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F1E Fiw

TP OFE (L EAEYE, WHEWE L IEEEWE 022010 KE (AT
bNB, BHEWHL, TEARUIRECVWEAOMIIRINESHREERGLE
REPLEBRENLEFFEEYOREWTH Y, WBBTE LG o8
TREHEY TH HGRIE 1984), — 5, FEEHEE, WY, BB L OME
WORFYRAHEYIZFICHRL, HEVEEL2ZTFICLERICRE SN
LEBWOREWTHY, KA, TI/ M, FU0H, BBE, V=
v, B, BmE, AVEY, BIUERELZY, toBERSINIIE S (Tan
1986) $7:, CNOHLOHHWIE RN, BEWELRBELT, 2058
Kb oo, BRLERTHLEEZOND, LI, By FRERE, £
BAA Y EORIRMEOBVANVEF T VE, 71/ - VIKERE, BLUL/
—WHAKBRELZEDBERERE L, KBTS -0 MENO B F
s, FFICHELWE TH S LE 2 b5 (Stevenson and Vance 1989), A&
AT, BOTFEERORTH, 7TI/VBR 72/ - MBRLR LD b 1BE
W DA DNE < (Stevenson and Fitch 1986), 6412, 7IMI =v A, B I
W EOER ORISR, & B2 ERERCH 20 TIRIGE 7 VR
VERCEBRL TR RIT o7,

T—1 &% FEBES VA BO LIS TOERBTE & BEE

{57 1-BERf i 1 )V R » B (low-molecular-weight aliphatic carboxylic acid, LACA&
B, HETECRHM gL OB 2 RERICEREMICEEL, B
B LEOME, & OEBERAEYECRE R EER5 2 AWETHHL
ZALNTWE, 2CTFY, ThETHLMIENTEZLACAD HIEF T
DIEFGERE L BRI oV TR 5,

ATFFETH R E U7 FRARLBE b DRS TR IR 7 VR B (LACA)D 4 Biae



T, FORRIFE LT, ECHEYLBERDLIORRE(FT HZEFTES
(Stevenson 1967; Stevenson and Vance 1989), #2251k, MOFUHEL T, &
HVIETERSE - B FRE T LMBEHE S OORNE S L THEP IS
Nh, Tz, WHREPLKHTEE UTHEpORLEIrb OG22 £2 00
% (Stevenson and Vance 1989), —%, #AEMD b3, UHEYD L L TLEPT
HEBE S AL B (Stevenson 1967), S HIZ, WO THETIESH 505, FKPICFRE
X UBEREAYE TR AP 5 1988),

YR O OLACAE, TRBED ) VERWTHELERET LD D
EEZ LNLIDILE DN ThI T, REZIE, ) UVBRZEETOR
74 bV ¥+ A(Gardner et al. 1983), 7 V7 7 )V 7 7 (Liptonetal. 1987)% ¥ DHL
AW ORPE 7 T VER, VY IRBITaINIBOBRBFRD R, F
7z, Hoffland (1992)1%, 779 FR0o0 7 2 MBI v IR EOFE
BB AS, U Y EEONELE NS5 FRE LTHFBLEOREIRKE N
ZERMELS, —F, KEHEY T, Y~ TH > (Banksia integrifolia L.£.) DR
P HERR SR L L L CHIOEL  EOBED s T VBB L) Y TRA ED
HHERR % 81 T & (Grierson 1992), B O~ Y O LYW ORI ERE OFERE
LY R EFWT A T & (Smith 1969), 353 o 1t & (Betula alleghaniensis,
Fagus grandifolia, Acer saccharum YO AR O Fr et iz 13 730 1 12 & B O BERR,
Vo, JLVER, TRVER, UNIEBLUY) YORTET I L (Smith
1976)7% EWEE S LT B, F 72, Pohlman and McColl (1988) 1%, %'/ 7A€
I, A HAETORBEMBREWEIIOVWT, YavlR, ~LIVER, 7
JZy Mg, VY TBBIU T RIVBRORE - EERIToTV A,

WAEMONHED & L CAEESLILACAIKDWTIE, #OMESHE L &
KECL > TRL DI EIEBBENT WA, Stevenson(1967) i, FIRE A EICHE
HRULACATH 5 Yk, BeEe, v+ VB, ML CR4EEL, RKERIE



CAERULACATH 5 v 2 VBB LU L VBB EET S LT d, &
72, Stevenson(1967MiZ & i, AP EICHMAB L THRRKEICLI T, 77
R, INJERBIT Y IR EIIRINEIIC L » T, BEERA Acetobactert & o
T, 7 I VEEH AspergillusX° PenicilliumiZ & » THEBE SN L FERINT,
F72, VARBRELZEUZ CORREFEEO 2 vBREEL, o 7BA
Vv b s DTHIR- B RIS SR AT A O L (Jurinak et al. 1986), 52
S A F 3 K4 F O Hysterangium crassum O v M AREAREIZ LV a vy BRI LTy
LDMEFET B T & (Cromack et al. 1979)7% &5 b7, —75, Berthelin and
Belgy(1979) i3, MRERMEHT O b 5BOME, & { iZPesudomonash % 8D
DAy ERRAEET S L 2 HE L, Illmer and Schinner (1992) &, 1) ER
IBEABT 58 WEEN & R o 72 20O W K(Penicillium & Pseudomonas) & FRFK
THE,LHMEL, FACOHMRSERPICIVI VR, ARBLIU I L VBR
BT s &+HmELL,

O &I, FARLETE, HREHEROMWIR, EYWRRPHALYOLEST
DEME, BLTENRLICKE CHEL RIZTHAEL EOBEF)S, LACADLE
FTOREELEZ L LTHFICEETHELE20NE, & {IT, LACAIIM
HEYHOZELRZT LN LWHETH Y, B4 2 BERRENRE L RKEI
HFHRLLTHwLORLZ Edh, GRINGVHETH LI LFBEHES LT
% (Wang et al. 1967b; Stevenson 1982). - C, REPDLACANE, HITAMEL
SROFEIREO TICFET S EEZ O, HEPIHEEL TV 3
FyEV & Z 2 6 R B(Stevenson 1982),

EZAT, TEFOLACAE, FLOMRBFICLoT, XD LI ITAE (3D
DBELTHOILTEZ LTV,

TTHE—IT, LACAR, s$iE b L 7o b it EL <, 9k

W, B0, &8% YO (Sevenson 1967; Pohiman and McColl 1986; Manley and



Evans 1986; Pohlman and McColl 1988; Leyval and Berthelin 1991), # :m:ﬁf ) T
IV LB EDEROBE) - £1E(Stevenson 1967; Evans 1986; Hue et al.
1986), HEMDOUHMEBEITLE TH AHER, 7% & OHWIR~OHE (nskeep and
Baham 1983) 2 Kl KX LREZ RS L TWD, ZO LI RFEDITLE A EH
LACADSEAETEREEICEH LTWADIZxt L, Manley and Evans (1986)i%, A%
BMICLD2EROBMIE- T &Nz 7 v Iy AR, SERKRELD
bULABROBE L OBENFBVELIBHEL TWwb, £72, LACALT VI =Y
b R E OSEREEIL & £ ORE) - BB, RFVMUERCEENLEE
RANZAADIDTHDEEZ SN TW5D (De Coninck 1980), = 5142, LACA
&, T IZ YA BROKBILHOKBRECR T ZLIZEY, T
LADNKGBEIC ISR L5 2, & I D VERIST VI = AoKER{E Ok
s fLED D VIR AR O RAFIEOZ/AEF|ER 23 & (Kwong and
Huang 1977; 1979a; 1979b; 1981), 7 T VB L NBELEELS, H 245 E OB T/
ThIZOAEVOEE, BUSN—<4 FOERTRE - REfbt a2t
(Violante and Huang 1984; 1985), 7 T VEA L FOxI 7V I A4t b
AN ABRLOMEERICHEL, SEBME7 VI VA BRESYTHET
W72 rBILUAETTT4 POAEBYHET ST L (Inoue and Huang 1984;
1985), 7 ILVERAT VRIS A FOBEADE FOXRY T =7 ADIY
FwiRAET S T & (Goh and Huang 1984; 1985; 1986), 7 TV EEA L ¥ F & o4
A POHERE REMICR X 2REI% B2 & & (Krishnamutri and Huang 1993)7%
E, TEBOM I GEYOEREGEICEREERITT IS RE IR TWS,
I, LACAIR, TN FRECORMFEBREIGICL b, WO
HEE ST D AR (Stevenson 1967) RHiERIE - ) VERIEA A v OB T =4 VD
WAL L UBIREICREE S RIZL, HENTRETOMENEBREOEMLICKE
B AEE R 7Y (Stumm 1986)0 & CIT, Bl T, BARTHICL 5 P



DFEEE A 4 Y ORFICHEY, LACANLIET TORBES 4 Y OBBICHE
P RITY 2 & H%EH 3T v A (Gobran and Nilsson 1988; Inskeep 1989; Evans and
Anderson 1990), ¥ 7z, {EMAEEIN L D791, LACAD AR FUS & BT
FREIGOEESHLERICE T YBEURILT 22D HEESATVS
(Schwartz and Martin 1955; Fox et al. 1990; Hue 1991; Fox and Comerford 1992;
Violante and Gianfreda 1993), 72, a2 VBB L7 T VBRI, TIEOHF 4
YT ARG A EYEZ AL 00, WO hTF A VIR HE
I2dh T hkE v A HE & LTV A (Kuiters and Mulder 1993a; 1993b)o

B, LACARNWER(ZV 74 P FIINELTHE, & CIEREN
LACATHHER, MBREB LU 7ot VB, LEFMAWN THLHEUE
%412 M BE & #1(Stevenson 1967; Rao and Mikkelsen 1977; Lynchet al. 1980a), % #16
DLACAZ, A%, AX¥HLVETA X EOBROMELHET LI LHHL
NTv> 5 (Lynch 1980; Lynch et al, 1980b), & <IZHARTH, 19504E400 5 1960
FAUC P C, BREUEERIC XL KEROH RRERLESHRDHEIZOW
T, % OIS ITORI2(FEH 1958a; HFH1958b; #EIE 1960; #LIE © 1960; HMG
1961; LLAR - 1EHE 1966a; [1IAR - 4E7E 1966b)o



12 FHERLEROESFREBEALVE CBOBEICET SMADHER

LR OIS FRERIR 7 VR BR(LACAY K, 1 — 1 BT/ & S 0S5 Hk
ARG CBRT O LS DMRBICLIDEHIATHEdDD, £0
AR FEROZ F, EBEOTEPTORLEE, HFHEEE, BIUHBEZEL
TV WEERNPLIFLNTLDIDONEWE W) ENS 5, TEFOLACAL,
HREE TROBITHEIREEE U THEES LIRS RES L, £LT, £
DEEEE, BELZEEERL TSR EE Z 51T 4 (Huang and
Violante 1986), RAIMIZ 7z 5 TIEAER L HEOFEEE K RITT LACAD T E
ZIRANBHINE, EBROTIEPTORILE, FEBES JUHIEFAHL MM SR
TR R B vy

ek, HETE, KEIEPOEREGERIIOVWT, ToEREP LEAN
DEEEL EZHTAREFITOLTELD, FHRLEHOLACAZ EOH R
BRICOWTIHIZE A EIFREBID v, iz, FESLEITD, 195084805 19604
P T, FVva—ADHEAOGN - BREE (Schwartz et al. 1954), 158
HEEBROERIEDOREF (Wanget al. 1967a), ¥ b7 F PHEEOKSEELRIC
$ 5 TEADORN - BFEEB(Wang et al. 1967b) 72 EAThb /-, EBEOLE
BICHFETHALACAOERB LB 2 Wis L22BliIRIEE AL v, 2L T, &
EORMBHRN TIE, 77 Y ADHEKLEERHDLACADFIERDS L HIEAT
MEFSI N, TEEEERACEHEROEICENIEROBRAS > b s gl
(Bruchert 1970; Bruchert and Vedy 1970)2%$H 57217 TH b,

T, AFRICE o TROGERMCEELZERELCOWVTHE, 1950805
1960FERIZDTTORKRT, SISV ax 7S 74— %0 HEELT
HAwizEgEsmaiah, HEMbEomEe LCid, -7Vl A4
VAT EHRB LN (BEH 1958a; HH1958b; il 1960; ILAR - R 1966a;
IR - P28 1966b)o SIETH, G HELLTHAZ O 7 74— (KK



5 1986) MMk 7 U< k75 7 14 — (Lawongsa et al. 1987) & J] V2 72040 0YT
b Tvd, FEAETE, HE, L7 AVAERECBVT, FKOME
& B2 Hil L (Pohman and McColl 1988; Fox and Comerford 1990; Tam and McColl
1991)35 & (FFRAM A H8VA W (Hue et al. 1986; Fox and Comerford 1990; Tam and
McColl 19D E FNAMSTARERICOWT, BEWMAIr O T T 7 1 —
T HW- A Tz, B2 E, Hue et al.(1986) 4, Ultisols?) -8k (E
F&, EBRE, BER)IZOWT, BLAMBEIC L » CHERWZRML, UBE0E
7w WAE R, TMBRICHER L TRE LT Y VO 21T 272, Fox
and Comerford(1990) {3, Entisols, Ultisols3 £ U'SpodosolsDHEFEMFERE L L U+
BEEREL (0~ 1Sem) I DWW T, AR (pHA3) 2 N2 CHE L, EhB X RS
Lo TEMLAERYURLAY TNV E S8 L7 s Tam and McColi(1991)
i, Alfisols O HEREBE HUE O FFHZ D W TIIFHHRERPH3.0 £4.5) 2 A - B OE
M2 O RL 2> 7%, TERENE~6em)il DWW TIAFHHEEL(pHA.5) & I %
THeE 5 b L2, gLy rIvg, #heh, o7, L
LA G, LRSI, BURET, KO0 IEER LV LN
DI FEE TORMMB A E L EFR L > TwB 012, e ROM A HEE
VELVOPEETH S, &I, HEPCOLACAOTEREL ER L H
HHDBROATON TV 2w, BMRFHEBOREIZELEE R 5,

T/, RWFFEECLY, FAE EBEIT o RLACADTEHEN R 52 L B
EMThHb, ThETIS, TEDLVIIHBERBPICEES NIZLACAE, K
FUOR LA L IC14BETH Y, Bosilind 5 WidiEy 1z X 08 45
W IZEE S N LACAISTERECH 5, LACAITLEWT, 1 - 1—1HHT®
Nl LI, MA BAEBGEREY S L0, FOMBEFSIKICELZ EEHAIC
FHTE L5, FIRTHE, FUIEHCOBRFEIFFIRETHLLEDLE
BEFE W,
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1—3 XHAROCEH

1 = 18 Cal7o k902, HRLIBHICHAET 2O TR R A VR B
(LACA)E, FOBEENLIRIC R, HIEARR EOSEME L UREY
PHIDG R DEBFREIVI L5 ) B2 v LACALL, SARLAREX &
ZALDEAT D EEB, FERICOMEINGVIHTH Y, EELFHBOFE
FARAEDT T, 2O LEPCOHRER, FAEBES L UHBIEIRE (EBT S
ZeTFHREND,

Lo Lah s, 1 - 28 CIlR<Z L9112, BHRTIEPROLACAOALE, #
THREB L CHEICOWTWE, WERZLCHBREINTHLRWVWOPRERTH L,
YOV, BEOBRLETOLACAI DWTOFRFIE, 13 AEHEEL R
W, FRCEIBIZBITALACA, R, EMdHA), B EO TN T
RRICT L IEBOMBEIC Lo T, FARAKE T FORMDENICL -

, AFTER, fFEREL LRI ZNT2Ex b5, ThLEDZ LN
LAMZENLZWVIRY, LACAY BN HROBUH L EICEoRERE®
EZSoMEiHEiT 52 LB3RTETH S, 861, RIFETHARIZLD
(2, BEWAE)C L AKRSRERRENEL, AT ) HETRE AR O TR &
TEAR U b e & O YEVEDOEALY, FHR LR O LACADEEEIZ KIZT
FRIIOWTHE(HB I TV W,

AT, L bR wSOhoMBEATERE LT, HKHEICIBY 5
LACAD MG E BB ZHOMIT AR HME Lz, 2020, 37§~
, FRRERPCE I NS LACANRRN e B YUY AL HMEL
TZEE2E), &I, TOFEBERLER LM, fbEdosiEhhE
DIz OFMLE, B & ORI LA RIBRA oM Lk OIS0 TRET 24T
v, BI-HIRLZALACAD S L, ChF CRESNIZHEESEVI0EED
LACA( ¥R, REER, Tm 4 VB, BEER, LB, Vo vB, 7YNUVER, anz



B, U T, sxUEREE - ERTAILEHBLLL, £LT, 2O
K%, BREOE A RIS AFASEEE OB FIRRHGEHE L, R
TOLACADKE A ZF WL P ILT A ERETORME L, &, RE
OHFEMTEOTELMEREOTEM Th D, BFI LINHICEES B), BHEHRK
WIS 4 8, RNV VT INTEGE 4 2), REAMTEE S E)DEET
W TR E Lz, 351, REERKZ TO2BMICOWTHE, HARAE
PERICTHTERE T IRIL, LACAOEHNEHTHOMIITHILEZEM
L6 B, £/, IhH OERITE G 5 5 N/ZLACAD 54 & KBS
BT 2R BLUMERPHRIET 22 E R HIIC LT, HEREHRG RO 1EA
O - HECE D LACAO FEBNZEHII DWW TOBENE T IVERR{TY, L

EHOLACADEFERE 2 XA TAETFIZOWTHIR 2470 2205 7 &),

-10-



28 LERAOESTEBENIVECBOERX

HIEE TR 72 X H I, FREEDB L b o Bk g b o K5 FBaRiRE »
NVEVELACAIZDOWTO, FRNZERENERLZELINATY RV, & ¢
V2, EOIAEAE R BRE Lok, M o SR £ 0 72 0 ORI,
BIUBRHIILBBEREOMEL EOHIIDWTDRAIVETH L EE 2
bbb, £ THRETIE, (€8, RETITOILCELKETBDOEBEEDE
BEEPIRL, KRR TR SN 2EREICOD VRS, #BARETHE -

Ewm L 72 10EOLACAT #2- 1127 L,

2—1 EREDOH

2—1—1 H{L8E

KB CIIHERTEOBMRER 7 LANBORE 2 AW @HIZ3I — 1 &
2Ry, CORMIAGBYERI® , BAEAMTEWRELZE T VI DY
b GKBRIMEDS S W DRERIACARD S, EEEOHELHENID 5
R EE L ER GND T L, T, FEARSEREATHMEETOELR
B UTRILR T W &S e BEOREITEEL 72,

2—1—2 HHMEAEDSE

KELEFDHEERICET 2EROFEDIFIE T, LACAOREIZH 72
D, BEE L TEECM LR, MRS LTAB L UFHRBRIAV ST &7
TEESWEEERR 19700, LA LA, E1ETHERALH L, LACA
HAFEN L BRI L AR RT3, REAERIC L 2Es JUEN
FAPEC BBt HICEL NS, FHERE LT, 100 REZE
COWTAMAEDERIEI > THHTETVRELEZE A, WERAESB

-11i-



iﬁ%@%ﬁﬁ%b%ﬂttb,*M%Tﬁ&iﬁﬂ%ﬁ?%:éKLto

AL TE, FEEEBIICERZIT) 201, ERIE, KEBHHEER
VR L ORAS, REEARER L S UaF BRI U CIZ0SNGRERSH WL LT
Ao, L L, Wik, HEOR4 AR - BEES RN KE (&S
LTSS L, £ 2T, REEETH, HRLD bEVWEMTRREEN L
BEHTEHFO0 mol/LY VIR T AE T vy A UEERER pH)E, £
LACATi o7z il & L THWAZ Lz L7z
2—1—3 R4 OE IBROGEH)

MMHEEPICET A2 W, TUHI VA - ROKBRM L Ex2RkE
FBED, LF0.025 . mDI Y RT I4 N F - HOTRAAOE LR 72, &
BMEMESHEOZETIE, FEoY O VESS MYy AHBEIC O W TTELS
BEATH %, COTANy BT LICL), MEEPOT VI A
SEAS~10%RAT H &S X472 (Schuppli et al. 1983),

2—1—4 PVPIE ({LFAVEER)

AIER E COMMIH T, LACARENIL L, ¥ LFMWOLENT T
¥, SOIALEN 2B EBRIVEL 25, & I VEREE W OHANL
i, 7VKABBORBOET T EATVWS, FITEY, Ky vday ¥
~ (PVP & B&§ IR (G.AF. Corp. Polyclar ADY: flvwWi-Eoliar&d 7/ —
A E OB FPVPILHE L BTN DWW THRE 21T - 72, S OPVPHRIX, +
B DI VEROMEZECHWORTETSEY, 72/, AT/
W, FEENVEVRE EOKBERL IV RF VAL RERETEETS S
WX oT, ENLZFRWIIIET 5 EPFMES LT 5 (Lowe 1980)

7 VRBEOPVPILEETIX, BE, 77 AEFEHI L TWEDS, KETH,
LhEEET 272003 FETT o2, PHEBOHKR, MM HEI0mLIZ
%t L CPVPSg, & M0 THE 2R bz, & BPVPHRI
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iz (Lowe 1980) (296>, & & > LOMERERE & A KEML T ) & A KT
WiEL, A Ya Lo THIPVREFERY RV b0 v,

PVPALEID R RIZOWC, Bt L8 & O % v TH<1 . PYPAL
FR & RACTRIC) BRI T 28 A D @, 2000m 2 6500nm $ T
OWEIBUT LWL %, DVCHERFHHITACHI U-3210) % Hl W CIE L7z, K
2-1(b) IR L7 IR E R AR OB CH & 2% X 912, 200nm 5
220nm P DLHEREFHIRTIEH T VRBEOESA S v, FhLE0R
EHETIIPVPALEEZ AT ) S 212Xy, IREEPELETLE, 72, B
2- 1@ 2R L 72K T O 3 S H IR BB T L,

X517, PVPHLBEE & RULBHIEIC DT, KEREICHE - Tl - HRE 4T
WEEBE U NG T A TR AT o 7k R, 221 R L LS Il
LRI ON, Torav TS A, ) VEREERHBHEIC OV
THHAY T AL BATHONLLDOTH D, HEOPVPULEEETT o 12 fit
AR L, SHROPVPALE 24T b o MR BEHOZ L DOF v — P 2T
HE&, PYPRMRIZE Y, N A5 Y3&Elbl, R~ 2 blrESNDL D
ST oli. TOLD BEIRE, KMHOBA DEIMKCEDL L,
2—1—=5 I—FIE-REGHE (L2 EH - B

PVPILIE L 7L DWW, S HICHRLBHEZT ) 201, 21— 7 Vil-
HOEBIE 217> 20 TR, B3k, KHEIEPOFERERIETHITPRT
BY (EBRESREEERS 1970), A THW2ES LR - A (1966b)
BHWELDEBHEII L, COBBTRRIATA v I AF~F -2 HnT
MLENEBEA LTV 2 OMMEIHRTEC, & 5 ICARBFZET s E
Bt &DA s -5 -2 Hwnlcizd, g LI e T) 2 & 07CE 72, Hueet
al. (1986)i%, Ultisols?> & 300G BEIC L o THRI L - R H %, SRS T 2
L Lo TREEL TV DA, KW TITo 2 TRERR T, BETRICLS
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AR TIIGEY D EHF IR S B o, B T b TS T -8 D
T OB TEZEL RIZT LD LR, MIBEOBE &R AT
BT =TI L DL Tndb L E R,

2—1—6 HFA+3TH (LERAHER)

LA = O OB R Ok, KERIE S MUY AOTFAE T CMHI AR 4TS
2%, LACAH P U AREDORCHE S, THZ2mLoMMAKICHIERL
R 1572, COBRMEY, 52 LOMEERB L UHMATHER LY F
AR — ) VBT LI EY, SR LARERET LIS R
Brd L, LACA%Z /0 b XHIZ L7z,

SO AR T SR AR & AR P OLACAOBE L2 F2210R L, S B
DL, LACADRAERBNE 2 H VT, PVPALE -5 )Ui-iism,
A F A RO —HOFR AR - BRIREOOISE kKD, Fhicz—7F
WV -HOERIN A £ H40BOBBHER LI DY DL L ICL o THRLAL
HTHDH, THEII, WTROLACAIZDOW THRIEOLZI RN E {, Foxand
Comerford (1990) 35 & UFTam and McColl (1991)4%, AT §EdH 5 v 13[EE T AE
PEHERANARE S LEZLACAIZ DWW T HBEFAREE & 272,

2—1—7 BEBEIOY NS T 0—I1T& B398 (HPLCHH)

HPLCSMTIZIR L, 4fEH O N 7 22O W TLACAD D BRE Rt L7z, B 5
Sid, HR2ZBEI(TSKgel ODSS0TM, TSKgel ODS120T) & A F V38 A 5 L2
FEF (TSKgel SCX H+, TSKgel IC-ANION-PWYT &b, &THY -HEOH T
AWz,

EEHOYMHAD 7 H1EEL L0 |2 VRL 2 10FE8EO LACA # P#ET 5 &
EDHRETH o072, & {IZTSKgel ODS120Tik, VA DA O HE - %
BEIZOMHOLRTED (BN - L& 1986), ZEHEOHEBROEIFESHTIZHEL T
Who LPLaD 6, KREBEDCHERAICLLA 27 TN hEOBEED
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EU@T<,itﬁﬁ%ﬂ%%wﬁmtm$@%&ﬁﬁ%T%%tbm,ﬁ?
AMICOMBEEREE T & L0 MENRD bR, LY &S LEmDS
BEIZ@E Lo TSKgel ODS80TM WA Liclz, £ 2575, FERSICHEA1E
LR EE RN LS, M2 3@IiR L X DT, kil - ) R
i & b, —FRMCE KR -2 L, Yav Bk, ¥R, ) VTR
DY =7 DOFIEVPATRETH -1, HdTEPOLACALUA D ESFILE
W, Bl TR T I B EPERBRICETR, h T ADOF TR
AShA2Z e EBdL, LabHEAMBENOMMERF2100mTHL20
2, ¥=2 ¢ LTHBELAEbOTHLEEZZ,

FIT, RUWOLE G L0, BRCEEMRBETRIVWLD I EHPTE
HAA VWA T LADOPEHIZ O T 2 o7z, 2HDAF VY ZRAT A
M5 %, TSKgel IC-ANION-PW [XACE, AT —A VT A S LA THY, &
MWD T ria A LaBELYE, SHEBEOLACADSHE
I E WS EBG o lz, —H, TSKgel SCX H+iX, FERR @ 5 I EIR
Ve $Eo/lcs, LEWIL L D REPAR W ESRESN TS h (B - LB
1988), 2K 2 MBI HER L COBRELTEO LR, B2 PELLLD
D, 10EEDLACAD ) LML T 5 ZEAMERTH Y, & CILUHRA
FATHEENHEETH ~72, Yo7k, FE )y TROY—-I 3BTRS
TENTEL, KRR LE» SH/L- AR50 LR, H23b)IRY
Iy %ra<w b VT AREBLIENTE,

Bt Z &b, HPLCAM ISR EH O h J & L 2BRE BN G 26T %
LWL, CORE, MHARIT LT, BER, YUt VB, ALE, R,
TINEE, AINCE, JTUEEY, A4 VBRI AT, FEE, BEER, TuE
AR, BEER, Lo oE, ) VIR EAFNE -2 ELTHET 5 LA
BE& e b, FNTRLUI0EBEOLACARZERETAZ L TEL,
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Table 2-1. Low-molecular-weight aliphatic carboxylic acids (I.LACAs)
identified and determined in this study.

Chemical formula pKa*
pK1 pk2 pK3
Formic acid HCOOH 3.752
Acetic acid CH3COOH 4.756
Propionic acid  CH3CH2COOH 4.874
n-Butyric acid  CH3(CH2)2COOH 4.820
Lactic acid CH3CH(OH)COOH 3.858
Oxalic acid HOOCCOOH 1.271  4.266
Fumaric acid HOOCHC:CHCOOH 3.020 4.384
Suecinic acid HOOCH2CCH2COOH 4.207 5.638
Malic acid HOOCHCOHCH2COOH 3.460 5.050
Citric acid HOOCH:2CC(OHYCOOH)YCH2COOH 3,128 4.761 6.396

*pKa. quated from Chemical Data List (Kagaku Binran in Japanese) (1966).

Table 2-2. Recovery of the procedure for chemical purification and concentration, and
comparative ratio of amount of LACA between treated analytical sample and crude extract.

Recovery (%) Comparative ratio
Formic acid 80,3 32.1
Acetic acid 1179 47.2
Propionic acid 71.6 31.0
Butyric acid 65.6 26.2
Lactic acid 494 19.8
Oxalic acid 50.6 20.2
Fumaric acid 80.2 2.1
Succinic acid 504 20.2
Malic acid 224 9.0
Citric acid 31.1 12.4
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(a) Ultra-pure-water extract.

Absorbance (abs)

1 ' ' ; ' T " T ‘
300 400 500
Wave length (nm)

(b) Phosphate buffer extract,

Abscrbance {abs)

0 ¥ T T T I
200 300 400 500
Wave length (nm)

Y 1 Y ™ 1 T T T T

—— with PVP freatment ----- without PVP treatment

Fig. 2-1. Effect of PVP treaiment: A comparison of absorption curves of crude extracts
obtained by (a)ultra-pure-water extract or (b)phosphate buffer extract from Ah1 horizon
of Wet Kuroboku soil with and without PVP treatment.
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FONVEHOSaY

20.0

TIME

with PVP treatment

----- without PVP treatment

grams of phosphate buffer extract from Ahl horizon of

Wet Kuroboku soil with and without PVP treatment.

Fig. 2-2. Effect of PVP treatment: Chromato
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ABSORBANCE

CONDUCTIVITY

(a) Reverse phase chromatography.
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Acetic acid
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(b} lon exchange chromatography.

Oxalic acid
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Fig. 2-3. Chromatogram of phosphate buffer extract from Ah1 horizon of Wet Kurobokusoil
obtained by (a)reverse phase chromatography or {(b) ion exchange chromatography.
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2—2 TIEROESFEBEILEC-BOERE

2 — 1ESIZIR~72 & ) RIRE A S, EROKOTIFEPOEREROEERE (1
BESHCERZRR 197002 %R L, AT HEOEE, SLIHL
RTAL IR OB IN % & 54T o 72 LB O M5 FERAIR 7 v # 2 BR(LACA) D FE R I
WOWTE LD TLTIIRL 72

R AR, TomD 5B WITHE L, IR EEL L TEL
IO B E, M ECAaCTRFL 2, R7ZLHERBRE o TR %
WO Bwiz, BT L), OMbEos# OFeEa - #
5, FLT@EBEAR s U= NS T T4 —(HPLOIC & 253470 30 DBFEIC 43
TFAHIENFTED,
(DML E D 53

#ES0g M DO A EE Y, SIOmLAEDEM R 7o L yEHIIANR, K
H - O FERROE BIE(IIEESWEEZRR 19702 T, £F10KS
B LRI OAEIE Lo MERQOOML) & 25 X ) IZBEIZ I Lo fA
IEMASB LT0.mol/LY) YBRIKET Y EZ 7 A UBREER(PH2.0) T
Huwiz, silbA L mz 2%, HEEE S HTI00HIRE ) L, HLTH
(10000g, 157 %& 4T EEW 2Bz, Bohlz LEW e, JLE0.025 mD X ¥
TZ V74V — (Millipore ¢ 90mm)%E T, BRAEEIT 27,
AL W ¥ B - 1B

BRAL 08 2 4T o 7o I o v T, £ 9°PVPREE (G AF. Corp. Polyclar
ADZHWT, 72/ - ViEYEOBEZ2HN L LZPVPRE R T/, A
BIX Sy FETITV, HEHE100mLIZ 2% 5B (v/v) % 10 2 ORI 1
SmL, V¥ EREEMBEICIE 0mL), MM WopHEZL6~17E L, AL
JePVPSga A 720 HEEIRE 5 B T0TMIRE S, B0y mORA LT T

YTANEY = (T ENRYFy 7 $4TmmyE FC T8 2w I (PYPLER)
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iR,

KIZ, ZOPYVPILIBHEIZ D W T, R - £ (1966) D% E 23 B L 7l 3
BrHWT, T—7 Vi-OEEM 21T o 2, MV E R PYPALEEECH AL
WBOmMLA 2 ; KM TIE 84mL, V) v BRARE W il L T 1L 88mL) & Y b
T F IV (FI50mL) %, 100mLZAEORE 7 5 23N Imol/LAKE LT F ) v A8
B (0.1mL) & VLTV = 7 #100mLY R A, MBEN E I E R <
TIATAYZAY =T — (Y735 MGD-100 900rpm) THEIT A L 7% A% & ABS R 57
Mt 2407z, FNE TR, HE T2 0O -F VB L UKE, O—%)
—INRL == H W TEERZE L, 2nLOBHAICHER LUz, COlkE
e hF 4 35l — 1} ) v ¥ (Waters Sep-pak plus Accell Plus CM)IZ38 LT
FAYOBRERITY, STV E LT,
@Bk 7 U< b7 T 74 — (HPLOW & 25047 .
LACADERGTHTE, HPLCIZ L o TIT o 72, RIFFETIE, BV —HBOHHT
T AT A (TOSOH 80103 — 2y R W72, G447 H T AL, B —H 3O A
DECR T T A (TSKgel ODSSOTM) L A 7 VR HHR A T A (TSKgel SCX H+)D24E
¥EHWT, 10EOLACA, T2bb, ¥B, &, Yo¥d VB, BB,
JEE, TR, JYNE, INIE, UV YITBBLIUIICBIEOVWTH
ECEBET oM. FA T LDOHMSRMEIRE23C, & T ARV
L5, 10BOLACAD ) T3 v ¥ 4 ©AEFR2ATRLZ, Tz, MR
TAERNGHICL S, BBBIV /7 I VBROBELY -2 1) TLORE
ME 24T L7 LACAORIEB LU ERR, BEBHEOVF Y Yaryq
ABIUPE =27 EHET L L0 L o> T o172,

R, AMATHLLIZERELEREO 7T —F v — F O3t % H2-5

(‘:ﬁ:\‘ Lf:o
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Table 2-3, Analytical conditions of HPLC.

TSKgel ODS80TM

TSKgel SCX H'

Column size 4.6mmlID X 250mm 7.8mmID X 300mm X 2*
Eluate 0.Imol/L. NH4H2PO4-H3P0O4 (pH2.0) 2mmol/L. H3PO4 (pH2.7)
Flow rate 0.5 to 1.0mL/min** 1.0mL/min

Oven temp. 35°C 40C

Detector UV (210nm) EC

Injection vol, 100 1, 100 1+ L

*Direct connection of the two columns

**Flow rate was changed from 0.5 to 1.0mL/min after 35min

Table 2-4. Retention times of ten kinds of ILACAs with each column.

TSKgel ODSBOTM TSKgel SCX H*
— min —
Formic acid 8.42 18.73
Acetic acid 12.07 21.38
Propionic acid 27.00 27.38
n-Butyric acid 60.60 41.05
Lactic acid 11.52 18.05
Oxalic acid 6.92 9.90
Fumaric acid 21.83 18.98
Succinic acid 18.40 18.02
Malic acid 9,77 14.63
Citric acid 17.10 12.83




1600

SU—
1 1.5 2
(mmol L)

Concentration of acetic acid and citric acid

B Acetic acid

@ Citric acid

Fig. 2-4. Calibration curves of acetic acid and citric acid
obtained by reverse phase chromatography.

Field-moist soil samples

Extractant
{Water or phosphate buffer)

Shaking

\

Centrifugation

Ultrafiltration

l

PVP resin treatment

Ether extraction

\

Cation-exchange resin

High performance liquid
chromatography (HPLC)

Air-dried soil samples

Extractant
(Water or sulfuric acid)

Shaking

v

Centrifugation

M |
Ether extraction
(or lon-exchange method)

Silica gel chromatography

The improved method

The usual method

Fig. 2-5. A comparison of flowcharts between the improved method and the usual method.
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2—3 B

AWFE TR L7z, LRPOBSTIRIIRY VA RO EREIC OV TEY
TAHE, NTomy ¢ b,

OARETE, KB LUBCEEFRBEN L BREDTHED) CBREERE M
HF & LTHW 2720, HEEAOLEN L RE(CEbsRb2 8%, B
EREFIOKE B MEROEREZIT) S EBTEEL & 5 72

QUERL O T — 7 - HOERR I & S ORTALERIC hnZ, SO, PVPAL
B, AFX B DT R BT o7z, KEERE L L
LT, BaFREHR VA BROFEED DR {, Lidb kMo PR3 E v
BRI OV T, BMEBREBEORY BB 2 TZ2DTRE %o 72,

Qi & LTk u~ b 77 74 -2 Bwnizloic, £/, ¥, b

VAWE A BROBRIE2FERERFTELE 2o 7,
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B3E BRI BTESTIEENIVE CBOMES

ARBECHE, 2EEOREN LWE S LR BRI L HML, 2 - 2fi0
T THIBPOESTFIRIIED VE VBBOEEMT TV, BFEZ L
B 5, WOTRRIIEAVE Y BOFEE, FIEFES L SO Bz
P ERESL LR BHE LT,

3—1 #HELE

LEEAE, KR AXHoRESH Cof T A HIBEMZRICT 52
MEOERY L, BHERS LB X REERS LRI HFI L2, ArgE >
biiegires, HED HILJBMN4ASORBZRILL 7,

TR BROSEBLUEHFLIIOVTHEAROHKE - HIESEERCSF
YA MRRETIRSE - AHEREK 1990) X4 2. S 51T, FAO-Unesco
(1990) £ UFSoil Taxonomy(Soil Survey Staff 1992) 12 X S HAICODWTHE D
HTR L7z, TR %, FAO-Unesco(1990) Dy A hIIHE» 7z, HIEH A
i, TERAENCF T 7R FI VA MRBRE 1BHICEL UTo e AR
T, MEogcHe 1R bgiconTd L LEBRC, 98, aaBLY
AEXATo 120
1. {BYEE KR 2 2 (Wet Kuroboku soils, Umbric Andosols, Aquic Melanudands)

A KRR O CHETHHEER

I @ & LT D S RS ER A~ O BATE, HEH26m

AR E 199145 H 11 H

WA TATY, 3FT, TASRPHLE

BERE L RAE AR

TIEWE RO



Ahl; 0-15om, BHEH(T.5YR22), BHELD, LC
FEYESRRE DML B X UVNE AR, - W7

Ah2 7 15-30/32cm, EEEGTSYR22), BHHED, LiC
FEEFHE O/N AR, HEE12

2Ah3 ; 30/32-51cm, BH(75YRYD), BT 2 EBEL, HC
FIEFSRE O/ A BRIREE, bEEL6

2Ah4 ; 51-69cm, BHB1(7.5YR2/3), JEHE &, HC
FEEGSIE O/ N U AR, bEE1T

3AhS 5 69-91em, B BEM(ISYRY1S), BT 558, HC
FEERE D/ v U E, %D

3Bw; 91-133cm, #16(7.5YR4/6), BHEid Y, HC
FEESGIE O v UK mIRAEE, HEE2
ERHHEG, HRMED D, v TV EEEH Y
K 12155¢m

2. HEE KRS L (Light-colored Kuroboku soils, Umbric Andosols,
Typic Hapludands)

AR TR D IR KRR Y 5

T . G EPIHE, fEE26m

FHEHRELE [ 1990E11H21H

WA T ARy, 355, TARRFHLRE

B4 EARBUA LR

FIEME RO

Ahl; O-llcm, BEBE(7.5YRY3), BHE$ K28, LiC
FOEPEDM - AN UAhIRAEE, HEES

Ah2 ; 11-40/42cm, #),/BE#E(7.5YR3.5/4), BEHET, HC
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Rk HE O FRIRB LUV v L TEASUREE, HHEIS
Bwl; 40/42-74/76cm, #HE(1.5YR4/6), BiEH Y, HC
FEEPIEO /N U ARG, DEE
Bw2/2Ab ; 74/76-100cm, #5(7.5YR4/4,7.5YR4/6), &), HC
FEEREO K MERIEE, HEE2/27
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32 EBAE

3—2—1 —fmBEP%

DpH

THAREEGHT - B CREREREAT - WETEE B R 1986) 104 o 77, LK
F(<2mm)10giZ 2K 2SmLE Mz, T 7 AETIERA LEHB305L FEE
L, WEMZS ) —FECEEIAL, LEBROpHZ I AEMIEIC L b flE
L7z Shesi, pHH:OYE Rl $ 5,

2B, BoFEREA VR YERORMEIC & A eVPALBE 1T ) Al
DEBOFW OV TI FOpHE F 7 ABBEIC LY llE Lz, RHEXLT
&, SOpHFHETHBOKBERPHTSH ), HIEBHEHEpHIIHIET S b0 L&
R 72 TOpHE 4, pHICE)LFLRT %,
DERM Y 2 VEET VBT AERB IO VB MY v aBTERo 7L
IZUA BB

Blakemore et al.(1987)D J iR IZHE o 72, JRE M T (<0.5mm)0.5g 120.2mol /LR
VEL a7 v &2 AW OPH3.0S0mLZ M A, BERTARRIRE S L, i
F(0.1%Accofloc B ) ImL % I 2 TH0/8E (10000g, 1050 B L U (7 K38
YT v s #5C)y 2Ty, BORIHMBMEFOT VI Z A - REERETFRES
BRI DRI U 2o RIS, FEZAIfR 10,5120 1mol/L ¥ ) VERF b))
AEWSOMLE A, AT Cl6ReMIR L 9 L, B4EAImL% IR THE-05 8
(10000g, 10593 X FHA£0.025 mPD X ¥ T 7 « V¥ —(Millipore ¢ 47mm)
PRVCTERATEZITY, BOERMHEFO 7L I =Y A - SE R HFRE
TREERIC X O MIE L7z,

F ik (Blakemore et al. 1987M2 L ALE, ERMES o v ER 7 € =7 AW, 7
UD7xy, AXITFA4AM, ToUNAFIA MoV, ESE
TN I A SOKBRILY, BLUBHESHKPOTINIZ YA - 52 FI0E



M L0IZx L, Yoy vERF Y v ARHE, ECEEESEROT VI S
U SRR EIRANCERT A ARSI AT WA, FIT, KR TH, B
W o DT v ES T ABHICL AMIBTHONELS YD) VERF Y Y
AERIC L BB TRORLZMEEEZ LIV EES » T, EHEMTEYE L
CIERET IV oo - GRBIMEHRO TV I = A - 8 E LT,
WeEKEREBLUSEER

JEEE AL (<OSmm)IZ 2 W T C NI — & — @A MT-5000% W THE L
7o BRMEYIHIZIIEREEY, BHRANIIER LS H v 7z,

3—2—2 EBATFEHEHILLBOEER

BITFC 2T 167 & FRIK L 210 0 BHEBREHC DV T, 2 — 2 BT 7 s Bk
CHE TIRGTIRIIR Y VR CBOEE DN 1T 2 770
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3—-3 #&E

3—3—1 —MEB{Es
WHEDFESRENIO>WTO, pH, BTN I =D A - B, 2REE - 2%
FE, BLUELREOKFERDIMHERL £ LD TR UIRLL,
3—3—2 BHTFEMESNVA-BOFEER

FEF O W0EH OIS T IRRIE S VR VB(LACAYE, LACADE, M5
VELACACE / VR VB X R, BERR, Tu vt VR, BERR, FLBRHOKES
FOREREELACAT AN EVRB LU PV ANVK VB, Da vl 79w
Be, TN EE VIR, 2T UVEROKERIOWVWT, K& VEREHROE
HBAIBNAF O N MR E E3 2R Lz, AR T, PAEE, HREMLACAE
I UARERIMLACAZ, FNFN, VCAS L UNVCALBEL TRRT 4,

BB, TR B L LACADRETERIC DV TiBb LR o
WT DR, 3 - 4EICBVYTLACADRE, RLACAOE LN, Thod
RERFAELHREOLFENMEL OB EVIBAPLESELIT ) 2D, &
TR L7,

$70, 3—-4-3WBLUT3I -4 —4BUIIBVT, BONZHERLEZDVTD
BT RSN EAT) CLIT L DERLTWL, LI L, —HEKBITHREA
DD BRED ERYD A V2D I GELEAF 7 THE e, ®REH At 7
FHTENIL48), BBICE L, MEFFENCERODLEBEHREERLTWE L
HEWERWRIEZH 298, RETHE, HEREFSEHVESICE, Myl
EAHLd0E LTkl 72
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3—4 #EE
3—4—1 EFFEBEAIKCEBOBEOHESH

AL T, FSIMLHIGIES WK TR 7 VR v B (LACA)D E B
RIZOWT, KT & o TR W% KIBRELACAR, V) v EREE HhL
DB LR DL 2 LI LIl > THEO N ERWEELACAR L L
THERRINIER 2T 72, T 72, KIFEBLACAR A RLACAR Y &bt
IETLACAOKESL L TRk L /2,

BI3- 102 R L7z B S UE sF OLACA DR E X, 145.6~460.5 1 mol/kg D
THY, ZOMASHEILT LS RRBTREIBVELREYT, TRIZBANT
bEVCEERIR L, T/, WHEWE S b ILERD S TR T2l
RO SN 2o iz, LEL, HHITEOAWE, FSH60cmDB A5 S
R ED2AWE B L UREE R TOBwIE), BLUCEEEFRZ L D3BwE
TEWEZRL 2, £72, MITENEZNET 2L, COBICOWT kA
BRZ LOHBECERR LA, Tobb, F33aR L 2 HBENMEEY

P2o BIMTENEE] CHEBEICOMLTED, BHESETRLLI-DICTEBTO
AGTREIZHENRDO LN D000, B, 5KES I CHARIZIZA—~TH 5
ORE - KH 1982), L72di->C, MEETOLACAOKREOHEIL, HERIX
BERAASBHER R 7 2035, WBERZ PP LB L > TwAZ EitEET
HEEZLR, FOBETHRDMEY, ERILACARDK X 2 it ZEH7 3
HHENTz, TOEHT, MABEHHERTEFDOLACAOBRENAEZELBb O
D, F33allR L HIBIERIMEFHE T, 0-50cmA 5 0-80cm i TR
BAR 7 2T 2B ER S LOREI212~2.138 3 R—EDEHR L.
I3-4alZ7R L 72 KB BELACADEE (Y, RV pH(CE)R R LB, T4b b

WIHERZ 20ARE, 240B B L U3ARSE, %L THBEERZ TOANBS
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Y UBWUBIC BWT, & HEOMWBAL L LB L TE % TR B 72
%31y, —F, BERLACAOIARR, BYERFZ L0 ANE L3BwE, BIV
PREBEE Y L OANBEBWIB BN THEWER R L, bbbl s
VT, ARFEIRLEWERRLTWASAWNE L, MRTH IS LU
BETVIZY A - SOKEMU RN TV I =y A - BRESROFHVEZRL
TV BB AIE L 723 3-1)e 2O LT, HHEREBIICRZLACADKE D
Wi A1, B E L2 ORFICHBRLTWAZ LTRSS L,

B3-217 7 L7 SRV LACANVCA DR E 1, LACADKERE L 3R 7% b R
L7 Thbb, BEUEREs 2BV, BLEICHRIEDESNDD
OO, SEICIEEED S FRICHT TR 6 h, RaEF7 L
BT, RO OMEADSED bz, S0 X R, &3-3bIRL
Fo BRI EEET L VS RED bR, EEER S ETEO-10em b
0-100cm & 78 ¢ % 5 122 T73.3  molkg B & 101.0 « mol/kg® THINL, #E
R 27+ T1E171.0 x mol/kg A 5 134.0 . molkg T TR L, T, WHEFRS L
b B nE R 2 FORIE2BA S 1L3B3NE WD L, TofRE, KE
Tk B £, RILKE B E T 2 BE 7 HITEO TRICE 1T B KIRED
2 BAVCADBEOWTAAIC BB RITT IR R LTV A EE R

[3-4b 127 L7 TEME ARSI BL A VCAD BB OWHE A Tk, MHTE L 51
KSHE b WE OGS A DI E (B LT, BHERAF LT, KEBVCA
DEBEH, KIEELACAOKE & FAEIC, pHCE)DLBIEWEL TS 5 Ah2
B, 2AMIE B & U3ANSIE TH WEE R L 72 (FE3-D), T/, BABRVCAOKE
it ARUBE L U3BWB TEWEER L/, —F, REBERKs LTI, KEE
VCANDBEIIBwIE B & UBW2RADB TEWER R L, BERVCADKELS
REBEOBVANES L UANRE TEHWERRLAGES- Do

Emamﬁbt$ﬁ%%ummwmm@%§@,umA@ﬁﬁkm@%Mt@
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%2R L7, NVCAORBEMWIEE 512, ANBTERbEVELZRL, X
TR LY +O3BWB B LUHREERRs TOBWIBT, £hth, HWER
RL720 LA L% S FRICHRRE X HIC, #RE L TR TIINVCAOEREF
TBENFREL R o7, F33clIR L HBEMMEFEHETE, 0-70ecm b
0-90cm!Z v TR ER 7 LI T 2 EEKX 7 T O A 2.84 ~2.88 L 13T
—EDEER LT,

K3-4ct2 % L AR RIS B NVCAD R E O 547 T, TlrE & b
IZKIERENVCA DBV AWNB TR THWEE R L, WEENVCAOKE
AWLRE &, EREK T B L UHERET IV IZ T A - SRKBRIEHEEDO TV
T A -SBEIROSVEERER S LOIBWE B L UREELR S LOBWIE
FTEWERRLIZ(E D, 2D &G, NVCADERY 1I2BVT 5 WiE o
AT, WERHEED L VIIRBETONVCADEFR 2 EE L THA~OH8t
B2k 5FBTONVCADKREDEIL, L TEDFENOBEII Y, RE
CIERERE T L, SEOEREANLEM D 2 IERET VI T A - HK
AL S ALY AR TOWBENVCADRKREDELLE IS L 322D A
H A LDEEE RITL TWna 2 EARI S iz,

3—4—2 BEATFEBESILEC-BEOMNESH

AL RBE O LACADHIE T, 32066 % L) 12, TRTHD &R
fiiconT, ¥, B, Voo, aNIBBITY I VROSEENFEN
2%, AROBHR LR EDL, I T, VCADKED % i B ¥R L RE
B, NVCADKBAR SO LY avfRe 7 T VO EMEBOWESA, BLIU
NG OHERENCR-MESHIZOVWTER LT o7 &8, INIRIC
SV, LROSEEOLACAOR TIE L HARIMEL, /2, 7 VEL
L AN R RS 729, M aiRE AT o,

[03-5a17 FEEE OWFE O & R L7z, FEEOBEIL VCADR RO 54 &
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FREDEmMA R L, @HER 7 DcBY T, 1BEEICERIRY ESNb
boo, £BHo TRICH e N0 sEosh, —7F, wid
A7 A BV TR A DI SN, FIERERICE - FERE DM ES
i, WHERS L2 Bv T, KREERTRE pHCED LEHEVRBNT
HHANE, 2AME B L UBAWSB TEWE 2R L(FK3-1), HERTERE T A
BBLUBWEBTEHWERRLZ, —HREERKRS LITBTHE, KEFESY
B, BMESR s L FRRC, MR CHREREVpH(CE) = /R ANE B LT
BwiB THWERRL, REREYBEIESREBOB VANESL JUTANRET
BB F R L7231,

[3-5b (- BEBR B OWRE 247 %75 L 72, FEEROM R, EIREX 2 £ TIEHRE
5 TR THEISEMOMEMITEED L, WaEFs T, ANE TR
HEWEERTRL, ARBBIUBwWIB TR WEEZRTHEANHEO bz, 7K
WEERNIC R 2B B OWE 246 Tk, BIER KRS LOARBEIFMEDS, 3BwiE
B LU PHCE)DIE WBHL Th 5 ANE, 2AnBEB L UBARE THWiEZ /R L
GF3-1) E72, RAEEMHREIL2ABE S L UBWB THWELRLZ, #EBR
K L OKEEREEIE, BwIESB LU BW22ALB TEWEL R L, #ITRE
BRI ANE B X AR CHWEE R Lz, $MmKEHE 12, TRIC
PV CARERERR BB BN SNz, £ IAT, —HILERKRS
FizowCid, ERENE KRS ORFEIE 20, LB ED b KSAT
£ 2 b HURME S LTV A (Shoji and Ono 1978).  OEENE, & <X, FTBT
SHETHY, KETHVZREICOWTS, £ ERBOXTEELV TR THY
ZENED LN (FERD. Thabb, BRLEO TETE, BELESS
WD KESE R, BURSERSERSAR T, TOMRERAN
LRI OEETEL B EELLND, KALER LW THRHS LTI
LD, BRAMSAE T TR TR Y £ T A EMA RO EESTD



#L(Stevenson 1967; Lynch et al. 19802), HAR 7 LHEO TIRICBW T HEEEL &
DVCADPHEE SN L AREMENH D EEZ LN L, TOMEK, TRIZBWTE
DENHTAEOEErRTHEEERRZ LBV TXNEEZETH o2,
M3-Scii v a2 vMEBEBOWEHSME R Lz, YavyBROKEX, NVCAOKE
DU A L FI MR R L, WEFEE b CANB TROSWEZRL, R
WTIBMERAR Y LO3BwES L UCROER S LOBwI B TRVEZ/RL 2, F
TEWEEBIC 72 o v BR B OWTIR 54T T, TR e dIOKBER Y 2 v BRED
AMIBTEHWERRL, WERE 2 vBREBANE L, BREKTHEDB LT
FERETVI =T A KBRS OT VI =T A - SR DEY, @R
K7+ O3BwEB X RBERZ LOBWIRTEWEEZRL 72(F3-1), ¥ av
Rit, v vORoSWme T Y RL—0) ONERBELZEICEZ AWEIRh
T B 1 (Smith 1969; Malajczuk and Cromack 1982), B IIBW THEWIRO B~
B (T THEESAITEFREEINTVES, ZORR, Y aVBROKED
ANBTRLHE LY, ZOTBANOBEN Y, BB TS EHHT
NIz a - SKEBAHED T VI 2y A BESEVEBMIIBWTRAR
o BEAEMLTWA A D LERIS N,

M3-5di2 7 T VERBOWESMRE R LI, 7= vBROKER, @UELs L
TRANBTEVWEERL, ZhUTORBM CIEHETHIOMENIERD 6 1d
Yoo, HENKXLZERIFED LN, ROFEES L TH, REPO
FTRIZATTHT WV RELERSRDON o lz, FEVEBINCRLZ, 2
ERE OWHE AR T, TEEEE SIOKBE 2 VREIFENO TRIC,TT
hih REZERIFOOLYT, BEE, 2 VBREE, BMHEALR S LOANRE
BIUBRBEREERS LOBWIB CEHWHEER LAY, ¥a vBRH5HWIENVCAD
BEL BT L EZOREFEEIHANTSL -T2,

BLED L) 1c, FLACADKE LIBENHAR, THIFHEpHD 5\
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PR A RIS UT VI 2 b POKRICAERO TV =9 4 - BT E
DELLHNFICHESN, LACADEEIZL > THRLLIENVHL I T
bo FIT, BARYEWHIBWT, LACADTAERBICEE L5 2 5 H-FIC
DV, SHITREEAT o 7,

3—4—3 BATIEBEIIVE CBOVENFERBICFZEEASA AT
AR VCA DB EL, BUEA2 LoANEB LU3BwWE, REeRLA7 40
ANBBITARB TEWEL R L, WERF7 LOAWMBLNAO B IZD N
T, pHICEY BT L h b BRSPS D bz (3 3-1), £ TK
T, VCADIED HWVIINVCADRE I T HREBVCADKRED H W IIIE
HENVCA OB EDOEIE, T2 5 VCASH S WIINVCADIREH & pH(CE) & DR
FBIZOWTHN, BB, pHICEWIKEA F ViBEE L URLA, VCADOE
HEKFA A VBEIODWTHESITZT - L8R, UE R 7 TR
FAhr=-0.829, HEEFZ FTiEr=-0983L 20, FRESE D &HVWEOMBRBR
ASERD 5 N7z (43-6a) VCAD KEG % didd A ¥ERB L UEERRIE, fLDLACAL
HE L T2 OMBEERAREIE { (F2-), pHICEPWMERWLIEP TIEDH T H
BEL TR WA TORETHIET 2, 2OME, EWHELH U LEN XA
ANDEEFFERI SN W=D, KEBELTHFETIEERZ LR L, D
T DVCADWEEIZ1E, pHICESHEBEMNE W L ETHEL LER LN S, —
7, NVCADWEEHR L KFA 4 ViBE oMk, BHREF7 L TIRMBFRE
Hr=-0.845 & 7 D OGRS, HEEKS 1 Tide=0.888 & 7 O IEOHIEE
2 &Iz (H3-6a)0 TRMER AN 4 Tid, VCA E[EERIC, pH(CE)ISNVCA
OFEE - RIS T 2013 L, WRERS LT, NVCADOKHT % 7
BEROEN Y 2 TEBIED S 2D, pHCE)2 E OMEEE - FEHBEICEH IV
549, GLARA A Y ZBEMNOMBICEE Ll EitL b EER L, T4
Hh, pHICEYDME { & D KEA & VBESHEMT 2 E->T, BR7 LiZBw



TREA A v RIBAI A BT 5 L F R B N BRERTOR LR RIS H 7V 3
S A BKEMEmOEEO IO R —Ta vEFIARIL, EREYFUL
WHEREHFENT ALY, Yy BRORERSHML - LER T,
T/, WAEENVCAOKEL, TR CORZERY 2 vEEOHEINIEETH
D, FEAICIERER Y LB TS (IFTE Lz, TR TONVCADKED Y
g, FOERBMIIEMEZEL, 724V 2HEMNCHET S, & CCERY
AT e R LS R RS TV 3 = A - SOKER{EEIHRSR D TV 3
S A BBEOMIMNCEELZTTWALEILNDL(E3D, £2T, NVCA
DWAERE LHOT NI 20 A - SRELOBTHGTH 2T 202, TOM
, BEENVCAOBEICEO LR Y L 7REIMEORA & HHE L TR
THVAWNB RV HES, HEABEENMER, L Tr=10.711, REBFS
L Tr=+0943E % 1), BWIEDHBBEFRIED S/ ({l36b) DL BEK
BrEi M ORI, NVCADOMEE, 2% DRBERS HICBW TNVCAZ DS
K55, BREEZEOBRD TRV 2 Vi TtHE ZLICRE L TwL b LE
Rfze —7F, VCAOWEEF L OMICIEBEL » L2 BHRIEERO L LT (H3-6b), &
R 7 LB HVCAOEF T HEERpHAS R 5§52 LTRSS T,
PlED EHICBERZ THHEAITIE, FERTHDLACADTAHRICH, S
OFEEERICIG L T BB RpH AN LB L TIERE T VI =Y
A-BHEOT VI A - HEFBEECTHLIZESHON LR o, L]
V2, FEEP X UBEEEE £ & T A VCADWE ICHATE Y, ZOMB - MR E
CEETAET, YVavBBIU/ I UBEFE T ANVCADOIEICH & I

[IR]

BB, A F yRBMBUOERICES T AHT, £heh, BIBETAZ
Lo LR,
3—4—4 KEREDFEBESIVE-BOEREpHEDRER

LACAlY, #0701 b A2 @ L CHBEOBRM b —ELiH- Tnd L
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£ 2 5 AL TW 5 (Stevenson and Vance 1989)0 LML, EBI ZDZ & ERL1L
gtz v, F2TARE T, BAZ EWHICET 2KEELACAOKE L pH
EORBIIOWVTHRE BT R - 72,

T IARBRELACAOKE &, TEE W pH(pHCEN B & U T pH(pH(H20) &
LClIE L7zKERA 4 ViR & ORI TR =472 v, B3-7alZ/R U72ER
21870, BRMTEOMNRIBELACADKRE & pHICEYE U THIE L 72 KEA A ViBE
EORTH, BIEEAF S L TIIHEREDT=0799, REEFR 7 L THEr=0.973
EnY, pHIZEE R IZTHE 74 V2 ER LW 26 b, B
EOHBERIED O, —), BESEOpHH0)E L THIE L 2KFEA
FEEEOMTIE, M3-7aillm UL ) CHL paEREEO LT, T
AR O FEEBF BT B ILENEEORILD 5V IELACADE B L ALK D%
foie VR B & B LT,

5, KBELACANDKRE L pHICE)E LTHELIKEAF BE LD
F%, KBEVCAOKRES L UKBENVCADRER & 1oo TEFESHh 2177k
W, H3-TbICR LR 2B, KIBBVCAORE LKREA A VIRE LD T
i, BMEEAR S LR BEREA=0.829, RABBKR7 L TEANMB TRV
Hr=0956 L 2 1), EOHBEBRVEDORZ, LL, KEENVCADEEL
DB TS PLEREROL kb oz, 2O LI, KBEEVCAOKED
pH(CE) 29 2 5L EE W E PR R 7 fHICBW oL h, BF
yEWEO TR BT 5 YEB LUBERE £ L3 2 KERVCADEIML Vo 72
BENLEEVRS L TWHEEL,
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Table 3-3(a). Weighted average values of total amount of LACAs by depth

in the soil samples of Kuroboku soils.

Depth Weighted average ( 2 mol kg'l) Ratio
{cm)  Wet Kuroboku soil Light-colored Kurcboku soil L/W#
0-10 209.9 460.5 2.20
0-20 198.3 395.3 1.99
0-30 186.9 368.7 1.97
0-40 177.1 355.4 2.01
0-50 170.8 364.3 2.13
(-60 174.4 371.8 2.13
0-70 177.4 377.2 2.13
0-80 176.3 373.3 2.12
0-90 175.5 363.4 2.07

0-100 180.0 355.4 1.97

*Ratio L/W, ratio of weighted average of Light-colored Kuroboku soil to that of
Wet Kuroboku soil.

Table 3-3(b). Weighted average values of total amount of VCAs by depth.

Depth Weighted average ( xmolkg ") Ratio
(cm)  Wet Kuroboku soil Light-colored Kuroboku soil L/W*
0-10 73.3 171.G 2.33
0-20 79.7 159.2 2.00
0-30 86.1 E51.8 1.76
0-40 85.3 149.0 1.75
0-50 86.5 146.4 1.69
0-60 92.1 144.5 1.57
0-70 96.3 143.2 1.49
0-80 96.9 140.5 1.45
0-90 97.4 136.9 1.41

0-100 101.0 134.0 1.33

*Ratio L/W, ratio of weighted average of Light-colored Kuroboku soil to that of
Wet Kuroboku soil.

Table 3-3(c). Weighted average values of total amount of NVCAs by depth.

Depth Weighted average (u molkg) Ratio
(cm)  Wet Kuroboku soil  Light-colored Kuroboku sail L/W*
0-10 136.4 289.5 2.12
0-20 118.7 238.0 2.01
0-30 100.9 216.9 2.15
0-40 91.7 206.4 2.25
0-50 86.3 218.0 2.53
0-60 84.0 227.3 2.71
0-70 82.5 234.0 2.84
0-80 80.7 232.8 2.88
0-90 79.3 226.4 2.85

0-100 0.1 221.2 2.76

*Ratio L/W, ratio of weighted average of Light-colored Kuroboku soil to that of
Wet Kuroboku soil.
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(a) Total amount of LACAs.
Wet Kuroboku soil

Ah1
Ah2
2Ah3
2Ah4
3AhS
3Bw E

Ah1
Ah2
Bw1
Bw2/2Ab

| ! I ! T ! ¥ ! | !

0 100 200 300 400 500
Total amount of LACAs ( x mol kg'')

(b) Total amount of VCAs.

Wet Kuroboku soil

Ah1
Ah2
2Ah3
2Ah4
3Ah5
3Bw

Ah1
Ah2
Bwi1
Bw2/2Ab

Y

| I 1 ' 1 ! I
80 100 120 140 160 180
Total amount of VCAs ( umol kg')

T
0 20 40 60

(c) Total amount of NVCAs,
Wet Kuroboku soil

Ah2
2Ah3
2Ah4
3Ah5

3Bw

Ah1
Ah2
Bw1
Bw2/2Ab

| ! : | . ! 1 v | v
0 50 100 150 200 250 300
Total amount of NVCAs ( umol ka™)
=l Water-soluble LACA Adsorbed LACA

Fig. 3-4. Total amount of (a)LACAs, (b)Y CAs, and (c)NVCAs by existing form
in the soil samples of Kuroboku soils,
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(a) Amount of formic acid.
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Fig. 3-5. Amount of (a)formic acid and (b)acetic acid by existing form
in the soil samples of Kuroboku soils.
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(c) Amount of oxalic acid.
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(d) Amount of citric acid.
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Fig. 3-5(continued). Amount of (c)oxalic acid and (d)citric acid by
existing form in the soil samples of Kuroboku soils.



{a) Correlation of hydrogen ion concentration with adsorption rate of VCAs(left) or NVCAs(right).
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® Light-colored Kuroboku soil

1}Correlation coefficient of Wet Kuroboku soil samples.
2)Correlation coefficient of Light-colored Kuroboku soil samples without Ah1 horizon.

(b) Correlation of content of para-crystalline to amorphous Al and Fe with adsorption rate of
VCAs(left) or NVCAs(right).
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® O Light-colored Kuroboku soil

1)W-Ah1, L-Ah1; Wet Kuroboku soil Akl horizon, Light-colored Kuroboku soil Ah1 horizon.
2)Correlation coefficient of Wet Kuroboku soil samples without Ah1 horizon.
3)Correlation coefficient of Light-colored Kuroboku soit samples without Ah1 horizon.

Fig. 3-6. Correlation of (a)hydrogen ion concentration measured as soil solution pH, and (b)content
of para-crystalline to amorphous Al and Fe, with adsorption rate of VCAs or NVCAs,
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(a) Correlation of total amount of water-soluble LACAs with hydrogen ion concentration

measured as soil solution pH(left) or soil pH(right).
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Total amount of water-soluble LACAs
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Total amount of water-soluble LACAs

1)Correlation coefficient of Wet Kuroboku soil samples.

2)Correlation coefficient of Light-colored Kuroboku soit samples.
(b) Correlation of total amount of water-soluble VCAs(left) or NVCAs(right) with hydrogen ion
concentration measured as soil solution pH.
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1)Correlation coefficient of Wet Kuroboku soil samples.
2)Correlation coefficient of Light-colored Kuroboku soil samples without Ah1 horizon.

® O Light-colored Kuroboku soil

Fig. 3-7. Correlation of (a)total amount of water-soluble LACAs with hydrogen ion concentration
measured as soil solution pH or soil pH, and (b)total amount of water-soluble VCAs or NVCAs
with hydrogen ion concentration measured as soil solution pH.
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FROBEOHHFD AV L (B ETHo7, Linl, FROKLED, BE
ML OANE TS VEERRLAS, K P UMVELOERE Clagb &
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O, —fRC7 O b T ARENFEEVE STy B HARH Y
A TIE, FIRERDSIEE CEWEE 252 LR LN, —, pH(H2
Oy LTl L72KEA 4 Vil & oM T, BIFSE kML) TEAEL
BRI bR, BEPHS AR L (D THBREA =0.861, AAKGR N/
WA Cr=0928 & e b, 20 ORE TR IE DA BRI DL, k!
RIFR UL V3R D pHICE) L DD TSR o 120

5500, KBHELACA DB E L pHICE) & L THEL 1o kFEA 4 ViRE L OK
Bh . KEEVCAORES X KB ENVCADRE & (05 TERSAT & 1T
v, ATb R LR R B, KB VCADREBE KEA A VRELEORT
L KK R R & 4 2 BB A EA L (DI BV T O Ar=0.928 L HIED A8
MRBAR 2S00 5 M ehS, o2 oD WE TR b kb ol HIF, 3~
4— A FETESNAEEs LR COMB L~ LT Ll Lhsh, B
Er FLERL Y, KEENVCADKRE L OB T, MIEBaRAL()HTH
r=0.738, BEPHEEHEM (I ) Titr=0892, BMEHE ¥V )LYEE Tlr=0575 &
el FRENOWEIZBWTEOMABEEIEO N, 20, WhsE %
B BUFE I BT, KBRENVCADRE O pH(CE) 1234 5 525 B

B’J_érlf\ (. &: 7:'\;!1, &l) L‘)ilf\-..o



Table 4-3(a). Weighted average values of total amount of LACAs by depth

inn the soil samples of Brown Forest so6ils and Podzelic soil.

Depth Weighted average ( x mol kg“')
{cm) Acid Brown Acid Brown Typic
Forest soil { 1) Forest soil (1) Podzolic soil

0-10 284.3 409.7 232.5
0-20 303.2 400.1 251.2
0-30 301.8 347.6 267.9
0-40 301.2 317.3 273.8
0-50 295.5 297.3 -

Table 4-3(b). Weighted average values of total amounit of VCASs by depth.

Depth Weighted average (2 mol kg’ h
{cm) Acid Brown Acid Brown Typic
Forest soil ( 1) Forest soil (11 ) Podzolic soil

0-10 183.1 308.9 137.0
0-20 188.8 285.1 146.6
0-30 186.7 231.6 155.8
0-40 185.6 201.1 1597
0-50 182.6 180.1 -

Table 4-3(c). Weighted average values of total amount of NVCAs by depth.

Depth Weighted average ( x mol kg’ h
(cm) Acid Brown Acid Brown Typic
Forest soil (1) Forest soil (II) Podzolic soil
0-10 101.2 100.9 95.5
0-20 114.4 115.1 104.6
0-30 115.2 116.0 112.1
0-40 115.6 116.2 114.2
0-50 112.9 117.2 -
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(a) Total amount of LACAs.

Aht
Ah2
Bwi
Bw2

| Acid Brown Forest soil (I

An1

Typic Podzolic soil

Bs1
Bs2

| l T 1 ! i ' 1 ! i ' T !
0 50 100 150 200 250 300 350 400 450
Total amount of LACAs ( zmol kg™)
(b} Total amount of VCAs.
Acid Brown Forest soil { |

; ) ' T ‘ T " T ' 1 T
0 100 150 200 250 300 350
Total amount of VCAs ( zmol kg™')

(¢) Total amount of NVCAs.

Ah1
Ah2
Bwi
Bw2

Ah1
Ah2
Bw1
Bw2

Acid Brown Forest soil

A L AR S AR
S o B S S snaoa

Typic Podzolic soil

Bh
Bs1
Bs2

0 20 40 60 80 100 120 140
Total amount of NVCAs ( xmol kg™")

Water-soluble LACA Adsoibed LACA

Fig. 4-4. Total amount of ()LACAs, (b)VCAs, and (c)NVCAs by existing form
in the soil samples of Brown Forest soils and Podzolic soil.
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(a) Amount of formic acid.

Aci F

I 1 T T I ' | '

T
0 10 20 30 40 50

' t ' 1

l
60 70 80

a0
Amount of formic acid ( x molkg™)
(b} Amount of acetic acid.
I - T - | " T ; |
0 50 100 150 200 250

Amount of acetic acid ( x molkg™)

Waler-soluble LACA { Adsarbed LACA

Fig. 4-5. Amount of (a)formic acid and (b)acetic acid by existing form
in the soil samples of Brown Forest soils and Podzolic soil.
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{¢) Amount of oxalic acid.

Acid Brown Forestsoil ( |

Y | ) 1 ’ I ! | K 1 j ] !
0 10 20 30 40 50 60 70 80 90
Amount of oxalic acid ( mol kg™")

(d) Amount of citric acid.

Acid Brown Forest soil { |

Ah1
Ah2
Bw1
Bw?2

Ahi
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Bwi
Bw?2

Acid Brown Forest soil (1)

Typic Podzolic soil

Bh
Bs1
Bs2

0 10 20 30 40 50
Amount of citric acid ( xmol kg™

Water-soluble LACA Adsorbed LACA

Fig. 4-5(continued). Amount of (c)oxalic acid and (d)citric acid by existing
form in the soil samples of Brown Forest soils and Podzolic soil.
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{a) Correlation of hydrogen ion concentration with adsorption rate of VCAs by soil profile(left)

or soil horizon(right).

o
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Hydrogen ion concentration
B Acid Brown Forest soil ( | }
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)
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r=+0.940°)

T

50 100 150 200 250 300
(#mol kg™)

Hydrogen ion concentration

8¢ Soil samples of A horizons

¢ Soil samples of B horizons
1)Correlation coefficient of soil samples of A horizons.

2)Correlation coefficient of soil samples of B horizons.

{b) Correlation of contents of para-crystalline to amorphous Al and Fe with adsorption rate of

VCAs(left) or NVCAs(right).

0.4 A
m A
B A
4
¢ 0.3
>
©
p ®
024
5 ® [
a ®
§ 0.1-
g ® °
0 ! i v I T {
0 20 40 80 80

Content of para-crystalline to
amorphous Al and Fe (g kg')

0.5

o o o
S T 7 B N

Adsorption rate of NVCAs
o

0

] =40.7962 @
A
B . °
| r=+0.907"
A
°

T T T T T | T

0 20 40 60 80

Content of para-crystalline to
amorphous Al and Fe (g kg'')

B Acid Brown Forest soil (| ) @ Acid Brown Forest soil (11} A Typic Podzolic soil

1)Correlation coeficient of Acid Brown Forest soil (11} samples.
2)Correlation coeficient of Typic Podzolic soil samples.

Fig. 4-6. Correlation of (a)hydrogen ion concentration measured as soil solution pH with adsorption
rate of VCAs by soil profile or soil horizon, and (b)contents of para-crystalline to amorphous Al

and Fe with adsorption rate of VCAs or NVCAs.



(a) Correlation of total amount of water-socluble LACAs with hydrogen ion concentration
measured as soil solution pH(left) or soil pH(right).
(xmolkg™) ( umol kg')

350

300 +

S 250- & 300+
o © r-0.928%
E ' = | =0,
5 200 - S 250
Q [
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© 150- o i °
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] (@)
% 50 i B ] r=0.8612
= | Ja r=0.887 = 50- .
O’I‘I’l‘l‘ 0 =TT
150 200 250 300 350 400 150 200 250 300 350 400
( £mol kg'') (e moikg')
Total amount of water-soluble LACAs Total amount of water-soluble LACAs

B Acid Brown Forest soil ( |} @ Acid Brown Forest soil (11} A Typic Podzolic soil
1)Correlation coefficient of Acid Brown Forest soil { | } samples.
2)Correlation coefficient of Acid Brown Forest soil (1) samples.
3)Correlation coefficient of Typic Podzolic soil samples.

{b) Correlation of total amount of water-soluble VCAs(left) or NVCAs(right) with hydrogen ion
concentration measured as soil solution pH.

(zmol kg (xmol kg™")
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O
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B Acid Brown Forest soil (1) @ Acid Brown Forest soil (1i) ATypic Podzolic soil
1)Correlation coefficient of Acid Brown Forest soil {1 ) samples.

2)Correlation coefficient of Acid Brown Forest soil (1) samples.
3)Correlation coefficient of Typic Podzolic soil samples.

Fig. 4-7. Correlation of (a)total amount of water-soluble LACAs with hydrogen ion concentration
measured as soil solution pH or soil pH, and (b)total amount of water-soluble VCAs or NVCAs
with hydrogen ion concentration measured as soil solution pH.
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Bw 20-40cm, B(7.5YR6/6), Mk L, LiC
SE O WAL, HEWAE30, P RTE PR LIRS
BL, 40-67cm, #E(SYRE/R), Wi, HC
s o WASLE R, B9, o RIgV e LS Y
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5-—2 HBRE&
5—2~—1 —RIBR{PEM
1)pH
N T NI = A - HE
NERFEB L UEEER
pH, fB7 V3 = A - 8B, BLURRE  @8KRE, 3-2-1HE
HARICAT 2 720
5—2—2 ESFEBEAILVECBROER
HTED2MF I 20 & IREL L 72 980 BB D W T, 2~ 2 i Culi Ao RTE K

B - TS T HRARR 77 v 8 VB w217 - 70



5—3 &R
5—3—1 —#E{bEM

95D HEEEHCI DWT O, pH, BTV I v A - BER, SRER - &8
FE, BIUTEIHREOKDEEOSHMEEL T D THES-HUIRL L,
5—~3—2 MEAFEEEHILVECBOGER

& F b o 10FIFORST FIRTE S IV oF VBRILACA) R, LACADKE, 1%
PELACA(VCA) O E, THETELACAINVCA) AR RIZ DWW T, K& AR
O ZRB R E S R R 2 RS 2R L,

B, S REEMEE M L CLACAOIFE R D W TR B LSRRI ©
WTOREIE, 5— 4 HICBWTLACADE, HLACADHE EHUK, o0
FARES A7 T LIE DL F T & OB & v ) Bl bR EAT ) 00, C
TR L Tz,

F70, 5—4-3HEBLU5 ~4—4AFIBWT, HHRLHRIEONWTD
sk RS H 3479 0 LN DEBRLTwA, LAL, —KHIZ BRI
OBHHERTD BRI W 12601 (LI IR G LI 3, KB R
oL 48, REBCELE, HEFERICEROS Z MK E AL TY
2 b EngLE WIE A H DS, ARETIE, BRI, h
MBI B DL bk LCaRikL 7
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5b—4 EE
5—4—1 BAFBHELLE -BOBROKESS

F5-1ZoR LA G IR D LACAO R BRIL, 218.9~543.6 ¢ molkg ™ i [

Thotos 70, WEIBM T, 218.9~314.2, mol/kg DRI -Cd b, MR

Holo TOWEDSHL, LTLIBERTHVREERS T, FRIobBwTY
R R L 2 BURIG RSO TR, R S TR R IR i A
e LSO L, KBRS T, USRS # 0B L 5o
BOWARTAN AR S ALY, FRFE T A& (R o RUAE R Ure, Wl ifo MR
FEHERR - BT 5 LACAOFE R 2 3 2 & OB 1o Ah-Oalfl T543.6
remolkg, FKEEAE D -EO0aE C504.9 pmol/kg TdH Y, BRI Nt Lok
WETEWEER RL, Lb, RIKEEf DO ANORE, BEETUR A o
AR A L, HFRREHIG O & L TSN ST v A aNENA D 4 & ¥
AHE, TOERIESIZREVIDEHBS A D, B TN HIIG OB
2O, MMM RSO I IR PR L O HAY 29 F oy vy O KS)
B AT T LD B, AT 500 BT R G LRI G0 B O S
BRCAS>TOLWEENSHLOTH AL E L LA LEDE, #KS3
VOR L 72 RN B AT, 0-40emiZ BV T, SURIM R0 12T 259.9
pemolfkg, K ELFR# 1 C261.8 1 mol/kg T, W O P EIL H 1D L
CBEERLTE Y, SRR OH BHOT M L ITEA~ OB,
— DR - R T D A W T, AR C0d LR T,

[15-da ki L A FEAEIE AR L2 LACAO KR CUE, 5161 ] C 57 AR ARIET 4
FGEATERW 5 Lt MEINARE LT, HRIHEE G0 2R 5 TR
T T, KIERELACAD KRB & DR BLACAOR & b1z & Mt

0O, — 7, RELREE LT, MBS CKFRLACA DR A
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HTEH VAT REE T L EECH LD, EREEN TR I
ﬁ%ﬁ@EL“M@&m@f*ﬁ%ﬁiﬁ&%%uummﬁﬁﬁﬁ<@ﬁto
COBEMOMEE, TCpBMoRRCcRERTALOLER L, thb
b, IREfbAR¥ GO L, EEAROWEIIY BN X D o B EE
BHIC X > TFEMIAEAKIED BB LB A S sk, Btk H L\ AR
17, RIS X BRI ST A LR L AREERN BT O K P LB s o -
THM SRR L TH L LEZLRTE Y, KBRS TWAL R TO
LEB & CBAEOELARBE R TWA(E L6 197 2D XD %, Agh
12 BB BEAMEOEA X ALACAD FTREANOBE O, & 5WidhEibc
b4 AL O iR D VCADEE L EQFEIZL Y, 2008 H1IC
BB b rEL L, o, BIERICBWTHIMRS, Lo
B 7 B EDLZ & 2 B BLISHE - THAMEALARIN T H S et g b, s
FRBOKSERD SO R L(ES-D, LACAORRORMIZEE LT L
frhok#EBRI

452177 L 7 VCADBRERIL, LACA DR R OWTTI A & B FIEk 4 i &
F L. Fhbh, BREEREEETIE, FBRBH S TR THIC B
RO L, REMERE G OB AL T, RHLECHIEE 8 YR
L, AR i TR IS TH MBI A5 6 hito F5-3b o Lo HER
DEERET D, 0-40em b2 BWVTIE, HENHREH 1 T136.8 ¢ molkg, K e
%ﬁ@iﬂﬂmgymw@aﬁbﬁwmi<Mtﬁ%ﬁttﬁ,%ﬂUT@ﬁé
TH, IKELAEE T OPHEDFIRmOEE R L,

5417 L A TF1E RS BL 7 VCAD IR R, T IFTE 40 A g 1= K & 7%
%ﬁﬁﬁb%ﬂto&@mﬁﬁéiﬁu,Mﬂﬂ%ﬁm@%wmmﬁﬁﬁiw
w%%wmwﬁﬁt$u%“ﬁ%%t,&w@ungm@mmﬁ@wmw%

%uuwta&%&ﬁ%bgnf,%%%wmm%%mﬁ&?%@mt%o
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Po —H, IKEMERE S L TR, 0aB TABEIEVCADRBEARY T i % 71
L, SEEEHRBELTIXALR TARBREVCA DRBRATR < % » 2025, @ajgﬁ’; B0
THASLEREIBO LN Eh o7, WEBVCAOLREIE, REBHL TR,
VP, BRMGRE b S SR IS I EATRG SR, BUBTRED v
EER L7z, IKEMERE R LW, BTk UL S Rtk d 4w i faay 1o o4
FOBIER 2 0o Tw D S EDURME S (S 405 1977), Bt io 33 A i 8RR
fLgk & BOLHAR LY BROKHLBIGKE {, RE 7T A LR A b
WALAERTIZ L0 SR04 IS B 8§ 5 ATAEMEAMRES & LT w2 (B8 1979). L
D LLHTH, MR OWAEVCADEE O DM, KR o7 v 3
= A - HESBO TRV NS, BAZ b SiafibB L R Py vy
FEBCTHD SRLHE M CRETI RV EEL LD,

BES-3/R L 7oNVCAOKEE S, IRELAE L o> Aghh 45 R0 4 S AT A
EHLL, BHGAESELETE, AOIB TERUTORM & KL TH 2
fEECEWEEZR L, BwIBILTORNM CIEBwWIE T THRWEARL T A
bOO, 13 ALERNEDL NG 2y IREMLRES LT, O LU
AZBIZI BV TEWHEARL, FRUNOBMCIZITL A CERITDL AL
ot WERTE OB BT, IRELFREDL T OAGB TR WEE R
THO0, HWHIZEG 5 ENUADRBATIE, (TLA ENVCADK R E
A ST, BARb, BEEKLE LU F OV B O S &
A Bk AHD LRI, F5-3cIIR Lz AR BN R C W, REAt
H B+ O Ag(S-20cm) THWEET LT AL, 0-20em$ L U0-30emiZH
Wi, REEREE O FDEEREEZRL TwhH, TRATORS
BT, BIEIE0-60cm I BV, MBIMAREE L TIEUTL gmolkg, KEAL
AED L TiE1199 ymol/kg TH V, 1ZITABEREEITL 120

5-4ciz 7 L 7 AR B BERIC 6L - NVCAD R Bt iE, KB RED L DRI ©
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EETE BV TR L DA HEN R R L, BB RED - Cid, KIERNVCA
OFEFEIL, Ah-Oaf8 THO THWHER RT AT xm@%wmm&mm@mtm
THHD, FLLLTORMICBWTIEBWIEH 5 Bw3E 1000 T ik i 48
R G AL, SRS, WERNVCADRTE L, BwIED 6 BwifBio it
FRE A FFIRIC OB TR TEWI TR T2, FREL Fo MY ¢l
AhWRE 2 5 Bwig el TIHE & A SRS & 19", BUB C/RIERE S = v BB &
N A DX DY A EEAELS S, A TENVCAOKERIE, Ag
RTIHERIES LD, BWBIZBWTOMDBA & g4 5 & gl a4 o
EDFEO BV, BURY b, BaEMEB LU R B AR
AENVCA DARTE OWFIH AT T, B MEE OBy 2B LU v
e P ONVCADWABS I, EWELN DL LA A4 gl
MEHTLATI T2 H50EATTTA P Evo LIRS L U
ma L7 V320 A BRKBRIL FRVERERIZLTw A T LA, & Tkl
IREERE O IR 45 S WI3R B VIR i B v CBo o iufz, L L 4
L, REETHN LF7REAEWNCIE, ARE1975)DVR L2 HAO # £
Rkt b & O b R LBk O TE IR & LR D b S &
L TV 3 S A B AR TG (BRS-1), NVCA QW& i & O] 1]
MR RO e oz, Thibbh, FOMOETIHRED LT B
LNVCA, &H5VIZLACADGEIZH G L CwE L BEX LDFEHTHS ),
CORIZDWTH, 5-4 -3 HIIBV UM ZIT ).

54 —2 JHEDFEEESIVA-BEROBAES S

HHMRFAE P OLACADHLE X, BA 2 £, BfafRhkt B0 PV PEL
MR & AR, RIRFEHO SRV T EE, Bk, oo I8 B
Do 2 BROSTERDE C, 2B0H0%IE & kD 72(F5-2)
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[25-5a b2 FEE R O W A 2R L 720 FER ORI VCADRER O Wil o4 &

BRSO AR L 72 2F 0, WFHICSY T, HEREHR TR TR W2
AL, MAMFRES LT, BEALTRBCMI RS T L0 L, kaft
FH LTI, AgBB X UBUR CILORRL L b b @ & s BRI 2758
b A7, TRAEIBHER O EFR B OWTIE A TRk, TR & b6, KR
HE TR RERATS CRO TR ¢, BB TR C I &I ¢ R S 2 A REGED & o
o7, AR, MAMARE LT, AOaRTRL & <, Bwlig
A5 BwWIB LT TR BEA TS SR, —J, IKE LA (o LTl Agldds
FUBEBTEEEY R L, MR BV TR L0 b,

[5-5b \- BERG S O Wi i &R L 770 BERROAS RS, WRIMY AT (G 1T,
EE OB O A AR IR R L, KRS T, HEFRO
B ST & R IR A L7AS, AglB & D b BOR THD TRV E R
TR STV, T, HEHUEHREIC B DB OB R, Kttt
AR RS L L ) b SRR R L, VCADKERD 2\ I F RO &1
Ry DM TH o720 SO LI, BT KO KS BIEA I T 5 -
a,x;WﬁwmﬁLtiﬁu,%@mﬁn%&iﬁﬂwmﬁﬁ&ﬁ%mﬂ
WO RET SV L L ED, Ko&ibiriiH e ki LR THL L
2 HALBREIC v B 7R R B OO W A A, KRR AR R, TR &
bio. VIR AR AR OB LR LA, MU R L OBk B
;WWSW%ﬁ%iW%%ﬁ%¥%wﬁ%ﬁLtoWM%ﬁ@%rwabm
Wi TS AR O bR, WA AL T, RO TR TR
AR S B IR L, IREMbAR L Cl, BUS TSR ANy
bR LT 2 DA~ 2 ORI AERD b e o 7o

05-5c¢i= ¥ o BORE M2 R L7 BR7 L, B B L TR

AR T, EOBRICBWTEHID YAy BROBEO NN L8
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DHBID D2 DECELRL, & <&:;%r}:“&j:tﬁffmzmxﬂ;%f.saws.zt
fitdholzo LrL, FEGIWETEMLO~27HETHY, NVCAOKEIC
57 LVBOESHEECIEBED LN, J—4— 2WTil<7 L)
V2, v BRES Y ORRO T YR - ) OV ERIRE R It R
Wi & 4T B Y (Smith 1969; Malajezuk and Cromacj 1982), B8 2 LW O T4
ERT AT THLIL LSV avBBOBMMIIESE L2 eELbNAH, FE
BLME T TEBOWHEAREETH ), HOTB0BAFERETHLZE
LD, BOTEGNHETOLRD BB RIZIN, FOFRLE LT, WiELE
KTH 2 TBEOMIMPRO bR do/ B, BMEWLB AT 2y
FROFEOME DA T, ARAREEITTE, ALOJETEHVEL =T LM
RS LAERGEDLNT, IKFMEREB LTI, 0B Tldh (AgBIC
BOTHFEIHWELRL . FEMBNCRAY 2 0BEOSA Tk, £
MMFREER LTI, KEOOTRICPTTKERES 2 vEBRFE L, WEE
YavBREEENL L, -4, IKEERERLTE, AKERY 2 TBREILOMR
THROTH <, ERTBMEBVWTHEBETEWELRTUIRE 2R
ROLIT, WHEREY v BEIASE CERMICEVWERR L,

R5-5dic 2 Ly BRBOWESHER LIz, 2 T VyBOKBEL, HE MRS
LT, #EDL TRICHAY CEILEAL, KELFEEL T, 0B Taw
ERRT b0, £hl FoERERNMNTH—EOBMIZED btk b7,
FERREAIC R 7 L BR R OWIE AT CIt, FEWE & bICKBR, = VRE
PHBREHE CEH L, FRUTOBM CREELERIRO LN o7z, —
i, WEE T CBRED, FMHEICBY CIE-S0@AFEOONZNL O
O, TR 5 &, AR LB E AN G O KR
BEI XD 2RI EWEMARD bz, WM, #EMREELO

pH(CE)%%4.77 ~4.94, K {1t # 1 o) pH(CE) 455.06~5.36 T ), EFrII
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ZDOpHICEY & L UR L7 BB pHICAHESFRO b L,

UL@J%K.%memﬁﬁﬁ@ﬁﬁ%ﬁﬁ,ZO@ﬁﬁ@iﬁﬁwfké
(R D EDRO LN, T, ARELIIBY SALACAOHIEY, FK 7
bRt BL R MELE LR L LGRS R, S RID, )
EROFMICEEY RIZLTwARTA, DEEERpHS 5 Widdeq TR b 8
b L IERE TN I =Y A SOKRIEWH RO T L I A B /ITTR
il FOMORTZEBT 2LENSLLEERILNT,
54 —3 ENFREHEHNIR-BOBGENEERIIVEESA AT

THEO A G T H DT EY, RO T, B S AREIN %

Hd oo Tu ey, £ETT4 L, 74, BLSkEmICRA R,
1B OO IERRIE, BREFMA T A AL FellTERIG LA OH
o0k d—33 YT Lo THELS 0, pHIEIFEEA S 4RI 1984), €O
r, BAYFA R R ER GRS EBRIZBY A, pHBLU A IO
BAY Y RBRARCGT AR, TUu e v LA ETIA M A T UK
7 + B OB L LE LTSV 1981

P S o> BRIy 28 b & R EUE AR 1 B ARG B AL Ui o0 Je e T
. BB AE G BT, ABBIUBRLD EORBIIH T YRS
BERIE S . BR L ERTE R B UTIEA A VASREREH A L LT
1, ¥ P-4 A MBRETR, FEfbREa L BN T, AREB
BTZOMBABRLY, ¥74HA B LT 54 FFABRIIEHENERD
RO LB BT D THVARE 1979). E72, PR B AT &
RO ARED LI BT, AgBTE/S—1FaT74 noAHA4 FaAB
FUR— 3% 54 M4 TA N REEAETHLDELL, BUE TlE/ ¥ 3
X194 b, AugH4 PIHBITFTHAL, 25y -84 PFEET
Ho I EARENTVAE 15 1977, AL THERE L Wi S BT
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L BUMATERTEKE TG CHEREE TH A DI T h TR 28 5
ivﬁ%ml%n,ﬁiﬂy%%iﬁ%$iw¢w&4%mﬁ#ﬁm$§ﬂto
7o) OREEEME, MBRIMRE S LIS BV, #ENS TR T %
CHAL, & G TEHCEIITED SO L, RIS 6 b1 8
VT, RE DO TR AT T ORISR IS S R e e A
— & 4 B, BRPREG LI BWTR, EEBHAS TR TOMIL, & ¢
BW2B TH <22 Olxf L, IKEHEREE LBy, FLBW T L
FOFIEDHEE SN Py A MEZRER 1993),

PR Lo> &b, Rl LR B DLACAOME R L1y, MoEy b, s
THAB LR PR B THFSE L CWDH I SR X 7222
DOWf, T b b LEEHRpHE L TS E S RS oL 2 ey

Lo PKERIE R T AT 2 2 A BRESVT T A, WER O SRR
(B AEEA F AR AL A R BT A LSRR CH D
EEZLNI, #2C, 34 —-3®BLU4 -4~ 30 &M, LidoT
VI mer A REd S I U HpH & LACAOIRAG A & D[R D v TR
it FORBIZOWTER YT,

T4, E5-6ats, BAERSEEWB L UERU TN I =0 L SOKRRIEY
EDOT I 22 b - gk EVCA B LUNVCADW R E DML R L7z, o
L, B5-6a33  U5-6bb2 35Tk, HERBGHIE T & L MBI ARET S 19 Ah-Oa
B & UKL A L O 0SB I3 & TV v, NVCADULATH & il 7 v
TEY A - BRE L QMBS LH O M L ST, RS DRV T, SRR

, WML LU B VIR B RO B RTE L8 ) kL)
HIB e B L o 1oy FEE-LIE ¢, BT iy &y %
BIET T 20 A - GOkBREIERD T3 50 L - SREDYESD THE
#5-1), LACAVURERE AL L, 14 4 o b s 49 2 Hi Lo,
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ECKINKBHMOLBHEERERLY, KPR THRELAHEIZBW
TH, S 4 PR ORI RRT B LB,

—%, BE5-6bICR L7IzpHCEY & LTHIEL 72KEA T VBE L VCAB LT
NVCA OIEESR & OB b BIRERZ BRI b LA d o e 7072 L HEIN R
BEIZBWTE, VCADRERL ORICIELEDRR, NVCA DR F & DRI
BEWAEOHBRYEHAEZEDBIPIFRD, LELENS, Zak) M,
HREs 1, WKL L URF I AVEEREI SRS S MiE L
DEMTH Y, MAMCFEEEL 2. Thib, BRNFRELICBIILC
D X3 BRI, VCAB L UNVCADSHS T TEEHpH L G L TWwaH e &
A5 0B LA, VCAH DVIENVCAD FNENDLE LoF, BLURH,
M AH = X AOMEICEAL, KBH O TBIHIT TEIT 5 VCAOKRH
. FRBICBT 5 YMB L UBMBROARE L 20 b OKBEEOM 2
LoT, FEHL TBCHTCHINITANVCAOTAERY, REMNLOLEL
ZOT H~OBEILE D GBS~ O E O HxT M L o T, FREK
it LR MERChH B E L, FRIEMAT, SEPEICL > TEHEEZRT
BEEA A AR AT ApHO BEASR L b (I 1981), TN OB
BTSSR 57010 (R Fr Y A MBS 1993), VIR Bk
HDHLN Lol bDEE T
§—4—4 FCEEES TR VA CBOBE pHE ORR

By b BEHEMES LR VEELEFERC, $7, KBELACAD
SE L, TIEAWpH(PH(CE) S & L EEpHpH(H20) & LTl L7 AKELA
VigRE L OMTEBSHE Y, KsTallRLziRTR . Tl T 1 D AR T TR
LACA O#8 & pH(CE) & LTI L 72K E A 4 Y R EOM T, WRIMRE
b CRARBR A =0.927& & 1, B EOMBMERITED b AL, KH
feEm TS AR BRIED b7 — A, JaEE LD pH(H20)
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FLTHELAKEAA Y BELORTSH, BEMRES T TIZMBERES
rwyﬂa%wﬁwm%%%ﬁ%b%ntﬁ,Rém%ﬁﬁi@&%%ﬁ&%
BT b drolz, 3—4—4HEBLUTA -4 -4 BHTHRLLHIZ, B
Fr 4, BEHEKREB IR FYVERERECHE, SWECTpH(CE)E LTHlE

L7zk®A 4 it & OMIEV EORBBRAHED Gt Rt i
TR FRESHIIBOCOARBOMEMER L, KE{AEELIZBLT
AR DD b o7z, ShE, ol & LT, IkBftirE®
+ O EYEDH B VIR IRIE, B X UKERVCADBREOW H A ORI
BEELBIZLTWAIDEER,

X510, KIEBLACADHBE L pHICE)E LTHIE LIRFEAA Y RELOM
B, KEEVCADKE S & U/KBEENVCAOKE & 120 TG T E 47
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Table 5-3(a). Weighted average values of total amount of LLACAs by depth
in the soil samples of Red-Yellow soils.

Depth Weighted average (2 mol kg'l)
(cm) Typic Red-Yellow soil Bleached Red-Yellow soil
0-10 324.6 266.8
0-20 285.2 290.5
0-30 270.1 271.4
0-40 259.9 261.8
0-50 251.7 263.5
0-60 246.2 264.6

Table 5-3(b). Weighted average values of total amount of YCAs by depth.

Depth Weighted average ( z mol kg'l)

{cm) Typic Red-Yellow soil Bleached Red- Yellow soil
0-10 184.6 135.6

0-20 155.5 143.0

0-30 143.8 137.6

0-40 136.8 134.9

0-50 131.5 140.8

0-60 128.1 144.7

Table 5-3(c). Weighted average values of total amount of NVCAs by depth.

Depth Weighted average (zmol kg’l)
(cm) Typic Red- Yellow soil Bleached Red-Yellow soil
0-10 136.6 131.2
0-20 127.9 147.5
0-30 125.0 133.7
0-40 122.0 126.9
0-50 119.1 122.7
0-60 117.1 119.9
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(a) Total amount of LACAs.
T ypic Red-Yellow soil
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Water-soluble LACA Adsorbed LACA

Fig, 5-4. Total amount of (a)LACAs, (b)VCAs, and (c)NVCAs by existing form
in the soil samples of Red-Yellow soils.
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(a) Amqunt of formic acid.
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(b)Y Amount of acetic acid.
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Fig. 5-5. Amount of (a)formic acid and (b)acetic acid by existing form
in the soil samples of Red-Yellow soils.
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(c} Amount of oxalic acid.
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(d) Amount of citric acid.
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Fig. 5-5(continued). Amount of (c)oxalic acid and (d)citric acid by
existing form in the soil samples of Red-Yellow soils.
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{a) Correlation of contents of para-crystalline to amorphous Al and Fe with adsorption rate of
VCAs(left) or NVCAs(right).
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(b) Correlation of hydrogen ion concentration with adsorption rate of VCAs(left) or NVCAs(right).
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Fig. 5-6. Correlation of (a)content of para-crystalline to amorphous Al and Fe, and (b)hydrogen
ion concentration measured as soil solution pH, with adsorption rate of VCAs or NVCAs
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(a) Correlation of total amount of water-soluble LACAs with hydrogen ion concentration
measured as soil solution pH(left) or soil pH(right).
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1)Corretation coefficient of Typic Red-Yeilow soil samples.

(b) Correlation of total amount of water-soluble VCAs(left) or NVCAs(right) with hydrogen ion
concentration measured as soil solution pH.
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Fig. 5-7. Correlation of (a)total amount of water-soluble LACAs with hydrogen ion concentration
measured as soil solution pH or soil pH, and (btotal amount of water-soluble VCAs or NVCAs
with hydrogen ion concentration soil solution pH.
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Fig. 6-1. Seasonal changes of the mean temperature and the mean precipitation of sampling site.
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Fig. 6-2. Seasonal changes of the mean soil temperature and the mean thermal conductivity
in Ahl horizon of sampling site,
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6—4 EE
6—4—1 ANBILSUDIEL)FREEHVFBEBOTE

ARLRED & FREUL 12 B ARB B DS TR A )V > BU(LACA) D& B
(&, 184.7 3247 pmolfkg PERTH Y, BR L, Badiht, Koy
B IUREEEHECHEONEE L CMAEHTH- 72, ANBIZEBY 3
LACADO#E, 7R LBICEEfEL, 9B THICREMEE, #h¥h, KL
2o FHDFHOEEITR DL, FEALKIEMTIT, 7/ LA BEEY 7T
BE & 4 2 HRAEIASER0 S, ED L BRI AT TOX S LR
T, BRSSP 3y, BL 22 ZHEMERD SN Eh o (>
6-3a)o HIAFOWFRTIX, EHEMFEAIL BRI, AEBESRAEINET A &
& AR S LT v A 9% (Spakhov and Spakhova 1970), AKFFRClE, i d 11§
20, BEICRAKMHEERLZ, Jalal and Read(1983)2 & L1, A ) 203 -2
Yy —AHBOXF 3 2 TERFFHLVIEIM Y LIBETOANEIZ BT,
REIRER B L NS HFHRBROBED, TAUBEE 20, I RIEE 252 b #Y4R
WS, BRATHELNAHFEREITITEL T 5, FFROFREELR Y
ERTE T, THICRIRS & CRKENE C &) ([6-1), FERFIZAWNEO D
L& E KRG EROBINAHD &Nz (l62), ZDME, CORHITHLY
RN OIGEDSIEBICERAIIRA ZLIC LY, LACADAEESER I DT
WhowhbkER 2, —F, SHOMED MEBHEWELRLIZLDD, 9H B4
B LWERICRELDA LA EEFFRMNIZML (Ke-1, [X6-2), 1LACA
DTFHNDOBEID B VIIKTBRIC L D EEOMHL LI LT, TR
LACADENRBELR LI bDEE X1,

TR R LACADKREDER TIE, KBBLACAOKED, 6] TH
POIREHATTHE DRE LEBIERE 2O L, BEBLACADREED
HEBIR & BB ER L2 (06300 X512, LACADER %, MEMLACA
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(VCAYDBE DB L UOREREMELACANVCA) DA L2501 TN o B4 &)
RS A, WHFE(REIEBERRERL,

VCAIL, @ TOREYE L CYREE & UBHRITAER 94 9 (#6-2), VCAD
&L, 751~ 1880 pmol/kgDEMTH Y, 7TH LWICREMES, 1w
BALVEA R Lze COLBEMIE, LACAOMEO FhE fbikas X T
b, BLOMIIPTTRESEH LA, LA LAWS, LACAO R B2 fih

VCAD KRS % 6 5 FIRE & UBHER B o LI IENNC S 28 & He-412
Ltz FEOKREIE, THTFRIRGHEERLZLO0, VCADREROLE)
fir s & T 22(Bl6-daye —77, BFROBEORBBIEIL, VCAOKR &
AV FEEOBEOZ L (3RE o 2(f6-4b)e ZHLL, AR HEHETOMH
MLz, WM PHICE 2SR E (L TE D (6 1), MhOLACAL LML TH &
FEHHHIT I VIR FOBME L )< &Y, FRERENTRS CEIL
okt alEL, FRBLUEERREE, L6, HALSEIRICH
T AR L2245, S ORISR X UL ROKGER_ATM N & b0
([6-2), HENHEDIERITOALO I EIZERL WL EE T,

NVCAIL, & TOBMABLTY 2 viEd LUy VBT KETE did (&
6-2), NVCADKEE, TH FAUA136.6 pmolkgl Hb# (, KT UHDHH
121316 « molfkg & BVMER R L, 9 TAICHE bV 778 molkgh R L /20 =
DM DL EMER L, LACADKBEOVCANBROZFNEITKE (Rl
SF D, 4R A LAY T, TALAABEML R TR E % A1 HIAT
A5, RS BAR AT, AP T RSHETR TR T 2o Y8k 1
FIHSE S, LSRR 220 00 B 1E & R 9 IATAE L L ([M6-30)

NVCAD KR &b b S o v & O 2 T v BB OFEEN IR K H)
2E6-4ZIR LTzo ¥ 2 TEROKRIL, NVCA OBBEOLEER L &L, TH

-113-



Fa e B o200 ke R R AR L 72 (6-40). T M
NVCADEIL GO L V2 TROBENDEE(56.4~809%DE S \REET 5 §
OHrEZOLNZ, 7T VBOKBER, NALSBIFICMITO, EHHEH
HIOCLLTORM Th o 2(6-2), LOMHTHHVEL R LI2(6-4d) F
7o, PELUVEBORE L INIBROKEOHBROLEIEEIZE VI L HTE
By, FEIREZAERE L AROBRBOTICH L Z RS S vk (Ee2) . 7L B
JU ansiE, RREE FELT AENONNHEY & L T(Sevenson 1967) &
BV HEARD b 05 & LT RIBPIC M S D, LIS, Y vE
DY (Banksia integrifolia LEYDMOBH AT & 0 5 A REERDH 50%H 7 x
VERT ¥ 6 T (Grierson 1992), ZH b OAERER L, R OIUH &)
CRHE S R4, o EEROLACA L IELC, LV EMhEEL TR O
SRR FIZ LB CHFEL TR EEIOND, DF Y, XEHLELA
BB O WEY RS, 7 T VBRBIansBOSBYHHEL 2HER, 0
5 DLACADE, Z OB ILEGEWHERL D EEZ 1,

6—4—2 BwiBIZsBESTEMBEALECBMBOER

Bw1/E D & 3R L 72 UL EREE P O LACAO R RIX, 131.5~260.3 mol/kg D
WHECTH O, ARG EE L TETRVEOEE TS -7z, BwiBIZBIT S
LACADIGEOHBOEHGLHERL &, AMUBEFATTRICEIE LS
EDH L0, SHELBBEMERO ool £, THORWE
BB L, AHD O AP TREREBERESY, HALLHEIAL,TT
it, AhIRE L R CR W EZ R L 72(6-5a),

VCAK, & TOBMLELTYRE & CRERAKERST & & (EK6-3), VCAD

B, 68.3~1402 xmolkgDHEFTH H, 64 LTI REIEL, 3 A ]I R
AR R L7 7271, 68 BT RISV ERRT I, A0
OF 12 AT T ORIRIC SHAEAEL, 8P IS ¥BE L URHERE & bK< 2o MM &
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T L72(B6-5b)o AR LT B L, FR% 8 U CRMHEE R E T
%R ZEMEMIE 2 , MAVCEBERIEL, B RBE 2o,

VCAD K#5T % E 05 FRE LUHREOHFHBBIIC R - A8 v H661
FL7e YBOKBEOLTENL, LIEOVCAOKRBOEH R, THEW
B B A R T R b R OB RIS b, BRI OB E R 5
Y, TREWEERL, SHIZRY, ZLTHTFIALSREGC b/ &
72, NADSEIFIIHT T, FOMEERL TYROKEN, K, Kb
BEAETEDSNL Dol (6-6a)e ZDLH, BWIBIZBITHHWFRO
EEE, TABLUIAOLBKGEEIECIFHICHY L 26 &I A
T, HIETHA LI, BRI LOLACAOKETGIZENT, TRTO
Eld H VISR L Vo IZVCADTER OB NATRS b, BEILMOMIN &
FRUHE) A EROMIMERT 5 BENRIET COVCADEEO REN &
L7z, o oTh ¥BMOBRDY, KORESERIRSILRNE EEZ S
WA, FRTHNLEZboLE L, —F, BROBEROLHE, b
b $REI AR B 47 Ao 72 (B6-6b)o

NVCAY, & COBMEBLTY 2 @B LUy Ty BAKES & &b
6-3), NVCADIEELS, 2H FAA 1271 g molkg L b # <, KWTCTH FHO
123.6 umol/kg, 8 H4ID 123.2 4 molkgPHATH Y, — T, IH 47 1263.2 1
molkg, 6/ FAU1265.5 xmoljkg & EWIERIR L72o NVCADRBRD G M OREY
ERARD Y, THBIUSHCE L b RN HHA, SHB L U6H AR &
LR H Y, ALB &K & R HEMHTED bl ([6-5c)

NVCA D KE % b vV avBB LUY & VERE OFE(E I REC R E)
ER6-61R LTme Yo v BOBEE, 2ALTATESLEAK A TORAH-
B0, 3ABLUSHITES %ol (660, &0 YayROERDZEIN
I, A O L A LRD LT (&e-1), HEmOMS L) &P
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L Lo, <V ORDEESMEC B E (Smith 1969), EBALOBEHIZKE
FTEEN TS OO LRI L, 72 VBBIUPINIBROKE, & bI27
AL EBEEZRL, SHHLWIZOH T RLIE 2ol (6-6d, £6-3), L
2L, THICEWEL R TSN, EBEmoRIIEIRB I o 1o,
6 —4—3 AhBEBWIBICE U SFHMNEHOLER

LACADHEE, VCAOKREB L UNVCAOREOVTIIZONTY, 3L A
LATOBAEEL T, ANBOFFBwIBL D bEmWELRL 2@ 6-3,
6-5)0 LACADHEDS JUVCAOKREOWBO LB, ARBLBWIE LD
MTHEHE CMTY Y, ZLORMHL" To" BFELL, —F,
NVCADMAE X, AWBLBwWIE & T RE H2EHEMER L

VCAD KET % 55 F®B L UHRBROKEDEHMEAIX, AnlELBwIE
FThT VRS LERIAD NP oz, BEROKRBOLBBIEIL, AWlE
Y BwlBg & OB CHRENL” TR HE 00, BnickBr L (URE)
%R L72(6-4b, B6-6b) NVCADOKES % E¥ D 2 YEROBEIL,
FAYETORMEELT, AMBOHFIEWEER L72(K6-4c, H6-60)0
oo, BBIEBVTHDEDS 2 VILRRER SOEBERIRITLLD
12 (Smith 1969 ; Grausteinet al. 1977 ; Malajczuk and Cromak 1982), AWBDH W
O ERRT O OEE L, 72, FOEMNOERHEMIE, AnlfELBwWIE L
Gl R ot, FIVERB IU AN BROKEE, LbTALHIA DKM
. BwlBOHIE WEE R L7 (H6-4d, F6-6d)0 7 T Y EBROMEN, 11H
HHRAH O BIEANEBDFFE L, INTBEERRHEIERL

AhIME & BwlfB & THAKBIBAE ¥ LB L1258, KERBLACADKE, K&
FEVCADIE B X ABIENVCADKEIX, £ b, BulgTRWERTRT
5%, OGRS D B ILEFUE % ED 72563, H6-5), KBRLACAD
BEE, Y CRTALLIBICRTTORNES & Uk & BV
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W, 17BN EFHI OWTARRB L Y D BWIB TE P o, i, BEHO
ZWHERIIC BT A LACADERE PO TERANOBEN L, TS EEIE VIR
KBIF B TR TOVCADLEIER L T o LRI L 72,

6—4—4 EHTEMEHIIVF -BOGERIFEES5I5ATF

I ZCHE, ANBEB X UBWIBOEZNETRIZE L C, LACADTER & LW
ERE, KOEEREOHETF & ORERIIODVW TR £1To 12,

9, AWRBIIBITS, VCAOREB LUNVCAOK R L Lo
FRAIZ DWW CRET 21T » 2(X6-Ta)o MEB L DBH T, VCAOREB LU
NVCAD#KE L BIZ, HHARFEORP LRV EBEICOLEOHBEMEHAELD
biv/z, MEE VCAORKRE L oM TR, ERBITBIROE LV FERIMT
HH19914E5H24B 07828 $CL9H 2B 0FM6EE, BLT LA ISADIK
B AET1E R BwWi 1IERBHC D WTE, HEARET=0667 & %z §) IEOHHE
BRAED b, MBEHENVCADKREL 0TI, BELIEM O
BEC, WikO—ERHREL 721991489 A 16855 1024 H F TO35H % B <
ISEREHZ D WTIE, FBREAT=0332L BV EAROHLNRT,

RAREH E ORI BIR T, S 2EEOMM L RV 8E DA IE O
BB b N RREE VCADR L OH T, RSB L THimoFL v
FTRIETH 5 191E8A3A L 1TAISHECOTEH LR ( HEFHIDWT
X, AHBIRHAS=0.955 & BV AERIBERASRRD b iz, AR L NVCADRHE
Y ORI, 1991498 160 22510 H24H $ TO3RBO AL B CHIEHOS &
¥ FIAE T 1SEECIE, ARRIARMATT=0.585& %2 o 7 (H6-7b), % 72, SAKEHL
NVCADKBE O KIS % 50 5 72 yBOKE L 0TI, 15582V,
B AREAST=0.819 & % 1, RSV BEBESR ASF0 & 7z([M6-8) 6 — 4 — 3
TERUERE D, Yo BRI B GRREOR#FHBHE LT
SRCBESAA IR, <y MROBAEL &tr0-10emP BB LI BT 2%
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BEOYavBAINTY Y AROFLELR EFED LN TH Y (Graustein et al. 1977,
Cromack et al. 1979), AMATH, ARBEO V2 vBRECH ¥ 2HBENLFY
FHLPE o7z,

EH1Z, TROBEILSWTH, LKL OMCEHLGILBERIEZEDLL
BWboo, VavBROKEIZSDIEFEY 2 VRESLENEVEHRTH
51991465 B 108 7 EOSHEE 2B < BRABTH, Y2 vBOKEE YROKE
E DR ORBHREAD=0734& %D, EOMERERIED L W7z (X6-8) 4 —
4—2BCHLAEI, FRARBCE - TAES KDY 2 JEEE Y H VR
¥ 5B LBV avBOBREBC L o TFBBEERENS ZERIBEN
T 5 b (Hodgkinson 1977), BB CHIM S Rz 2 vBO—F,b, DX
5 L EENEE L ORI E > TEBMEL TV AT RENES DL E L,

K2, BWIRIZHBI 2, VCADREB LUNVCADKRE L MAMERE LD
BRICOWVT AW L AL RHET o720 LAL, VCADKEB L TNVCA
OIEE B IT, MEED 5 WIGRIRER E oM ICHEZBRIERE I V20
7-(R6-9)s T, 6 —4—3BTHLAZLIE, BWIBIZBUAHVCABIT
NVCADBEOZENS, AMBLIEZRELY, TR TOLACADEEL, EEH,H
DLACA DBBOTH DG HRATFET S LICRET HEF X, £IT,
BwifE 251 ARG T TOVCADEE, H2IEEBNHOVCAB LY
NVCADOBENEST 2 Tk SE ORI OV T E LIZRHF T 75

kA REOKSTEGE EVCADREB L UNVCAOKRR EORTIZ, WEHD—
EATKEE L7 Z AT L Y B ASE RO ( % o 12 199149 A 16 B O T
B B C10REHI DV T b, BRI B o 72(BU6-10), LA L, K&K
VCAB £ IFNVCA D& & 0 B T3 BIRE 2 B A5 & 172 (6-100)0 KIS
B L OKEIEVCA DR L OBITlR, WEARMUEOTHEE I ( 10A/HEDW
Tid, MERED=0.8078 % ), BWEOHBBEIED b, 28, T
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HAREKUEDTHREHI DWW TIBRIEED b e ho oo —F, KIERB LK
HHENVCADRKRE & O, ABREO 103 OV CLIHB A T=0.727 &
0, AWIEOCHBREFRSEDL N, LAaL, MmKix UED 7380w
T, MR =083 AOMBEFRIED O, HEEOKTEEDRMN
Y, Wil FE~ONVCAOBEIZREL TWAZ LEFET L EHE L,
6—4—5 BEAFEMEHIILLCBOBGENFERCERESAHEF

3—-4—3HETHLZZLIIT, BRY LWE BT SLACAORBIFHEE
i, HEWEpHB I URR B LEW P ERET VIS T A - SKEBRILY
WCHET AT NVIZT A SEBL EORTFHIRELRIZTI EFRADLIL,
22T, AEORBRIEAZEICTAREIIOVWTY, pH(CE) LLACADE
RFHER L OBRIC D TR,

¥4, AhlETid, pHCE) & L THIE L AR AV BE L, VCABLD
NVCA OUE%5% & Of I 3BR L b kb o 72(R6-11a)e LA L, BFRRD |
AR L OB T, BEESC.ILTo430, BLUKEAA VR LY
LBV R C RRBHZ D wT I, MEAEN=-0619L 2, ADH
BATED SN, Va2 vBORERLOMTY, pHCE)OZEEIFMOMM LY
bE LD -72199144 25 B 56 A21H T COSHE, BLUAKEA 4 VK
AL b EV2ERE R R BB oW TH, HBEREN=0610E% Y, L
DO ER RS SNz (D6-11b) SD T &I, BIETHL LI, LR
B pHD BB HR CHO N R ChH L LE R, 2E D, B4 VIR
AT A~OIE I LT, BBV EER(pK=4.756) 3 X U ¥BR(pK=3.752)
2ELTAVCATH, ThbHOVCALRE LTANELHUTRELS (2L
FA 1 0 BV pH(CE) T, ¥ 72, BEEHSEV Y 2 YBREK1=127)B L U7
T ER(pK1=3.128) % £ & T ANVCA T, HREHLHENE X VHEET V3

= A SRR LYEEO EREBORNAME U A KV pH(CE) T, £
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neEn, WENSPEL A0 LERT,

KT, BwlEB T, pHCEYE LTRIE L7oRFE A 4 ZiBE & VCAORFH &
DR EHIREL BRI S oz, UL, NVCAGRFE M M-
i, pHECE) ML HEL TEVI9IFESHIBERAI6R, B X UMW ¥0%0.2LL
T19914E 12 2H L 199243 H 17 HOARHMME B < 23BHIo v ik, Ahl
BB LR, MBREDT=0.701 & IEOHBIBEHR AR 6 17z ([H6-12a), < O
fk, BEEEOBRAEHRE OMTEHMELZHEIROONT, o TBROWRHE
O T, 1REFHCD W THHRBIR $r=0.366 & AHMM R IIER LG b DD,
EOBIHEAED & N (D6-12b), SHO X H 12, BwIBIZBWT, VCAD H il
BERR DA R L K FEA & VB L OMICHMEBFF RIS v e, K
Sa B OMIMIAE S KIS RFERE R 5 5 VIRBEEVCAO BR ORI & A0k
HKOWETFHAEG LA LICRBRTHLELL, Tihbh, TNHDLACA
B, BEROBENCES L2 WM G ILE RO & T, BE® 5 Witk
BITAS L WIRECIEE L T ATTREMEAYRME S 1LY, £ ORI 4 &
COWCTIHBEH OBAEBLL TBLT, $BRORFPLETHL LB .
6--4—6 JGHEEEDFIERE LR BOEER L pHEDME

BoR s, Bk, R UEE B SR LI BV CRET L
X1z, REOBREHRIUHN R RIZT 2 BEHI oW T H, KERLACA DHER
b A HEpH(PH(CEY) & O BIRIZ D W TH T,

LA L7%d%, ANBB L UBwIBK BiT5KEELACADKER L pH(CE) &
LCMIE LR EAL v EE0RICIE, WEME SIS, BHLBREGIDN O
Nl M olz, $72, ARUBTH, KEA AV REI M & 8 L TRV 2300 T Bk
{DI6REHZD W T, HBEKAT=0373L 40, BVHBKNERIEZD i
Lo, 8612, AWBIC B BKEEVCA S LUNVCADHE L KHA A
VHERE & OBR OV TIRE B o 1245, KBREVCAORE &L OMTH, LiC

-120-



ERBRD 16T DV T, MEFRE=0434L 1 1), FUIEDORHEAFID
LD LDD, WELEMREIRALI N h o,

PLED & 51, SEHRIEREHE RI2T 2 B0V T, BwiIfg THOKE K
LACA D E & HEBElpHE OMICIEHELBAIE  RIBALT, ANBT
&, MHBRBEVD 00, KEBLACAOREB L UKEEVCAOKE L O
MCTENEREFRDL N, HENEANOEEOFHMEE SIS L
TWaHI PRI, ST TICRWEDR & 3R, FHMNER
KBWTIE, RERRATORROEE, By 74 L - 724 Y OFEHNEE)
DEBL EVEFEAHOMEICRE(ELEI LPER LN, TORE, HE
DEBFE:BAMR L LTRAB SN o b DEER T,
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(a) Total amount of LACAs.
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(c) Total amount of NVCAs.
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Fig. 6-3. Seasonal changes of total amount of (a)LACAs, (b)VCAs, and (c)NVCAs in Ahl horizon.

-122-



(a) Amount of formic acid.
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(b) Amount of acetic acid.
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Fig, 6-4. Seasonal changes of amount of (a)formic acid and (b)acetic acid in Ahl horizon.
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{c) Amount of oxalic acid.
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(d) Amount of citric acid.
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Fig. 6-4(continued). Seasonal changes of amount of (c)oxalic acid and (djcitric acid in
Ahl horizon.
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(a) Total amount of LLACAs.
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Fig. 6-5. Seasonal changes of total amount of (a)LACAs, (b)VCAs, and (cNVCAs in Bwl horizon.
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(a) Amount of formic acid.
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Fig. 6-6. Seasonal changes of amount of (a)formic acid and (b)acetic acid in Bw! horizon.
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(c) Amount of oxalic acid.
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Fig. 6-6(continued). Seasonal changes of amount of {c)oxalic acid and (d)citric acid in
Bw1 horizon.
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{a) Correlation of viable count of bacteria with total amount of VCAs(left) and NVCAs(right).
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Fig. 6-7. Correlation of viable count of (a)bacteria, and (b)fungi, with total amount of VCAS
or NVCAs in Ah1 horizon.
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ta) Correlation of moisture content of field-moist soil samples with total amount of VCAs(lef1) or
NVCAs(right) .
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Fig. 6-10. Correlation of moisture content of field-moist soil samples with (a)total amount of VCAs
or NVCAs, and (b)total amount of water-soluble VCAs or NVCAs, in Bw 1 horizon.
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{a) Correlation of hydrogen ion concentration with adsorption rate of VCAs(left) or
NVCAs(right).
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(b) Correlation of hydrogen ion concentration with adsorption rate of acetic acid(left) or oxalic

acid(right).
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Fig. 6-11. Correlation of hydrogen fon concentration measured as soil solution pH with adsorption
rate of (a)VCAs or NVCAs, and (b)acetic acid or oxalic acid, in Ah1 horizon.
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{a} Correlation of hydrogen ion concentration with adsorption rate of VCAs(left) or

NVCAs(right).
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Fig. 6-12. Correlation of hydrogen ion concentration measured as soil solution pH with adsogption
rate of () VCAs or NVCAs, and (b)acetic acid or oxalic acid, in Bw! horizon.
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Table 7-1. Some chemical and biological properties of soil samples
obtained in each period of incubation.

pH Adsa*
(AbsX 10°7Y

Incubation period{weeks) 0 1 2 4 0 | 2 4
60% of maximum water capacity
Blank 459 462 480 458 423 236 224 249
Podzolic soil

Oi 477 433 476 4.55 1138 564 506 470

Oe 4.65 450 468 451 871 449 392 383

Oa 461 454 455 4.43 793 375 358 350
Brown Forest soil (1)

Oe 465 451 456 447 794 427 368 354
Brown Forest soil (II)

Qe 4,55 453 451 443 923 529 446 425
80% of maximum water capacity
Blank 467 461 458 4.50 367 279 271 222
Podzolic soil

Oe 459 457 457 4.53 801 475 438 368
Brown Forest soil (1)

Oe 456 453 4.52 451 675 452 418 333
Brown Forest soil (1)

Qe 456 4.53 449 447 892 536 533 393

V.C. of fungi** V.C. of bacterig**
(log C.E.U. g (log CF.U. g

Incubation period(weeks) 0 | 2 4 0 1 2 4
60% of maximum water capacity
Blank 433 442 4797 5.51 762 761 1717 7.4
Podzolic soil

Oi 433 582 606 605 7.91 8.08 802 7.97

Oe 4,17 565 582 59 7.62 793 195 7.85

Oa 420 538 572 5.82 781 792 1790 7.85
Brown Forest soil ( 1)

Qe 4.03 558 566 571 781 796 1783 71.47
Brown Forest soil (1I)

Oe 398 564 579 579 798 799 783 7.4}
80% of maximum water capacity
Blank 431 475 453 490 790 775 71.84 T1.%3
Podzolic soil

Oe 440 539 538 545 8.02 821 810 8.03
Brown Forest soil ( 1)

Qe 433 514 520 5.38 8.08 §8.10 8.07 8.00
Brown Forest soil (1) '

Oe 4,40 528 552 5.42 8.17 822 805 8.04

*A254, absorbance of waer extract from incubated soil samples at 254nm.
#%V.C. of fungi, V.C. of bacteria, viable count of fungi and bacteria measured

with the dilution-plate method.
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Table 7-2. Amount of LACAs in the soil samples obtained in each period of incubation
where moisture content was maintained at 60% of maximum water capacity.

Incubation period — umolkg! —
(weeks) 0 1 2 4 0 i 2 4
Blank Podzolic soil Qi

Formic acid 116.0 1142 842 1059 122.8 1047 855 li2.4
Acetic acid 350.3 105.3 504 69.7 556.6 709 71.8 728
Propionic acid 9.3 N.D.* N.D. N.D. 26.1 44 146 108
Butyric acid Tr.x*  Tr. Tr. N.D. Tr. Tr. Tr. Tr.

Lactic acid 35.2 173 142 156 47.7 146  15.7 155
Oxalic acid 509 46.5 548 69.6 51,5 417 442 60.6
Fumaric acid 0.7 0.4 0.2 0.3 1.2 0.5 0.3 0.3
Succinic acid 48.8 37.6 342 312 82.1 374 375 355
Malic acid 3.6 3.9 2.0 27 2.8 38 1.9 2.1
Citric acid 137.1 816 711 7189 170.1 822 737 613

Total LACA*** 750.9 406.8 317.1 3739 1060.9 3702 345.2 3773
Total VCA 509.8 236.8 1488 1912 753.2 2046 187.6 21L5
Total NVCA  241.1 170.0 1683 1827 307.7 1656 157.6 165.8

Podzolic soil Oe Podzolic soil Oa
Formic acid 91.5 108.5 834 947 88.0 1020 851 937
Acetic acid 49.8 64.8 44.5 54.6 44.9 741 396 4718
Propionic acid 8.0 107 ND. 9.1 N.D. ND. N.D. N.D
Butyric acid Tr. Tr. Tr, N.D. Tr. Ti. Tr. N.D.
Lactic acid 22.1 13.9 13.6 133 17.7 15.2 13.8 12.2
Oxalic acid 500 499 474 587 459 392 495 66.6
Fumaric acid 04 0.4 0.2 0.3 0.3 0.4 0.3 0.3
Succinic acid 62.1 43.0 388 417 51.6 354 412 87.1
Malic acid 1.2 4.1 1.9 23 1.5 38 1.9 2.0
Citric acid 1345 770 719 549 134.1 726 135 519

Total LACA*** 419.6 3723 30L7 329.6 384.0 3427 3049 361.6
Total VCA 1714 1979 1415 1717 150.6 1913 13835 153.7
Total NVCA 2482 1744 1602 1579 233.4 1514 1664 201.9
Brown Forest soil (1) Qe Brown Forest soil (1) Oe
Formic acid 119.0 100.1 974 822 1182 1002 987 79.6
Acetic acid 6620 532 410 397 7127 51.8 434 333
Propionic acid  Tr. N.D. N.D. N.D. Tr. N.D. N.D. N.D
Butyric acid Tr, Tr. Tr. N.D. Tr. N.D. N.D. N.D

Lactic acid 26.9 12.7 9.7 10.5 32.0 13.1 11.2 7.3
Oxalic acid 40.5 454 464 56.9 44.2 450 497 59.7
Furnaric acid 1.0 0.4 0.3 0.2 1.t 0.5 0.3 0.2
Succinic acid 927 63.38 59.5 53.8 101.8 82.5 623 79.9
Malic acid 2.0 3.1 3.3 2.3 3.0 1.6 2.6 1.7
Citric acid 136.6 590 571 53.8 141.7 644 623 463

Total LACA***1083.7 3377 3153 299.4 11547 3761 33035 308.0

Total VCA 807.9 1660 1481 1324 8629 180.1 153.3 120.2

Total NVCA 275.8 1717 1672 167.0 2918 1960 1772 1878

*N.D., no peak detected; **Tr,, trace amount

**xTotal LACA, total amount of ten kinds of LACAs ‘
Total VCA, total amount of volatile LACAs (formic acid, aceteic acid, propionic acid,
butyric acid, lactic acid) .
Total NVCA, total amount of nonvolatile LACAs (oxalic acid, fumaric acid, succimc
acid, malic acid, citric acid)
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Table 7-3. Amount of LACAs in the soil samples obtained in each peried of incubation

where moisture content was maintained at 80% of maximum water capacity.

Incubation period — pmol lcg'k -
(weeks) 0 1 2 4 0 1 2 4
Blank Podzolic soil Oe
Formic acid 100.1 106.9 1029 858 111.4 1076 107.1 108.0
Acetic acid 46.9 56.6 627 458 68.6 653 509 57.1
Propionic acid N.D.* N.D. N.D. N.D. N.D. ND. N.D. N.D.
Butyric acid Tr.** Tr. N.D. N.D. Tr. N.D. N.D. N.D.
Lactic acid 11.6 11.7 53 10.1 22.6 148 6.2 1.9
Oxalic acid 549 494 512 70.6 54.1 49.1 546 620
Fumaric acid 0.3 0.4 0.4 0.2 0.4 0.4 0.4 0.3
Succinic acid 60.8 694 678  68.5 107.4 686 825 68.1
Malic acid 2.6 3.2 34 2.6 2.6 2.6 3.8 3.8
Citric acid 90.9 63.0 662 54.5 123.0 630 67.7 60.0
Total LACA*** 368.1 360.6 3601 338.1 490.1 3714 373.2 3672
Total VCA 158.6 175.2 1711 141.7 202.6 1817 1642 173.0
Total NVCA 2095 185.4 1890 1964 287.5 1837 209.0 1942
Brown Forest soil (1) Oe Brown Forestsoit (11} Qe
Formic acid 1189 107.3 997 105.0 124.8 1039 1045 103.6
Acetic acid 45,0 454 452 53.7 46,4 458 59.0 489
Propionic acid N.D. N.D. ND. N.D N.D. ND. N.D. N.D
Butyric acid Tr. Tr, Tr. N.D. Tr. N.D. N.D. N.D.
Lactic acid 16.4 126 110 6.6 140 115 6.9 6.5
Oxalic acid 57.0 46.7 577 75.5 62.7 456  50.7 71.8
Fumaric acid 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.4
Succinicacid  119.0 747 807  63.1 122.0 759 77.1  68.8
Malic acid 3.0 3.5 i1 3.3 2.5 30 34 34
Citric acid 117.3 644 613 676 113.0 583 63.0 654
Total LACA*** 477.0 355.0 3591 375.2 4859 3444 365.0 368.8
Total VCA 180.3 165.3 1559 1653 185.2 1612 1704 159.0
Total NVCA 296.7 189.7 2032 2099 3007 1832 194.6  209.8

*N.D., no peak detected; **Tr., trace anount

#4% Total LACA, total amount of ten kinds of LACAs

Total VCA, total amount of volatile LACAs (formic acid, aceteic acid, propionic acid,
butyric acid, lactic acid)

Total NVCA, total amount of nonvolatile LACAs (

acid, malic acid, citric

acid)
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Table 7-4. Correlation coefficient {r) of amounts of LACAs

with some general properties of incubated soils.
(a) pH of water extracts.

Total Total Total Fomic Acetic Oxalic  Citric
LACAs VCAs NVCAs  acid acid acid acid
60% of maximum water capacity
Blank -0.516 -0.518 -0490 -0913 -0.465 -0.176 -0.412
Padzolic soil
O1 +0.571 +0.574 +0.559 -0118 +0.602 -0.156 +0.581
Oe 0030 -0.793  +0.392 0838  -0.885 -0.643  +0.507
Oa +0.080 -0.044 +0.098 +0316 -0.049 -03803 +0.865
Brown Forest soil (1)
Oe +0.887 +0.888 +0.879 +0936 +0.880 -0.860 +0.896
Brown Forest soil (1)
Oe +0.618 +0.624 +0.578 +0983 +0.592 -0.992 +0.715
80% of maximum water capacity
Blank 400958 +0.541 +0.399 +0.716 +0.079 -0.725 +0.894
Podzolic soil
Oe 10692 +0.604 +0.662 +0.533 +0.492 -0.745 +0.722
Brown Forest soil ( 1)
Oe +0861 +0.832 +0.848 +0.895 -0.639 -0.487 +0.903
Brown Forest soi! (1I)
Oe +0.673 +0.713 +0.648 +0.788 -0.539 -0291] +0.709
{(b) A254 of water extracts.
Total Total Tod  Formic Acetic Oxalic Ciwic
LACAs VCAs NVCAs _ acid acid acid acid
60% of maximum water capacity
Blank 10999 +0.995 +0.983 +0.624 +0.997 -0.306 +0.995
Podzolic soil
Oi +0991 +0.991 +0.992 +0.677 +0.992 +0.051  +0.999
Qe 10880 +0.119 +0999 -0.08% -0. 182 -0.252 +0.981
Oa +0.705 -0.193 +0.744 -0.346 -0.25! -0.295  +0.969
Brown Forest soil ( I)
Oe +0993 +0.993 +0993 +0.903 +0.991 -0.730 +0.993
Brown Forest soil (1I)
Oc +0992 +0.991 +0990 +0.787 +0986 -0.643 +0.990
80% of maximum water capacity
Blank 10860 +0.201 +0.644 +0.493 0139 -0517 +0.984
Podzolic soil
Ce +0.980 +0.859 +0.936 +0.930 40729 -0.332 +098l
Brown Forest soil { |
Oe ol (5 +0.877 +0807 +0871 +0.871 -0.647 0455 +0.912
Brown Forest soil ( I
Oe stsoil (5) 40903 +0.947 +0.872 +0.958 -0.295 -0.028 +0.913
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Table 7-5. Correlation coefficieat (r) of viable counts of microorganisms
with amounts of LACAs of incubated soils.

{a) Viable count of bacteria.

Total Total Total Formic Acetic Oxalic Citric
LACAs VCAs NVCAs acid acid  acid acid
60% of maximum water capacity
Blank -0.687 -0719 -0515 -0.883 -0.684 +0.668 -0.608
Podzolic soil
Oi 0746 -0.748 -0740 -0.604 -0.746 -0695 -0.654
Oe 0,791 <0132 -0.884  +0.105 +0.167 019t -0.794
QOa 0775 +0.511 -0999  +0.469 +0.578  -0437 -0.559
Brown Forest soil (1)
Oe -0.540 -0.541  -0535 -0.319 -0.551 +0.171 -0.545
Brown Forest soil (II)
Qe +0.519 +0.505 +0.606 +0.501 +0.497 -0422 +0.479
80% of maximum water capacity
Blank +0.254 -0395 +0.868 -0.266 -0.38% +0.186 +0.707
Podzolic soil
Oe 0.480 -0.044 -0604 -0.543 +0.105 0771  -0.486
Brown Forest soil (1)
Oe 10124 +0.114 +0.112 40300 -0.932 0988 +0.210
Brown Forest soil (1)
Oe +0.153 +0.180 +0.144 +0.311 -0.677 -0.547 +0.208
(b) Viable count of fungi.
Total Total Total _ Formic  Acelic  Oxalic  Citric
LACAs VCAs NVCAs acid acid acid acid
60% of maximum water capacity
Blank 0.381 -0.411 -0222 -0.078 -0.431 +0.965 0409
Podzolic soil
Oi 0910 -0.908 0915 -0.717 -0.903 +0.095  -0.945
Oe 0.919 -0272  -0963 -0.104 -0.002 +0.445 0975
Ga 0.507 -0.307 -0265 -0.076 -0.270 #0.756  -(.8%3
Brown Forest soil (1)
Oe 0.952  -0953 -0950 -0975 -0.945 +0.864 -0.957
Brown Forest soil (1) o
Oe 0.969 -0.966 -0.978 -0.815 0.950  +0.681 -0.968
80% of maximum water capacity ' o
Blank 0,006 -0.475 -0.429 -0.015 -0.257 +0.664 -0.882
Podzolic soil »
Oe 0.993  -0.812 -0.970 -0.943 0.666 +0.242  -0.996
Brown Forest soil ( L
Oe’ ) 0798 -0.724 <0796 -0.804 +0.752  +0.572  -0.841
Brown Forest soil (11
Oe - 0.830 -0.685 -0.843 -0.890 +0.734 _-0.170 -0.861
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Total amount of LACAs Total amount of LACAs

Total amount of LACAs

(a) Comparison between Podzolic O horizons at 60% of maximum water capacity.
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(b) Comparison between Oe herizons at 60% of maximum water capacity.
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(c) Comparison between Oe horizons at 80% of maximum water capacity.
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Fig. 7-1. Change in total amount of LACAs during the 4 weeks incubation.
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(a) Comnparison between Podzolic O horizons at 60% of maximum water capacity
(ol kg'') acty.
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(b) Comparison between Oe horizons at 60% of maximum water capacity.
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Fig. 7-2. Change in total amount of VCAs during the 4weeks incubation-
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(a) Comparison between Podzolic O horizons at 60% of maximum water capacity.
( « mol kg™
340-,
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(b) Comparison between Oe horizons at 60% of maximum water capacity.
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k) (1) Qe
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(c) Comparison between Oe horizons at 80% of maximum water capacity.
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Fig. 7-3. Change in total amount of NVCAs during the 4 weeks incubation.
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100 (a) Comparison between Podzolic O horizons at 60% of maximum water capacity.
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(c) Comparison between Oe horizons at 80% of maximum water capacity.
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Fig. 7-4. Change in compositional rate of LACAS during the 4 weeks incubation.
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Table 8-2. Correlation coefficient (r) of total amount of water-soluble LACAs, VCAs, and
NVCAs, with hydrogen ion concentration measured as soil solution pH.
Total amount of Total amount of Total amount of

water-soluble witer-soluble water-soluble
LACAs VCAs NVCAs
Profile distribution
Wet Kuroboku soil 0.799 0.829 b

Light-colored Kuroboku soil 0.973 - -

Acid Brown Forest soil (1) 0.887 - 0.738
Acid Brown Forest soil (Il ) 0.927 0.928 0.892
Typic Podzolic soil 0.955 - 0.575
Typic Red-Yellow soil 0.927 - 0.967

Bleached Red-Yellow soil - o -

Seasonal change in Light-colored Kuroboku soil
Ahl horizon 0.373% 0.434% -

Bwl horizon -

1)No obvious correlation was found.
2)Without 2 samples.
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Distribution of LACAs in different soil types or subtypes

Effect of supply of organic Effect of metabolic activiti
. es
materials and process of by microorganisms on the
their decomposition on the composition of LACAs
total amount of LACAs
Climate Living organisms Parent material
Effect of moisture .
conditions orf: the l I sg;cetrgg; 2;“31?
movement o ' oy
LACAS in the profile existing form of LACAs
Effect of physical properties|
and microflora on the ‘
production of LACAs

\/

Distribution of LACAs in different soil horizons

Fig. 9-1. The relationship and interaction of factors affecting distribution of LACAs in different
soil types(subtypes) or horizons.

Living organisms Climate Time

v v |

Supply of organic . : ; < Moisture and
materials Microorganisms temperature conditions

Production of
LACAs Decomposition of
LACAs

The equilibrium conditions of amount and composition of LACAs
Short-term changes

«

Climatic change in a year
Long-term changes

The continuum where the equilibrium conditions of production and
decomposition of LACAs shift to either direction, e.g. production
is larger or decomposition is larger than another.

Fig. 9-2. The relationship and interaction of factors affecting short-term or long-term change of LACAs.
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