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HADER D 54% 13K TH O (EMRKER, 2022a), KEGEEIR, FELEEYCH S, 2000 4F

DARE, FEMOKPER ORRL - 23 - RINEEARGHETE (RMOKPE®R, 2022b) oo %, RRBREZE

0570, %< O/KHETHMEESEH I N, FIAE, 43— LF X4 RTX 5 248 31EFR

DREEINT WD,

FebirlRE i D 70, TIROKEREZEYNCHER LEH T 2 08035 5. A 4 HIEER

CHEEL T, 44— oF - X4 AFEBEAR T, HEIOOER, YV ViEE HY) (K) oFftE (IR

YL L CollER) 3, zhrh 22, 1215 18fELHEIns (M5 (1988) itk

THEH). B#ics T 2 Lo icBAL, RIS (2012), #H S (2012) 13, TEhoniahE

VU UTBIZFTTH - 7228, Rt K (exK) 13FE O /K CEHIEMELD T TH o722 & &G L

TWwa, E£72, KEKH (2023) 13, AEa X+ OHRER OB b, KEFREZIH L 2B

ERSBEIML, 2D E2KHETEOMHE K L_ADEX CEEL TWwW2 EHELTWwa, il

(2022) dAKHICH T 2 KIREDKT 28 L, KRZ03A 4, &F, X4 XDIECHE DK

TZIZFRIITERIE 2D L2RERL TS, HMEfIC BT, FrgalaEa BT 2175 L

T, 13EO KMREZEYNICEHT 2 2 L EELFEL > T 5.

T KIEREICOWT, HATHE, TmolL! OFHRY v & =7 LA Clitinlfe s K % exK &

EFRL, B K & exK G52 10 K ERE OFHIiic v o T & 2 (B, /NG, 2003 5 7

B, 2020).



—Ji T, ML, FERHE K (non-exK) 2> HEHIT 2 K dIRINT 2 2 L 2fIb T2 (Page
and Williams, 1925; Bray and DeTurk, 1939; Stewart and Volk, 1946 7z &). JiiHiic 3513 2 138
D K fHEEES 1T DWW Tid, % L DIFFESMTh R, non-exK 5y 2> b ~D K ffEidR 3 X -
THEREZZEMRPLICINT WS (Ayres eral, 1947; Matthews and Smith, 1957; McEwen and
Matthews, 1958; Grimes, 1966; Zhang er al, 2010). LA L, HEHDIT & A L& EBK CHIA
LT KHTBICEET 2 1HHRIZIR ST 5. BaflIZKiE non-exK #5325 D K OEH Z i3
% A[HEMEAS B (DeDatta and Mikkelsen, 1985). /KHZfF FTD K OZEBICOWTIE, WL 2hD
W ThN T 5. EHLEHEFEEIC X Y, non-exK O—KSMET A S IcRIE B
Z EHBHASAICINT S (Singh eral, 2002; Sanyal et al, 2019 5 #F:, F-i, 2007 ; Zhang et al.,
2010 ; #i8 5, 2022). Dobermann eral. (1996) 1%, 7 ¥ 7 Okk4 2350 (5 A 11 ES) oK

TG, 4 A A3 5 non-exK o & % i L 72, Kusa eral (2021), Moriizumi eral. (2021),

RS (2022) b, 4 A DU OFENEILEREL, 220 K2ERT 222 MEL T2,
Kitagawa ef al. (2018) (%, /KHtEEZEDHAD L (178 7)) O+Eic>nwT IMEEEEIC X 3
b BEERE) % VT non-exK B2 FHA L, HBEAKE VW & (0~1120 mg KO kg)
PG LTWS, ¥7z, Yanaieral (2023)1%, A A O RHEGEREE 21T o 72K IO W TIE
ZHER U 55 DA ) IR E RSO BT OWTHE LT3, 2o XSickHics T2
non-exK OB THONT W 553, KHSEET TDA X129 % non-exK D5, 4 2 23N F

% non-exK O&EICH T 25 HFEDE L exK, Sl K oZZiconwTlt, FEHL2ICIN TR

KHOEEAMHIESHZOMEEI N, 4F, XA XEOMIEL L COMMBEMT 2 LEZLNS.

E7e, BRABHEARERIC XY REEM OSSP, ) VYRR A ) i, £ THIEE



BEAICH B, DX RS, Fnlfe HEEFHICE VT, HMiEfRIcE T 2 HE0 KB
REOEHICOWT non-exK 2250 KA b &0 7- 18 K IEKEOEHEMAEETcH b, Hig

VE¥ICH 2 KHE L K TEIC 51T 3 non-exK 2> 5 D K OEJHE# fRAH 3 2 LEER H 5.

1.2 WO ER

AEZEClE, 9, ZHRICET 2 RRMZKHIIBOREICOWT, HIREROHEH 205

I L7299 2T, KHTEEZNRIC, HKSEH T TOA XAFEETICEBT 3 non-exK 2> 5D K DiF

HizownwT, BT 32 EZHE L.

FH2ETiE, ZHEROKHIBROREZITES 5720, FHEa/KHE CH 2L (B

NN

) 225 4 A, vEEE (REPEM) 200 5 AT EEE L, TEAEROBIAND O TIEMHEESE OB
HFEE, BYLEMED I e b NS EE 2T, X OFEOWGELZ T > 7. £7, FonlE®
225, TEEH EOFEICOWTOERE2To/k. T Hic, FBPE L B O/KH 38D HR
Bk z 1T o 72.

HIET, F2ECHALZHKHEEOREICHE DWW 6 o /KH HHE238E L, kS
T COA 3 DBEEEFZITo 72, BREERTIL, A AKX KPINDD &, THEDEY, exkK &

BIUKDEHED non-exK 225D K ORHICRITTHEZREIEL 7=, 5618, LR -7

non-exK OFHEICBH L €, T2 &L DI, BECET 2 HBEEH OB S OER 2T 72,



F28 ZERICBITZKATBOEMESE

21 1FL®IC

ZHEEO/KHE X OO EHHERIZ Z W2 h 43,600 ha 35 X 1 13,400 ha TH H (EMKES,
2022a), KHEEPEEOLBEHL hoT W3,

SEPCE, HEREERTE (1979-1998) B XU HEEREEEE = 2 ) v FE (1999—
2007) & LCEMOERTAELEML CTETHY, 2008 FUEDRE=2Y v /HHEL L Tk
LT3, ERAEIZEORRINZ s K OERBIEEL & bic, Fprfaekh HBEEBICE T 21F
WESG7-0ICEEREETHY, 6THIN, 9 B/KH 43 HSAAHRE IR T V3.

KHEZEIZENSIETE I TV 52, JbHElicd 72 2 R FEREES & 3Ry, PEElicd 72
5 FEEHICZ D% B D 5.

Z ¢, ZHEENICHET KHIEOREZ RS 2 720, EMN MR & L e il o 8-
By & PEE o REFE 2RI, TEBAROBIN L, Z oML L BB BIC O W IR, MEE

{17,



2.2 WAENE

2.2.1 TEUTEAE
TIBOWHH AL, KRBINHERICITY, BRI TERE Y V7Y Z8GETIR (HAR Fry —2

&, 1997) iHE o 7=,

2.2.2 TESH

BJEOL T LB L 7= TR, B - e hfR, 2 mm OffiZdE L CRGEil e L, Sfricft
U7z, R, JREZA - & i ok 2ok I X 0 BRI L 7214, 8l &, vy MR
X v ko 7z (AARLERZ, 2001). pH(H0) 13 EEZM 1 788K = 1:5 o &iEi i< 2w ¢, pH(KCD)
FEEIEZ T ¢ 1 mol Lt i b7 VKA = 1:2.5 OEERIC O W, 47 2FEME (HM-42X, &
7 4 —7 —7 =&tk 1) CHlE L7z (HEEHSUEEZES, 1970). EXEEE (EC)
¥, B+ 7K = 15 oA, BEXUREEEE (CM-60G, HHfi7 4 — 7 — 7 — R 4&4)
THLE L7 (HARTHIGS, 2001). B4 4 v 258 (CEC)id+ I I 7 1 Schollenberger 1T X
DEGE L7z (HATER 2, 2001). sc#utiEst (Ca, Mg, K, Na) (%, 1mol L'EFET vE=7
L(pH 7.0)0ic X v it L (HARLER S, 2001), #hil & 23§88 % ICP-OES(Agilent 5100,
Agilent Technologies, Santa Clara, CA) CHlliE L 7z. FIfaHE D v # (P A —2"Y V) 1%, 13
i (0.001 mol L) = 1:200 1 X 3 Truog iEiC X 0 #I%E L 7= (HA 324, 2001). A]
TRRESE R AEE GFELM £ 30°C, 4, #KEM) IC X W EFEHiGO T v = THEER
EAVETZ7 27 —NMECXoTHIEL, BBERICBI LT VE=TERERHNELZAHEERLE L

7o (HARTIZERZ, 2001). WHsHES 4 BR1L, V) vESEERRIHEE (pH6.2, 40°C, 24h) i< X Yl



E L7 (HARTERS, 2001). 2% R B X O2REITEAMPELIC X Y NC 77 7 % —(Sumigraph
NC-22F, {E{totie v 2 —, KO THLE L 7= (HARTE#GS, 2001). AlEtEgk- 7o i=v L4
T A FBODHTLERIAEMEIC L DV RD X 51T o 7. JAEZM L 2 e L € 0.5 mm Dz L 7=
JREAR 2 AL, Y FAF A b -2 T v EE-EREETARE (DCB fit : Dithionaite-Cirate-
Bicarbonate. Tk 5, 1983), %7213, YFAFA b2z vEBRETEME (DCHH 0 HATER
£, 2001), 0.2 mol L' gty o wHEIAH (pH 3.0) ik (HALERS, 2001), X U0.1
mol LT v'w V) vigd Vv AR (pH 10.0) #hitiE (HEEREITEREZRZES, 1997) X b
i X 72 7c#E % ICP-OES (Agilent5100) TiEs L7z, b EFEIE HIEMELEE (DIK-5553, KB
LRk A, W) 1< X VRDE L 7. BERLEKIREUE, A 100 cm® 0URHTRE (DIK-1801,
R TR A) & CREELGUR 2 BRI L, Z0KAEEIC X 0 llE L7z (HARTHEG A,

2001).



23 ZERIHEOFEBFEICHHT HKELEORE & N4

231 AEHS

ZHEBOJRE (TR IThiE T 24070 (2 F v M01~M04) D/KH%ZNRICHEZ1T -
7. FAEH S ONE B X OCHIPREER % Figure 1-13% X U'Table 1-11c, SHEMSORE 72> I 118
Wil 1xPhoto. 1-11C/R L7z, = F Y MOLIIARE Z)Il & Wb RE I 2 b REAEIC 2 21521, E
RllEs X ORENoF i fiE L, REITEARENICERE N =AMNolmhigNich 5. ~F v
MO021%, EREEILNR & 0 BT IS FEE I CEEN o =M - iR PR IcH 5. A
D& Z/KHME L, HRSmLAT O <TH v, JLIcEENAH Y, Piks X ORIEICTE D > Tl
KEErE L RoTEY, MBSO TORBIATRTD o =R T 5. SR TE
DIIEICEE 2 LAANC, % OFBESELAZL L2/ ch 5. = FM03i%, flio 3Hhsi X v vl
fNCpiE L, LWEEICALE S 2. @i OFLEZ D DR~ 2 RIR/I & 2 D TH 5%
BlloAwIcH v, JLic@ll, MIC/REN»H 2K 10 miBEO/KHMAICH 5, ~F v
MO41Z, HOREERR ICIR o T2 O FUCFIAVBAE I3 CHiE) T o3l LR SR D K FH AT 1 &

5. WHED S EFITENICE > T4kmlE & T L HIRICH O, #BERAED =) - d3EF
B X0 NEERI OB FETHE IC & 5. TIEERTHEA AL, < F Y MO01432019429H17H, < F »M02

23201949 H 12H, < F vM032320204F8 H13H, -~ F ¥ MO044320204-8 H 26 H 1< i L 7=.
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@®: Study site, @: City hall, O: Town hall.
Figure 1-1. Location of four study sites.

The maps of Japan and Mie prefecture were prepared from 2020 version of shadow relief map, and four detailed location
maps were prepared from 2021 version of digital elevation model (5 m mesh) by referring the Geospatial Information
Authority of Japan (GS1, 2021). (Mizutani et al, 2022)

Table 1-1. Geographical feature information of study sites.

Profile code Land form Latitude Longitude Altitude(m) Neighboring river
MO01 Delta/Flat 35° 6'15.0" N 136°41'17.8" E -1.4 Ibi, Nagara, Kiso
M02 Flood plain/Flat ~ 34°53'25.4" N 136°36'57.4"E 3.3 Suzuka
MO03 Flood plain/Flat  34°44'13.9" N 136° 7'42.9"E 11.0 Anou, Anakura
MO04 Flood plain/Flat ~ 34°33'49.9" N 136°35'55.0" E 5.9 Kushida

(Mizutani et al., 2022)



Photo. 1-1. Photographs of study soil profile. (Mizutani et al, 2022)
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2321 LIEBTEICRE, ¥EM,

Py o LHINTER, KR, B X OWIBEHER Table 1-2a, 1-2b, 1-2¢ ic, (L2t % Table

1-3a, 1-3b, 1-3ciT/RL 7.
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Table 1-2(a). Horizon bundary, Structure, Consistance and Root distribution in Soil profile.

Consistence Suaturated
Profile X Depth Horizon 1 L . Hydraulic
code Horizon boundary Structure Stickiness Plasticity Bulk Compactness Conductivity Root
(cm) density (mm) (cm/sec)
Apgir 0-14 Crumb  Slightly sticky Sligthtly plastic  1.02 10 29x1g? e fine-Fine
Smooth Clear Vgr:yoirnn;(?lgine
Agir 14-20 SAB/w  Slightly sticky Plastic 1.47 23 3.7x10"
Smooth Clear V/efye\;\ilne-Fine
MO1 2Bgirmn 20-38 SAB/w  Slightly sticky Plastic 1.56 22 1.9x10™
Wavy Gradual /Very few
2Bgir 38-60 SAB/w Sticky Very plastic 1.43 18 1.3x10° Non
Wavy Diffuse
3Go 60-100+ Massive Slightly sticky Plastic 1.31 11 55%x10% Non
Apgir 0-13 Crumb  Slightly sticky ~ Very plastic 1.22 9 1.5x107° very fine-Fine
Smooth Clear Vg(:y()?nrz(-)lgine
Agir 13-24 SAB/w  Slightly sticky  Very plastic 1.25 15 1.1x107°
Smooth Clear Vg;\li\ilne-Fine
Bgirmn 24-39 SAB/w  Slightly sticky Plastic 1.56 19 2.2%10°
M02 Wavy Gradual /Very few
2Cgirl 39-80 Massive Slightly sticky ~ Very plastic 1.03 12 3.8x10% Non
Wavy Gradual
2Cgir2 80-98 Massive Slightly sticky  Very plastic — 9 — Non
Smooth Clear
3A 98-110+ Massive Slightly sticky  Very plastic — 8 - Non
Apgir 0-14 SAB/w  Slightly sticky  Very plastic 1.09 18 42%10° very fine-Fine
Smooth Clear Vé?yO?n:?Eine
Agir 14-20 SAB/w  Slightly sticky  Very plastic 1.24 22 2.1x10°
Smooth Clear Vé?yO?nn;?Eine
Bgirmnl 20-26/28 SAB/w  Slightly sticky Plastic 1.30 24 4.9x%10° JFow
Wavy Clear Very fine+Fine
MO03 Bgirmn2 26/28-49 SAB/w  Slightly sticky  Very plastic 1.41 23 1.4x10*
Smooth Clear /Very few
Bgir 49-59 SAB/w  Slightly sticky  Very plastic 1.33 18 1.7x10* Non
Wavy Gradual
Cgirl 59-80 SAB/w  Slightly sticky  Very plastic 1.19 18 4.7x10" Non
Smooth Diffuse
Cgir2 80-100+ Massive Slightly sticky ~ Very plastic 1.11 18 2.9%x10° Non
Apgit  0-15 Crumb  Slightly sticky  Plastic 124 16 1gx19+ e fine-Fine
Smooth Clear Vécr:yO?nn;?Eine
Agir 15-23 SAB/w  Slightly sticky Plastic 1.48 23 1.9x107°
Smooth Clear V/efye\;\ilne-Fine
2Bgirmn  23-32 SAB/w Non sticky  Slightly plastic ~ 1.65 26 3.0x10™"
Vo4 Smooth Clear /Very few
3Bgirmn  32-43 SAB/w  Slightly sticky Plastic 1.57 26 9.3%x10™* Non
Wavy Gradual
3Bgirmn  43-57 SAB/w  Slightly sticky Plastic 1.76 27 6.6x10° Non
Wavy Clear
3Cg 57-92 Single grain  Non sticky  Slightly plastic — 22 - Non
3c 924 Wavy Gradual

USAB: Subarguler blocky, w:weak, vw:very weak

(Mizutani et al., 2022)
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Table 1-2(b). Soil color, Mottling-Concretion and Active reaction of Fe Il in Soil profile.

Depth

Soil color

Mottling-Concretion

Profile ) Active
Horizon
code Fell
(cm) (moist) Fe Mn
) Root-like Faint
Apgir 0-14 10YR 4/2 } Non +
Pe / Filmy /Few
Root-like Faint
Agir 14-20 2.5Y 4/1 . Non +++
& Filmy /Few
-li Distinct Speckled Distinct
MOl 2Bgirmn  20-38  25y4y3  Rootlike Distine peciied Listine -
Filmy /Few Threadlike /Common
. Prominent
2Bgir 38-60 2.5Y5/2 Tubular Non -
/Many
Prominent
3Go 60-100+ 5Y 4/1 Tubular Non +++
/Many
- Root-like Prominent
Apgir 0-13 2.5Y 4/2 ; Non -
P& / Filmy /Common
) . Distinct
Agir 13-24  25Y3/1 Filmy Non -
/Few
. Distinct Distinct
Bgirmn 24-39 2.5Y 4/2 Irregular Speckled -
MO2 /Many /Few
2Cgirl 39-80  25y3  Limy  Distint Non
[ - . -
8 Tublar /Common
) Filmy Distinct B
2Cgir2 80-98 2.5Y 3/1 Tublar JFew Non
3A 98-110+ 10YR1.7/1 Non Non -
Root-like Faint
Apgir 0-14 5Y 3/1 ) Non -
pel / Filmy /Few
) Root-like Faint
Agir 14-20 5Y 4/1 ) Non -
g / Filmy /Few
Root-like Faint Distinct
Bgirmnl 20-26/28 2.5Y 4/2 . Speckled -
8 Filmy /Few P /Few
. Distinct Distinct
MO03 Bgirmn2 26/28-49 2.5Y5/3 Irregular Speckled -
/Few /Few
. Faint
Bgir 49-59 5Y 4/1 Irregular Non -
/Very Few
. Filmy  Distinct
Cgirl 59-80 2.5Y 4/2 Non -
g / Tublar /Common
. Filmy  Distinct B
Cgir2 80-100+ 2.5Y4/2 Tublar Few Non
. . Faint
Apgir 0-15 2.5Y 4/2 Filmy Non -
/Few
. . Faint
Agir 15-23 2.5Y5/2 Filmy Non —
/Few
) 75YR 4/4 ) Faint Distinct
2Bgirmn 23-32 Filmy Speckled -
(2.5Y /Few /Common
MO04 ) . Faint Distinct
3Bgirmnl  32-43 2.5Y5/3 Filmy Speckled -
/Few /Common
. Faint Distinct
3Bgirmn2  43-57 2.5Y 4/2 Irregular Speckled -
/Few /Common
Distinct
3Cg 57-92 2.5Y5/4 Non Speckled -
/Common
3C 92+

(Mizutani et a/., 2022)

12



Table 1-2(c). Particle size distribution and Texture in Soil profile.

Particle size distribution

Profile i Depth Texture’
code Horizon C.sand” F.sand?  Silt Clay Texture® ¥
(cm) (%) (WRB)
Apgir 0-14 20.2 41.6 22.8 15.4 CL SL
Agir 14-20 18.0 42.3 24.8 14.9 L SL
MO01  2Bgirmn 20-38 5.7 41.0 30.9 22.4 CL L
2Bgir 38-60 1.9 34.3 37.7 26.1 LiC L
3Go  60-100+ 2.1 58.1 24.2 15.6 CL SL
Apgir 0-13 34.6 27.9 21.8 15.8 CL SL
Agir 13-24 30.9 28.8 22.9 17.4 CL SL
Bgirmn  24-39 36.3 26.4 21.2 16.1 CL SL
MO02
2Cgirl 39-80 13.1 19.6 36.5 30.7 LiC CL
2Cgir2 80-98 0.5 5.2 47.8 46.6 HC SiC
3A 98-110+ 3.1 10.8 49.7 36.5 SiC SiCL
Apgir 0-14 14.8 39.4 27.2 18.6 CL SL
Agir 14-20 13.8 39.1 28.3 18.7 CL SL
Bgirmnl 20-26/28 15.3 38.7 29.2 16.7 CL SL
MO03 Bgirmn2 26/28-49 11.1 39.8 30.9 18.2 CL L
Bgir 49-59 7.8 36.6 30.6 25.0 LiC L
Cgirl 59-80 2.9 35.8 34.1 27.2 LiC L
Cgir2  80-100+ 0.7 34.9 37.1 27.4 LiC L
Apgir 0-15 24.5 33.4 25.6 16.5 CL SL
Agir 15-23 27.5 34.3 23.3 14.9 L SL
2Bgirmn  23-32 56.3 31.2 4.3 8.2 LS LS
MO04

3Bgirmnl 32-43 33.7 32.3 21.2 12.8 SL SL

3Bgirmn2 43-57 45.1 22.0 20.2 12.7  CoSL SL

3Cg 57-92 453 389 9.7 6.1 CoSL LS
3C 92+

UCoarse sand. ?Fine sand.
JHC:Heavy Clay LiC : Light Clay SiC : Silty Clay SiCL:Silty Clay Loam CL : Clay Loam
L:Loam LS:Loamy Sand SL:Sandy Loam
“Classified based on WRB (IUSS Working Group WRB 2015), assuming the particle size dsitribution does not
change when the boundary between silt and sand of 63 um is applied.
(Mizutani et al., 2022)
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Table 1-3(a). pH, y1, EC and Available component (oven-dried basis).

Available component

Profile , Depth PH y1Y EC” Truog 2 '
code orEon H,0  KCl Y 510,
(cm) (ds m™) (mg kg™)
Apgir 0-14 5.79 3.95 1.55 0.04 157 119.8 171
Agir 14-20 593 451 0.93 0.04 152 97.0 154
MO1 2Bgirmn 20-38 7.06 5.16 0.16 0.03 81 9.5 209
2Bgir 38-60 6.83 4.81 0.62 0.03 102 5.2 299
3Go 60-100+ 561 4.14 2.33 0.05 114 10.7 150
Apgir 0-13 5.61 4.19 1.24 0.07 167 118.8 108
Agir 13-24 6.056 5.09 0.62 0.08 197 103.6 126
Bgirmn 24-39 7.01 5.72 0.16 0.05 51 14.8 157
Moz 2Cgirl 39-80 6.656 5.563 0.31 0.10 28 18.2 260
2Cgir2 80-98 5.88 4.66 0.62 0.13 31 0.4 262
3A 98-110+ 492 4.06 2.18 0.40 30 95.6 294
Apgir 0-14 6.18 5.37 0.69 0.08 307 115.8 217
Agir 14-20 6.93 6.07 0.45 0.07 382 97.5 289
Bgirmnl 20-26/28 7.08 6.01 0.37 0.06 349 44.6 263
MO03 Bgirmn?2 26/28-49 7.27 577 0.29 0.06 237 2.9 344
Bgir 49-59 7.15 5.89 0.29 0.07 139 2.0 347
Cgirl 59-80 7.14 6.07 0.37 0.08 196 5.2 396
Cgir2 80-100+ 7.10 5.62 0.45 0.07 169 0.0 462
Apgir 0-15 596 5.22 0.57 0.07 395 130.8 106
Agir 15-23 6.79 6.06 0.41 0.05 410 62.1 133
2Bgirmn 23-32 7.06 6.08 0.24 0.03 130 3.4 87
Mo4 3Bgirmnl 32-43 7.06 6.10 0.33 0.05 230 6.2 177
3Bgirmn2 43-57 6.80 6.12 0.16 0.14 193 3.3 157
3Cg 57-92 7.21 5.18 0.00 0.03 312 0.0 187

1)yl : exchangeable acidity
2EC:electric conductivity

Mineralized N during 4 weeks of incubation under reduced condition in a incubator at 30° C.

(Mizutani et al., 2022)
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Table 1-3(b). CEC, Exchangeable cation, Base saturation, PAC, Total carbon and Total nitotogen

(oven-dried basis).

Exchangeable cations

Profile _ Depth CECY Bas_e 5 PACY T-Cc" T-N”
coge  Horizon Ca Mg K saturation
(cm) (cmol, kg™ (%) (mg P,0sg™) (gke™)
Apgir 0-14 8.6 3.7 0.6 0.3 53.1 3.94 11.6 1.0
Agir 14-20 8.6 4.1 0.7 0.2 57.8 3.95 10.4 0.9
MO01 2Bgirmn 20-38 9.7 7.3 1.7 0.2 94.9 4.63 3.6 0.4
2Bgir 38-60 11.5 7.1 3.3 0.2 92.9 5.74 3.5 0.4
3Go 60-100+ 8.1 3.0 1.9 0.2 62.8 3.06 5.4 0.4
Apgir 0-13 11.2 5.7 1.3 0.2 64.8 4.76 16.8 1.7
Agir 13-24 10.9 6.6 1.7 0.3 78.6 5.38 16.2 1.6
Bgirmn 24-39 9.4 7.0 1.6 0.2 93.5 4.42 6.0 0.6
Moz 2Cgirl 39-80 18.2 13.1 2.9 0.2 88.8 8.82 13.9 1.0
2Cgir2 80-98 32.0 18.0 6.4 0.3 77.2 10.67 36.3 2.1
3A 98-110+ 455 18.2 7.1 0.2 56.3 12.41 119.7 5.2
Apgir 0-14 164 11.7 1.8 0.5 84.8 6.81 18.8 1.8
Agir 14-20 16.3 13.7 2.0 0.4 99.0 7.03 16.8 1.6
Bgirmnl 20-26/28 154 13.2 1.7 0.3 98.6 6.36 11.9 1.3
MO03 Bgirmn2 26/28-49 14.0 11.3 1.8 0.3 95.5 6.52 5.1 0.5
Bgir 49-59 140 10.8 2.0 0.2 93.2 6.42 5.5 0.6
Cgirl 59-80 15.8 11.9 2.5 0.2 93.1 7.54 5.9 0.6
Cgir2 80-100+ 19.4 14.0 3.3 0.3 90.7 8.63 5.9 0.6
Apgir 0-15 9.6 5.3 1.0 0.3 70.2 3.32 16.2 1.6
Agir 15-23 8.3 6.0 1.1 0.4 90.6 3.27 10.6 1.1
2Bgirmn 23-32 4.1 2.8 0.6 0.2 87.5 1.65 1.8 0.2
Mos 3Bgirmnl 32-43 6.0 4.8 0.8 0.2 96.7 2.81 4.2 0.5
3Bgirmn2 43-57 5.8 4.7 0.7 0.4 101 2.88 4.9 0.6
3Cg 57-92 7.4 101 1.5 0.1 158 451 0.2 0.0

“CEC : cation exchangeable capacity

Base saturation : exchangeable(Ca + Mg + K)/CEC
9PAC : phosphate absorption coefficient

T-C : total carbon;T-N : total nitorogen

(Mizutani et al., 2022)

15



Table 1-3(c).Iron, aluminum, and silicon dissolved by the selective dissolution method

(oven-dried basis).

Selective dissolution®

Profile _ Depth
code Forizon Fed Ald Feo Alo Sio Fep Alp
(cm) (gkg? (gkg? (g kg™
Apgir 0-14 5.7 0.9 5.1 1.7 0.5 2.7 0.6
Agir 14-20 6.1 0.9 5.0 1.7 0.5 2.5 0.6
MO01 2Bgirmn 20-38 9.5 0.9 6.8 1.8 0.6 0.6 0.4
2Bgir 38-60 13.4 0.8 12.9 1.8 1.1 0.9 0.4
3Go 60-100+ 4.6 0.6 4.3 1.3 0.5 1.7 0.5
Apgir 0-13 7.5 1.0 6.8 1.8 0.4 3.3 0.6
Agir 13-24 6.9 0.9 6.4 1.7 0.4 3.2 0.7
Bgirmn 24-39 13.4 1.5 4.3 1.9 0.4 0.7 0.5
Moz 2Cgirl 39-80 29.0 3.2 9.4 3.5 0.6 2.1 1.2
2Cgir2 80-98 13.6 1.4 14.4 3.2 0.9 1.7 1.5
3A 98-110+ 14.2 2.1 17.9 4.3 1.2 2.9 2.1
Apgir 0-14 10.8 1.2 5.0 1.6 0.3 3.6 0.8
Agir 14-20 11.1 1.1 4.7 1.6 0.4 2.6 0.7
Bgirmnl 20-26/28 11.2 0.8 5.5 1.3 0.4 1.5 0.5
MO03 Bgirmn2 26/28-49 12.6 1.3 2.7 1.4 0.3 0.5 0.5
Bgir 49-59 13.6 1.2 5.6 1.6 0.4 0.7 0.5
Cgirl 59-80 22.0 2.1 6.3 1.9 0.5 0.9 0.6
Cgir2 80-100+ 28.1 2.8 6.1 1.9 0.6 1.1 0.7
Apgir 0-15 7.1 1.5 2.5 1.7 0.5 2.3 1.0
Agir 15-23 6.9 1.3 2.0 1.5 0.5 1.7 0.8
2Bgirmn 23-32 6.8 0.8 1.9 0.8 0.3 0.5 0.3
Mo 3Bgirmnl 32-43 9.2 1.3 2.8 1.3 0.5 0.9 0.5
3Bgirmn2 43-57 9.6 1.3 3.1 1.4 0.6 1.1 0.6
3Cg 57-92 5.5 0.4 1.0 0.6 0.7 0.1 0.1

®Fed: Fe dissolved by DCB extraction, Ald: Al dissolved by DCB extraction,
Feo: Fe dissolved by oxalate extraction, Alo: Al dissolved by oxalate extraction, Sio: Si dissolved by oxalate
Fep, Fe dissolved by pyrophosphate extraction, Alp, Al dissolved by pyrophosphate extraction.
The DCB extracts free Fe oxides, such as goethite.

The oxalate extracts active Fe and Al (hydr)oxides, such as ferrihydrite and allophane.

The pyrophosphate extracts organically complexed Fe and Al.

(Mizutani et al., 2022)
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(1) ~ > M0l o#E

Apgir B 1113 CL, Agir oMt E&E2 CL O TRIETH 3 15%% D3 2 Tl - 7=
729 L &7so7e. Apgir JE & Agir [ED HHEX Y I3 R BHER L 7o 7228, RIEHIZIZIERA%CH
b, FIEOHREYICHRT 2 L E 2 bz, 2Bgirmn JED L1 Apgir J8 & A U CL & 72 7223,
kit amiam <, R 2Bgir B & L Tz, T 5ICTED 3Go BTt HEaEMET L
THY ABIOENETSH 72725, MW OGHLMEN -0 AJE & IZBEOHR—ME 2 b7z, b
E2o, A, BE, GER, ZhZhEAR2HEYEZRME LTV EEZLNT.

IR 13 Agir J8, 2Bgirmn ECHRD <, 20 mm 2272, b DB TIE, RS
DIFEIC X VEREE o 72 e F 2 oz, I ABEREEHC X 2 138 18 mm CTHIEYI DR O
HEMENEEZ ICR 2 (AE, 1997) LEInTEH, Wb A{ELICHY LIHEETH % Apgir J&
DEF25 18mm 2z 2 HEBFEL T3 LRSI . HRIE, Apgir BT [&
D BBETH-722% AgirJET [HY |, 2Bgirmn 8T [Fhich b | & RE DL, 2Bgir JELL
TCIRER XN d -7z, Agir JE3 X O 2Bgirmn JEIC B\ CHEMIRO BT 5 01, LJEn
G2 LA T, Agir [T a,a-2 ) UARIGHEIRSBER ICEIHZ o2 2 &b, AJEICHB T
RVIETTIREESFIZEL T2 b —~HTh b LEZ LN,

Fe OBERIT2IE TH SN, Mn OB 2Bgirmn J& CHERE X 1172, Fe ORAMRIRBE, BLIRBESS 38
cm FETHY, ZOTEILHTRKBEDOTEE (HASFr Y —%2aiE, 1997) TH 25 RHEH
EZ I N7z, aa-2 ) PAKIGOEIREEERA CH - 72 3Go & ClIiE D FED 7 B ICIRE ZRiE
CHDBEEZ LN [FAU S HTAKBIEDTREE & XN BRI 3 Go J8 ZBR { &fF Tl S 7=,
—HRENC BRI AKHE IS D TER T 2 25 (HAS F ey =206, 1997), < F ¥ MOL THK

HE UCEBEL 7252800 X Y BURBEDS 3 Go JEZ kR RF ClpK s iz & & 2 b7z, pH(HO0)(F
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B /8T 6.8~7.1 &E <, ZHITHIGL THEAIMAL L 93~95% Lm0 7z, AlfGREY Vs L O
AlfpeERIT A b E L, AHGHES A BRI B CRid o 7=,
Fed i A8 (6gkg?) XY d BJE (10~13gkg!) TEiD o7z, KEEIEM FHARE AT A Jgic B

CTRICIKEEDFEE L, Z 2 TRILI N7z Fe XML CBFICERL 2#R L FE 2 b,

(2) ~ K> M02 dlrm

KD D 39 cm #HE TD Apgir, Agir, Bgirmn JEIXREMKELIL TH Y, £ CL &4
7z. CEC % 9.4~11.2 cmol. kg! LIEWVMETH Y, 39 cm EE TRFEEOMTH 2 Ex LT,
Agir T o,0-¥ ¥ Y VARG EIREIER ICEIATH o 72,

ClElZ, BEMAFKEL TELTEIRTH Y, 2D FEICIET 2 ABBS L UBEL Y L&
BEdo7 (A~BJE :16~17%, CJE :31~47%). D & 25,2 DEM ORI o tJE &
IR 2 LE T

98 cm LAZETIE, 1t 10YR1.7/1 & BtaT, 2 oRNEOREYIERE S BICEA T2 &
b, KEEEZ b OMETETH L LYWL SAJEE L7z, Fe 0BT A, BESLU2CHETR
b, Mn OBEIT B @ TR CT& 72, 3AETIE, BER - #ESZIER b e o 72,

pHH:0) %, ApgirJET5.6 THY, Agirf[@T6.1 LeEED, BETIZT7.0L~<=Fv MO2+H
TikbED» o7z, LT, pHHO)IE FEIZEE T L, 3AETIX 4.9 LisfgEE2 R L7z, nlfaiey v
Wik X OMHAREERII AETL K, WHARES A BRIE PR L EA 2R L7z, CJgo CEC (18.2
~32.0 cmol. kg?) 13 AJE®D CEC (10.9~11.2cmol.kg?) XV dEs o722, it CIEDE VK
t+EBENMLZbDEEZONT-. 3AE®D CEC i3 45.5 cmol kg L b E <, ZRICIEE VRS

8 37%) EedicEVEEYERE (2RF120gkg?) BSHELTWE LEZ LN, 3AJE



i3, KEEEEZbOEEEZLN, 2D LEicd 5 2C 81, SATEIEX hizd & i) [T i
X o THERE L 72 & SR A /-,
Fed I3 AJ§ (8gkg!) 1oL BJE (13gkg?) , CJH (14~29gkg!) TEE o T, <~} v

MO1 & [FEk, AJEDD Fe 25%MiL, BEF XU CEICHE) - ERELZLE2 N,

(3) ~ K> MO03 Dlrm

KIFH 5 49 cm P E TlE, KR L TH 0, 1M1 CL &% 572, CEC % 14~16 cmol.
kgl OHIFHICH Y, FIEHEORMICKkZ2bDeEZ N 49 cm UETIE, HLEAESEE Y,
25~27% L7 Y, TPRIZLIC Lo/, TEIEEH TGRS CCEE 2ERICH 572,

#JEfr D CEC I3 14~19 cmol. kg D&EPANICH v, 80 cm LD Cgir2 ® A E% R L 72,
pH(H0) 13 FIE1g &K % 26435V, Bgirmnl BT it pH(H0)2% 7.0 2#x 72 (7.1~
7.3). AIKAREY vgIX Agir B TR D EL, 382mgkg! TH o7z, WHRETAMRIITEIZEEL &5
fi % 7~ L 7=,

Fed i AJB® 11 gkgt i L F/ED C Tl 20 gkg ! A L IciE £ o Tw7z. AJE2 5 Fe 257N

L, T/EICHEIL T2 AlREMD S 5.

4) ~ > M04 D#rmE

Apgir & Agir Jg 13 t8, KEFEHKE DBEULCHEIRIED DD TH 572,

—77, BJEIx 2Bgirmn [ T2 D LEDO ABH L O TED 3B @& 12 RA 2% R L. Thb
b, MtEEMEC (8.2%) LS oz, + (75YR4/4) dE7xbh, CEC b Lot

T b KA o7z (4.1cmolckg). Z D720, BMARL 2 LW L7z, £7-, 2Bgirmn 1%, L&
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D ARG EEQRS5Y 5/D)D BB AL Twiz, ZOBFHTENR E2EML vz b
b, HBEGEOBIC ANLIIC LI N EIC L b LE I b,

XLICTED 3BfEHs XU 3CETlE, 1Mk SL 5\ id CoSL & 7o 7. 3BEOKLaEM
13%FRMEH 0 55\l A E 25 R & 472, 92 em DAEIR, TEFE 10 cm B OB ICHERE L 72+ ©
Hot-. TOME, WO - HREERIC X > TER I Nz E 2 b,

pH(H0) 2 F/EI3 &L R 3 HANH Y, 3CgBTIZ 7.2 &7xo7-. AIFREEY ViR A B CHE
o723, 3CgJBTYH 312mgkg! L EME L 7o 7z,

HEERIIAECTEL, B, CETRLILTH-72. WRETARRIITEIZE ST 2HEA%
L7z,

~F Y M4 E, WENOE S BEES 50%L ETH Y, hictEv CEC biEr -7 (4.1~

9.6 cmol. kg™).

2.3.2.2 fEEBLUT EEREBOE(FHE

e (1984 4E) 1T X DK B0 AR 3 dGE BEE (BMOKEER, 2008 AT, ik
HiE) 2RI 4T3 (Table1-4). 4 < FvicowT, ok BEICnd 2 oBb¥Edkic>
WOHRRE L 72, MREEICY 720, ApfEZafELe L, ApJEETOAEEZ T EIRFL L.

4 RN VvOELDE XX 13~15 cm T, 2 F ¥ M02, M04 28GEREA e Fhlo72. T EFK
J@o b (LhaEE) 13 15~24 mm C, FHHE 72 LTz,

L cix, fELiIcEs T 263D AREIE 160~400 mg kg!, RIFAHEZEFR (T 115~130 mgkg! T
HY, WERDKERERE LT, pHH0)IZ~< F v MO03 25 6.2, M04 %3 6.0 Tt Hi

Ziti7z Lizos, < F v M011x5.8, ~F v M02Ix5.6 T, LLERVETD -7, I I,
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~Fv MO1 23 53% TR b €<, < F¥ M02 % 65% CeEHEL Flalo7-. —7, <= F¥ MO3 i
85%, MO04 1x 70% <, SEBEEXR 2 Lz, SR oMOcBE T 2 g BRI, YRR
IhTnws, 22T, RffaEALY T L (exCa) DORINIEE 70 & LzGH L, Rt~ 2y v
2 (exMg) DfAMIEZ 20 I L 725 ICo W, R o Y&k % Table 1-5 IR L7,
FEIFEIC B VT, exCa 2370 1SR L, exMg i3 11~16 TH Y, 4 =2 F v & bUEHELZ TE 3
HKThHhote. IbIT, exKTE3~6THY, SCEAEZM L7228, M02—M04 (Y4 FH T 3~4
ThHY, exCa lTH L TRWETH 572, exMg ORIFIEZ 20 & L7285 HD exKoYEIIE, 4~

11Tchh, SEAEL L.
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Table 1-4. Basic Improvement Targets for Paddy Soils”

Glay Lowland soils, Glay Upland soils, Yellow Peat soils, Muck soils, Gleyed

Soil Classification soils, Brown Lowland soils, Gley Lowland soils, |Andsols, Wet Andosls, Andosls,
Gley Upland soils, Brown Forest soils

Depth of Plow Layer >15cm
Compactness of Plough pan 14 mm — 24 mm by Yamanaka method.
pH(H,0) 6.0 — 6.5 (6.0 — 8.0 for Calcareous soils)
> 12 cmol, kg*
CEC > 15 cmol,, kg
(> 8 cmol, kg™ for coarse-medium-textured)
Base Saturation 70 — 90% 60 — 90%
Base Balance Ca:Mg:K=(65—75):(20 — 25) : (2 — 10)
Available Phosphorus > 100 mg P,05 kg'1
Avairable Nirogen 80 — 200 mg N kg'1

1)Improvement targets for paddy fields are based on the Soil Fertility Enhancement Act (#k/kE# 2008).
(Mizutani et a/., 2022)

Table 1-5. Base balance

Relative Base saturation

Profile Horizon Depth Relative to Ca saturation Relative to Mg saturation
Code (when Ca saturation was 70) (when Mg saturation was 20)

(cm) exCa exMg exK exCa exMg exK

MO01 Apgir 0-14 70 11 6 132 20 11

MO02 Apgir 0-13 70 16 3 90 20 4

MO03 Apgir 0-14 70 11 3 133 20 5

MO04 Apgir 0-15 70 14 4 102 20 6

(Mizutani et al., 2022)
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2.3.2.3 TENA

HALENERR (HAS Y — 2RI TENE - it &RER, 20175 LUT, HALE
OB ORI R 1 RHE ONE DS, 20115 MUF, @81 X%, XU World
reference base for soil resources 2014  (IUSS Working Group WRB, 2015 : LA'F~ WRB 2014) i<
£V, FHEWIICO WA T > 72, ERLO PEEOAER R ICEE D W 2 RHEE L, AT
B, BAWE, B X UHE - WIBIR# R Table 1-61C/R L7z, T35 HA#5 9L % Table 1-7107R% L

7=.

(1) FEEar

KHERE X, ELED Y bERALI L TWiRnd DT, HKEZEDOEES T 72 13778 OB A
2%LL L, Fed30.4%LL L, EX75cmbllEod DTchs (AATENE S 1KRE). F1E
DR EFR TR0, ApfEZ/FLfE L LCHliZ21To 72, 4 Wi & b Apfl3IKHKRE D%
fiti7= L7=. WRB 2014ic 3 1J % Anthraquic horizonlZ/KH < 3 1F % surface horizon(FKJEEfL) T H
b, puddled layer (ft2>&J&) &plough pan (BHEfE) Ic X > TS5, rEfEL LTo%k
fHI375YRE 2132 M & 0 2@ ((FHGY, B, BGE &) THHEDLLT, HEM2LUTD D
DLINTEHY, AWiHE b2z LE Lo L, BHEEICEH T Zplaty structure % 7213
massive structure2325%LL_E DGRz X o7 2D 7=®, AW & B Anthraquic horizon %
FEIENAL & L CHi7z 70\ & HIBE L 72, WRB 20141 35\~ /K FH I BEEE 5 2 19 121 Hydragric
horizon#3% % %%, -7/ Anthraquic horizon % 20 Z & 235cfF & a0 T 2 720, 4TI & b 3%
WL Tado 7z

R FYMO01E < FyMO02i3, Agirf§icis\»Taa- Y PAKICHRIRFER ICEHEHTH - 72, &
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o DFLLITH KA L VRGBT H 2720, IKFETREOERKOFEIC L FEz2bh
7. HATEMES L0EiE 1 GRE i, FhidafRe €3, ThHms75 emX 9 E <10 ecmbA B
DX EH D7 T AJET, KK > TERLEKEDHFFEN T2 b 0RKHES T A8 L
LT3, ApEafEte LCHIT L7292 C, <FYMOLZE X A7 cemCEA i &3, <F
YMO2IFJE X 11 em TEAEZli72 L7z, < F Y MO1D60 conBA Fldo,a- 2 € ) 2 VG ASEIREIE &
ICHEIA T T 3AST5 enBARIC K U10 cmBA FDJEX 227 S AHTH Y, HIFKZTATHE LT

DM L7z (HATESH, i1 2GA%0).

(2) HBEF
KRR, ER O B 2, KTRIFIZ N, 77 AR R T v, Sy FREP LR

SISO H 2 b L I nd (HATESE, w1 XEE). —77, PR
L7 BBERE, R, EIR, AERL INDE (HASF oy —%a4F, 1997). LU, AKRafER
JHOTECTIIRE CHOBRMPB R 5N Z L%\, 2072, HT KR Z R 3B ol
X, BREAREFEDATITo7. = FMO01i32Bgir, 3Gof&723, ~F¥MO02iZBgirmn, 2Cgirl,
2Cgir2E 2, ~ F v MO031tBgirmn2, Bgir, Cgirl, Cgir2f@75, ~ F v MO4i32Bgirmn2/@2sHy T
IKIRPER IR Y L 72,

WRB 201412 ¥513 3 Gleyic properties® 4/ C % 2 BRI ER D5%LL L ORMLITEE % b D8, ~
F vMO1CI32Bgirs & 033GofE 25, ~< F v M02C ¥ Apgir, Bgirmn, 2Cgirlf@2s, ~ FvM03T
ZCgirlEAE4HE L, = F vMO4ATIIPERUIMERD T 7223, 5%AKi TH Y Gleyic propertiesD 5

il X b0 7z,
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3) #rmE

5/ D 1ERENTR L oy BUELAG & (R, MHET, FEUES, )i X2 &, #HFHER O
BRI TR TH D, < FryM0lds X UMO2iZ=MM B X RS, < FYyMO3Bs XU~ F
YMO4IZ AR « LR IC I T 5. AlTTH & b SeTi Ok, WK, WA ORT L v
REFEHEREY) C 5 0 iREHERY & L o5t (HADEOM, Wf 1 %) ik LT,

WRB 2014 <X fluvic material 3[FZED L D & UTEY L 7=,

4) H4E

4 Wit 0 IERA L 2 COIREHEREY) © B 2 L HIT S 2 720, HARLHE R C b RE L oRHE,
51 AR I L RBRC S -, X 50T, 4 Wi & D EP{bkEERE, KHSERE ICH
Y3 2 FHEUENL % F72 T, RIEH 5 50 em DAPICHE F/KBERE Z R 3 o B2 g 2 L b,
HALT I ERE R, O 1 GRE clk e it EREic E iz, RO ST,
~F Y MOL 13 3Go JEAHE T K T A DSt imi7= 3720, HARIIEDFETIR S 7 A UK EMTE

+, G I RRE TS 7 AU IS Lz, = F v MO02 1%, Agir VK2 7 4
OFEERFFO 720, HRTESHECEIRE S 7 MUK L, @ 1 KREcirFE 7 7 4K
A ICARY L7z, = F Y MO03 35 X U5 F v M04 13K KBS O R i & #5723, HAL
OV CIIRE K G L, WA 1 KGR T b Tl O IS L7z, & 5 Ic@dE 1 REREI
B3 LM X 2O SREEITY, = F v MO IHIRE 2777 ALkt t, ~ F v MO02 (341
FERIE 77 AU L, ~ F v MO3 (TR B Ea Rk i+, ~< N 2 M04 (3HRE 5
SR (62 S s e TE R

WRB 2014 Ci%, 9, 32fHD 1 T X 1L % Reference Soil Group (RSG) D \WFhpic
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F—T7 v IND. AW L DIC, WRB 201412 3513 3 Diagnostic horizons|#72 3, fluvic
material2325 cmBA EDJE X % b b RE P LT > T 5B 2 & A5, FluvisolsORSGICF —7 7 +
AN, RO H T Y — T %Principal qualifiersid, -~ F>MO01, M02, MO03i3#EfE5 5
100 cm+ % Cfluvic material D £ % i 72 3 72 O Pantofluvic 235424 L 72, ~< F v MO04(x, 92 cmBLF
PEETH Y, FEOEXI13100 cmiCi- 722, ZOME L 2NER L - E2bh2 2k
2>, PantofluviciC 2432 L HIWT L 72, %72, HEHLATANICEE 3 2 R % B 3 % Dystric/Eutric
DHE%IT> 72, EutricdZeffi3, WilioEoLl EicksnT, sc#afh(Ca? + Mg? + K+ + Na*)/&
Pk (Ca® + Mg?* + K* + Nat + AP*) >50%TH Y, ZHICa%y Lt idDystrick 72 3. s
HAIDHEIE I T > T nzz®, ylic X 0 HWFL 72, ylIscHaEH & iAo AR 2R T DT
HY, WEMAETREMEANC X 2 LREL T, Lito{E350%LL T & 72 2 Wik i3 72 2> - 7=,
IO, AWEE bEuticdSFZY L7z, 72, < FYMOID3GoEIE, aa- ¥ Y IAIGHH]
RFIEH IS BEIH & 72 Z reducing conditioniCHHX4 3% Z & 2 & Gleyic properties D5efF# 7z L, &
E 2325 cmPA EC75 emiBE & D WGBS B2 B 5 2 &b, Gleyicd &b %7z L7z, ROy
$i71 7 =) —T» % Supplementary qualifiers i, +1ic X % Arenic/Clayic/Loamic/Siltic? 434#
FHEL, Z2NEFN30ecmPl EOEX %202 E5MbE s, I bI, HEICHZ - TR
&, 4%/~ 9 Subqualifiers® ff L CTards L7z, 2 F v MOLIZZKE 2 b 281272 5 TLloamic
(SL, L) T® % 7z®Pantoloamick 72 57z, = F ¥MO0213FE 2> 580 cm ¥ T7SLoamic

(SL,L) , 80—90 cm|ZClayic (SiC) , 98—100 cm+(3Loamic (SiCL) TH o 7. & X B %
724 DIZEEH 580 cmDLoamicD A TH 5 72%, FKED LI V50 cmiFELL E i< K& 32 Anoloamic
Loz, ~FYMO3IZKED H2EIch 7 o Tloamic (SL, L) TH 3 7z ®Pantoloamic & 7z -

72, X FYM04ix, 0—23 cm?’Loamic(SL), 23—32 cm#?SArenic(LS), 32—57 cm#s
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Loamic(SL), 57—92 cm#3Arenic(LS) TH - 72, E &30 cmPd E OB %723 DI1357—92 cm®D
Arenic(LS)D % T%» Y, Endoarenic& 7z - 7-.

DL EofER2» 5, WRB 20141 X 5 H8530%1%, -2 F »MO01IxEutric Gleyic Pantofluvic Fluvisol
(Pantoloamic), -2 F ¥MO02!3Eutric Pantofluvic Fluvisol (Anoloamic), % F »MO03iZEutric
Pantofluvic Fluvisol (Pantoloamic), ~< F »MO04!%Eutric Pantofluvic Fluvisol (Endoarenic) & 7z >

7-.
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233 ER
2331 LTEEE

~ Py MOL, MO2 i Agir JICEWT a,a-Y ¥ ) S ARIGHEIEESER ICEATH 57225, ~F
v MOl B ST EZ72 3, SF Y M02 0AKHSE 7 7A@ L otz KIEMZ T A8, 7K
FERHE T CHREMIKIC X o THERL, %KEDHERF SIVEL 2O T ~FEL T 27748 (UNE
5, 2011) &3, £/, =+ (1974) 1, T H>%RI7TAEZBEN 74 L, Z0t
ERO—D & LTARRIEKERZFT 02, KHHE S 7 AT I3RETH 2 ApfED T IR L,
WH OHHE X Voo, HMEEEGD 2o F TMEICHAI NS, FRZEKEL, #iEicX
LM ARZ Y, FEPBRREOK N2 E LT, ROMRHEEARC 3 (LR, 1952).
ZD7%, KHBETZAE1ES OFNRREKERE, ¥, XA XDEE#HET2HELEH L7
TEZET 2.

AR, EBYAERDICBEEZZTCT VA, RIS o TOAEBMREZ TP T vy, +
Bk R B ICROMEDR D 2 (EHD, 1951). F7z, X4 KEFRRHHIC 35 TR RIS
M3z, ZI7A@RHKT 2L L bICHRBERIBA L, X4 XNEDKT T2 Z Lot &
nTwz BHES, 2010; EHS, 20055 £F 5, 2019). 59 cm BT Gleyic properties 238152
TNy MO3 (3, fELZwE B IREIciRD L3 v HifF I, EYNICREYIKZ T
I ZA ZDERTFICEL T3 EZ bR S, —T), ~<F ¥ M04 Tld 57 cm LARTHERLA 75 <
D CoSL THB T L hb, =F v M03 &I IEIICHIEIC X VKRS EEMET L2 <,
e LoD ERE LR EROK T 5ET LT W alHl? 5 2.
fELics T 28R, b AR, I R BREZ 72 LT 72 I <, ~ F v MO1,

MO2 1% 70% A cikE HEEZ TE Y, < F ¥ M04  70%THh W {IKWETH - 7=, ¥ 72, pH(H,0)
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1 5.6~6.2 OHEIPHICH V, BIELOMHIICH 2 EZ NS, WEAT V2T, exCa DRI
0L L7zt Z2DexKid3~6THY, HEZHAZL Tz exMgldd <Py e ddEEHEHEZ
> Tz, exMg OFIFIEE 20 & L 72KFD exK & DLbIE 4~11 CGERE AWM 72 L7, L
NTvAE LT exCa 3% WMEANICH H exMg 2MEVIREETH o 72, pH(HO0) 2MEWEHIICH 5 Z

LHFRELEZI) AT, TERRICEREE2ET 2bDLEZALNS.

2332 XENEE

~FY MO3 BXU M4 iFnF b LeHETRICALE L T 528, BEMUT (ME) ok
~F v MO03 2 CL, LiC, *F¥ M0425LS, SL, CoSL & Ex o7z, £/, < F ¥ M04 X 57cm
DAZRICBERL MG <, = F v MO3 & I3/KGBRIRICGE WS R o 7, TR 1L, BARTIEH TR
TG U 2B L, <Py M03 & MO i @k eapEte o7, —F, affl
KAELIC BT A ICE T, <~ Py MO3 (ZAKE, ~Fyv M4 SR E L ko7, 7,
WRB 2014 Tl¥, 72D 2 L ~)L Supplementary qualifiers 7z & NC Subqualifiers I35\ C, =
F v MO03 % Pantoloamic, ~= F ¥ M04 i Endoarenic & 72 0, +7% & RICF OOFRERE DEW %

KL 700884 L 7n o 7z,

234 EH
SHEEPALFEOKHENR E Lz 4 2 F i, Wb Lo FIIcfiE L, HARLE
SEC IR AR, AR 1 RE IR G S+, WRB 2014 T Fluvisols IC /)8 & 7,
WA, KHETIELF, XA X CMfEzatbez@ENHBAE > Twa, KHE LTRE

LEEZToT0Td, MIFICEAMERIELL L, BN HBORERZA Y, (BT EHE©
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WRERR T2 e pEEL RS, 29 LR MARCE T, RENHE Zhicko  HEXIT
BREERE 72 5.

~ F v M01, M02 TR X L7z WEICZ R T RIEICDWT, 5%, MEYM~DE 26 201
T2EEHIC, MNEHELIET 2 2L ETCHAH. /2, RFYMO03 & M4 X7 748
75 EORHBEN & b 72 T HARTIESHCIRFEI Ut & o 7228, THRORBIGEVW AR 6N,
DI ZAHE 1 KK TIIHEEL ~ L IC BT, WRB 2014 Tl Supplementary qualifiers 75 &

IZ Subqualifiers L XU B W TR S 7z,
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24 ZBEMEO EBHRAMICHTH T 2 KHELEORE E AR

241 HEHIHOHIEBHPE

FAER L L8 (R F Yy M11-M15) 1%, EEEZHPICiLE S 2 T s X %R

i

b2 (Figure 2-1). E¥F@HhiL, 12iI¥co 2 HicksThobhTnsg, EEraHhix, Wi
Bk o CELMER T Y JIBES  1996), dbIFEaE R, JbPEIdntERT, MrEIERRIR L
LT3,

R L, AL EREE, PERARE L, FEE T B 1 2 KB ARERIC X 2 =K
MR 2> © 70 2 =1 (PERA S, 1998) 1B L, JALSRERI AR b & $RRE I LRI, SEEk 2
SEBEIC T THEFILIHICE E N2 I & ko T3, d, AHIAICI/NEEIC X > THRETH
N7 O BHNEHDBTER X T 523, Rt Clz—Ryic L@ e L 7=,

R EHIIENK AR O LRiRicE T 5. FEANJING, EACERE 0 B O Bl B e
i o T L HIC L 2 ARE)I, SR OAR 5 1L & 2 REFIRAE 2 5 & LI s % #ier
T HARERN, AU Aglitho —E<d 2 FilmEiha 2 R & 5 2 K, @HOFETICH 54
RB ORI & 0 ZRATN Z 86T U 7223 5 FPUER 2> & JLPUERIC | 2> o T 2 AR D 4 W11 T
H 5. RE)NE EERRHACE CHE) 35 X OISR & A3 L CraTiciiih, S 5ICEEIFICAY 4
BRI E GBI 5. AUtk ARRINIPETICRENNCo %20 Y, KB ICEWTW A, fEll, Ak
B, RENBERLZZE T ICEEERE WO PER1EH 5. 20/, KEDOIY R 735, L
B AL ER K b 0 —31%, JH/KIESRE b Hfeda7z LRk e L CBfE s (E LGB R
FRN_ESmT N =B5FT,  2023).

BrhmAg X, AT 7,250 ha, 9 b MBI 6,180 ha, 3R < 1,130 ha 5 & B
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948ha TH %5 (EMUKER, 2022c). HWiti% &b CKMARRS X 4,411 ha, ZH (L 467ha, X4 X

12 293 ha fEff I Tk Y, KIS FIROEEMTbITwD (BMKES, 2022¢).
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34.0° N

=4 O Study sif
| ( City hall

5 10 ki

w
0 20 40 kT

Gray Luwlan-d soils
B Lowland Paddy soils
Grey Lowland soils
Brown Lowland soils
I Brown Forest soils

" ;- Argic Red-Yellow soils
/Ml Cambic Red-Yellow soils

Pseudogley soils

Sevaam

- Alluvial Soil ] T 77, ﬂf"‘é‘ Bl Stagnogley soils
: : B Non-allophanic Andosols
. ] e B Wet Andosols
. 4 £ s B %%‘ A LI Terrotrid Regosoks
Figure 2-1. Locations of the 5 pedons (M11, M12, M13, M14, and M15) investigated in the
present study. (a) locations of Iga and Nabari cities in Ueno Basin in Japant, (b) locations of 5
pedons on a map with geographical names?, (c) locations of 5 pedons on a geological map?3, (d)
locations of 5 pedons on a soil map*.
!Prepared from the Chiriin-tile provided by the Geospatial Information Authority of Japan (GSI, 2017). 2.3
4Prepared from digital elevation model (5 m, 10 m mesh)(2016, 2017, 2019, 2020, 2022) by referring GSI.
3Prepared from geological map database by referring Geological Survey of Japan (GSJ, 1981, 1996, 1998,
2003). *Prepared from digital soil classification map (NARO, access: 2023) which classified soils with
Comprehensive Soil Classification System of Japan, First Approximation (Obara et a/. 2011).
(Mizutani et al, 2024)
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242 FAEMIROHE

YIS T HEEEWIERE SR 7040 L C v 5. W EEEM ISR ICBIFE o RET A ic s
L, Z Dk, HFEENC X > THEI L, BEDEEMICE > 72 L ST\ (1, 1968; Yokoyama |,
1969 5 JII32, 1981 7z k). HEBWHIFROHEREYIE, Hit, b, W, BOLOEME,» L%,
EHEMO B TRL L TWw5, £ OMBIZEGATPIEMAENR T LI ), RIORTT Tkt
FHRTH L. ZOMKDEC IHEBRFOBRBEDECICER T 2. Mt2ATkoMEYE I, *bo
THRECHRTKIC X 2EMHEREIC L > CTHREL 2L EZ LN, AFIIHECHREL-LEZLLNT
W3, 400 JTERTICIZIRE O RITHMISAE I, 300 J74ERTICIZ RIS & FTl s X OH

HEEICO T THBFEEL e EZ b T3 (Kawabe, 1989 ; £, #HH, 2014 ; B, 2015).

Of

FEEWET IR LI X > THlX sy S ek b, RN i RITRE, FFEEE, W

IWRfFE2 5 LT3 (Kawabe, 1989 ;5 JIA 5, 1996 ; P &, 1998 5 HEFH, 2003).

ERRESNEEHEROR THECH Y, Ml EE Bk LIWHE & #YE % ko (R 5, 1998).

HakmitE D mhE 2 o187 R, KINHMR, FiLEEcAasn s, < F Yy M3 2{7iES 5K

LR IC & 2 B il o BOAEC#a 3 5 ERPRE I L3R ch v (Ao, 1996), f&/ KRk

TIIWIE CHSE 2 Bt (Kawabe, 1989 ; Filid 5, 1998). 7z, ETMMIO <N M14 fhiis

K OZRTALE D~ F v M15 ARECIRFEADE & v b - B JE O BJE 2 ok S s 4 K

HEREY % —ifE&Ac\w s (PR 5, 1998). PHERE X LEFRE 2 E v, WEEESOME - 1E

SV MNE - KiEEA S 5 (JIE, 1981 ; Kawabe, 1989 ; HH¥Fe,, 2003). EEF@HiAN <L, Kl

I 2> HE 7 REBEIC T Tt LT3 (JIIA S, 1996). [LRE IIHE R 2 EE1CE W,

¥t xFRe 323 (328, 1981) T, = Fv M11, M12 237iE3 2 Fll R & i ml o P

REicgH LT 5.
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nd, HEBWIERICE T 2REOAIME, 570 VEEMNR Ly BEREREEX (=%

VA AR B ORI, 1995) 1chiE - 7=.

243 FAEHS

RPN O 5 A A (2 F v M11~M15) O #iERE#E % Table 2-1 ic, T35 H % Photo.
2-1 TR L 72,

~F Y M1, EEFFAMACEER - Lo &\ (Shallow valley) ICfiiEd 5. ~F v M12
bRILEEICH Y =Py MI1 &afEiEs 2208, HRIEIISCMIC X - TR X vz M R (Lower
terrace) ICAZET 5. Wb EENICH Y, KHEME IZHAE)INCA D > TR ICHERIL Tw
23, ERHAIE 1° R TH o7z, =Py M13 13, @GO KNI ICH v, IREF)INIC X > T
RE N2 PR EICAIE L CTwb, R F Y M4 id, B/ KEBEOMGFICH b, REOFEROAK
PR - JUESTFEF (Valley plain-Flood plain) ICfZiEd 2. ~ F ¥ M15 (%, HiRkilidtERicH 2 4R
TIRIC X > TR I N7 T EICiIET 5. 5 REvEDEH I 2LKHE LTHHINED, <
K M12, M13 i 1975 &fijfkic, 2 Fv M11, M14, M15 (% 1980 Rt I [Hl5 5 R 23 F2 i X
N, BEEOXE 72> T3, £72, _FY MI3 DAL F—LF— X4 XD 2 4F 3 EER CHIH
MR EEE N TE D, i 4 < F Ikl L OKRRHE OS2 Thbh v 3.

+I%

%

Aflx, < Fy MI11 232021 £ 11 H 20 H, < F¥ M12 232021 £ 11 H 19 H, ~*F v

M13 232021 4F 10 H 9 H, ~F¥ M14 252021 410 H 14 H, = F ¥ M15 32021 4 10 H 15 H

WCESE L 7z
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Table 2-1. Geographical feature information of the study sites.

Profile code Land form Latitude Longitude Altitude(m) Neighboring river
M11 Shallow valley/Flat 34°51'52.0" N 136°11'48.0" E 184 Tsuge
M12 Lower terrace/Flat 34°51' 245" N 136°11' 22.2" E 178 Tsuge
M13 Lower terrace/Flat 34°45'59.3" N 136°13'15.8" E 200 Hattori
M14 Valley plain-Flood plain/Flat 34°42'19.1" N 136° 7'59.9"E 159 Kizugawa
M15 Lower terrace/Flat 34°39' 46.5" N 136° 7'10.4"E 200 Nabari

(Mizutani et a/., 2024)

Photo. 2-1. Photographs study soil profile,

mil MI2,

1)
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244 FEREDMA

2441 TIEWTEICRE, ¥EME,

FAN v O IEWTH RS, KK, 35 X O % Table 2-2a, 2-2b, 2-2c i, {L41E% Table

2-3a, 2-3b, 2-3c TRl 7.

Table 2-2(a). Horizon, Structure, Consistance, Suaturated Hydraulic Conductivity and Root distribution in Soil profile.

Consi Suaturated
onsistence
Profile Horizon Depth Horizon Structure? — — Hydraulic Root
code boundary ructure Stickiness Plasticity Bulk  Compactness Conductivity
(cm) density (mm) (cm/sec)
Apgir 0-12 SAB/w Sticky Very plastic 0.92 13 9.6x10°  Very fine-Fine/Common
Smooth Clear
Agir 12-21 SAB/w Sticky Very plastic 1.09 15 4.9x107  Very fine-Fine/Very few
Smooth Clear
M11 Bgirl 21-33 SAB/w Sticky Very plastic 1.19 15 43x10°  Very fine-Fine/Very few
Wavy Clear
Bgir2 33-65 SAB/vw Sticky Very plastic 1.13 14 6.7x10“%  Non
Wavy Gradual
Gr 65-100+ Massive Sticky Very plastic 0.91 11 73%x10°  Non
Apgir 0-13 SAB/w Sticky Very plastic 1.05 14 3.6x10°  Very fine:Fine/Common
Smooth Clear
Agirmn 13-24 SAB/w Sticky Very plastic 1.24 17 75x10°  Very fine-Fine/Few
Smooth Clear
Bgirmn 24-41 SAB/w Sticky Very plastic 1.09 15 3.9x10°  Very fine-Fine/Very few
Smooth Gradual
M12 Cgirmn 41-68 Massive Sticky Very plastic 1.02 14 47%x10"*  Very fine-Fine/Very few
Smooth Gradual
Cgirl 68-80 Massive Sticky Very plastic 1.06 14 8.7x10° Non
Wavy Gradual
Cgir2 80-100 Massive Sticky Very plastic 1.12 13 25x10°  Non
Wavy Gradual
Gr 100-110+ Massive Sticky Very plastic 0.97 10 33%x10°  Non
Apgir 0-15 SAB/w Slightly sticky Slightly plastic ~ 1.17 16 1.0x10°  Very fine:Fine/Common
Smooth Clear
Agirmn 15-25 SAB/w  Slightly sticky Slightly plastic ~ 1.37 25 23%x10%  Very fine-Fine/Few
Smooth Clear
Bgirmn  25-32/40 SAB/w  Slightly sticky Slightly plastic ~ 1.58 20 1.9%10°  Very fine-Fine/Very few
Wavy Clear
Bgirl 32/40-55 SAB/w  Slightly sticky ~Slightly plastic ~ 1.49 18 2.8x10%  Non
M13 Smooth Clear
Bgir2 55-66 SAB/w Slightly sticky Slightly plastic ~ 1.44 20 9.8x10%  Non
Smooth Clear
Bgir3 66-75/82 SAB/w  Slightly sticky Plastic 1.43 21 1.3x10°  Non
Wavy Gradual
Bgird 82-92 SAB/w Slightly sticky Plastic 1.47 16 73x10°  Non
Wavy Gradual
Go 92-100+ Massive  Slightly sticky Plastic 1.49 15 1.1x10°  Non
Apgir 0-14 SAB/w  Slightly sticky  Very plastic 1.17 14 6.6x10"  Very fine-Fine/Common
Smooth Clear
Agir 14-31 SAB/w  Slightly sticky  Very plastic 1.33 17 85x10°  Very fine-Fine/Few
Smooth Clear
2Agir 31-50 SAB/w Slightly sticky ~ Very plastic 1.10 17 5.4x10"  Very fine-Fine/Few
M14 Smooth Clear
2Bgir 50-64 SAB/w Slightly sticky ~ Very plastic 1.25 18 7.7x10°  Non
Smooth Clear
2Go 64-94 Massive  Slightly sticky ~ Very plastic 1.23 15 2.4x10%  Non
Smooth Clear
2Gr 94-110+ Massive Sticky Very plastic 1.09 13 2.8%x10°  Non
Apgir 0-16 SAB/w  Slightly sticky ~ Very plastic 1.13 17 25x102  Very fine-Fine/Common
Smooth Clear
Agir 16-21 SAB/w Slightly sticky ~ Very plastic 1.46 21 41%x10"  Very fine-Fine/Few
Smooth Clear
Bgirmn 21-39 SAB/w  Slightly sticky  Very plastic 1.44 18 1.2x10*  Very fine-Fine/Very few
Smooth Clear
2Agir 39-51 SAB/w Slightly sticky ~ Very plastic 1.30 15 1.7x10*  Non
M15 Smooth Clear
2Go 51-61 Massive  Slightly sticky ~ Very plastic 1.16 15 1.2x10*  Non
Smooth Clear
3Gol 61-68/73 Massive  Slightly sticky ~ Very plastic 1.49 17 2.0x10°  Non
Wavy Clear
3Go2 3/73-75/81 Massive  Slightly sticky ~ Very plastic 1.40 14 6.4x10%  Non
Wavy Gradual
4Gr 5/81-100+ Massive  Slightly sticky ~ Very plastic 1.57 8 13x10* Non

DSAB: Subarguler blocky, w:weak, vw:very weak
(Mizutani et al., 2024)
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Table 2-2(b). Soil color, Mottling-Concretion and Active reaction of Fe Il in Soil profile.

Profile . Depth Soil color Mottling-Concretion Active
code Horizon Fell
(cm) (moist) Fe Mn
Apgir 0-12 7.5Y5/1 Rc'):?ltr;lsi/ke Prominent/Abundant Non +
Agir 12-21 7.5Y5/1 Tgikrrt:]ljr Prominent/Many Non +
M1l  Bgirl 21-33 10Y 5/1 Tgiﬁ’r‘#jr Prominent/Many Non +
Bgir2 33-65 10Y 5/1 Tgﬁfn'jr Prominent/Common Non ot
Gr 65-100+ 10y 5/1 Non Non +++
Apgir 0-13 2.5Y6/1 Rc';t?ltr;ql;ke Prominent/Common Non -
Agirmn 13-24 2.5Y6/1 Tgﬁﬂjr Prominent/Common Tubular  Faint/Few -
Bgirmn 24-41  2.5Y6/2 Tgikl’r‘:]'jr Prominent/Abundant T;ikl’r‘:]'yar Distinct/Few -
M12  Cgirmn 41-68 2.5Y6/2 Tubular Prominent/Many Tubular Faint/Few -
Cgirl 68-80 2.5Y6/1 Tubular Prominent/Common Non -
Cgir2 80-100 7.5Y6/1 Tubular Prominent/Common Non +
Gr 100-110+ 5Y 5/1 Non Non +++
Apgir 0-15 10YR 3/3 Root-like Faint/Few Non -
Agirmn 15-25  10YR 4/2 R‘;‘?Itr;]”yke Faint/Few Speckled Faint/Few -
Bgirmn 25-32/40 10YR 3/2 Tubular Distinct/Common Speckled Faint/Few -
Bgirl 32/40-55  10YR 4/1 Tgﬁfn'jr Prominent/Common Non -
M Bgir2 55-66 2.5Y 4/1 Tgikl)ﬁ]ljr Prominent/Common Non -
Bgir3 66-75/82 2.5Y 4/1 Tubular Prominent/Many Non -
Bgir4 82-92  2.5Y3/1 Tgﬁfn'jr Prominent/Few Non S
Go 92-100+ 2.5Y 3/1 Tubular Prominent/Very few Non +++
Apgir 0-14  75Y4/1 R‘;ffltr;]”yke Prominent/Abundant Non +++
Agir 14-31 7.5Y 4/1 Tgﬁ:ﬂjr Prominent/Common Non +++
2Agir 31-50 5Y 4/1 Tu_bular Prominent/Many Non +++
M14 Filmy
2Bgir 50-64  7.5Y4/1 Tgh’r‘#;r Prominent/Common Non +++
2Go 64-94 7.5Y5/1 Tubular Distinct/Very few Non +++
2Gr 94-110+ 7.5Y6/1 Non Non +++
Apgir 0-16 5Y 4/1 Rc'):?ltr;ql;ke Prominent/Abundant Non +
Agir 16-21  7.5Y4/1 Tgiﬁ’;'jr Distinct/Many Non S
Bgirmn 21-39 2.5Y 4/2 Tgikl)::]ljr Distinct/Many Tubular  Faint/Commo +++
2Agir 3951 75Y4/1 Tubular - pytinct/Many Non +++
M15 Filmy
2Go 51-61 2.5Y 3/1 Tubular Distinct/Many Non +++
3Gol 61-68/73 2.5Y2/1 Tubular Distinct/Very few Non +4++
3Go2 68/73-75/81 7.5Y 2/1 Tubular Distinct/Very few Non +++
4Gr 75/81-100+ 7.5Y5/1 Non Non +4++

(Mizutani et al., 2024)
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Table 2-2(c). Particle size distribution and Texture in Soil profile.

Particle size distribution

Profile Horizon Depth C.sand” F.sand®  Silt Clay  Texture® Texture™"
code (cm) (%) (WRB)
Apgir 0-12 8.1 11.7 37.2 43.0 LiC C
Agir 12-21 7.4 12.1 374 43.1 LiC C
M11 Bgirl 21-33 7.1 11.9 39.7 41.3 LiC C
Bgir2 33-65 7.6 11.1 37.4 44.0 LiC C
Gr 65-100+ 5.3 7.0 43.0 44.8 LiC SiC
Apgir 0-13 16.9 18.5 34.5 30.1 LiC CL
Agirmn 13-24 14.6 16.4 35.2 33.9 LiC CL
Bgirmn 24-41 5.0 9.4 44.3 41.4 LiC SiC
M12 Cgirmn 41-68 5.9 10.7 41.3 42.1 LiC SiC
Cgirl 68-80 15.7 18.6 31.9 33.7 LiC CL
Cgir2 80-100 11.1 17.1 36.1 35.6 LiC CL
Gr 100-110+ 7.7 15.9 38.3 38.2 LiC CL
Apgir 0-15 18.4 40.5 21.9 19.1 CL SL
Agirmn 15-25 21.9 41.7 21.3 15.1 CL SL
Bgirmn 25-32/40 20.4 39.6 21.7 18.3 CL SL
Bgirl 32/40-55 18.2 38.8 22.6 20.4 CL SCL
M3 Bgir2 55-66 18.8 41.6 21.7 17.8 CL SL
Bgir3 66-75/82 16.9 37.7 26.3 19.1 CL SL
Bgird 82-92 16.8 39.2 25.7 18.3 CL SL
Go 92-100+ 16.5 375 23.3 22.7 CL SCL
Apgir 0-14 235 28.8 23.3 24.4 CL SCL
Agir 14-31 22.0 26.5 24.2 27.4 LiC SCL
2Agir 31-50 25.6 24.0 25.2 25.2 LiC SCL
ML 2Bgir 50-64 25.8 26.9 24.4 22.9 CL SCL
2Go 64-94 18.4 23.9 26.7 31.0 LiC SCL
2Gr 94-110+ 6.0 21.1 35.0 37.8 LiC CL
Apgir 0-16 23.3 22.9 28.7 25.0 CL SCL
Agir 16-21 22.8 24.8 25.4 27.0 LiC SCL
Bgirmn 21-39 18.9 24.1 27.0 30.0 LiC CL
2Agir 39-51 16.8 25.1 28.1 30.0 LiC CL
M1 2Go 51-61 12.9 27.7 28.4 31.0 LiC CL
3Gol 61-68/73 32.4 26.2 18.6 22.8 SCL SCL
3Go2 68/73-75/81 31.3 24.6 18.1 26.1 SC SCL
4Gr 75/81-100+ 48.5 19.6 13.6 18.3 SCL SL

UCoarse sand. ?Fine sand.

e Clay, LiC: Light Clay, SiC: Silty Clay, SiCL: Silty Clay Loam, CL: Clay Loam, L: Loam, LS: Loamy Sand,

SL: Sandy Loam, SCL: Sandy Clay Loam.

YClassified based on WRB (IUSS Working Group WRB, 2022), assuming the particle size dsitribution does not change
when the boundary between silt and sand of 63 um is applied.

(Mizutani et al., 2024)
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Table 2-3(a). pH, y1, EC and Available component (oven-dried basis).

Available component

2
Profile | Depth P y1" 5 TTruog 9 50
code Horizon H,0  KCI (1:5) P,0 N 102
(cm) (dSm™) (mg kg™
Apgir 0-12 6.88 5.71 0.4 0.06 88 174 431
Agir 12-21 1.47 6.28 0.3 0.06 134 155 328
M11 Bgirl 21-33 7.81 6.05 0.1 0.04 52 76 391
Bgir2 33-65 6.46 4.65 1.3 0.04 5 8 425
Gr 65-100+ 6.43 5.05 0.7 0.03 5 0 422
Apgir 0-13 6.31 4.84 0.4 0.04 86 129 325
Agirmn 13-24 7.18 5.67 0.2 0.04 105 74 367
Bgirmn 24-41 7.28 5.69 0.3 0.05 37 41 381
M12 Cgirmn 41-68 6.22 4.55 0.7 0.04 12 17 408
Cgirl 68-80 5.55 3.92 5.5 0.03 10 14 324
Cgir2 80-100 5.47 3.87 8.4 0.03 5 0 348
Gr 100-110+ 5.19 3.67 10.1 0.03 24 0 365
Apgir 0-15 6.27 4.97 0.4 0.04 428 93 207
Agirmn 15-25 7.09 5.86 0.1 0.04 255 46 235
Bgirmn 25-32/40 7.38 6.04 0.1 0.03 70 25 277
M13 Bgirl 32/40-55 6.85 5.49 0.2 0.04 89 30 283
Bgir2 55-66 5.90 4.61 0.4 0.05 101 45 202
Bgir3 66-75/82 591 4.77 0.2 0.07 23 17 228
Bgir4 82-92 5.96 4.65 0.4 0.05 40 6 249
Go 92-100+ 5.85 4.19 0.4 0.04 27 4 303
Apgir 0-14 6.23 4.75 0.6 0.05 50 112 291
Agir 14-31 6.68 5.03 0.4 0.04 31 54 204
V14 2Agir 31-50 5.94 4.16 1.8 0.03 9 81 191
2Bgir 50-64 5.88 3.70 7.0 0.02 4 32 257
2Go 64-94 5.68 3.33 10.6 0.02 66 25 342
2Gr 94-110+ 5.78 3.62 9.2 0.01 2 11 345
Apgir 0-16 6.56 5.22 0.4 0.06 168 139 281
Agir 16-21 6.77 5.37 0.4 0.06 119 74 216
Bgirmn 21-39 6.94 5.55 0.3 0.06 264 26 251
M15 2Agir 39-51 6.52 4.95 0.4 0.04 3 46 255
2Go 51-61 6.35 471 0.6 0.03 11 46 315
3Gol 61-68/73 6.36 4.78 0.4 0.03 10 22 214
3Go2 68/73-75/81 6.07 4.46 1.0 0.04 8 19 231
4Gr 75/81-100+ 5.63 3.65 4.9 0.02 6 2 336

1>y1 : exchangeable acidity

JEC:electric conductivity

IMineralized N during 4 weeks of incubation under reduced condition in a incubator at 30° C.
(Mizutani et a/., 2024)
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Table 2-3(b). CEC, Exchangeable cation, Base saturation, PAC, Total carbon and Total nitotogen
(oven-dried basis).

Exchangeable cations

Profile Depth cec® base pac®  T-c” T-N”
Horizon Ca Mg K Na saturation”
code
(cm) (cmol, kg™) (%) (mg P05  (gkgh)
Apgir 0-12 23.7 16.7 4.6 0.5 2.6 103 9.79 22.8 2.3
Agir 12-21 235 16.9 5.6 0.5 3.3 112 9.47 19.5 2.0
M11 Bgirl 21-33  21.1 121 5.9 0.6 3.8 106 8.06 12.2 1.3
Bgir2 33-656  21.1 8.6 6.9 0.5 5.2 101 8.49 12.6 1.2
Gr 65-100+ 23.3 6.8 6.0 0.4 6.3 83.8 9.56 18.1 1.6
Apgir 0-13 15.7 104 2.3 0.4 1.7 94.3 6.46 18.6 1.9
Agirmn 13-24 176 125 3.4 0.4 2.0 104 6.97 13.6 1.4
Bgirmn 24-41  22.3 15.0 5.2 0.6 2.6 105 8.89 9.6 1.1
M12 Cgirmn 41-68 22.0 11.3 6.8 0.5 3.3 99.6 8.35 12.3 1.2
Cgirl 68-80 17.5 6.0 4.9 0.3 2.5 78.8 6.13 15.0 1.3
Cgir2 80-100 185 5.6 5.1 0.3 2.6 73.8 6.57 13.2 1.3
Gr 100-110+ 19.7 5.8 4.7 0.4 2.8 69.9 6.78 18.1 1.5
Apgir 0-15 149 9.8 1.2 0.3 1.6 87.0 5.05 22.0 2.0
Agirmn 15-25  12.3 10.0 1.3 0.2 1.5 106 4.50 12.3 1.1
Bgirmn 25-32/40 12.3 10.1 1.5 0.2 1.5 108 4.70 9.8 0.9
M13 Bgirl 32/40-55 12.9 9.5 1.7 0.2 1.9 103 4.79 11.0 1.0
Bgir2 55-66  10.8 6.5 1.3 0.2 1.5 88.5 2.91 114 1.2
Bgir3 66-75/82 10.7 6.9 1.3 0.2 1.8 94.5 4.33 6.5 0.6
Bgird 82-92 122 6.4 1.1 0.2 2.1 80.2 5.20 10.0 0.8
Go 92-100+ 12.8 6.2 1.1 0.2 2.6 78.6 4.71 9.4 0.8
Apgir 0-14 13.9 8.6 1.7 0.3 2.2 91.8 6.27 16.5 1.5
Agir 14-31 128 8.2 2.0 0.1 3.0 104 5.61 11.0 1.0
V14 2Agir 31-50 14.7 7.4 1.8 0.1 4.5 94.2 6.45 20.1 1.6
2Bgir 50-64 13.9 5.5 1.4 0.2 4.4 82.3 5.38 14.3 1.1
2Go 64-94 13.3 5.6 1.4 0.2 5.3 92.9 5.28 13.0 1.0
2Gr 94-110+ 15.0 6.7 1.6 0.2 6.0 97.2 5.70 13.1 0.8
Apgir 0-16 123 7.8 1.6 0.4 1.8 93.8 5.38 20.7 2.1
Agir 16-21 105 7.0 1.5 0.4 2.0 103 4,72 12.3 1.2
Bgirmn 21-39 10.2 7.0 1.9 0.3 2.4 112 4.55 8.7 0.7
M15 2Agir 39-561 12.2 6.8 2.1 0.2 3.0 99.6 5.20 16.5 1.2
2Go 51-61 14.2 7.1 2.5 0.2 3.5 93.6 5.30 21.6 1.5
3Gol 61-68/73 12.6 6.3 2.3 0.1 2.9 92.7 3.91 18.0 1.0
3Go2 68/73-75/81  15.0 6.6 2.4 0.1 3.4 83.3 4.80 22.6 1.1
4Gr 75/81-100+ 6.8 2.6 1.2 0.1 2.2 89.6 1.91 3.8 0.3

YCEC : cation exchangeable capacity

Base saturation : exchangeable(Ca + Mg + K + Na)/CEC
PAC : phosphate absorption coefficient

DT-C : total carbon;T-N : total nitorogen

(Mizutani et a/., 2024)

)
5)
6)

43



Table 2-3(c).Iron, aluminum, and silicon dissolved by the selective dissolution method
(oven-dried basis).

Selective dissolution®

Profile Horizon Depth |
code Fed Ald Feo Alo Sio Fep Alp
(cm) (gkg™) (gkg™) (gkg™)
Apgir 0-12 229 1.7 9.9 1.7 0.3 3.3 1.2
Agir 12-21  25.0 1.5 10.9 1.5 0.3 2.4 1.1
M11 Bgirl 21-33 254 1.4 14.4 1.3 0.6 1.6 1.3
Bgir2 33-656 22.7 1.2 11.6 1.3 0.4 2.8 1.4
Gr 65-100+ 26.1 1.5 16.1 1.9 0.7 4.1 1.1
Apgir 0-13 108 1.4 4.6 1.6 0.1 1.6 1.0
Agirmn 13-24  19.0 1.3 7.2 1.4 0.2 1.3 1.0
Bgirmn 24-41  23.0 1.9 9.8 1.6 0.5 1.3 1.3
M12 Cgirmn 41-68  19.7 1.4 8.5 1.3 0.3 1.7 1.5
Cgirl 68-80 13.6 1.2 5.6 1.2 0.1 1.1 1.0
Cgir2 80-100 16.2 1.3 8.4 1.4 0.1 1.1 1.2
Gr 100-110+ 7.6 1.0 3.1 1.1 0.2 1.9 0.8
Apgir 0-15 12.0 2.5 2.7 2.1 0.3 2.3 1.2
Agirmn 15-25 17.1 1.9 3.7 1.5 0.2 1.6 0.7
Bgirmn 25-32/40 19.4 2.2 3.1 1.5 0.2 1.2 0.8
M13 Bgirl 32/40-55  16.1 1.7 3.4 1.3 0.1 1.5 0.7
Bgir2 55-66 7.8 0.6 2.8 0.7 0.0 1.1 0.4
Bgir3 66-75/82  31.7 1.2 9.4 1.0 0.2 1.1 0.6
Bgird 82-92 31.1 1.6 13.4 1.3 0.1 2.6 0.7
Go 92-100+ 10.6 0.7 4.5 1.0 0.1 2.1 0.7
Apgir 0-14 23.2 1.2 7.4 1.2 0.1 1.9 0.4
Agir 14-31 24.1 1.3 5.9 1.3 0.1 1.4 0.4
M14 2Agir 31-50 26.9 1.5 9.0 1.3 0.2 2.3 0.4
2Bgir 50-64  20.7 1.3 11.4 1.3 0.2 1.7 0.4
2Go 64-94 12.3 0.8 7.7 1.1 0.2 1.4 0.3
2Gr 94-110+ 174 0.7 25.1 1.1 0.5 1.5 0.3
Apgir 0-16 16.0 1.2 4.4 1.4 0.2 2.0 0.5
Agir 16-21 17.2 1.3 2.9 1.2 0.1 1.5 0.5
Bgirmn 21-39 214 1.6 1.6 1.1 0.1 1.1 0.5
M15 2Agir 39-51 16.9 1.1 3.0 1.2 0.1 1.7 0.4
2Go 51-61 324 1.3 3.8 1.0 0.1 1.9 0.5
3Gol 61-68/73 7.7 0.6 2.6 0.9 0.0 1.3 0.4
3Go?2 68/73-75/81 6.2 0.7 2.2 1.1 0.0 1.8 0.7
4Gr 75/81-100+ 3.6 0.4 1.0 0.6 0.0 0.6 0.2

YFed: Fe dissolved by DC extraction, Ald: Al dissolved by DC extraction,

Feo: Fe dissolved by oxalate extraction, Alo: Al dissolved by oxalate extraction, Sio: Si dissolved by oxalate extraction
Fep, Fe dissolved by pyrophosphate extraction, Alp, Al dissolved by pyrophosphate extraction.

The DC extracts free Fe oxides, such as goethite.

The oxalate extracts active Fe and Al (hydr)oxides, such as ferrihydrite and allophane.

The pyrophosphate extracts organically complexed Fe and Al.

(Mizutani et a/., 2024)
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(1) ~ K> M1l

HEX 0—12cm DJEfL % Apgir J&, HHEEICH 7225 12—21cm % AgirJ8 & L, #EsR L7 21
—65 cm ¥ T% Bgirl J§, Bgir2 8, fEofESR SN\ 66—100 cm+% Gr & L7z,

Bgir2 JEi%, kORI S O EEDHAELTER CE 7228, BERIGEWIREETH b, BRIRD < v
FEHBICO T bNmdr oz, SO0, FEZmEmAIRE U, REREIR, e Xid 2720,
FEHE NV F 7y 2WETR (HARF oY —%a46, 1997) TRRINTHARVDL DD, T
59\ (very weak) & L 7-.

+1iz, ®ECTLC THho7-. MtaaERIL, WTFhoEAd 40% %2, < F v M13, M14,
M15 & bR Cd o 7.

Bgir2 B XU GrfETit, a,a-Y v ) PAKIGHIKIEFICEHHATH 7. 2ol prb, 33
cm DAETIE, A e dFERICEWTIE, HT/KOFBELZIT CTEVETIREBICH o7 L F 2
LTz,

Fed (328 T 22.7—26.1 g kg OHEPHICH Y, HARGERARIEH ORI W SEHE (8 g Fe:05

kg!) L EZM7ZT e, EVHOKHICES -0 EEZ LN,

(2) ~F> M12

WX 0—13 cm OB % Apgir [, BHEIEICH 72 13—24 cm % Agirmn JE & L, BEE2ARHHR
#- 24—41 cm % ©% Bgirmn J8, B0 FED R b7 5 7= 41—100 cm % CJE, 100—110 cm+
ZGrlge L7

PEEHHAE, 24—68 cmn THEET 22 F v M1 IClid - 722, ZDfthdfENiTlE~<F v M11 X

D DR EEEMELS, WoBERE» o7, <Py MI121%, WSRO FIRICH 5 T AL i
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CH Y, <y M1 ICHAHRERIC BT 200280 <, RS HK IRV Az L FE 2 bh
7.

a,a-Y Y INRIGIE, 100—110 cm+ CRIKHEEE ICEHCTH -7z, 100 cm LA T TI1F, #HiE
DIGEDZD LT, 5D Fed d AMWICHD L T2 Z L2 b, TR < 2 LS ChEviE
TCIREBICH - EZ b,

Fed I%, Apgir D 10.8 gkg!icxfL, E FD Agirmn J§T 19.0gkg? & 25V ExZ /R L7=Z &

26, BFEBEIERINIBRICHZLEZ LN,

(3) ~ R M13

HX 0—15 cm OJENL% Apgir &, #HEEICH722 15—25 cm % Agirmn g & L, #EERR L
7225—92cm ¥ T% B, MiEoFRELRONE2 572 92—-100cm+%Z GJE L L 7.

BRI, = Fy M11, M12 ik, it X tvrro&FEMEL, 28 CL &krot-.

Fed 73 Apgir JEC 12.0 g kgl 72 & Bgirmn JHC 19.4 gkg! ~HMIL T2 2 & 20h, SO - 4
BORETLCwb LEZ L.

a,a-Y Y INRIGIE, HE 82—-100 cm+ CTHIKFSFEHF ICEHTH 572, 92 cm LAED Go T
X, EDOFELED LT, 22D Fed b AWITIHD L T35 Z &h b, HIT/KEE FZE L JEFE

THRVIEITCIRREEIC D o 72 & E 2 b,

@) ~ K> M4
BRFBERICENT, HE31-50m OEMTH L bEW201gkglZR LI LR, TOD

JEfL 2 % E & E 2 2Agir JE & L7z, MRDFEKRDO—> & LT, 1258 IC R+ 21T - 72 vl RetE
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BEZ NS, 64cm R TIIHEDREN R ON LD 072200, GofdH 2 CGrfgL L7,

GoJEs LU Grlgcidfit&ERENE L, T LIC TH o7, ke d 12 LiIC LHIET N

TEOLIFES 228, 200 L ITFRICWERICEVWTRE S AR s T/, [LEECHERLICE

TR TER A CREE R ANEGE 130 b o 7288, MO X 4 1 v ZICE WD B o 72 ]

B2 H 2. a,a-Y Y VARSI RECHIRHCTH o722 825, (FiHKE 72 IZHT KD

B, P EYHFERICE VTR, BOETTREBICH o7 E 2N,

(5) ~ K> M15

HX0—16 cm DfEAr % Apgir J&, #HHEEICH /-2 16—21 cm % AgirJ§ & L 7. 39—51 cm I,

BIRFEDN 165 gkg! EHIIIE W 2O AL E 2, 39—51 cm % 2Agir &, 51—61cm %

2Gofg & L7, 61 cm LUETIX, YA PEEMEAL, X512 75/81 cm LIE TP & B OBEINA

RO LN 720, MM oA HER & ez, 61—68/73cm % 3Gol J&, 68/73—75/81 cm % 3Go2 JE,

75/81—100 cm+ % 4Gr J& & L 7=,

a,oa-Y Y NEIIE, 16 cm DR TG CcH 72, 2D 5 b, 61lcm UETIIHEHEDFE

DD BT, 22D Fed b ZWUTTRD L T2 Z L b, HT/KDNE < 528 L JEAE TV ETeiREE

WKhotzeEZ b7z, Fed 1351-61 cm D 2Go @ THRbd =\ 324 gkg! ZmL, =~V VD

BERCAS 21 =39 ecm TR I N7 Z & H D, 61em IR TIZ 1FED I bnIndd x4 I v 7 TL

Mic7zs LEZObNT.

2442 TFEH X OTEHREDOENFM

K

IKH D EAR 5 SGEHIE (Table 1-6) 2T, 5V vickd 2, (Ll UTERED

47



BYLAEIC DO WTHGRE L 72, BGREIC 472 0, Ap B {FHe L, ApJEETO AJgx &K@ L L7,
5<FvofEtoEX L 12~16 cm T, < Fv Ml11, M12, M14 ABEE% FHl-7-. %K
J@o bR (L) 11, < FY M13 1325 mm TPREWiEERL, o4 <F iz 13~21
mm CYE B %72 L7z, (s 2 HE 0 ABEIZ~< F v M11 28 88 mg kg!, ~F v MI2
28 86 mgkg!, =¥ M14 2350 mgkg! CEHEL TR 57, ~<F» MI3 (%428 mgkg!, ~F
¥ M15 13 168 mg kg CUEHE A7z L7z, AHGREERIZ 93~174 mg kg TH V), wIFnbK
FERHE M7 LTz, pHH0)IE<F Y MI1 2369 TRLE L, fthd 4 < F it 6.2~6.6 Tl
ISUGEHAE 272 L7z, HEAORIE X, < F Y M1 X 87%Td YV SGEHIENTH - 7228, fthd 4
SR VIR 92~103% U HEFEOE% B o 72, SMpEE oM cBI L, MEiC X 2 k%
Table 2-4 178 L7z, exCa DRIRIE% 70 & L2854, exMg ORIAIE X 8~19 TH Y, 5 F v
boEHES a2 EWEERTH -7, K, exKiZ2~4TH b, SERHELZ L. exMg D

ROFIE % 20 & L7256, exKid, 2~6 TH Y exMg licxf 32 b T dEREEM - L 7-.

Table 2-4. Base balance

Relative Base saturation

Profile ) Depth Relative to Ca saturation Relative to Mg saturation
Code Horizon (when Ca saturation was 70)  (when Mg saturation was 20)
(cm) exCa exMg exK exCa exMg exK
M11 Apgir 0-12 70 19 2 73 20 2
M12 Apgir 0-13 70 16 3 88 20 3
M13 Apgir 0-15 70 8 2 166 20 5
M14 Apgir 0-14 70 14 2 102 20 3
M15 Apgir 0-16 70 14 4 99 20 6

(Mizutani et al., 2024)
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2443 TEH4E

HALIEDE (HAS N u o =2 R - R B2, 2017) 846 1 GA%E UM B,
2011), ¥ X ¥ World reference base for soil resources 2022 (IUSS Working Group WRB, 2022 ; L4
T WRB 2022) c00C, FIIEWIEH O LR EAT - 72, LELO TIEDFRR IO 725
BUELL, Bk, BOIE, B X OHE - PR % Table 2-5 IR L7z, 7z, t380%EM

H% Table 2-6 IZ/R L 7=,

(1) e

KHEZFKEIZ, KHOELED 5 bEAL I T DT, HKEDOEETE 72 1378 GO
#A3 2% LA E, Fed 23 04%A L, EX 75 cm U Eodoch s (HALENME Oif 1 KGA%).
Ap BxRELELT2L, 5 XFv e bKHKRETH 2720057 L7z. WRB 2022 Tl

Anthraquic horizon 7% wet-field cultivation D#EHR & LCEL KL INTH Y, ZoE&k
JKFHZSEICHH4 9 5. Anthraquic horizon (%, puddled layer (ft2>%J&@) & plough pan GitizfE)
Ic X o CHEK I N 3. plough pan F puddled layer DETFICH Y, SfFD—> & L CHIMEEEH
puddled layer X0 10%LL B2 2325 5nTH by, YHEICEWTHE EOREM» b DEaE %R
RIEMNAZEEL TR EEZONS. 5XF Ve ApfEETOARE (B 28 ICkEWw»TizeEE
Ex L CHERES S EZ R LT3 I b, KETHS Ap [E% puddled layer, % DE T D
A JE% plough pan & A7 3% £ %% b 2 7-. Anthraquic horizon @ puddled layer I, 7.5YR ¥ 7=
FEN XYV EEOEMZ R LD 4 AT 2 2RED 2 AT, &5 widttHs GY, B,BG THE A
4UTCHIRERD 2D, ZO&NZiMETDIZ~<~F Y MI3, Ml4, MI5D 3KV Thots.

RIZ, Anthraquic horizon @ plough pan 1%, THEREEDSEM:L L T platy structure % 7z (3 massive
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structure 25 25%LA EDOSERETF LN TED, TNITOWTIERF v M13, M14, M15D 3 <= F
vEDHMAMETH Y COENERRMT- S R o7z, TD®, 5 X F &b Anthraquic horizon
DEMFRIGZS R E bR

5 RFYRTT, a,a-Y¥ Y IANIGCHRIRFER ICEICTH 3@ HFIEL 7. 72, wih
DT TATEDOEMETH D TTi2d 75 cm LEIC KT 10 cem U EDJEE %S0 7 A& (H
RAEBESHE, A1 KRER) % L7,

HA L8 s L OERE 1 KRR Ick 3 &, < Fv M1l o Bgirl, Bgir2 J&, ~Fv MI2 ®
Bgirmn J&, -~} M13 ® Bgirmn, Bgirl~Bgird Jg§, ~F> M14 © 2Bgir J§, ~F>¥ M15 ®

Bgirmn B2 EHEICHY L 72, Z OO RHEUEAL IS St d - 7z,

(2) R

HARLES S X Ot 1 XK ICs T 5 7 7 4 Fiffls X U0 WRB 2022 IC51F % Reducing
condition 1%, a,a-Y €V IARIGHEIREHTH 5 Z L 2L LTHlL 2. <~ F ¥ MI11 %
33 cm LABEDS, = F ¥ M12 13 100 cm BAZEDS, = F v M13 i 82 cm LABEDS, <= F v M14 |3 -5k
2D, _F v M15 1% 16 cm DAEEDR 77 4 FHEUCEEY L 7-.

HA LB L 0wl 1 XIS BT 2 T KREREUL, FH0 S 2 i Tk ciaf  h
HICIREEICE PN T WD Z L BRI TH Y, 77 ARHIE RS, v Nl I B bk
DWIEDH 5 b DL INTWw 5, M FAKEREZ R SHRUIER, BIR, FERLIns (HEASF
1Y =M, 1997). 205 BbERMIIFLICbEREI s enbreInTcnwsZers (H
RN\ —2E20R, 1997), MU T KRIEZ HIWT 3 2 SRBERL DT R IL, BIRB X OREB L LT, H

TR A i 7- T EA I = F v M11, M12, 131D 5728, 2 F v Ml14 & M15 12133889
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LN o7z,

WRB 2022 12351 % Gleyic properties i, Hi F/KICEET 2 b DICB S S, WD B 03HIIE
N7z T IO L 2 BLE TR AR 2 2 DD TH 0, @ITFi 2 "3 16, 51k 5%
VL EDBHDIEEIC X > CRE X NS, ~Fyv MIL & MI2 3884 04k %iliz L7z, %ot

O IEWE S, FROMIC Z DR R L B0 L 72,

(3) #IME

5 75 1 HGERFIR M BRATAA Ok - BB - 23R 1c X 3 REHEIX (S H LR
BRI, 1995) 22T 2 L, 5~ F v & MERIRTEHHcH 2, WAL, WEE
BIch Y, HALMMES X 1 G IR, WRB 2022 €t Fluvic material i<

LT,

(4) 948

~XFY M1I1~MI15 3 REHEREY) & BEbF & 32 T L T E 2 720, HATES i

KB, G5 1 KR CiEH KRB IS I N2, 2 TORF Y THU R K S T 4 8RR X L7223,
TEERE D 5 50 cm IS Z © BiiasEinz < F v M11, M14, M15 iZHATESECIZZ T4
R, SR 1 KERAE T I A eI Nz, <~ F v M12, MI13 i3t PR HERE 2 R
TTED L3725 50 cm LINIC S 5 720, HALE TR EME L, @i 1 KR Cldk it
DI N WEONETI, < FY M1, Ml4, M15® 5 b= F v M11 & FAREHEE
28 25—50 cm ORICHERE S Nz 720, HARTHES S L 0EH 1 KRR E T, *Fy M1 i

KK EERFEIC, < FY M14, MI15 ZHEPAERF IC I Nz, <~ F Y M12 & M13 1%, #TFK
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77 AEO L5 75 em X O 720, HARLEG TS L OEHh 1 RERIC B TR sdiF i s
HInt.

WRB 2022 I X 2+, E3FE 1 A7) -k, F—=7v ARk 32 0
Reference Soil Group(RSG)D 5 b\ Fhpic s 5. /KHHEICBE#ES 2 RSG i1, #HEIC X 5
N5y D78 % 7 % F 7= Anthrosols 28 % 5. Anthrosols T® 2 2&ff & L Tlg anthraquic horizon ¥
X O hydragric horizon DFFERZET ST 523, 5 F 42T T anthraquic horizon %588
LNl o7z72, IO LR D Anthrosols IZIXMHM Lo 7. Ric, JKHICBEE 3
% RSG & LT, WEITIREEDFENICH % Gleysols 28H 5. ¥—T 7 b DEMIE, 40 cm 3%
L ORI 50EF Y 25 cm LLEDE X D gleyic properties ¥ X Uf reducing conditions % 72
WBHTETHY, TNITRF Y M11, M14, M15 2384 L7=. _Fv M12 & M13 1%, &5
YIECH % fluvic material BEKEHIHEE D 25 cm UEDEI 2202000, wind
Fluvisols 12 ¥ —7 7 b ¥ N7, KO8/ 7 3 ) —TH 5 principal qualifiers £, 5 *Fv &
bEFBIE & L C2JE A fluvic material T» % 720 ¥ M11, M14, M15 i fluvic 235, ~F
v M12, MI13 3 pantofluvic 25i% 4 L7z, I HIC_RFY M13 1325 ecm A EDEXT75 cm &
DENE A LIGE % gleyic properties & 100 cm PANIC reducing condition Z #2728
gleyic %4 L7z, %7, dystric/eutric DHE% 5 = F v icDWTIT o7z, Stk ABIHEIE L
Twwnds, yl i3FEe LOssf: Al iIchisk3 2 LHWIcE 5720, 5 <Friduind 2FEcR
ffatt:(Ca? + Mg?t + K+ + Na*) = 53k AP CH 3 L HIETE, eutiric 25344 L7, RODHEH
7 'Y —T& % supplementary qualifiers Tl, THICDOWT, X, 434 %k /"3 Subqualifiers & &
BICHHEL 72, = F v MI1, MI12 13482t Clayic (C, CL, SiC) T Pantoclayic, < F» MI3,

M14, M15 (24 JE 2% Loamic (CL, SCL, SL) - Pantoloamic & 7t - 7z.
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245 #EE

2451 +TEMH

PHEZTo 7 EEHD 5 < F VL, WIS {FEHKE L UCHTKOFEER R N2, £ D
JEIZERZ Y, HEREEC BRI W T, ZoEVL BT,

BRI Z RO AL BhilE 12~25 cm PR CHINL, WThio Ll cd, KEEL TPk
WENEO LN R THEL Tz, —J7 T, KEMICAFETH T RKOEELZT T2 LEZDL
N3 GJEDLE, <~ Fy M1, Ml4, M15 12 51~64 cm FETH - 7D LT, = F v MI3
13 92cm ¥, 2 F v M12 13 100em FE & FEWAIETHATE Y, i T /KOHEREIGEWDD > 77,
~FYMI3 %, 0—-55cm DA 10YR TH Y, 0-92cm THEEDOFEN R O, 5 XNV HT
HEHK DFZED S /NS K, U ARBREEIC 2 2SR RV IEE TRATW R EEZ bR
7o, XFY MI3 1%, 5 _FvihCift—, HMiEhzZIT-oTHh, ZOMEOREELE 2 b,
~F Y MI21E, 77 4 F5828 100 cm £ THN A2, 0—100 em CIEH ICHER 2 BERUAS 5% LA
b, 41 e IR CEERMEE CTH 572720, KIFE DEWALE E THET/KIC X 258280 H - 72
LEZoN. ZOHT, *F Y MI2 1F<F Y M11, M14, M15 1L TEH, ~F¥ M13 &
FRLZEEZONS. 2 F Y M4 TlE0—110 cm, -2 F ¥ M15 Tlx 16—100 cm T2 J 4 Fik
BHERIN- e, HIT/KOFEDRROIEE TRATHEZEEZ LN,

AW 2.3 8BV THEZIT - A PIICEIT 2 4 < F v ok EEICHS, Fiaiics g
%~ Fv MI1~M15 1%, Mit&EES LU CEC BEW % R L7z (Figure 2-2).

oI, fEEITo729RFVIZDWT CEC LR HEAROBRICOWTHEEL 2 & & 5, Huf

DIENIT X S FEWHBIER (r=0.88, p<0.01,n=36) 252» b7z (Figure2-2). 2D &
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o, HEEH- Y O35 ET 2 aEMEE, REa L VP oKH T ECR%ECcH 5 &
FEzohiz, 2720, MtEMoEHicowTlE, X 5ICRIT 2 8ELRD 5.

~ Ry Ml e M2 icsT2ECRiEEERI, MtEERoMURRBICHkT 2L Ez LN
~Fyv M4, M1513, < Fv M1l, MI2 Kk CTROKEHEERTH - 7225, LM i3 L5

FEOIINLEEHELETINTEY, INOMEALZEEDZEZ N, < F vy M13 i3M+

Py

BHEPROEWEIICH 572, = F Y M13 PBMiES 2 KINHS OB L2 K3 2 IRER 11,
fERE e, THREBCEED O 7 205 1L (Z S USRI IR IR, 1990) Z e LTk

b, THEDENE, IRERIIC X 2 E R ISZE L Tw 2 e E 2 oz,
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30

y=0.43x+ 2.73
L r=0.88, p<0.01,n=36
w 20 | @
~ %
O
3 %0 O
o o
O 10 o0 O
O 0. ¥
@ O Ueno Basin
® ® Ise Plain
0 : L L L
0 20 40 60

Clay content (%)

Figure 2-2. Relationship between clay content and CEC.
The data were obtained from 22 horizons from 5 pedons
in Ueno Basin (O) and 14 horizons from 4 pedons in the
|se Plain (@). Data of horizons with total carbon content
higher than 2% were omitted to exclude the influence of
organic matter. Dotted line is a linear regression curve.
(Mizutani et a/.,, 2024)
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2452 +TEE®R

~F v M11~M15 1%, Mt &8RN, 2 OoERKOFENEC RO bNDE, 20D
BEITEBUIC X 2 $kOBB#aI N5, Fed 132 FY M12, M13 Tl Apgir 8 (10.8~12.0 g kg
D) ICH#E U C Bgirmn JE(19.4~23.4 g kg) T 2 fHEWHEZ R L2 2 & A5, $koEIcabi & £
DHEFT LTV B EREMED D 5. — T, = F ¥ MI1~M15 @ Ap JBIc 515 3 Fed (10.8~20.8 gFe
kg!) 1F, UGEHEEE (8gFe:Oskg!) ULEThHh o722 2000, MEOREMIIE WL EX b,
H LW 12, — B DJEALIC AIALE KRR 1.0X 105 cm sec! % FTHEI3J@fi 2 HioZ L 22, KD
HtiRED L DT, IBROHETHIH X T B A[REMED B 5.

ELicB T 2EE, YA XEIHICEWT, 5 Ny e b afahesE R s BIEE % i 7z
LTWwz2s, b ABgIZ-= K v M11, M12, M14 23¢k3% Bl %2 TE - 7-. HEEEEIRIE 1L, 87~103%
T, MWEZER L, AT V2Tl exCa DRIAIEZ 70 & L7z ¢ 2D exK ORI 2~4
ThY, FHHEHZ LTS, EOMEEICH -7 exMg i3 5 < F v & bk HEEZ FlEl- <
V72, exMg DRIAIE % 20 & L 720D exK OEIFIFE 1L 2~6 CekE HAILili 72 L 7225, < F v M11,
M12, M14 i3 2~3 TH Y, FRICEWVETS > 7-. EHEARE 2 <, BT v 2Tt exCa
LMERICH 5. exCa ld, TEYIIC X 2WIIC B WTC exK L HEPIEIMRICH 32 (A, 1997). 3k
R#%#f7H LT, FE2ETLZbDLEILND,

I REE R IR D 72 o KIRO HEGZEA K E W, WS (1987) (3, =EERN O HMMRRIC &
J3254 X0EFLINEEZFEL, E¥atcidfitisic kX CEBRIICET R AT, IFER
DFREMENREL 22 L 2R L, ZOEKE L THMESKE W LIC X 2N NE
JREEM OER ZIEH L Tw 5. &1 5 (2019) 13, X 40em BEH» S 2 I A J@a50h % 5 HECiR

ARGTERER QWA T, XA APIFICH M 2L 2MEL T3, ZhHD[T, E¥F
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N, XA XBIGICEL AR D 5. — T, fELicsd 2l ERIL, Bt
KT &2, B, FIFRRCFEE LR IR R H 2 (EH S, 2001 75, 2004). fAEA{T- 7%
5_FY®D5b_FY MILIZ40% U LR EHEDRH Y @ EZR L7223, ~ F v MI3 (1 20%
BETH Y, HBIEETSH 572, FEEIN OREPEERC I3 P /K D522 0308 < Bl 5 AlRerE DS
HDHD, ZofhoHlg Tk, BEYIETEEZS OTETHNE, XA XWIEL I LD, HMEREICHE

LT3 aREED S 5.

2453 TEDHE

~ Py MII~MI15 (3, X% 3 FARE CERKOFZENRD b, TENHD Z OE W3 X
Nie. BRIESBIC BT 3 77 AL (R F v M11, M14, M15) & JREMHHE L (< F v M12,
M13) 1%, @ 1 XKRKICEHT 2 7 7 4 Kbt & K412, WRB 2022 ic$1) % Gleysols &
Fluvisols 12 %)t L 7=.

~FvMI2 1%, ~Fyv Mll, M14, MI5 [FIERICGETTH & TEEBREICH 5 L E 2 b2, XD
FALIBREEICH 2= F v M13 LA U HEHFB LU RSG 0852 bz, _Fy M12(F, dede
EITI 7R BIRIC B o 7223, [ % R & 2 AUl 5 K D IC X 2 /KEREE D2 LS & L ¢, #2
HL 2SR DD B 2 AIREMEDE 2 b T,

WRB 20221C 3 1J % Anthrosols i, wet-field cultivation!C X - T X 117z puddled layer &
plough panZ 2 b DTH Y, TNHIFHADKHIZEWT—RNICALNG, ZD7D,
Anthrosols D F.UBEZIFHADKHICHEE L T2 & F 2 b5, L2rL, AnthrosolsT® % 72
¥ I W H 75 anthraquic horizonD FEFE I H T, plough pan® HIEREES: (platy structured L <

l¥massiveD T EREE #25% L FHi2) ITHADS K /KT HEICEWTHEZI hweEEZ2 N

59



5. i, BT LSRR & o NANEEIC X ) AHPKE# Y BT 729, ploughpand #ZiE D
BoR L #Z 0 CHERERRKET 2720 E 2 bN 5, platy structureld, FARIKORE T, 13
IZACFIZEAIL, S20EH RV A>T dD (HAS Y —%aHE 1997) L3, HA
DIKHDOHHEIE IC I F— RIS A DN, /o T, ABIC X Z/KEHDFZE DS £ Anthrosols
DHROERITHEAT 2 DD, HATIZZ DKEHIC X > Tplough pan® HEREEFE T 2
7-®, WRB 20220 135748 [l Anthrosols 2 54415 2 & 17 5 & 2 bi/z, WRB2022iCH
\F % plough pan® T3S IC B3 2 HeifE L, HARD/KHIICH L ClH 3 2 BRI 13RET o st s

HBLEZbNT.

246 EH

EEFRHNOKEH A 5 =8 v 2 E L RS ET o . AFHOKDRED 7T AR S 5 i
KRR L O S, BIEBEA I 2 OB OREOE AKX 7z, 5 < F v,
3 RFYRHATESEICE TS 7 I AW Lic, 2 < FyBAREMELIcHOEIh, chbikd
1 RRARICE T 3 7T A+ & K EEH i1, WRB 2022 ic51F 3 Gleysols & Fluvisols 125t
JGL7. 2o o/KHLEEL, HEEWMEROFZELZMIZITTneE2 b, FETFENDIK
HEE L R L i EE&AEERE» o7z, La L, ¥ & A3y ok H 2@ L <, kit
&L CEC offliciim il bz e hs (r=0.88, p<0.01,n=36), HEEH-D
DR T 23FE T 2 QBRI R & PRI oK HECRETH 2 L FE A b, R
DKHEE R, FERKIC X 28R mCHNTE Y, SBRkENICRIAT 28561Cd, $koiEmiic
BLCHEREZET 2EEz2 LN, 61T, BHAT V2Tl exCa lTxf L T exMg 23K <, exK i

S A 72 30 PRMEIGE W ECTH o 72, 72, pH(H0) 1% 6.2~6.9 TH Y, EWEFAICH
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5. ThoDZ bld, HEER%Z{T) LT, BESSELEZEZONS.

25 FE&w

AW TIlE, ZEROKHAIBORHMEZIEES 2 20, FaKEH ©H 5 ALhEl o - &

PaER D Bt 2RI, TR OB O, TIRMIITERESE DI 72 b O TR Z T,

Z DFHEDIREEZ 1T o 72, &I, PIKFFECHIT KRBT IC B W TGEVW A H Y, KIF TRt
WREOGFEST 2RIF 7 7 4L, WPKDOEEE S F727 7 AR T Nz, THREH EoHED
blE, PEAFEO—EiCit, RE7 7 ALic X 2 MEY~DgErfe s ni., /-, AT
iE, EROKOFZED B BROBEIIC O W TERZET 2 R ICH o 7. fEL (Ap J&) DIy
TlE, 9_Fved, AFRRERB LY VBRIIUGERE 272 LTz, YEIC X 2N T

VAT, IRFvEd, exCalcitd d exMg 23407 <, exK ZSGEREA- L7, $ 77,

-

—

exMg Icx 3 2 Btk T exK I3EBE ZE 72 L Tz, MNIVIC exMg 23 I WEIANIC & 5

LlE, 9_FyvCcib@iL~. F72, exKiChBWWTi, WEHERZHEZLTEY, WELET 3 R0E

IiE 7o 72, pH(H0)TlE, PHECEEFD 4 < F v ideeEl (5.6~6.2), ¥R 5 <F v
TIERPEWER (6.2~6.9) %R L7z, TIEOREREL & BE: 235 HE AL b (AEATIT oK <

(563~85), kEF@McE A (92~103) Z/RL, TNHLODRT, —DoOMIHITR % 2 EHA%
w7z, —F, PPECER L EREHoNicEWT, 9 FrvER@E LT, fitEE e CEC oftlic
EOAHBIBGR (r=0.88, p<0.01,n=36) BAB LN, T LHhb, HiEEDZY Ot

DFEET B MR, VPR e B RO KHIECRECTH 3 L E o N, BIEENARS
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i HESFICE T, #FEEZTo7 9 AR ToKETIER, EHMtoHEY ©d i tIc

X3b0T, HARDESFEClIELRERC I N,
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FIE KHAILBICHELWTXREED ) BLUA 20N Y RIS IRt
AV DA VREICRIZTTHE

T C®IC

3o K i, ERPICE L Cw TR (AR K), TIBIY-Ca RPN B IC s L 7228
K (exK)), 2 1HRBEEH RN — ¥ 2 74 + OFERICHEE & n-FER GEscHdt K
(non-exK)), FEMOWEED—HThH 2HEN K FHEK) 226743, InbOBEIITT, B
W FHRIRRE CHFET 2 (Beckett, 1964a,1964b ; [k, #Avh, 1972a; [k, #Av, 1972b ; Sparks
and Huang, 1985 ; Wang ez al, 2004 ; Oborn er al. 2005; Zorb er al, 2014).

BAE K & exK 3R D AED ICHIATE 2 13k Kiliycd 5. L5+ D non-exK 732> &
D K DiEH 1, exK & OBEMTHIC L > CRffic s &EZ2LNE. T0®, exXKDEE KK
DO EIE, non-exK 75 O KIAHMERICHEZ NI T AlREMNELRH 5. 07z, 13D KEKEIC
B3 2 EHHEAT L LT, exK, Ml K & non-exK 205D K iEH OB EZ MR T 2 2 L RNEETH
5.

Z ZCARWITE T, R AR, B 2R SEIL 72 6 Do/KHEEEZ HWC, K
ST CA 3 OFIE R IT VY, FEOE WL L3I, exK BE L UL K 8 D&\ 2% non-exK #ij4) 5>

Linths 2 KIC KT HE IO W TR L 7.
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3.2 MBRITE

321 EHMEH U D OARHET N VBOEZHEEHRAE

AWFFEClE, FEFHRIHIC non-exK [l7 2> HEH S rl#G{t. L 72 K % Recharged K (ReK) & 3E
EL, TROHETEELE., HbeT, AWIEICHTOIER Kl o# 2 7iconCiERm
IC Figure 3-1 1R L 72, 7235, % < O JEATHIZE T b [k D 771 TRl & 21T > % (Bray and DeTurk,

1939 ; Stewart and Volk, 1946 7z &).

ReK EEH :
[ReK] = [4 423N L 72 K] + [HkE5% D exK] — BIERTO exK] — [HEAE K] [1]

exK 1A K 2 &, AT, ReEK &L, JtHEORTEEY -V K.O 2 T/R L7

Total soil K Exchangeable K Non-exchangeable K Non-available K

Available K estimated Exchangeable K" Recharged K (K recharged
before plant acquisition| before cultivation from Non-exchangeable K fraction)

Exchangeable K
remained after cultivation

\ J
Y

Available K appeared in a cultivation period

Available K estimated

after plant acquisition el (e

Figure 3-1. Schematic diagram of K fractions in soils.

T Extracted by 1M CH;COONH,. This fraction includes solution K and fertilized K.
(Mizutani ef al., 2024)
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322 TEEEY

ARG T, R TIC I A2 KEREEZ RIS, IBR (YG), #Hrifit (NG), HikE (M2),
BEREBE (KG), =&HE (MI 53X MM) O%E74 2185 HHIL 72 6 BEA Wz, &£+
FIU & OB % Table 3-1 105k L7z, %80T, exK 7346~474 mg kg', 1 mol L'
O (HNOs) TEIHL L7 K 1< X - CEHli X 715 non-exK 25 201~1760 mg kg ©H b, K
WL CRRZREICH - 7. KLEE T, 4 % (Oryzasativa L. subsp. Japonica ‘Koshihikari’)

DOFIGTHFRZ TV, A 212 X 5 KIS non-exK 2> AT 2 Kick XIT T2 ZHGEEL 72,
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323 FIEERER
3231 FIEERB

BOEEE 113, 6 M S I L 72k +# (YG, NG, MZ, KG, MI, MM) ZHw<T, +i
L exKEDEVD ReEKICHZ 2HERZWLICT 22 & ZHMICEEL 72, % 10 exK & &I,
BEEHNCEERY (TAN=—H) A=+ 7 ) THEEEED, FvF2v (), BHIEERE) &
RBAET 2T £HBIcks T 2EW L 0iRBAIE, YG 13T, joEI4 T 25, 50, 75%,
Z oo HHEETiE, Juh#ElGT25 50, 100% (HE) © 3R Lz, BEEERT i, Mt
X 5 K oG Tb %t o 72, FIEFEERIE 1/2000a 7 72 VK v b TfT o 72, KLHEEIKIC X
% K DA% BT 2 720, BAlG, 4 AE e =— Ay ANICE W THKEE oS L7 72,
HERKICIEA A vk E w7z (Photo. 3-1).

KA oES L LT, ik (1.0gpot), X9 VA (6~12gpot?), 50 HAMMERICE (2.5
~4.0 gpot?) (LP-50, ¥ = A4 HL7 270 (KR, #H), &HLHK (5~40 gpot!) (HEANLT Y
o (KR, KRB %A L7z (Table3-2). EFEAKEIE XY vEOEHREL, &IOS ELF
PRI/ KO ICERBL TREL 7.

A A OFIEIIMEHBMIC L VT> 72, BHICEBHANL (7Y —v28, BEITE ),

I BRI ASETT) %2 v, 1287t b LA ZHWCISHBER L7 (Photo.3-2). B L7440
m (S : 3.5%) &, T ANARy T LISRTHAEL . 4 205X, 6H1THICBHZIT
W, AL 2o 729H5H (BAltR96H) ¥ TfT o7z, EBREAT o 2 HKTHARIL, — 74 4

DRI Y 5. FRERXIIIIETIT - 7.
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Photo. 3-2. Rice seedlings for transplant.
(Mizutani et al., 2024)
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Table 3-2. The amount of fertilizer applied in the cultivation experiment I.

Ammonium

Fused

Coated fertilizer as

Soil sulfate ™ phosphate ¥ nitrogen ¥’ Dolomite ™
code L M H L M H L M H L M H
(g pot™) (g pot™) (g pot™) (g pot™)
YG 1 1 1 12 12 6 4 3.5 2.5 25 5 5
NG 1 1 1 12 12 12 4 4 3.5 40 40 40
MZ 1 1 1 12 12 12 4 3.5 2.5 40 40 15
KG 1 1 1 12 12 12 4 4 4 40 40 40
MI 1 1 1 12 12 12 4 3.5 2.5 40 25 15
MM 1 1 1 12 6 6 4 3.5 2.5 25 5 5

T
i

wn

1

) Nitrogen is contained as ammonium form and the nitrogen content is 21%.

) Proportion of phosphorus extracted as phosphoric acid by 2% citric acid solution is 20%.
)

)

Nitrogen is contained as urea form and the nitrogen content is 42%. It is a nitrogen fertilizer
Its alkaline content is 55%.

T L: 25% of original soil in mixed soil, M: 50% of original soil in mixed soil, H (YG): 75% of

original soil in mixed soil, H (other soils): 100% of original soil in mixed soil.
(Mizutani et al., 2024)
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3232 FIEERBI

BIEERRIL, A4 21032 KRZIREDR X VL WEIF T IcB W T, ReKICH 72 2 2 2%
LICT BT L RHINE L.

MI FHICEEW (TAN=—HW) Z2RAT2CE R K GFRLTAR L 2. HEW L ORA
+iEh o MI HEo#EI&1R, JTHEAT 25 50, 100% (FEEH) @ 3 KkifEe L7-. #5513,
1/5000a 7 7" A Ky b EHG, SISk Y, 44 1KY 720 o bR %, SR 1 Iich~,
1/3 FEEE & UCre., BBEERERI, BOGHEBR T LIERIC, ©=—A g RNTIT, ERKICHA A
vIKERGTITo 72,

BRI OEA T3, KPS oGy LTERIERL, X0 A, S HaKEMAL . fEitE
I, TRZIIeER v FT0.5gpott, 50 HAMMERAR (LP-50) %, RA 25%F5 X U 50%[X T
2.5gpot!, 100%X<T 1.5gpot?, X9 Y AIFLHERX T 6gpot?!, #hAIKIE, 25%[X T 25g pot
L 50%IX T 5gpot!, 100%X T 5gpot! fEFH L 7. %, X5V A, HELOKOMEREIX, ZhZ
NOTBICEEINLIHGEHERL, KLSLOIIC X o TEFIGEV AR XS IS L 7.

RAHZ 3B L 28R BRIX I 5w, Kofifgix, 0, 100, 200, 400 mg KO pot'®d
4Lk L7, ZifARIE 0,50, 100, 200 kg K2O ha! #1433, Kofifix, 10%HHLH Y
KB CIT o 7= ORI & Bt (AAT245H) D20 ORI R T O L7z, B gest |
RO HETA ADBHEZIT Y, Ky b T L ICHEr  (GElG - 355 3 REBMLZ. 4 203k
¥Z, 6H1IHICBMZIT», AW E 2> 729H5H (BH%96H) % CfT- 7. SERBRXIIIKME

TITo 7=,
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324 ALFEOHT
3241 HEMESHT

BB, MR E SR & T ERIC o T T A 1T 5 72, M EERIIAE & TR 1T T T &
To7z. TIEZEGHTENIL, TIE YR Z SRS T ICR Yy F2AOIY L, PHAVICREZ L 72,
Z D%, FEECHELEDR GOTE) oML 2. f 223, HTEIToHEL, 60°CTlzL
7= (EYis bz Bs, 1975). fEPtkho K &6 &1E, B, 23, x5l 2 U L CllE
L 7z, WZRE U 7R 2 S ER AL & & IR L, e L TRRIC L 7z, 1A D 5 K 24t 32 729,
¥iAaEk 1.00 g % 550°CC 4 Rz URML L 7218, 20%3E/2 3 mL Zfix, &y b 7L —1F kTS
SrEMEL, Ak, WA A /KT 100 mLICERL 7. filh o KigEIX, FEHEG7 7 X<
FIS o (ICP-OES: Agilent 5100, Agilent Technologies, Santa Clara, CA) TilliE L 7=.
AADBTELSWINL 72 K &L, 14 0ff, X3E Moo KeEFEazAi L, 1 +8HD K &

HEZELGICTEL 7.

3242 TS
BMiFlRIEIC X 5 KEHILUOMG, 2.2.2 LRI CEMECotr 21T - 7o, BMiFlkiLIR, 1 25g%2—=f
77 2Zxaick Y, 1mol L'HNO; % 25ml il 2 Tl X & 7228 oot 217w, i 2 100ml i<

BL7- (BEESHEERES, 1970). il L 7285013 ICP-OES (Agilent 5100) Tl L 7=.

325 KRR

WEHET I, RoN—Y a3 v 4.3.0 (R Core Team 2023) # 7=, H[EIGESIZ, H/N_3EE

X 0 iTo72. MBI T Y v OHBIRE A V7=,
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33 #fER

331 TES L UOIEKA IEZHBE A U oD Hh UAHICE L IFTEE
Gz

FIEEE 1 TlE, A 4 OUYEIZEIEHT exK DL~ ic B X (Figure 3-2a), A F 25WRIY
L7z KoRich I 7 (Figure 3-2b). 4 % DWAIE L, HHFAT exK 23 1000 mg KO pot? 1A
E, A A AL L 72 K o &4 1000 mg K,O pot! L EDKEIZ, 200~250 g pot! TIEIE LRI
72, AREET exK A% 1000 mg KoO pot! KT, 4 * 0iEERIT 150 g pot! LTI Tl L,
K R ZAERDEIER & 7z (Photo. 3-3) . FAE L2 6 1D I 5, 4 A KR ZIERB R SN -
72DIEYG HEL T TH o7z, ThE, EIC X 2R D KE Do 25X (HR 25%) T

FEZHT exK 28 1304 mg K,O pot! & &<, HIEWIHF b exK BRE LRz tE2 b0 5.

< 300

3 (a) (b)

E + ® ' 4 ’Y

820 ® @ L e

5 e | | )

5 Y A

3 n ¥

= 100 # A= : T a\“ !

- & N

s P o

“6 _____ <. |'mmm_————

= 0 s L L L 1 L s L 1 L 1 1

0 2000 4000 0 1000 2000 3000

Exchangeable K before cultivation The amount of K acquired by
per pot (mg K,O pot') rice (mg K,O pot)

Figure 3-2. The total dry weights of rice grown on six soils (@: YG, +: NG, O: MZ, A: KG, [
M1, and l: MM) diluted with different rates of silica sand (the percentages of soils were 25, 50, 75,
or 100%), as affected by exchangeable K before cultivation (a) and the amount of K acquired by
rice (b). Error bars are = standard deviations (n = 3). Potassium deficiency symptoms were
observed in all plots in the inside area of the dotted box. (Mizutani et al., 2024)
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Photo. 3-3. Potassium deficiency symptoms in rice leaves. (Mizutani et al., 2024)
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Figure3-3a i2, JLT#H 7 Y D ReK & & HI5HT exK BEOPRZR L 72, £72, A A 23INL 7=
K&icxfd % ReK DE|E % Figure 3-3b ISR L 72, 6 1% L C, ReK DRIFIIL T Y72 h T 14~
137 mg K;O kg (Figure 3-3a) TH H, 4 x2MUXL 7= K ED 10~61%ICHH L 7= (Figure 3-3b).
Bic, YG LHE, 25%% TRML 721, 137 mg KO kgl @ ReK & 72 0, Hfrsr | CHER & 7
ReK BEDOHTHRDISG WHD Loz, L L, T5%DHMTIE, ReK Eix 33 mg K:Okg ! iZiiA L
7z. MZ 5 XU KG 138 HIROFHE, Thbb, BEFTOF Y P47 exKBOWDIC L b 7%
> T ReKENZLL, 25%%HNT, ReKEIZZNEN 44 LU 54 mg KO kg TH o723, #i
WL 2o 72546 OLHE100%) 13, 2RFh 14 B3 X 26 mgK.Okg icigd L7=. NG, MI,
MM +#Cid, ReK BI3AME L BEL 222 LI, ZoHiHizZzn £ 51~73, 27~33, 24

~44mgK,Okg!ThHho7. D XkHic, 6 1HiF, ReKICBIL CTHEA2FrEERL 7.
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Exchangeable K before cultivation per pot (mg K,0 pot™)

Figure 3-3. The amount of recharged K (a) and percentage of the recharged K to the amount of total K acquired
by rice (b) as affected by the exchangeable K before cultivation per pot on six soils (@: YG, +: NG, O: MZ,
A:KG, [I: M1, and l: MM) diluted with different rates of silica sand (the percentages of soils were 25, 50,
75, or 100%). The dotted line represents a linear regression curve. Error bars are = standard deviations (n = 3).
Potassium deficiency symptoms were observed in all plots in the inside area of the dotted box.

(Mizutani et al., 2024)
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B, X TOTBICE W T, exK ORIFDMEZR S Nz, BIEEHIRICE T % exK DR % Figure
3-4 IR L7z, MZ BXUKG HETIE, % exK BIL, #HsHT exK BICKE RFEEZ T T»
b otz —J, YG, NG, Ml & XU MM HE T, 5k exKBICH W TEABRKEcHRIC
AEPNRD LN, Lo L, #FiE K EICE T 2E W, HEHTexK BEOE WL D b, 227 0/
X 2o 7z, Figure 3-5 12, FEFHIZICE T 5 10 KAIAE (CEC 1233 % exK D EREOE S
DORfRE R L. 2 TomREIGICE T, ARICHBE?RD b7z (r=0.85~0.96, p<0.01).

A A IHEEAT exK EARZZBRE T K ZWINL Tw5, LA L, #iEED exK BEIfIE L, 6 13

L, §RCOMPEET, JTHRICE T 2 exK fIMIED 20~22% I fR7zN T 7z,

c
£ 250 100 100
£ 200 | YC éP NG MZ
3 T :
o - b
3 150 'S g 50 50
T 100 -
% J- , a, a _P aaa
@ 50 T+ €29
E 0 P S N \ 0 L 1 L 0 1 1 1
= 0 2000 4000 O 1000 2000 O 1000 2000
s 100 100 100
< _ KG MI MM
50 - . i
gg a a ” aElb Elb » .a.a "
A a
o P A1% 4
mv
0 L 1 O 1 0 ' I
0 1000 2000 0 1000 2000 O 1000 2000

Exchangeable K before cultivation per pot (mg K,O pot™)

Figure 3-4. Relationship between exchangeable K before cultivation per pot and exchangeable K after
cultivation per original soil for YG (@), NG (+), MZ (), KG (&), MI (L), and MM () soils. Error
bars are¢ = standard deviations. The same letter indicates that the difference is insignificant in a graph

(Tukey-Kramer test, p <0.05, n=9). (Mizutani et al., 2024)
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',,_‘?, 3 (1) 25% of original soil (2) 50% of original soil (3) 75 or 100% of original soil
_E y =0.22x + 0.07 y=0.20x + 0.11 y=0.21x+0.27

g’ r=0.92(p<0.01,n=18) - r=096(p<0.01,n=18) - r=0.85(p<0.01,n=18)

O ~

o 2 - i

_E ~—

w C _ 6

o O = .

c g 4 I A A

o= 1r | +

E % .I- l [:I+‘ @'

g. [T C @

w g 0 L 1 1 1 1 1 L 1 L 1 1 1 L 1 1 1 1 L 1 1 | 1 1 1 1
X® 9 5 10 0 5 10 0 5 10

K saturation of the original soil before cultivation (%)

Figure 3-5. Comparison between the K saturation values before and after cultivation of the original soils
(@: YG, +: NG, O: MZ, A: KG, [J: MI, and l: MM) diluted with different rate of silica sand (the
percentages of original soils were 25, 50, 75, or 100%). The dotted line represents a linear regression
curve. Error bars are = standard deviations (n = 3). (Mizutani ef al., 2024)
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332 HURZEBAIEHMEAUDSDON VARHICELIFTEE GFIERR 1)

BEE A A DUV L, FEDIC X 2 MI BB oARES X Ot K Ik {8 3 7z (Figure
3-6a). %7z, WEOECIL, [FEHT exK + fifl KI&E (Figure 3-6b) & X U4 A 2L 7= K
& (Figure 3-60)ICHIGLTH Y, 4 FDAEHRIIHIGAT exK I X OHEAN K i< X > THIfI LT

7=.

E (b) (c)
C

i) = _@N i - @

5 0 ®TTE mesleTm auth oA

= L R

=) AT B

g 'A : | A i

> ®:y=007x+91r=081(p<005n=12] | 7777 Lommmmmm-

E 0 :;;:glﬁil:ig ;ilgggﬁﬁ%ggg:;gi y=0.13x+36r=0.|94(p<0.05,n:35) y =0.14x+30 r:0i95(9<0405.n:36}

1]

P 0 250 500 O 400 800 0 400 800
The amount of fertilized K Exchangeable K + fertilized K The amount of K acquired
(mg K,0 pot) before cultivation per pot by rice (mg K,O pot™)

(mg K;0 pot™)

Figure 3-6. The total dry weight of rice grown on MI soils diluted with different rates of silica sand as
affected by the amount of fertilized K (a), [exchangeable K + fertilized K] (b), and the amount of K
acquired by rice (c)(cultivation experiment IT). The percentages of the original soil (MI soil) diluted
with silica sand (w:w) were 25% (&), 50% (H), and 100% (@). The dotted line represents a linear
regression curve. Error bars are T standard deviations. Potassium deficiency symptoms were
observed in all plots in the inside area of the dotted box. (Mizutani et al., 2024)

Figure 3-7 Tl%, ReK & & [FE5AT exK + il K& & OBf% (Figure3-7a) 35X U4 A1 X % K
W I3 2 ReK D EA & [B%HT exK + JEfl K& & 0B (Figure 3-7b) %/ L 72,
JL 1 50%[X & X T 100% X T, ReK &1 [HbEHT exK+ e K& IC X 28 nAond, i
Z 33~43, 43~56 mg K:O kg THo72. —J, 25%XCld, [BHFHT exK+HEAE K] & 23 35 2»
5 88 mg KO kgt ICifid 35 &, ReKBITHEICHIMLZ (r=-0.79, p<0.01, n=12). R

BRI D 25%X T, [FHFaT exK+fEAE K& 1% 97~497 mg K,O pot! TH - 7= (Figure 3-6b) 73,
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FEEEER 1 CIHREERT exK OB 1 285~1030 mg K20 pot! T&H - 72 (Figure 3-2a). TDZ &5,
FIEREB I D 25% X TlE, 4 42N ATEEZ K D BAKIBIC Y 70272 2 & 28, MI 3@ non-
exK #7325 D K D ZEL 72 FEx b 5.

A FIT X B KRR I3 3 ReK D #4113, 25, 50, 100% X ~CC, [FbEHT exK+ fEfE K]
B e EAMHBEBERE® btz (r=-0.78~-0.92, p<0.01,n=12). Z DMK, HEE

BRI TiEAoNiznror,

P
L

v O (1) 25% of Ml soil (2) 50% of Ml sail (3) 100% of Ml soil
Y
B0 10 % y =-0.137x + 106 L r=-0.25 L r=-0.21
S L r=-0.79 I (p>0.05,n=12) I (p>0.05,n = 12)
Palle)) | (p<0.01,n=12) '|'
N S - o ]
58 90 * o e [ led o
e | 4 S o
ED - r
© 5 L
E g 0 | 1 | [ L 1 1 L1 | 1 | [ L1 | [ | L1
(b) 100
— - y=-0.110% + 57.1 3 y =-0.06x + 40.7 L y=-0.06x + 57.4
X - r=-0.92 5 r=-0.78 L r=-0.81
= L (p<0.01,n=12) X (p<0.01,n=12) L (p<0.01,n=12)
o L i L
= A i L
§ 50 = _ i é
¥ & - ; " [ .
g x - A [} r L
D m - * | r
E E 0 L1 L L0 TR TR T TR [ N N N Y I N S N S N E—
g~ 0 500 1000 0 500 1000 0 500 1000

Exchangeable K before cultivation + fertilized K per pot (mg K,O pot)

Figure 3-7. The amount of recharged K (a) and percentage of the recharged K to the amount of total K
acquired by rice (b), as affected by [ exchangeable K + fertilized K] per pot (MI soil). The rice was
grown under the different rate application of K fertilizer on soils mixed with different rates of silica sand.
The percentages of a soil (M1 soil) diluted with a silica sand (w:w) were 100% (@), 50% (H), and 25%
(A). The dotted line represents a regression curve. Error bars indicate = standard deviation. Potassium
deficiency symptoms were observed for all plots in the inside area of the dotted box. (Mizutani ef al.,
2024)
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34 ER

341 SHAEH U BLUTIEOEVHAIEIMEA U o Dh UARICE X 258

513 (NG, MZ, KG, MI, MM 1) icB\<C, 100%IC1CTH 2 RERXICH 1T 5 ReK &1
T 72 0 14~66 mg K:O kg! TH 0, JTL 75%ICHRL 72 YG 18D ReK &E I3 34 mg KO kg'!
TH o7z (Figure3-3a). 4 A2 L 72 KRR ICHF % ReK BOEIAIE, 75% % 7213 100% 7T+
DHERIXITH VT 10~49% TH - 7= (Figure 3-3b). HADKHHHICH T 5 4 F o RYhEGRRS
HECBNT, A4 L 72 KEE, MIEK exK%b ic, MEK, exK Lok 5 4 F 2RI
L7z K& (Kbt ReK EHEE S 1L 2) 2HEHI S T2, Z oHfElIfEIX, 44mgK.Okg! (FEn
5 2022), 50~60 mg KO kg! (=i, 2022), 20~40 mg KO kg? (L, BEEH, 2023) TH
D, RIFECHER S N7z ReK B EFREED S DTH -7z, RIFFEIFIHR v b &AW IC X 2
23, BHOKHICE T 2 4 2 BE BV Th, ReKICHY T2 & E 2 b5 126 0 K offfi2iFE
EHERINTWE, ZoZthrbd, KHICEFZ42DEFICE T, ReKIZEE A K H#iGIHT
HreEZOLND,

X 51 ReK B7S, exK BICHEINZ TN H 2 2 L BAL 17> 7= (Figure 3-3a, 3-7a).
L ODPDFHETIE, 4 FI1CX B KIRINA non-exK 225D KA ZIEEL, +DEHLEE XA 4 D

ClE 3o K RBREBIC X o THRZA 2 e BRI N, F—13ETH non-exK 75 @ KA
HENZAL T 2 ERIT, WE, fad (1972b) 12 X > TRB E T2, KIFZEIC X - T YG, MZ,
KG tH#c, HikICIEEI iz, $72, BEERIT <13, exK BoZfLIcH LT, NG, MI, MM +
o ReK HICBHEIZFRD SN h 572205, X VEL WK RZEML LAFEFER T <iF, MI 15

D ReK E25H LR LI~ TS 3 2 LR S /-,
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INODFERDLS, TEFD exKBEZ —TEDL NICT B 7-9IC non-exK 2> 5 K 3784 245

HicEB T, non-exK iT1E, D7 RO IFHEDHMOLR DL EELLNS.

(i) : exK D®ICBHD Y 72 { K % —ER=AH 3% non-exK [H47,
Z O, FHEEERITICE T, NG, MI, MM t#EcizecoillRX T, fthotEic
BT, B exK 3% h o2 XTRONEZD DT, ReK it 14 (MZ +38) 225 73 (NG +
) mgKOkg!Thotz.
(i) : 4 A K RZFERA TR, KEERER T TH LT T, exK DA ICffoTK D
BHEHENT % non-exK 5.
Fisy i, FIEEBR T © YG HEOBE I, #AT exK BOZLICIG U TELL 7=
ReK & D Af#IZ, 100 mg K,O kg Td - 7= (Figure 3-3a).
(i) : 4 A I K RZIERDIT B LD K RZEAMF T it W T, exK o> T K o
EAENNF % non-exK [H57.
L, FIEFEET O MZ, KG 138 & fEER I o MI HECBE I Nz, 3FiEHE
BRclE, #IEHT exK BEOZLITIE U T L 72 ReK &1, 2N FhixA 30 (MZ 159, 28

(KG £38), 53 (MI £3) mgK,Okg! D ReK TH 7= (Figure 3-3a, 3-7a).

BEEER 1 IcknT, HEL 7= 6 11X, non-exK 225D KIAHICEH L TE AR 282 72
(Figure 3-3a). Z#L5 D#EW (L, non-exK 205 D K OIAHIHEE L FHHRAEL 72 5 exXK ED L ~L
DENWICEBEEZ2ONE. FOERD—2L WTHYHKDOEWEZE 2 55 (Dhillon and

Dhillon, 1990 ; Gosh and Singh, 2001 ; Lietal, 2016). 4%, %1232 non-exK 25 D K
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N OFRHEZ NS 2 o icid, FHBOGYRICOWT, I HICFEZIT I BT H 5.

RIFFEZCEHH S 22 & 72 572 non-exK ICH T 3 3 DDEFICONWT, [ 13 E2cH T3 KEROE

HUCHEA S 2 &, By Gi) & Gi)id, K OIS X D A 42N % ReK D& 2 23, #i5r(1)

D24 AT % ReK &1, exK 03 PHREEICE T 22X VAL T aRY, Kofific X2

BRI WEER DI LNTE S,

&

%, KNMRE B 2 HEEHICE T, ReK ICBT 2 HERFEOECOEREZI S 2T 5
TenREThH L, HREMIHT 2 2 L, exXKPKIEMAD, ReKICH 2 258 % FHlF56 2 &1
FirotEZILND.

AWFFE T, non-exK OFHli/Ti & L C— I S 4 5 BViiEE 1< X 2 81E D17 - 72 (Table
3-1). % OFER, BEEIRIC X 2 HIEE & ReK O BNICHHBERIR 13320 &k - 72, BMERILIC X
STtz K&, il 72 6 TIECEE L 72 ReK BICN LIEFICKREWHTH 72, 1 %
DN L 72 K D% L <k Y, KHTEICEB T3 ReK, 374205 non-exK 5 D K EHIBE

AT 3 FEEOITHIEICOWT D, X HICHRBNETH B,

342 A R & DAV TR DAHEMES | DEliE

A AT X BRI & - T L 7z exK 823, non-exK 22 b T2 Kic ko ClIET 5 C L i,
ReK ICB S 2 HE R T n 2R HFEZ b0 5. BIFEM T I3, KRZ2EUERA I KEESM T CfT
o 72h3, TRTOIIFETHIGRIC exK 2R X 4, BHER exK OB IFHRDIC X 2 HIROMHEIE I
bbb, HEILICZIEF UfEZ R L7 (Figure3-4). 4 2 DAHICHEWT, non-exK X 0 %

exK 2MERMNICINEI LD B2 NG, B L7 exK i, BEEERICEH T 2 HBOFREIG I
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R, BB LITIZIE—E DB T, MHMNIC non-exK 22 5T 2 Kick o THiii s iz b &
Zbis, FARROEHRIL, W orDffEchEIN T, RS (2022) 13, 17 Ficbiz
% A F O RHEGERGEABRIC B 1) 5 K BAHGERX T, 41 ic X2 KO K HBEb 53
K BRI 0.87% IS 3% 45 mg KoO kg' @ exK B ST w3 2 & 2MELTW3. =iid
(2022) %, FIfROFREEE L 10 FHEFT o 72/5 R, BB BB LT, exK i 40~50 mg K:O kg
L KERIET 0.61~0.71%Th o722 & &#HE L Cnb. Elichbz2 K RZEMA T Tokzic
BT, exXK 2R EDMHEEMFFLZC L1F, HFHIREZLTHD. b (2022) 297R3%L
7ok 91c, TP D non-exK & exK B PHERRIEICH D, 2 X D, non-exK O—FAAN L

T, exK #fiEL 72720 Ez2 6N 5,

343 #HELotiEHHUEBICHIT S AR

e K 205 D K ORHLEE, L < 1%, exK 237 X 2 3 E 13, non-exK [H[5) DFELHIC{fk
TeaeEzons. FiHQ)E, exKBBFEDL~VICET 2T, KEESRA #Ick3 Ko
WU BEfR 7 K, —E DML T non-exK 205 K 239832, ZauckiL, HisrG) & Gi) 26 K
DEHIE, A AT E B KoBIUC ko CfigiEx s, Fric, g2 6o K ok, KRZ4%E
fFrcoAET 3.

DX aFED S, EisyGiD ik, BEF L, KEHGHEE LCiffd 2 2 L 3T L v, —7,
gy () &, A4 A23FIHARE: K offfaiie B2 2 2 b3 c& 5. 360, T K HHICKT
372911, &% 4 7D non-exK {5323 b DRHE R PUE DT 2 BRSO W THEIAT 3 & & A EET

H5.
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35 EK

AWHZETlE, 6 AFTOHIE D HERILL 7P T3 TH 2 /KH L2 v, exK &, Ml K &0
23, non-exK 2> LT 5 K (ReK) BICKITITHELTAXT. ZOFER, ReK 0®IIICHY72 D
T 14~137TmgK:Okg'H b, A4 FHWILL 7= KED 10~61%ICHHT 2ERL D, 44 DIEIC
BT, ReK bHEL KKEBERTH L Z LRI Nz, 51, ReKEit exK BEOFEZZIT T
AT 2 LB, ZOEEIEIEIC XV B oTni, R IEAUR L7 ReK ICBT 2
Fitk b, 13D exK B2 —ED L _VICED 720D ReK OBEIAEICEI L T, non-exK i2i%, 4
B RDG), (i), (i) 3FHEHDOME 23D 5 2 L BWHL2ICR 72, HinGQ)IE, HEHD exK
BICHEDLL T K E2EET 2, W)L, 59745 KOEET 25404 T T exK B icfl - T
Kz 3 25y, Wiy Ginld, K2AFELW KRZEFETICEWTOR, exK B> TK
IR 2 IS

THEBOE SRS, WO E A A 3RINATREZR K B TH Y, Zofnd 50 K o,
exK BO L RADBFFED L _VICET 2 THik &E 2 6N 5. HlnGl) & (i) 2 5 o K oI,
AAICED KOWIUCT X % exK DIFAIC L o TEEEI NS B DOTH Y, FricHsGil) 2> & D K EH
X, M KRZEHTToORRAET 2720, $55 L HinGiD)2 60 Kt AL E Tldhwy

EEZ LN,
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AT I

41 EKMEDOFEED

SHEEJLRER (FECEER) L PEE (EBrEH) < 2 RN RIFTOKEICOWT, T3
MR, BUUEMHEEZRHEL 2L 24, wInbiEIchk L, HARTESFCIIE LRI
SEEIN. chicky, ZHEBOKHTERLNART S 1, WELELHRLZ. 75T, #
HoKPHE T KIC X 2 B oE T LIt s T, 4 IcirErd Y, EMEOEESIHO 2 Lo
7o, REAPEFCIE, HEKEORITAMGESH Y, AFICT 7 AR EN S 138 (Vv
MO01, M02) 2MfERR I N7z, ARFIC BV OmWEITREEL 29 2 THEIL, MEYOEE ~DEEE
BRI ND 2o, HMEEEZIT) ECHEESSNETH . FEEMTIE, 5K S T K
DREPRMICR N, BITIC X 2$OBHOMETHREE SN2 13 (< FrMI12, M13) 237
RENTz, T, M ZELC, CECEMEEFERICHEAHY (r=0.88, p<0.0l,n=36) ,
HArEE D72 ) DR HIY T84T 2 BRI, REEM & RV O K B TR TH B &
Ezboniz, FNRE L T0AKICBE LT, #HEERIC X > ORI LT 3 SEREE W
T, RHFIMBLIC X 23RN T v 20 ol 2 T o 72, Z OFER, M CHEHELH L Tk
25, TRRICGEWTIEDRS C, exCallhf L THMICR WA R b7z, CabKit, FHic X 3
AN IC B THEYIBIRICH 2. FITEHLL, HEEILELEZ O]

WHETEA NS E L, —EREE2IME2ET6H AT HKHTEEZRIL, #HKEETICE T
%4 2 OFKEFFICE VT, non-exKp HIEHT 2K (ReK) 0BT 28R B2 1To72. 41210k

ZKIIN T Ic BT, ReKE(Z14~137 mgK:Okg'd v, 4 4 23N L 72KE D 10~61%IH14 L
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2. AFXDEFICHE T, ReKIZEE LR TIHERIDTH S L BMER Iz, X HIC, ReK&EIL,
exK¥s L ONEIKEICHE IND Z L2 HL 22 ), ZORHEICE WV Tnon-exKid, 272 L D
RO MEZ TN, (1) exKORICED Y B Ke—EREH T 2Mi5r. () @ 4 FICKRZ
FERAIC7a vy, KRERIED 150 CH 55 T T, exKOBAITHE: > CKOBEHER IS 5 M

gr. (i) © 4 A CKRZIERD T 513 EDBOKRZEAETICH T, exKOJRDITHE > TKOEH
AT 2 Hisy,

D5 b, W) X 2ReKid, #YRZERETCHEMT2b0TH Y, Fis LoF ALK
BmHbDEFEZLND,

SHEOHFEEIT O 1 (MM L) X0 Riatio 138 (MITE) &, fuEalRloiEc
BT, non-exKp» b OKEH 23exKOE % Z T R0l D OWEZ R L. 2Ok, JThxa
ML it ©, ReKo &1z, MM+82539 mg K,O kg, MI+582327 mg K2O kg'TdH -
72, HLOREA R L 2NGHETI366 mg KoO kg TH b, ZHICHA~EL, non-exKa» & DKIA
HEE BV D TH o7z, ZHEOKHEER, 4 40BIEICEWT, exKoJd LK
PTG LT, ReK2SHEMS 2 C L IZHfFC& 9, ZoBEHEE D ENTIELEZEZ LN, £z,
TIBWIHAHAE O R A S, MIEERICE T 28EREZH7- L T2 b DD, exCalchf L TexK
BB IREBICH o7z, b DR, TEKIAEOERICE VT, KRZ & LI L TGER

PRI IHEEEZL B,

42 FHREnroRE

=HIELER & PEEICAZIE S 2 90 AT DK 2 R it & LT, HREROBIN D o R
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B, BHEORELREZHELEL 2. Lo L, HRORHER, HIPP A&7 & OB X Y /P

I

HoEEL BRI BB, 2 5lc, FEETOMHOEHEED T LTSS 3,

A 2 DFEETITHBWT, ReKIZBAL 7znon-exKOHEIHMCIZ V7 L H3IEHED L Z & L 7.

LA L, &ESOEEDEWEELZETERICOWTIE, LA > Ty, ERO—D L L

T, SR DECEE 2 b5, SIPIHKIC X 5T, non-exKOFHEZHENIT 2 Z L A3ARE L 7x

i, BIERTOTHAAIREL 72 0, (EVIOIEM U RHEPHEILEGTHIC B T, RO DL EZ LN

5. SRR L DBIfRICOWTIE, K oft, M, MiboRGEEd LEEEZ oN .

AWFFEEA S ZNRE L7, LF, X4 X EOMEMICHE TS, ReKicBI I non-exKD ¥y

Hic A 2 LA D D% RE 2 02, KEHOEEMALZEIIEE T 20 THhNIE, BEEL T

EHd 5.

T DT, BMERRIEIC X 2RI 21T o 7228, A AT X o TN X 1L 2 ReKE & OICHHBIIZEED &

N7gro7z, 1M iHR%Z M 72 BMiHRRE I X 2 Kofilii & lE, EFRICHINE fL7zReKE TR L T

HFICRZWETH Y, 42X L 2 WKE L S L T 2 [REHED H 5. BHIAT

WFEL, BEEEE LEE R FRE 5. TEOReKEHGRE) % Tl T % 200 7ikicowe, B

FONEDEDT, BEEL T BER D 3.
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T

AW DFENM 7 & NG FK T 21CH720, DA TR ZH Y £ L2, FAD
HDNTRENER LD DB e ThHY, LXVEHHL B E T,

FUNRFER BRI FERRREREAR 11X, REFEANED ORGMXAIERICE 2 £C, TH
ORI, FRWCIRECRZMY L7z, REGRBFREZBHILCLEo 2 L2 BN
LETeedic, ko TEHPL LTI, HGBBEICIE, RATOEHLEETIE 27T —
RO Y, WAL CHRBECSHREZH Y £ L, BB L FoE S, 7, FIHELMERER
iz, THEMICbpbod, HIEZBIIERIEIVELL BICH VLS T ET. (L
AL R 12 U o HEEMREOERKICDH, TREEBHITLE T L L bic, FEREMICYY

TEECPEEBLY L EHHL LTS

Y

REFFEIL, ZEBRERITICE VT, BWKEARL 7Y =27 PICSILEZ e hbing b
¥ L7 o, ERZUERMIEANESE - BREERIT AT ARSFHRIKICIE, %S
—LD Y —X—b L CTHHERICRD L L bic, WXUFRICHz-oTh THREZHY £ L. LA
LR L B g3, BFAE il AEFOT A ICCHREE W2 E, REOBRRERL LB TE
FL EHHFELLETES. BHTLE 0N IREBV E LA MCH VL 5> T
L7z, 0D, 20234 % b - TEABRM S N-liHAESER I3, bk y, 72,
bor bR WED O BHERICRY, AED KES L CRIECE R vdoTLA, BEHHPL LG
E3e

BIRIC, DHRTERBECTEYVHLTINALE, CEL it s, R, RECEHL £
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Summary

After 2000, under the Basic Plan for Food, Agriculture and Rural Areas Act by the Japanese Ministry
of Agriculture, Forestry and Fisheries, farmers have been encouraged to introduce multiple cropping
systems in many paddy fields to increase food self-sufficiency, such as growing wheat and soybean
after rice, with three-crop cultivation in a two-year system. Compared with those of the rice
monoculture system, the removal rates of nitrogen, phosphate, and potassium (K) from soils (as a
form of harvested crops) are many in the rice-wheat-soybean cultivation system. Several reports on
paddy soil in Japan have indicated that K content in soil has been decreasing and that lower K content
is a factor in lower yield and quality of rice, wheat, and soybean. Exchangeable K (exK) is defined as
K extractable with a 1 mol L ammonium acetate solution, and the exK has been used to evaluate the
soil K fertility in Japan. However, plants are known to absorb K not only from the solution and
exchangeable K fractions, but also from K recharged the non-exchangeable K(non-exK) fractions
(ReK). It is important to investigate K fertility management techniques in soil, including K recharging
from non-exK, for sustainable soil management, and it is necessary to elucidate the dynamics of K
from non-exK in paddy rice, which are key crops, and paddy soils.

In Chapter 1, the problems of soil management, caused by the full use of paddy fields are
presented based on some reports. Additionally, the purpose of this study is presented along with
previous reports on non-exK.

In Chapter 2, the properties and classifications were investigated on paddy field soils in the north-

central (Ise Plain) and western (Ueno Basin) areas in Mie Prefecture, Japan. All the nine pedons were
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classified into Fluvic soils in the Soil Classification System of Japan. On the other hand, the

environment related to groundwater and the reduction of soil had individual property, which also

served as a point of caution in soil management. In the Ise Plain, some soils are highly reduced in the

surface layer of soil, and gley appear in A horizen. This should be taken into consideration when using

for field crops. In the Ueno Basin, the influence of groundwater was observed throughout the area,

and there were soils where there was concern about iron leaching due to reduction. Furthermore, a

significant correlation was found between clay contents and cation exchange capacities for the paddy

soils from both areas, suggesting that the amounts of negative charge developed per a unit weight of

clay were similar among them.

In Chapter 3, the effects of exK and fertilizer K on ReK were examined under rice cultivation in

paddy soils that were Fluvic soils.

In Cultivation experiment I, the test soils from six sites were used and diluted with silica sand to

adjust the content of exK. In the result, all the test plots showed K supplied from non-exK for rice

grown, confirming that ReK was an important source of K in rice cultivation. In three out of six soils,

the amounts of ReK were affected by the amounts of exK levels. In the other three soils, ReK was not

affected by exK. Although the cultivation experiments were conducted under various K conditions

including severe K deficiency, exchangeable K was detected after cultivation in all soils, and the

contents of exchangeable K were almost identical for each soil regardless of the dilution ratio of soil

with quartz sand.

In Cultivation experiment I, it was tested under conditions of lower content of K than cultivation

experiment I. The test soil used was the soil in which no relationship between exK and ReK was found
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in Cultivation experiment I. In addition, the relationship between fertilizer K and ReK was examined
with using 10% potassium chloride solution. The results showed that recharged K increased with
decreasing fertilizer K in the test plot with the highest soil dilution. The results showed that recharged
Kincreased with decreasing fertilizer K in the test plot with the highest soil dilution.

Accordingly, there would be at least three types of non-exchangeable K fractions which dissolve
into soil solution to attain a specific level of exchangeable K: (i) a non-exchangeable K fraction that
releases K regardless of the exchangeable K level; (ii) a non-exchangeable K fraction that easily
releases K with the decrease in exchangeable K under sufficient K conditions without inducing K-
deficient symptoms in rice; and (iii) a non-exchangeable K fraction that releases K with the decrease
in exchangeable K only under severe K-deficient conditions with accompanying deficient symptoms
in rice.

In soil K fertility management, fraction (iii) could not be expected to be a source of K for rice
cultivation, while fraction (i) was considered to provide K for rice cultivation. The fraction of two Mie
soils were a fraction (i).

In Chapter 4, the properties of paddy field soils in Mie Prefecture, ReK properties, and soil
management on ReK were summarized and future issues were discussed. The representative paddy
soils in Mie, Japan were investigated. The results showed that there were differences in the effects of
stagnant water and groundwater, and some management issues were clarified, but all the soils were
alluvial soils. The K nutrition in these soils met the basic improvement target but tended to be low in
the base balance to exchangeable calcium, and thus requires attention. There would be at least three

types of non-exchangeable K fractions on ReK under rice cultivation in relation to exK and fertilizer
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K. The non-exK fractions that supplied K under K-depleted conditions were not expected to be a

source of K for rice cultivation. On the other hand, the factors responsible for the properties of each

non-exK fraction have not been clarified. It would be necessary to clarify the factors from the viewpoint

of mineral composition, etc. It would be also necessary to investigate analytical methods to estimate

the K supplying capacity of soils containing ReK.
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