 » <> (Pinus densiflora S. et Z.)
Iy, Zohnrb TROERKRE L 1 ATl ERDERMELE 2 RICT LT,

Table 2 (1) fER KO HW &£ RBEK O E K
W=bDx?* iZ}5tT 5 a. b Off
values of a, b in W=bDj3>?
(W=434z8E dry weight of each parts, g: Dsp=H#1 | 30cm E{X cm, Diameter at 30cm height)

! Branch # Leaf
¥ Stem id =
1 2 T |2
a 2.75 2.92 2.51 2.34 1.82
b 24.0 3.8 13.8 6.7 2.1

1: =27 A7 « & A¥Yo7 7 (Robinia pseudo-acacia, Alnus pendula)
2: ¥ =Y )F s FAAY Y7 7w (Alnus hirsuta var. sibirica, Alnus sieboldiana)

Table 2 (2) 7 #»~ (Pinus densiflora) DiEx4 EEROER
W=b(Dz.-H)* ki35 a, b Dff
Values of a, b in W=b(Dz.H)2
W : £ & & kg, dry weight of each parts.
D=D-B:H, cm, H=Height m.

% Stem # Branch 7£ Leaf
a 0.73 0.76 1.01
b 0.015 0.026 0.018

B U o8 2 ~ ) vEr B (TH1955) 12X b KRS, F = -V F— LB D EEYHH
Lice Fio, #3EME, 0.2 N EEBHEYHTOWT, ) 7F vFHFETY v, ED T AKETHILY
Vh, wORYY AR, KREKET (AR THY v a5 L1
BHE 1R T 2%, K, Bo&RC oW TBAKILEZ T - o, LD LD ERES &R
W, BHRITF =z — AL~ LETRDI A BEBYCOWCLAKETH B,

3. Mo OHRWEBAFE OHESE

T OV THEL—EFHROMLEECHMEO SR EAREFELC, TRBLIEHM ) OB Lk
B, B ok bl b, HEMERY) ~EORIDOLEFEFTEINIEYHER L RD I,
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Ap Bicown T, As BEBYEC TR ENEWEEFELRUT A BRETNIERLRD 2,
BHEi oW T, RSHNERBED LEROEYREZELRD I, THZVELIUERRDO A Y
VA, ANVY A, RIFVY ATRERAROBEZE, B, M4S, EFORNMNIBENREbLME
Ty oteDT, 7h=Y, BHAORORDIZOWT, MESFRIZ LS FELFE LY, *
NENRERTOBHFBCRER L THRARRERE IR BHEREERD I,

ERIAROERE Y VREROMAL L ICEFEABTT2EARHA LN TH - DT, BHEKR
LW, RBPEELILLCETNDE L OBFRERD, ZOBBRALHCTEHE L, HAuitiEEs
WOBSGHEYE IR, BPEARDEE, V Vi oW T OB 4 ERFROERMESY 4 FFE L,

Table 3. BEAROESOFHOGTHR (HHE%)

nutrients contents of each parts of trees (9 based on dry weight)

Nitrogen | Phosphorus| Kalium Calcium | Magnesium

N P K Ca Mg

# Leaf I ¥ K Soil improver 3.09 0.18 1.13 0.72 0.20
7 h-= Pinus densiflora 1.14 0. 06 0.35 0.52 0.09
&BmmlﬂEﬂ*S@hmmm 0.73 0.05 0.35 0.37 0.04
7 Hh-= Pinus densiflora 0.34 0.03 0.15 0.43 0.07

# Stem A2 ¥t A Soil improver 0.40 0.03 0.15 0.27 0.05
7 # <Y Pinus densiflora 0.09 0. 005 0.06 0.34 0.03

JEEA Soil improver : b X Yo7 7o, AAASTUT Ty, ¥~V F, 2T HYT
Alnus pendula, Alnus sieboldiana, Alnus hirsuta var sibirica, Robinia pseudo-acacia.

Table 4. JERERICIT HEHKR, ¥ VEOHERBIROERE
y=bw?* {2} % a, b Offi
Values of a, b in y=b-w2
y: N, P&, amount of N, P, mg,
W B E g dry weight of each parts

\ # Leaf # Branch #% Stem

i a } b a b a b
Nitrogen \ 0.99 1.56 0.91 1.11 0.88 0.96
Pm@mms[ 0.8 | 0.54 j 0.60 | 0.50 0.78 0.053

7ods, HUWBILERLD (7A=Y K) TR TERERBATET S, AF, ERXO 2K Tiich
SORGFEXEMEREC X - THE L, FE, BEBCXS L TABOHTETHIL, ThiifkR
B Lo

HAR, Ao, HEOSHHICEEINIAMEARLEF LT, KOOI OREREL Lo

4. BYWEBEOBRMOMKILIC &b 7 5 BEFZL

WO EHAR, A, S8 (0~25cm) o 3FHKH L, 1ha ¥ JZFHOL>HEY, HET
BEHS GHRARLL T bORRER) L OBRTRIR LA DR, F2MTH 5,

T TCHEDOEBE S BB TR SN b D ThH D, AEYER L LTR LIt DKL
A)BTREYELTOTEAEYEL L, HEPOZTHIIKERIT 1724 2T TRD T,

KR L B2, K A Bkt 38WEERRE LF KSR mML T S HAY
Flitvz o
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Changes in the amount of organic matter and of nutrients with the development of forest
(mineral nutrients in soil : conc. HCl soluble)

® 4 & (total amount)

x 413 (soil)

ABK (trees)

QAo 8 (Ao layer)
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THERC S EN L EYHEBITONRC L » TREFCOEAN R » Thiee Thbbh, Hiky
TIRMEE 2R REMLTOLEHBY D » TR L, EMEBES TRIHRS T L 0EGRE L, 1,
B O—EOHAR R I oo ERIHEEOFRMIED, ML bM< X5BbH
hay, LOFIEEY OB EUR Tlliad» i

BeoT, MORMEELTRBE, HFEMIIFHOIACHERORIIICE $ 750y, RECHEML T\ L #E
Maml, SRLBOMMOBINER LAY, EEELS CREEA ZHM BAOo—EofmiRE
Teholrl vz b,

ZDX5E, FROBICE b 3 WHEBEOREELIHEOMIC X » TR » T 1edik, ¥
D3 EMECIANPRDOVTELTHRE 5.

FAMAERR T ZORET, TR e ol TohicWEOEBR BT bR Th 520, T OER
OYHEDH B IREAMEOBEC X » GES Z EAabhTw 3 (Odum 1953, # B 1960), 7k
DR E L Y YWHBEOELCIE, 20X hYHECHEBRIABLRERELOTHA 5, ThidFKE
MMNRZL Lz 20 X » CHRRICYWBEEOHIINA B Z B 1onicid, 2hictsin» SomE o ek
FHEE B BTHh D,

KEROFERITELIHARR T, BRI ELKFORELRLT 2 —0, MRRLEEFR L EHELE
FRYOLEFRTONMICL » T, WOEhBELZFCHL T, o T, BRRBITHREE ILE
BHBEOEL, HRCIBREORIEOIIPLIL, FOBREDIPLILOMIK L > TRE HIZTT
bbo —~MTHAEOMMTOFEYOSMEEILNEL, BEOREFRILIETTELEIMELT
LE S Zeiinena b (WFEH, 82 1962), BPET% 2, A% L REINRKROHE CER
It LA, FREFROHM CHBRYIMMICHEBIRD X iy, HFHROEFTHROM
fexh, HiRECLEPFCLHFEYNEBRIRZILD %,

Thbb, HHRIKRLZRTIODE D AR, HEYOHTERL, TR X ZEREHRO
RAL U140 TiE, REOFEE LD 7 d 27D T, HHROFBYEBINKRBCHEML T o
LWz B,

BREOREZIHFERYEO T YR TR, LW ofaNnd » o

BER T, BCERIRIERIRSRNTEL T, KELT7 I YREE 2T, 2D
X5 OB ORRLITBINC L o THE Y THA 52, BEAMKOF CLEF0ELRBTE LT
H = VHRICEE » Ttz HIRICTINIL I, BERSTOEREERLT H =V ICE~_IERAT
BELCKEV, ZOZ DD, BRARNL 7 H =Yy HIcES &, HR: LTREINLER
B AT 5. S L bR e LCOFBHELNMNT D000 5T, KREOHMAARH
B Cd o DRI DB THAD

ANV I XBOBMD D b v e MAOHERIZ X b (Crocker & 1957), ~ 2 Bl HIE~ 2 BHEY
~O#EFR (Jenny 1958) I X » T AN R BRI B0 D, #H LEKYSWD bR —BfE Rz LT
ol 2, BROWIMIL - L bt h—TETTTHA o ZOHMIEBRTEY v, #Y
T ADBECENTHEAKTH D,

TDXIE, BEOTRICE - TREEFCHLBEDRIAN D > L E2 DR BN, Mot
LTORRBETHMROMIE & BICKFTHINL, KOA»DOBROEBI fTibh Tl L%
RLTW5, '

Wk, HFEPOBEBEOWMIFEEFROMBIL LD LEL DR TR, BEFEKCEINDIE
Fx, VLB L AEHOERBPBINL B DTHY, €T, FRIZFEOEEYHOLE~1LT
PASHIN T TERR THh » T, MO E LTORRREXHMI B AL RBEINTITS o T L,

TRIERL, RSB CIEHOSEEEEC X EREROBTERY LAY LEDELEY
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IR 5 DR,

FERIARDIL S U e F IR IS MR T A DR e HB ORISR, £ ORMIC & 22 HERORED
RERZE L > T T HA Io RLHRBOFE R DEEOEROMIMB L I3 FCHEET
% &, FE#HLT 100kg/ha/year BETH » 7o

= 2 B 0 BRBEE OV TOW L 2O FEM (Russell 1950, Waksman 1952) & # ~ & —
HIBEELL, Fh, AV FROMS T Ao i 2 HEEFOERRIIO0ERI, 5L CF 62 kg/
ha Fo8im L1z (Crocker & 1955) &5 o S DOMERRILEMB T 2ELFH L CRE R
VYA TR

FOTR LML T, HoekE LToRFROBFES 1000kg/ha % Z 2 7o 0T, JEFIKIC X
LEROFEE, MOSKOEREOBICAELEEL LY, HUEA CAcERBELHMI
Bl LIHEBRCERL TR L EL DR D,

TS, BT X PR EOREITRAOEROBEBICHEEN U2, Rkl
W— BRI L D AT L, FOMTICELIR-T, BEOHWIMNAB I DI LAALN T %
(Dickson » 1953 a. b, Ovington 1957),

ShBOEEE, BT AEEDWMAN L) —BRIUKKZ D IR ZLER LT %, L0
BEAAITH 0T 60 Tiud, BZ 5L, HBOZRETHOER, 2V Ke&Th
TR BBEELYVBRLTWAL BN S, BKCAEENLEHERTOWTOLRETORES T
4 2~20kg/ha BB (35K 1954, MUK 1958) THBH &5,

i CoBRFEOBEBRLFBIC OV TS B BRI L LE L T50, BRIEREARLLL D AR
T, BMTHINIE8IE2LD, —REHFROBILICE L MOHRO S OERBEOWMAE I 5 &
F2TIHTHH 5,

Tieht, ZFIRELFRCERNAHEERERE D, BROBIZE AR THINT % 23,
RENEC L BFMLEFC Y - TREFH DL D AR ZOIH L, EREFRC KK PHLED
ANBRhAE1LTh, FREKRABHLC LB LD TRRL, BERLOBMEYB/BCLBE KL LT
B, EROFENRE- T B ZDZ LIXEROBEMILT LS REF ITHHEY L SRk
LESTCEMTASD TRV EERLTHWAE WV X 5,

EEESDOS B, VYV EAY Y ATRHROERDEE LFERC, IEHAMN LT 7~ v HRADH
B L CEBETOEERNELLET LLLED, RACGEh2B0REEE TR TH S
B, HHI L2 4 SOMEEMUT, BB IT A B, HRTIARFOMME & KFCHMML T
IS5 Thbe, “HIERL, FHEHOREITAS vENKEL, KOSk E LTHREET, SEEL
—E DA FD D ieh » 12,

COYX3REAY T LI L O—2DERELT, FHEFRETRTOLREBRAT VFBRREN»
e MHTFON D, MOLBREINLBFECH L TEERCEEN2BA LI ET RS 1Y
KDDL, MO L - THLBT BN, 2054 EORS TEBEY T0HUTTH - iTX L,
ANy LTI A0% L b, BEETHE0OLE, VY, 72y aTHRT0SHUE, Y 7 ATEN
0% AL Lo &0 X5 REEHESILTERCH TN EIANICREL, Ld, 1o
BRBFIZ L7 v DK ED oo MHERHE LTELZ DR~ 7 Y * ORELITHTIRERE
BBV FHE LK, W60E, OBRATIIRE bikh 70T, Haeks LTORFRD
BRETIC—EDBME R I » DTkl L Bbh b,

Ll, +EFOHRSBEY 0.2 NEBTHEO L O TEHET S L, HEPREEh 5B,
e/, Vv TRI20%, AT ATI~40Y, <27 F Y7 ATE0~60%, » V7 AT60
BEECET Lichs, o2k s LTORMNSHREELOFMIE 3R Lic X ) KAERRAED
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H3E a~d. FRRORIC L b7 S EPHHEOBRMNEN (LT OBEERS T 0.2 NIERWH)
Changes in the amount of organic matter and of nutrients with the development of forest.
(mineral nutrients in soil: 0.2 N HCl soluble)

@48 (total amount) x--38 (soil) ApAK (trees) (Ao @ (Ao-layer)

fe¥s, LM CIREAT L RBCEES T iebh b, BIERITEITCEE L - THI RS
2, PBFSEELEO MK L, B, KERAOFCKILL BT S L, ®H% V) YOREE’ K
WL, HV YA, ALY BTG TED -7 L HEE Ih 5 CRE S E1942, FREFFF19590
®oT, ERESBORELARD S 2L oD LREE L Tlhtudl b, A xR
52 bR RHL, BT BE O N D -7 b T b5 21, ) v X 5 HEP
CEERBEOLEGE DU, IR » CTEORGEBMNEL LIS T L gz bhiE
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Vo TDZ &L, EAREAEMTHEINELORNG LTS L XL, MECTALER L)
EEbHN 5,

FRYE JOBRLERED LOBNERFRIOER R - 2D XRS5 HNT, HEROEFRY
BLEER EEESELOBFRYROE 4, 5KEFRE L,

Tibhb, ERBRIRERLBE-EOEGYHE - THML T SHEAVE LA TH D, ZHILR

v
S

g
\S_ a
24 5 . o

E toof * o o

'S > ® 5\ .

X s 0 _ .

§' i ,o’E"A-‘ ° ; ﬁou‘rf‘;n. 800 g * % °

: ,0,9:6'\0 o © x gmrzggw(ue .

352 s S0
.’,6
4,.0 25 Caréon 3’0 t/} 4‘;- % 5 6 Carbon s t/ha z
AR HBEhOFEYE LERE L OBR B EhoFBRYREE Y vE (BUEBRTE) &
(HEB%, 0-25cm) OBR CLEBFE 0-25cm, Al F4RCET)

Relationship between the amount of soil organic  Relationship between the amount of organic matter

matter and that of nitrogen (soil depth 0-25cm). and that of phosphorus (soluble in conc. HCL).
(soil depth, 0-25 cm, notes : same as Fig. 4).

F, BROBHELLITHBNEEREL L o TWiro b »TEY, TRhENTEOREE L %L
BLOEANBE-ECRIEN TN L 2R LedD e L5, LL, #$2, SHKALTFMET
¥p L3R, HETOEEYRLEEESE L OMICII—EOBRRNEH SRt o7z H5EITF
D1FAxXR LD THED, ZOBEMIBERTYE, 0.2 NERUEOHH L4 THROTATR
DWTRERBETH » 2o

FEDTOFBRGBROWMITIE U T, BE—EOEGTEZEDOWMAEAR LR, BERSFED
BMIIIRTE RV, ZOHAMIERESBORERMIRECERO LN LI HEORIT >
LD THBEIEETTIDEELTIWVTESLA S,

KT 5 B ES DR TITRECEED X 5 CHERERRADORGFO TR TILiR, HiE
ROTRBES ThH D FNIRE, BERERAP DLV ANTRATOERELMINTE 55, B
BOXRAND LD ARDD TR e MARRLEN LERESZTRINL, BOTh e HEERRK L L
THEC» 2T TOBERIAERTH 200, BECERESPBRRREIND L, ZO5REGH
TEFTEAL, Mok L TEBRSOBNLEER2L I bWV I BRRTHRTE S,

AY BT THERORT L L b EEROBEEBBREIEATATh 2, BREEIERI1200
ERRLFRTLE KRS L HRRERYT I -7 (Dickson & 1954), # 604 L ClaiEikeE
BRI 2RO OB L 5 THhHb, ¥, FROBRTERBLOY v, 2V v LEHRN
—RICHIT D EZR S 2V BN E R T2 L85 o7 (Feher 1936, 1937) t\5, &
DOBSIIHPMOKREVNIRHER VT, 77 v+ VORE L EBEROWRD L AFEBERY
3> (Odum 1953) Z & LIEBLAHETHLLEL DI D,

Th HOFHENEHRIC BT 2 BBES ORI HAHMNT, KON THEOBEINL -0 LTHHK
DL L TORNEELIRB IV VI ERFRTLEIDEVWZATHS o

Thbb, EEESESHFHRORRIC L S CBMCHIBRBRE T S ier 2701, FBMTDH
W ERFOUHCFEEL T EE 2 bh, BRIUEKCERE ShicBioBR T, —&
HDdDeELTIVI S ICEDLNS,
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it’i@¢mﬁ%%§ﬁWML,%@:kmiofﬁﬁkﬂﬁﬁ(%Bmm)&E%EEOQW
DI Bo TOBEIR L bTe- TE T B MBERES OWEOELLHEET % HIVT 0.2N ERE o
BT T B EI A% b LT, LEROHEYE L OBFRE R ~
HORCH Lave X 51T, LD THEYRLHML T 0. 2N R OB AN Liche
o THLY YIRDOWTRLTH L2, LOMOHITHHINIXER LT, LHEHATEY R
MU, WAL ST % T e

5
é . GRS E TH L HIINT B & 5 g
v . BT < Lo j
S x 20 X5 IS OB SR T
- BERDNGY, SR MR TR
2T o . T, AN HOREROMIPN L OnEL L
<l .. . NDo PITMKCHEERD O, KA
ol EHORILT LT B o |
1 . ~ .. R DRETORKDOHHE (Z4 1957) %
it 1‘:‘250 .. °o 4 o . JH, 4EFIK A 1000mm & U Coked, kg/ha

e I.{)&r:m ke 206 THRFT LAY T £0.5~49, Ay -0

MOH EBROMEHR L 0.2 N BT EiEA> 18 h /YU A02~9.3 7,
BRSO T 58I L OBIR CHIRYE, 0-25cm, ST ETUERBIBTIZ # ) v A 2.7, A

Relatﬂio?]sfig %];;wmgel;l) the amount of organic matter and v 510.8, V0.4 k7ot (GUUBR “
the ratio of 0.2N HCl soluble nutrients to conc. HCl  %eg), FRPYRIZMAMHIC N T—RUCHE
soluble. (soil depth 0-25cm, notes, same as Fig. 4). APEERERADY, R SRR s B> o BB ‘}
(Nye 1961) 22 X 5OTREL T, WESEGHD =T 0V VRO WEES 2 HHICRETS
Zri ko T (Ingham 1950) = & 2305 & FHUE, FEKICE B0 BIRAHIC IS0 5 il
DROBCEH L 2 0B8R 525 TH A5, \}
A Y77 FCRBARORKILIC & b I\ ks & LT OB RS Lz kv 5 4] (Ovington
1955, 1956 a. b. 1957, 1958 a.b.c.) 23 b, PFEIAE T BKOKIZIC & & 7\ E Lo B
B RAHIN L2 (FIRI6D 2050 Fibb, FHARY LI 210 o THEIRA A
FHOR, BT O CRLTOABYONIMIC LY, ZOMIMLFHERAELL, ARYEEHO RSP
KT X 2 A OFHRICHF L 7 5 e 2 EDBIRL TV DD TH S 5,
LA L—KC, it SRS OMEA RIS 2 5 T b & 27U e bt bssEm
DROHHH (Z% 1944) LEARKO/N S IERHROHFHIC L >Th, MEEIED OHMIHEES
Moo Fre, WBTIXLEOLFMIIIICHR LTl & 5 BRI DR ML OV 2 HBo
BMOM & & 4o pH 2EF L (Dickson & 1954, 1957, Godwin & 1933), = o X 37
PH DR LI TO N v v o A & WO T % (Salisbury 1925, Hissink 1938,
Wilson 196006 &0 & 5 7eiIBIC & 2 HAURVIAAD S LU & ¥, BIEIOMITC X 202k
(FlF 1942, Ovington 1954) 17, '3
Fibb, MRS LN D AT 5 2 25 Th, WIRCREDULILC, WACHAD
BULIC X 2 152\ > CH B CORME £ # 2 bbb miew 2 b s, #ibko Rz 2®
75 MR ROMELMIL O X5 IR L ROHAIC L 5 T ED, fbkovic : W
AR O WARIATFITs S0 52 Hhob & Ovington < 45t 0 it U 7o & 5 7n B 7 s SRR S
5 %o o
SOLSIE, SR OB BAOCHIBIR L 2 % 2 ix#iy T, SO bR b oP
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RECERLIBROKYE, HHLBPLEOTECIELVEVD LD, KREPEENFRORTIE &
B IRREEECH N T 205 LG, BEESBTIIWAWARIHEHOEEY 53T, 2hic
TINS5 L2 ln o EILERI T2 -8RI B b D ORER L BRSO T & 2 BRI
BIEFELL, 0T 05 L CHGINEERE TR o Th it b B REIEZE U 1 LERT N X
ThHHHo

Tiebb, BRAKE, BROEFELHMINZLIENEL LS, BHROKIZLIC LS b0 451t
ATl ULTh, EEESEL SRCHINIED LIRS\, EEESOES, BT 554
ERIT D LRI O M2 0B 5 LR ERMETH B,

5. MHLC R BB B O R

F2REHR B L5 ICHEHROBILIC & b IO B B KB L T o Mo A1
WEILONBELHEBRELOPEGVI L - TikE D (Kittredge 1948), ZHMOBIIC &% 7e 5 %
EBYRMOREL, ChOERBEREML, ThODOEBE L TEL DI LNTE S,

7, MU~ OHFEOFBYOHRE L HBBECSWTShTEZ 5,

(1) $AE  FEYOMRTEIEERRE, B LEE B Tthd,

BEOFEIERT DTk Ebermayer (1876) k% < oWERELN DD, BIfE, wibf#,
HERET L > GEWAL D LA BRI TV %% (Ramann 1893, Aaltonen 1948, Kittredge 1948,
Lutz & 1951, Watson 1956), HIERIMY, BE, VHEAM LW O1BBERE R IR o705
#hH KBS 1937) %,

fERoOFEROWEM CLEES 1, 3, 7, 8 15, 21, 28, 35, 45, 49, 58, 69, 77, 78, 79,
80, 83, 93) D E LD L, BAlFHCHBIOWT, BisX% 1~4.5ton/ha OHEHFERIC D
b, BEDOEWVDIX 1.5~3.5ton/ha DT -7,

—75, PASIL MRS Cll ERBVBE—ELRAEHAOL D Z e bhTw5 GEE B 1956,
feitE D 1955, KB D 1958)0 BIIEMMOF CIERAKRORSEREIF S RCT I LI, K
1.2~4.7ton/ha T, B, BATOE B H1REEN L, ZOBBRIBOTHh LIZIE—FL
T oo

Table 5. JILERMIEHARROMSIER (i ton/ha)
Leaf weight of mixed stands of Alnus spp, (Oven dry, ton/ha)

X B Rokko X & Tamano & Kure K Kurita
D
Sﬁ;nd a?ge 2 3 4 5 6 7 8 3 5 7 7 2 5 7 5

1.33 2.22 3.52 2.37 2.50 2.45 1.21 | 4.08 3.79 4.67 3.01 | 2.80 3.55 3.75 4.35

x =
Leaf weight

BERIVHE 2ORUR I - TEDELTh, TOERBII- XD X553y, BECTHHTOH
EDRERENE S Tevo BT, BIFEPIHEAHN R - TLHFEDOHEERIIR K X+ 1.5~35ton/ha
Ty RUDZBEUCECERERT D & LBEUEOTIVAS S, LA UGS CiricEE
T5exI, TORIPHBLTVBRY, BERCELIRERE IRV EELDRD,

HELAD S ORBMCHE L CAE (3!, (Lutz 5 1951), BASBLAHATRERC L > THL
SKEREE B I/h - ic 5 (Ovington 1959 ©), & Di3h, HEMTLT HRTEANCLERN
CHBEELMEY b oL A BRS (Wittich 1952, Zonn 1959) 73, = Z TEER I ZHEL T
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VALY A8
(ii) %ﬁDQ%%:%ﬁ%i%ﬁ%%@%%mﬁ%%@ﬁﬁ,ﬁ%%#,iEOﬁE,ﬁ$; 
B, N L OBROMEY 5T THLCREB 2 e BN T 5 (Waksman 5 1931, KEe
1937, #1956, 1959), = D Xk 5 ZeERITHKSOMIMC L 1785 A HTOMKAROEILR, Lo
HEOBIIC L bl o TR B EEL BRHDT, A—HE LD LM TLHREOMME & bicsy
R B(T 5 ThA S5 (Handley 1954) EHETE I Do 3
SO LR B I BAILK O Ao TR R R 7%, & M4 & ORI BEE
T BIRA D BT > e S OBFANL 2 — 7 » 27 71~ ¥ FRic DU TOMEN (Ovington 1959)
BB LR B TR AT - T, SMEIRSICE > TED L R e otz
Gii) 7B BN O KE 8 ]
AL & LITHBY ORI 2R 2 ISR S Tuv b, Hﬁ%MM*#57wvy«g5
Tk, AEHNOAHLOAND, MO T LEEMOFUENLT L TERCH—TIIRVDOT, S5
FRMIEDRKEVD, BEILFE, S L LCKRETHEYRIHML TN L, %@mmnwg

REL L, KM ML 2 LT < BARED Bhu b, A3
Biic, RO (@) & AR (b) % R GEK n) CEBERC—E L KET DL, 148

H, 24:H, - nAEH OO I S1, Sy oo snm%n%hogoxsmagbfcaﬁ
TE %, 3
Si=a
Se=a+a(l1—p)
Ss=a+a(l—p)+a(l—p)*

Su=a+a(l—p)+a(l—p)*+-+a(l—p)n?

A=A _a gy e
a b » x {1—=(1-—p)"} @®
nxfRKETE L
Sp—oc= @ e @)

T b, WO ATEE S5 REGRITHE - THIIN LT &, B3NS R oo s f a3k ¥ U
WA LT RAMICIES T 2 5 Rl R To  FARNICIE I K-S < 2%
ﬁrﬁkmruébkuau5_ark5#nﬁ%%k%<&baSnolkmﬁﬁt¢é<t6'
B, HAMC Sa =Tl ot & EZ THEELZRVTHH ) ZDLED Sy % Sp THT L,
RORCFEINL IS, arpRITE > TRESR, FROR—ETHIUL Sm 124 ICEB
IC—EIC o, OB M, WMAODZELD I PELUREN 2 b 25 & L &R ﬁ
Who 3

X B, Bin L Z2OBOKMOFEY L OBEE RS L1728, @QRXE2DORITHRATS L,

Sn=Sn{1—(1—p)"}
(A—p)*=1— S,/Sn
. nlog(l—p)=log(1— S,/Sn)
PH—ETH DD, logl—p) b—ET, ZhEKTrtTE
K-n=log(1— S,./Sm) .................................... ®

FTichbb, HEWEORME Sn T 2 REROYCRT = ENTE D, -

AL T 2 A A @RIEH TXE D E 5 e r b DN TR TH Do @R TIEND
Sk X <, FHRBICE LT X OB Sw #M%f&%o::fixAmV®I%E7ﬂﬂ
HO MBI Lo BIb L7 2 510, 6IBIKICIU A RPH, BT &0 4 phic Ak s < B
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TEDOENTILTY LT b, BEBRKIKOKR
wdes EMIZ N BESCRECESHKTH DL Z L b,

\o o C@{Eé’{émﬁf:jﬁﬂﬁ@ Sm & L7
ST g Tiebhbh, “FUFNRE LT, @ANERWIC

o -]
\\\\\k\_ HTULED LT aWiFh & d, EURcEst
BEFRBEAEARTI TR EATINWTSS T,
BRORI & i 5 FEYEOREE D
r . VT D) (IEER 5, 6, 10, 12, 13, 14,
sl , L , , 15, 20, 35, 45, 69, 72, 75, 87) X%\, %
20 40 60 DREHE Ay BEEFCOWTDLDTH S,
Ao Logen + Soil oganic matlen (0~25cn) RAEBET, BE, THARTLN, BRITEW
BWTHINL, H5HMOBITMMINL- XD
L7 b LW HEMIZ G SHBEL THD bR
. %o
Ao BHEEH O IR ER & ORIRICI T,
BEAC—ROBRULHEEE R THE NS D
(Crocker & 1955, Stoeckeler 1961), =D X 5
A 3 a0 _ 60 TeBIRICRE 2, Ay BRITERCHEAL THE,

Years
HTH ORISR AR OLp, g WO RRERTIRRL CEROABIAERL T
ARICHE) . _ IR Hig b KERITIE, 2D X5 ik
Accumlation of soil organic matter with the progress 132 A X T bR Crocker &0 E5H T 4 —

of time (notes: same Fig. 4).
KOBER BRI TR COEMICh 7 » THT

WS e -}

BEDLDOTRENZ LRV LN TH D,

EROERCOWT, Su e Th ThOBRFORRERFITRESHKTOETHEL, @ A
HTiTdH L, KHEMNICHERTEL0L, wHWSERHOMBERT LD LMD -0

COLICHPHE@R TH DT I ENTETS, BB VRS HZLO0—2DFEELT,
SmDLbFHXa, p—ELLILBNERLTORS,

KRERCHEINT: S DEISHIBEOBREL L 5 21, TRTOKRSIZOWTIHED Su 72 &
W5 FESTREERN T I RFRESR CRAMERAET 7 < VHROMER TR CICHE L Sn & L2
CERATYFEREL Lc—20FRRARLS 5,

¥, @, PO, BiRLALdR, A—HRASNTIRSOREME & ICAKERE(LER I
L3 Bondd, BHedkoRy, W LEboEhh e ORI EEF a, pohik—
BRI D & S SRR 5T, @, P —TELREL THUL 7 @RITIREEIE
S50 @, PIME LMD LEARLTENLTILOLTHE, U bERLORRYSERET
L LT, @R L) AANCEET Z2LENHA S,

IO X5, HMEOFERYEORMOFERAY@R TH bbb T LI RIFORME S, L
L, BB ToOERO M, W 0»DWEFATIRIERUNC@RA LD b5 5 2 Livbhh
270

@RUTPIB (1961 I L » THEsN, FhtEo#EREO BN EE»E L 5 c@ibh (Niki-
foroff 1042), O RAEW L CTEHSNI-a, pOfENLPHECET L CET BEROHEENTch
Nie (Jenny 1949) #2F T & dWHE LT a(l—p) #FTWBHD, a5 » a(l—p) %
52, TOEOFENLHBEA LT Hh, BEEY LINC L - TRRD LT, RENCE
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e, HWARMEELT—H LT w2 b,
ZRBHO T Eh BB T2 e SRS, R SRk Bk b DT < T, — ik
PRILIZ 3513 2 AT D MM O BELEMIICOR TH Db T2 LN TED LI IKEZ bh b, K
HEHOERIL L OB R L MREOHIC X » TR E Do HHEE X DIRD 2D & 21y,
DRI RSN, KFCHMT 5o MEDHMETHRY OB L FDHR L ORTR
HHRBHD, FREINS CTOHBYRAKRE b &, YABMOMIRIHMT 5o Hitue
VB A B RO MO M AR S OMF & & BIRKIITNE Lo TW L DRI D X 5 FFliie
LB LEXDND, 1
20X EHIBOTEY OMK L L QISR E <75 > T &, DL TRMMEEDR
BHOU TR L 7D CHET Do 20 X 5 KB CIR AU Sh AT I 1Y L7 i
PRERT, HIBOHBYO RN BIE AR B le-TLE 5o & DIRMBIEEIY 7 PHIRE
Thho 4
—RC, BHRICRI LB T T, M OABIEE OU6E £ S X DHRICE > TRED—F
DESGTHML T %, FOBKORHNIREIT L - THhE 2—EDfH, Ticbb, BEHRE
CETHET, BIEORICH > THML T 252 bR, ‘

6. BYYFVHC T 5 LB R DHEE

ORI AT B PHICET D O, ERPER KIS 2 AL ETH D, Livl, AHCHE
TALSC I PR, RN PRSI > 7o L B TI W TH A S, 1
Jenny (1949) (MEAMD 95%1CHE Lic & ¥ PHHICE L7 b D & AT, DAL D LERFEHAHEE
L7zo SHIRPHRRIBICSH 2 & DI D HILOABEY OB & it e WET 5 2 210 X » Tt
TX %o 1
:nmﬁb,mwwg(mw)m%moﬁﬁ%ﬁmﬂ?6%@@%&%@&mﬁﬁ%®ﬁ%@m%g
XxHbbl, FERECHD L X, ZORNPHEICET 2 ETOEREYL bbT LD T 5he
@R BERN R KT > 72 & E OFEIH O /HK DIL, p=a/Sm TR LN D, Kittredge
D3 Sm/ @ BEDRROUKTHD, o THRDZRLIDH bbb TEDOTHD Z LT EY
ﬁ,?@Ké?éﬁﬁbtﬁﬁ%&%b?%OTMK<T,ﬁﬁ%%éﬂt%@ﬁﬁ%éﬂftiﬁ}
CETBERETTEOD L5 CEL bih, §
B ORMADRICH > Tl 2 5 b D L FIUE, FHICHET HICE LA EROHEEC: Jenny O
H e KM THS 5, |
FRIK DRALT 7~ v ML OAEIRIC ST, HEOHEHIEE IR HARERD 14, T8
b 4.0ton/ha/year & {5E LT, Jenny ORiché o THAM D 95% 103 510 81 Ui kD
Teo Ffo, WML TOMIHE, B T7ROL, TRAIMIL TRAMOBZCET HIcELE
EROHE LTI > 720 TN DDHEETY S TH 6 K7 Lo /
FTilebb, 2200FETARMERICAE VDS > tco ZHUITFKILK KL T 7~ 7 HRTD
EimOREE OB, BILEHILIC ST 2604 MO R A BT L TRD I LI X > TEHT 2
7o DERBND, FERIMKKRET7 H =V KD Ay BIL20ER 2 %2 5 &, 1IFEfRagc e+ 5 S ,
ERFELTGH, RILEKILTE, 2 OMIICKAET 2~ Y oK Vb BED A F s $oied
EQAQAN "
C 05 I TRRIEICET BIC T B E RO Tl a5, 25em o L o
BWamas L, B8 XE80EEI TR R BB L T5 L EE SR, HEhomEy i IR
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Table 6. ¥R OBIYFHICET 5 E UEROHER

Estimation of time necessary to reach equilibrium of soil organic matter

Nam@.@ﬁﬁ%ﬁ%‘i@;iﬁ;ﬁn Kurita ¥4l # s Erosion control forest
mS*ezari:;7 r:ﬁ\e ﬁff # £ K %
S dec_orn_pp‘sitil}w_\ years years
Ao /@ Ao-layer 13.3 % 21 135~170 (150)
ﬁg-E;rj;%oglz(szg?nﬁzlepth 3.7 % 80 210~360 (270)
ﬁg-lﬁfs;;riﬁ—%oi(ﬁ%%?mﬁd)epth) 2.8 % 106 L

BCHET2OIMAMENMELELTZ2DLAbRS,

W ONDER CXEER 1, 4, 5 6, 7, 10, 12, 13, 14, 15, 24, 28, 35, 36, 37, 61, 69,
72, 75, 83, 85) Ko, Ay BHEWOTHSMELPEHCETHACETLIERERHE L. A
BYIEESA T O L DI DWTit 3ton/ha/year & LT3k b &, EHESMEY 2~41%, P
BT HICET HERI 10~200 EOEHIHANIC D oo AV A =7 TEREN 1~63%, #3~331
X 3 fEH RS Hiv (Jenny 1949), H¥EW OFIH S RRILF 1. 7T~100% DEMPAITO-HH - T
o

COX3, HEYOTHRISBCETIHMIT Y > THE L Rid, Jenny oRicfEz1¥, ¥
R T 2 ET SRR MROHETH D, SEEINE e B3 IEBHERCAT 5, #
-C, VIGET 20T 2RO T A &0 v L i, B2 LZFLIEWE
AR eET5THA I,

7. BERBIVCERESOFERDOIZPLZ

BRORIC L § 75 EBEESOBNSEEZ Ly, HER-A ORI AN DITTEEER &
LTz Y, A BTHMY 5 CHBEFABUH2INTWE, ZOL5LhBEBROIIPIY
WETZHMT, T3 A BCRIHA2EERSICERBIBEOTLY A BEBYE L DBETHEL

L o

H
je]
T
N
(=]
2

WY by wns
i £
o
T
g

®
\
a

723
o
hd >
%%, . Srioydsoyy
; = .
a
[e]
® [+

é" L L ' N ’eﬁ. L L ° L ! . 1
t/,ﬁa_ao 10 Onganic mattie t/ha 30

. 3 .
Organic maller
B8N A BT BULERYWEEL Y)Y AELOH O AT aERYEL Y VELOBR
R OUEL 4Rk T UL, FARCET)
Organic matter~kalium relation in Ao layer (notes: Organic matter~phosphorus relation in Ao layer
same as Fig. 4). (notes : same as Fig. 4).
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‘/’l’.’.i)@ﬁg%8, 9@?5)7&0

B4R TRLAEISE, EREIABYE LBIF—EDEELE - THML T\, By
BY ABRTENSLTEL, FOBIELLTA BERYEOREY ST, AABENSE kS
BLEICEENDEBRESBIHNT 5,

#8, IMRHATINILIE, ALYy a, ) TATRIEEAYRUEHERCH » T, —K
DEMBIRVRIL LI, Y YREBWLTUIARCELR L bhiz, THIXEWERARKE 77 < oK
ETHMINDEEOUENERRI D THA o WHOUEL LT, ZOX5EBEVEDTE
LTh, Ao BR®idsEBRSEL, FRPEOHMC LI, FThEh—EDEAGTHMLT
W&, A BTOEBYOBMOBERIZOE ¥, ERVERBSOPMOBEEL R LILLVZ X5,

Tz it A BOFBYHROBITFENEB TS L L, EROERESELEIN TR
L, HEFREFR L LTHAIhABRPERESBCHY LCED, HENOBBHCHRAC L 2%
NI 21X 5T Ay B Skitbh T Z 2 BT LELDEELZBND,

BOFLEDHS F THBORS DL S - T B ERMKIZOWT, FlY, ZEH, EEESOTHhE
NEoWT, ERE T CRFEL L THEINLEL, TRETCEHMBHERLELELTHELTRL
12 OREIORTh B, B INAEBIL, ThETCORERERICFREEINIEETETH LD
L, BHESEEFIRDERT
I (B #RUCHEEEL
Lo Tods, 7 7= YHRTIEH
DERO Ve BEET D L KE
L, 5~18E4AEDHKTTIT 105
A& CRILEERM, 11 ~ 184
N7 Hh=29Tholck L, %
72, 1 ~G4ED4EMD S b,
BUIO1FIHERX 0L LT
HE Lo

BRRBLOBENE LV & 60F
¥, MEOBMRIFESALED, r
45° DAfE b OEMTH b
ANB, Rk, SR <
P, Al B HEI ER A — 35 55 —
LTWhEXIT45° IO TH Liller falls
LTt 525, B FI0K A ETOEWEORERE L HRE L OBIR
BT D LASCBIC A £ LY, Relationship between the total amount of litter falls and of

decomposition in Ao layer.
F OB DENEHINEBICRT 5
Ay BTORYHERTTIITTH %,

FI0RIC I T, FEYEOBILERE L Fo DX 5 kliiaR LTk 5l b, &
5T L CHEE SN R AR EEN D D0, TOL 5 RELRTYT Lo EHES TR
e oo

ERLERRSBOBI, TRTUEEYEOE LTI L 45° f L OMlic g Eh T HEHAN
BHoto DI XL, HBEH/D A BHLOWHEORLINHBRHIRAZ I D IR LY
FLTCHED, TOHEARA Y v ACKOTRAE Lot DT LI, AJETONMHK, LD
EEOBME, BRICEDEEESD A B2 Howl Nykvist 1959) 23BIELTW20ThH Je

pasodwodacy
X

o

]

™
(=]
Y

® Organic matter (#/ha)
© Nitrogen (x2043/ha)
© Phosphorus (#§/ha}
¥ Cabeium (x/0Kg /ha)
S Haliem (x10Hg/A2)
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Rt R T 2 0 MHERDOEGE 0B EDOKRFI DN TRD B L, HEWTIL0Y, FHRT
%%, VVTHUY, VI ATIY, Iy I ATLThHote Tibbd, 0ERICHEEIRA
HBY, BRTEOBBILIEZIOBU LN Ao BTHEE ST THEL Tk, A BLLTRELT
WARIIBHEBEOHIOF NI LB R LT B,

7 H =y EEONBNLERMEEL YR ER TRV O TR L (R 1956, K« 25 1937), &
IR OBIE &ML DMIC L QCHFIRE DT Z L ZRT 5L, HibRB oY E
BRENSCKREL, FELLUNZOhLEYEIZORBSN A B DLER~ABBILTL E W
g—-w oy A7 H =Y KTHD SR (Ovington 1959 ¢) &% 1<, HEBTO zh LEHH
DO RBENI I ECHET bR TWB LD LHEIN S,

SR EOHENIEETE 1D, T LDECEFOFEY ST T, SR sRFEL2LEL T2
ThHH 5o

8. LI RITLIEYEDOEESA

BRPKLT DL, £OTTHELOFRY), ERBITWHT 2. ERES ORMN LB TYIR
Thooh, FEEEYBALTCINARERLTVWAZ LIZHLNATH D, T bOBLitMR+5
P COEMHOBRENMCELLE L2 D THA 5,

TEPTOFEY COMBIBOBEN Y, NPHREZHL L TRRE LS ORHEIINTH S,
WTN B L 1000cc FIREHERDBRTH Db Lo ik, EMEEMICTRLBERTEOLOT
Hbo

Carfon s oot e Nitrog %000 0 AR RRLCS CAEEh,

o 0080 s nitEThIE L ERE TR

= Z ' DENMHIFPHCAE {Fo > T <

R B - 7o = OEEEIZIEILE

Mo 6 XA B U T2 FEL
Tk w2 b1 5 CThot,

FRZONWTHBRI LI M
AR RS b, EEES
EDOWTIRERT 2 L OB KE
T, BEYPEROBFIT LI
> LB E R I ot

243 § 24 3

Phosphorus 40 "%i000 g0 Kabiem a0 ™3fi000" g00

6 8gz:-bxm 3 Yy v, AAYYATIRERIER
Magnesium DLEM T Y 5 THBN, EED

s o0 oo’ I & b 75 5 —EOBARR L
¥ T 5 Thh, =75 vy
A, HY T ATIIRRTRIZLS
WHEERTT XL 5 THHH, Ke
& DI —E DL I » 72 X
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U X 5 @ Dickson & (1953 b. 1955) I& X » TH Db b T3,
TEROEBYOERFEIEL L TEREERTHI 1D, ZBLTEITHEBYOER I B 5D
BURTHAH o L L, TRIIRPHTTEANBET 520, FBYHOBRESMIRBL~DOF YD
R L TEPFTOLMBE, TROEEL I - TRELLEL RS,
EBYTROICLIVABODEIOREEEMTHEL IS L L DMEI2RTH S,
BREAKLOA, BABAOREEFRILTL
L—BLTWEWR, W oh0oEH (XRES
18, 22, 23, 26, 34, 38, 39, 40, 44, 50, 51,
52, 81) K oW THAT S L, BEORESGHR

DERITBI L X 2.5% BELELTI\V, B 0

_ wd ypdag
=]
\

FE R CIR 604 R BB L 1obh s C b R D5 K _,

B 2% %I 2ieh oD T, BB LREHTK I @ .

+ekit s RO HERMOR ;RIS Z L

ETE IV, & & TR BT X b 55 B VI I /1
DOERER Y > TA, BRBZEKASL, ABDEX% #1250 ABOE X DRETL,

BIE Lizo U, 4R

Time~Thickness of A layer relationship
(notes : same as Fig. 4).

I0ERFHOHE CRIUBARB CIIABRIZ LA L
b bR oTed 2, ABOEIIMKSZ &
AT YR RKEDR SO TRBRTH S5, BB L LHFOMME L BICKFITE (7o T
[[5]73‘;5) 76

AIRMTCHEC X 2303 DABORESORY I, FRHBEORI L OB LK EEH RN
0.7%CET HHOBE XL RD, ORI OREE T T~Ier, REMWTLHEI2MOT L BT,
I TR AR T - T~ 8em BB L, TOHIIP - < VAL, 40FEEXZL TR
< 10em & Z 2 iZ U icicT Eioys, Jods, HHMEOBMORKEL K 0.2% Thoter b, 0.7%
LWIEIRER LD 0.5 WL L TOWIETRT.

M GBI B D H DI D DI, HEOEEYEOEMAAHMOBEIE LK LTI >T
»BH, HERBORMFTEC L DEBELREV DO LEbN S, LOFIUZ0~5cm, 5~15cm,
15~25cm D3 EThoten b, & RERBLICE W THA XS LTHThEmc s 3Rl
BEBEINDTHS5,

ZDX3E, MHOBLERCRELSOFE Y BTV, 206 T 7em B, 604 TiXA 13cm
BEOABY LoD, 40EMICTELRK6cm OWMMAS - il b, MHEOFHMMELH
0.15cm HHST 5,

BHHIC R Lic = Y BOBMO T ¢ AR 206EH2» 5% bh, 2148C 0.5 inch, 314T3
inch, 1104 ¢5inch W& L7z x5 (Billings 1938) - T, 21~314 DI04 T34 0. 63cm
/year, 31~1104 D80T 0. 06 cm/year ORI e Bo F o JREERI T T3 LT 0. 14cm/
year D4R Lz (Griffith £ 1930),

BB RO X OFH R o e, LEOWH, LYo D4t >T
WY 535 ThHD 50D, MBCIHETERLA, TR LOEIIWTH S HEY TR S8
BEEBLTVHDTHBI ERRL T D,

COXSRAERYOTRIEFVCLHEEIN AL, EBLCREEERIR B, AERHD
WL ER L, ABAEOEHNOMMA TIE, KHoMT I3 L RFICERE L TR & OHMIITE
ENREL LD EEL BB,



55

TIEROREOMRFIIEF L OMEMIEENCLEL LTI »TED, IR OhEEREL R
CTERBLRLZ IN TS, HEIERY LB RELIEE4<, TRCH - TEMBT5EES

HErmTORIDDTHA S,

L, RELesTsEREMMORESRL
AHEBYHROBEIR R Tl ioh oo, ThUL
T DN X 50T, JERERM B 7 B = YA
OBFRKELT- T, BROBEBECEILRD -
REHEIRZERFERLTWADTES I,
TRILERT 2L AR T, 60ELRHELL
WO T 15~25cm BT 300kg/ha % = % fes
oo TOMMIPIBRIC L > TEWH BN THA
50

FROMEHEALI O OHEINC & % 72 5 HEBR
HEBYOEIZ YRR TIRLDIL I Dedh THA
50
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Changes in the amount of nitrogen in
surface and in subsoils.
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EMTE D,
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layer to that in soils.

Nish o7,

Tirdh, LRI TL A FBToOBED
WiEC L - TR Y, AP CRRTT 2~
YIRTIR 70~120% BEWCE LI, 8K, »rv
v AL IR D ER 15~40%, » V) v aikE b
X4y rlhhotco VVIEANLY T A, 2B
FLHV v AOH TS HHOEELRL, ~7
FYY ALY VEDAZRL, YV AIDKREN
-0

TDL5hHEL e, FEYOERERNERBC
HEBRINRBEADLDZ LR LT 5.

ERESORESMIYHOUE, LEOHH
RER L » TR, HYETHD, FBYSLER
BB bEBECE TR Tt DT T,
MR MEN O LA OFER I ERT I
LDTH-Tiext L, EEESTAESCTER
TED, BAOELI L » THREB I, —#i+t
Feh (LB gy 5 T CBEIL, —BIXEY
TR, BWEERK: LTHUOERBLLHZ X
Nabe PE-T, TOFESMIINLOERAER
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HYV YA, wIERYY AMETRECH > THiT 28R H5 (Lutz 5 1951) &3 Tw5%, ALl
AT 2 7o R BER T E O S DOV TIE, BE I LI MEAEZR L, LrL, 18do
BOBFIGEOAREVDT, KSR Z L THORBFH E OMICITE LA EMOBEFRLRAD S
N -7z,

L3 EACBEFETALOL LT, BEERCISEVEOBEDEREDA/NMNCONTHEL
LLBERD B,

BRSO MKESOLIETORE, HERRC L - TRIRIWZEREETS &, BIUEKE
DX IBEKETLHBNHCESKRE Vv ZOZLRE2RTHLNTHEN, ECETh5YE
BRFORORLEXLELT, TEPOGECHTLIESRERD D &, LEPOEFEOKS Vi
Mole Y VTS R Z 2 lsh oo Thbb, HEORTEILEFORECETPRL, £
B2 BRI LT, ThEPWEAFERS L, HEPTORESHEEL D LW HEFEOEHELhE Y
AKELEV, FDH 2, FEL L » TEBLENZINTEELT DL D HMEHFURAK L » TRIX
ENBTHAIND, BBLEHI 23N 00T TH, THRL» BRI TERBL~TES X
b oTiRiel, EBLOLONBOEB L SR TERVWEEREZBNSE, 20X
BHBATE, BRTBEOHNNLAN L BEAMON & OMICKEMCXBGRE VIR ¥, LEF
TOBBORLIIWEOUBERT X » TERSTHA S h b, BEROPMWILANET TRESAD
R EIND L EL D ERIIER, DB,

L2l, FEXBLTOMEB~OFEESD, BEVWHH#EIh3 L, TRHNOBHFELCEIDL
VD, HEC I AEBRIRBCERESMEEL LD IR THS 5,

HAHIK DA0EAE DL FORSITOWT, FIORDOEE &, AWS F CCFELi U TEBLR
HHR XN EYHOBR YRS, che HEFORHREORERDIDOPBETHRTH S,

Tiob b, 40~60EMIT, Vv, AAYY A TRIEFOBIE X YL WENEELI U THERC
HESER TR L, 2V v A, =275V y A TRE LSS - 10 Tia L 4RI
WTd, +ETOERENTD A BTOGEDEGE ALY Y ATELIRKREL, VVYBIRED
¥, AVv A, RIFVTATCERPh ol LD, BEC I HBERVEVER O, |EST
CRBERENEE R EX T B 2R TLTWHLELTIVTHAS S,

Table 7. EHESOBBE L LBROHER, () RIZ0.2NERETHE
Total amount of mineral nutrients that contained in litter fall and in soils.
( ) : soluble in 0.2 N HCL

Stand age 4 40 42 60 62
Phosphorus | litter fall (A) 126 129 176 181
kg/ha soil  (B) 106 (5.3) 55 (3.5) 99 (3.4) 79 (3.3)
A/B % 120 (2400) 230 (3700) 180 (5200) 230 (5500)
Calcium litter fall (A) 843 875 1277 1320
kg/ha soil (B) 436 (191D 225 (128) 675 (328) 550 (353)
A/B % 190 (440) 390 (680) 190 (390) 240 (370)
Kalium litter fall (A) 1015 1047 1331 1363
kg/ha soil (B) 2361 (166) 1574 (178) 3138 (204) 3176 (198)
A/B % 43 (610) 67 (590) 43 (650) 43 (690)
Magnesium | litter fall (A) 192 199 270 278
kg/ha soil  (B) 635 (48.1) 115 (65.2) 905 (112.3) 1007 (112.8)
A/B % 32 (400) 173 (305) 30 (240) 28 (650)
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BUWERLTEZ BRI Y v, ALY T ALV YA, =I5 AOBEASTORNTIL, DX
5 e ER O RE SOBOCA—2DHEESEHERTHA 5 LHEINS,

0.2 N HEEVIED S DI DOWTOREAS T2 A FEOFBELF L LTRELL DN FEISKT
HDo

Phosphorus 70 ™3 /10005 20 Calcium o0 T8/1000°° 200

Magnestum o ™i/j000°¢___ r00 Hatium So_"3/1000% 100
goREL eI

% 7¢ &6 g 2

15 MM (0.2 N HIETVD) OLBpCORENT & L OFERL  CRHF1IED
(P oBFirhs e mT)

Vertical distribution of mineral nutrients (soluble in 0.2 N HCl) in soil and its
changes with time, (on Rokko)

BEMTEO LD TLERBENTEHEROH -7V v, IAv T ATREFOHEAN I DVHISH
bt b, 7YY A TRBEERWVEOD O LITHKE, BLARB» TR » THiNT 2 HA
R LT

0.2 N BT HEOEBESBRBERIEOLDRERTAL, #-T, HBHEF TORIK,
HELB U CHIBIE B Ih B L TEFOER L ORI BERTREO L DOBHFIERTEL X
X, HIRCHLM L5, VYV TIRU~SERETE L, o T, BERLI-TEIS
HEB~OEYEOHEENOBEN L DREL< b bbh, TOZ LIRESHOALXITFLLIL
Tl LRFECHRL T D LE L DR D,

MR OTHRBAENERB L TCE2AREB 5 L TUE, EBLI CTREESNLV-OIRYRT
HBD, TRLERRC X > THRIRENDLHH, HFELHUTOFERIE Z b, EELTo
ROTBREES BRI CERVTH A,

LARTRLANOBBZRETSEROFALRVWED, LEG oG8R L, BERCIDHE
BOEEPINCRKEYEIZE, BERBLEAOEFRI VBRI DLEL BRI 3,

9. % & &

BRI LT BERORBIZ L 3780, HEYIRKRE LTERIRS 0D, A,
FIEPTL I SN L, ERL FEEEMEOR KL R L FFA L THNT AHEAIED b
Too —J7, AL Ay BieaEh 2 EEESBEIERORKBIC L L nEmT 2EHAEAN DB, L
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FIREEND S OIBAFINREVCERE {, FROBBICE L » T—TEDOHAD DML R I eh
slo EWBESORS KL LTOBNLEE(DL 1, HETOBORE YL 5 17T, ZORER
BB Y D—E DRI &R Z78h - Teo

WHECL > TRED O LS BREFMCIEES THELEEOKRE X%, BT LOEVLRYR
BIfRd %23, AKX > TRRHSERFZOUEH OB BEHECHMRL WD LEL bR,

Tiebb, RECEROHHRIINPRT, FEML, T X 2LERAR X » TEAFOKEH A
MmHoL b, HHRRKEZ SN TH&, BHRG FLZGTOLhOETER X - THRANTHEMLT
Wl TRIERL, MEBESDOHERATU TR Z BB, AELTEH0 L orToLgEdAnz T
1T, MoakoRZE e L B <, PBIINTH D, BKR 21 X 86 LR, WEhic X
LPHEERDDEEZ DRDICD, HRARERELI 23T s, BUEKRTE, 2ok
5TcERB LR ENRIESE - T, ZMTO 5 2 THBNRTERA L2 o Tt X 3 iclbh s,

BIERIB T2 R, 20X 3 CWHOBERAOHEOBENCLBEDELBRLEN, ZOr
L1y, —BNCHEREBRI AR LER LMY, Wbtk v T LRE EEREA T v
7%, ERESBEZUIBCHMZES L W3 b HARRW I LR RTI0LEL RS,

FHERYPLEROWINI, RRLCH LR bR Ed, TRCOEMIELETRYER T, £
Fokmic e g, KELKRBLLITHEL L OBRNRERRREL B> T LHEHANRD » 0

ABORET, BB EHLHEEHE CEE 0. 15cm BT, HiiEE 4Tk 2 - 2 EL TR
FTCRATHWLDRIRVERLZLELTHLEL bh i,

DX HEOBRNERIT, BHRAE T, BEEEE I WEOBERIC Y - TEL LRTW
Bo FWT X o TOL b IEMLEY O—TIFIE L THILICE T L, FEMChEs RIS hicER
RMEBES S FHOLEL, L 3N, R IL DIFERY, FhCEE B sd 5 HiHE
O, FEENRBYT ADHTRIFEHL D, BIXFOCER LIRS,

WoT, AWFD5 2 THSHWRBERSEZ LS, BN oWt EEESTh, BEYE
CTEPARTBERLTE D, &2 IERBK 60FEEKSFD Ay B onwThD L, ThETRML
BRIHBYSELS D 0% LD AdBTHIR, HELTwicz kiticb,

MERRENLBSOKREIDECETH, HEL L THRIBR2Z IR TS50, RREEEY

WU TEEORNCESOBER LT o T2 b X5,
DX REERFE L TR ZARRIEERS O LA COREHMICHERELEL, Vve vy
ATRHRFCEBLC L VS ERINBEANRD » oo FERREIRIEE L THERCAEN
HEASEHICRE {, LHFTFRE~OBEN S & VI VAR Y, BUEcRRE~ERT
AAAAHL D EbND 0D X 5 IEbilb,

BIREI S TEBR i b OB B O Wb CORMIMIAE DR L SR L OHAR X - THRES RS
LELDRD, JRILERIL TR 2 ~ 3ECHAENHSEL, HEYOEBIIETL DS T,
M OB R 2B RN L, RECMOMT BRI LT HARS b, ZoBRitHE
HOUKE L HHMELHRDITERNRC—EC L LTEVEEERERE (OR) 18X » TEHTE o

BEWNZ D X5 IOBBRICHE - THINT 5 & TuE, FRIQILEEOEBER L S L VBRSO BHR
L, BEic#m, BAowBinie PERErETs L bh b,

ZORB BT LHEYRERBEORRE L HBYOFHOSMERC L > TIRESL LEZ LTI
HHTHBINTHAR Y, HEOIBERIZELAZMECIAR L ADREN D, HitnHR
WBDL VTR ET DI DENRETHD L\ 25, Tihbb, BN EkE s wE
DRNC & » THBYBHEEDS ML L, SRS FZES D0, MRS HORH
BT TOUMELFLL, FLAREREVIRIORVEWVLZ X5,
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HEYOSMEPTLTESOERLLTlobn b 2 25, BNSPERECREEREECS
FRTHRINCEFELVCROBRD VP LEF CEBLIND THH 5o 1€ TERLES DEEDL
Bl TxZcHEZIRTLE ) BEFRILHMENCHB I, EFO0LRCLNERELSBD
RKBATEELAB L CBIHBERIC L - T, 2 THEIR TR LAY, 2EFORIBEDS
DR, DROLDDOFUEOREBERRSOWREORNPYIRETDDORKEREREL T, wihfkt
CEHBRANIDL B LELZ DD, DX, BWREHERECILIHMEHEORTOENRLD
BEIHINDGIDODLEIRELLNDLD, CRIIBEECIAERLI > THXLbR TR, L8
MAREBHRLC, BHAXELHROCHEIRTWS 2 W3 RN TE IS,

By i PRICE T 5 O LB ERE, BEMHMOBREL R TR, BEHHE SR, Jenny (1949) ©
FHERIC 2, ERMROKRKET 7 < v KT, Ay B T2, 0~25cm FEO-EhDHEY
R TBIE, 0~60cmFEEFTHL LB LNIBFLAETEIN, HYOREAXLELTLIEDLL
z2X 5,

OERRSREIPNZ IR E, o TMEEATRARIZEE RS L E2 bR, HMFHELRTR
Bl FERBTCORBYREN S EN D TR, PHRCETHIORRWEARZSLELTE LE
Bh%o

o T, BRTIYHEDOHRIE TR PEIREBAEEL T R AFFIT, MR E
FNIOHHIZ Y, COZLRBEETHD, HL, BREIRI-TZOREAEIND L, HEES
BLTRZDYEBRROREN N, HOIhYRETLIOCHMOEARLEL L, LHRHENTR
Bz b B THA 5. BERYLERIBRIR LT I - ThRxbNIcE LT, KEOHD DR
T X o TEET 523, MRS OB EEREROKIZIETC L » TUTR I 2 2Lk L
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Résumé

To understand the close relationship between soil properties and forest vegetation, the study
on the process of the soil development with the progress of time or with the development of
vegetation is needed.

In this report, the relationship between the time factor and the forest soil properties, namely,
the amount of organic matter, nitrogen and mineral nutrients are considered.

The studied area were the erosion control forests which widely distribut over the Setouchi
district. The mother rock in this district is granite, and the mean annual temperature is about
14-15°C, while the annual precipitation is about 1000~1500mm.

With the development of forest vegetation the amount of organic matter increased with the
progress of time, in all parts of ecosystem, i.e. trees, Ao layer and soil.

The amount of nitrogen also increased, but the results were not so definite as compared to
that of the organic matter, because the vegetation changed from alder which were planted
at first and has root-nodules fixing atmospheric nitrogen, to pine.

On the other hand, there were no definite changes in the total amount of mineral nutrients.

It seemed that this fact was due to the difference of the circulation system of each substance.
The circulation system of carbon and nitrogen through forest ecosystem is open, and so forests
take in carbon and nitrogen from the atmosphere and accumulate them in the form of trees,
Ao layer and soil organic matter.

If the rate of accumulation is more rapid than the rate of loss by way of decomposition and
respiration, it will increase the amount of carbon and nitrogen in forest ecosystem with the
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progress of time.

On the contrary, the circulation system of mineral nutrients is closed. They are absorbed
by trees from the soil and are returned to the soil in the form of litter. No quantitative changes
in forest ecosystem can be expected by this circulation.

We may conclude that forest ecosystems can accumulate carbon or organic matter and
nitrogen but cannot increase in mineral nutrients.

Preciely speaking, the circulation system of mineral nutrients are also open, because rein
water contains some amount of nutrients, and the weathering of rocks in the process of forest
development may occur. On the other hand, forests lose mineral nutrients by the way of
runoff water, surface erosion and leaching.

The rate of loss of mineral nutrients may change with many site conditions, therefore, it
cannot be concluded whether forest ecosystem can increase in mineral nutrients or not.

The increasing process of soil organic matter with time can be expressed by the formula
of geometrical progression.

Soil organic matter increases rapidly in early stages, but soon the absolute value of yearly
increase begin to decrease. It decreases with the progress of time, and finaly it reaches a
dynamic equilibrium.

The amount of soil organic matter at dynamic equilibrium (Sm) is decided by two factors:
one is the amount of supply to soil (a), another is the rate of decomposition (p): Sm=a/p.

The rate of decomposition (p) is the key factor that decides the amount of soil organic
matter, because there are no remarkable variations in the amount of litter fall (amount of
supply (p)) in the closed stands.

Therefore, the slower the rate of decomposition, the richer the organic matter in the soil.
However, on the status of dynamic equilibrium, the amount of supply and that of decomposition
are equal, and then we find no quantitative change in the amount of soil organic matter.

Nearly equal amount of mineral nutrients which are returned to the soil by litter fall may
be decomposed or mineralised in the soil and the circulation through tree and soil continue to
be the stable status in the dynamic equilibrium system.

It take a very long time to reach the equilibrium. In this resarch, it is estimated that it
may take 80 or more years to reach the equilibrium. The slower the rate of decomposition,
the longer the time necesary to reach the equilibrium.

The source of organic matter which is supplied to the soil is litter fall. It is accumulated
on the surface of the forest soil, and the gain of nitrogen also mainly occur at the surface of
the soil. Therefore the vertical distribution of organic matter and nitrogen in the soil begin
to change with the progress of time.

It contains a very small amount of organic matter and nitrogen at the initial stage, and there
are no differences in the amount between surface (0—5cm), subsurface (5—15cm) and subsoil
(15—25¢cm). But, with the development of forest vegetation, the accumulation of organic matter
and nitrogen mainly occur at the surface of the soil and their downward transport are very slow,
and then the decreasing gradient of organic matter and nitrogen content with depth began to
increase with the progress of time.

The vertical distribution of mineral nutrients are more complex.



The amount of mineral nutrients in the soil were not so small even at the itial stage.
With the development of forest vegetation, they are absorbed by trees and soon returned to the
surface soil. This circulation of mineral nutrients by litter fall must have some influence on
the vertical distribution of mineral nutrients.

The substances that are scarce in the soil suffer a more severe influence on veitical distri-
bution than the substances that are plentiful in the soil by this circulation above mentioned.

In this resarch, phosphorus and calcium were scarse in the soil, and the total amount that
returned to the soil during 60 years were about tweice as much as the amount that was contained
in the soil.

If the rate of downward transport of these substances is not so rapid, it seemes that they
begin to be accumulated on the surface soil, and the decreasing gradient with depth begins to
increase with the progress of time.

As above mentioned, the forest ecosystem is able to accumulate organic matter and nitrogen
in the soil, and after a long time, they reach the dynamic equilibrium in quantity. On this
status, the circulation of substance through trees and soil is in stable status. The equal amount
of substance that is returned to the soil by litter fall is decomposed in the soil.

On the other hand, the forest ecosystem does not always have the ability to accumulate the
mineral nutrients. If the loss of organic matter and nutrients occur by clear cutting or surface
erosion, the amount of the loss of organic matter and nitrogen will be recovered by the devel-
opment of secondary forest vegetation, but an amount equal to the loss of mineral nutrients by
clear cutting may not always be recovered. If the mineral nutrients decrease in the soil, thire
loss by surface erosion may increase, because they begin to accumulate on the surface soil by
litter fall.



