A ary2FEmEoALEBNHO Cd, Zn, Mn B X O Cu

s =

o
M

3-1: HWY

HB2ET, YA E, FA a2V BIOC Y A T4 CdiHEYE
THEHEEE LA, HHEEDO Cd BREEXIV M ERELI Uy
HAEBLRIF A2 BRI E, TRENORAEEHIT Cd BERN
WA THLZE, BIXO, A4 a U RBEE Y v T A EIHREXHIL
TR KRTHE Cd BENMRS R Lz@RELE, Sblc, ¥ A

T OWTIUE, DO CAREITREICHE L, AF W (FERE 6 1)
MOmWEE R T Z R L, ¥4 a3, AFPHITENE
BEICABLEZHEHLU LB RIS E 2D . EF % MITERE
FILLIERT D ERMOENTWD (JIIA L KAE 1970), 2D Z &0
B, XA arTix, AFEVHICIE Cd BRPLORINENE~BITL
EHINLIZ LN END, ¥4 a2 0EITAEMALE LT, #HEY
HIZHel 22TV Z O/ EXZ2FHAT L6 HL, BEmE LT
HEREG EZEOMRBETDEDIC.EBTNHOL AL a2 DED Cd
WIRIZBET 2 MBRRELITOLEND D,

A AL ORESERD S, FQ004)IL., 77 7 F FHHi
Wy 23 ShFE A Cd I 25 pmol L' D /K BEEE # THEs L - f R, X 1
WO CdEEGZEBRERE Y V)L 18305 1157 mg kg™ & 6 1% D 2 MR
boltltWE LI, ZOZENDL, A4 a2 OFEMEDOEWIZ X
STHED CAREIZEN D ARBRELH 5,

Fo. Cd ot EEICZSEMT 2484 & L T Arabidopsis halleri
ssp. gemmifera(fna N7 o F BB HE I NN, T OHEYIX
Cd &3 Zn OWIL & & W E % 7~ L 72 (Kubota and Takenaka 2003),
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Z L C. Zn WX HE @ & W Sedum alfredii Hance (Fn& v~ x> 7
PNEL I FI T AL TEWIHENH D L H4E S L (Yang et al.
2004), O X DIZ, YD Zn WL & Cd WL O B EVEDNFE i S
TWLHZENL XA 2D CdE Zn ODRIINABEEG L TWD RN
N D,

RKETIE, LEOoXoRERNL, XA a0 2 MEIZOW
T, CABERELEEAH W TRy PR L, AFHHICKIT S5 Cd B &
CZn ORI EBEOHBZHONIZT HZ L2 HAMNE LEREZIT -,
HHOET MnBELOCutEFOH L LR OREZ ST LRFL
7=

3-2 0 MOBHE DTk
3-2-1 @ H

A LB, B2ECHREBSGZRE LCEIRREETICH DM
AL SR 8 km B - Ml B B IEE M O 15 o £ E 1 (0-20
em)Z PRECL ., R L7z, ik, BMAAREMN ST T A= (F
WORZEIR ) M ABRE L TiT o o,

A asid, FCHEELTHET L2200 THEOD S
(Raphanus sativus L. cv. Harunomegumi) & #] & 2> 5 K I 231 THERE L
THET 5514 a2 O ¥%H ] (Raphanus sativus L. cv. Akibutai) (1
T h—Fh 7)o 2fEmELzHEA L, THROD A ITKT
bAEBTDHZEEMRLEBICEREZITo 2,

KBRXFT THEODS A KE THKER Ko2@h L, 1K
720 3Ry hEERLEL,

R T®EEZ SmmEFOfEBLTCRICHEAIK(T VI Y E 68)%
TEEILYY 12gRmMEESE L., D%, LB (N: P,Os. K,0 = 10:
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10: 10)2 L 1L %Y 1gi®RMUIRA L, 77 A2AF v 7 8RR
yuﬁﬁzmmﬁﬁw§umJ%éwmmm@éi%%3Lﬁ£%%
E15em, L LT6I15gL YL, T REEOMICTHEEL L,
XA a2 OFEMIL20064F 10 H 9HIZ 1Ay MTDOE 20k #EFE L,
FEZEO LTV 4K E L, 20K OFKEEERICHERAL 2, K
K A RO L. 9 MR L7,

3-2-2 : Bt OB E o

BFRE2BEZRICIA Yy SV 10EE . 4BEZICTHR Y 8D 24K,
6LIBEBICIAYy YYD ENETNIBEEZHEILL B S L,
2,4ABXLUVO 6 HOEMEDSEARN Yy MIFko T lEEITZENZN 4, 2
BIX1Thole, BEEGABHIMAKTHEBEZ K EZSETTD, L
XOEWMA M L, e ERA2BMBE LD T T 5T, EEE
WE Lz, ok, REHX 70°C T 72 Wil E i S &7, iR
B2l ehbB LI L (RE ., TFP-101P) T3 mm UL FICH#L7=b D
12, 60 %fHEE 10 mL & 60 %@ F M 2mL Mz H >y 7L — kL
TMEAL TS Le, BE2 L 4EZORINAB ORI ITL &
Tholtld, TNEFNOXD3IFRy MyrxabET1IREELT
WA nMaiTole, DMK D Cd, Zn, Mn BLX O Cu DREZ 7 L
— LR EFTHIEL, RERABTOFMEEH Y ORE
ERol, WEMFE®ZOZNLZTWOMBEOFEEEREIL, ity 7 b
SAS / STAT® ver. 9.1 (2004)% A\, Tukey ® % HE L #E B E I L v &
i L 72,

3-3: REA L B
3-3-1: XA aDEHE
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A a2 DAEFBIZRE RIKEETEAZR o7, HHENL 9 £ T
DA WMITH EHOAEATENRIBL LY LRISZKEH TH - 7=
(Figure 3-1), £72, OB T THEDODSH| OAEAEN TKESLS] LV
B ol, BR2EOREBRQ3-D)EEW LAEFEIT 2 HEMFE L
L7l Th o, ZTOMBE LT, 10 A OFE: (& 3 IR 28
JRH)O BB RIEIT 14 C(RBITHR—LRX—U)T, I AKX
HEEEETHRELEDN A a2 DAEFBIE(17~20°C, F % 2008)
FVERWwWZ BN,

3-3-2: X A4 a0 CdRE

i E¥ o Cd i (Figure 3-2) 1k 2 s & b 2 @6 6 E T
WML 6o 9HOM O IMIZALRrosTe, 9T TFED DS 7
X 237 mgkg'F.W., THKZES) X 145mgkg' FW. B2/ LT, 5 3
BIZBWT, YA a M EHOfRFERZ 6 5 11 E TO CdiRE
X, 6P Em S ENLUBITABTOEATICHWVIK TMHEM TH 5 & HE
L 72(2-3-8. Figure 2-8A), AELF 2EOMKF L KT S L. 61
DB 07 CAIBREOHEIMIZ o SN —FH L7,
AEBOERRT, HEZL2E S 6 BE TOAFTOH O Cd B E
FLOTHLENZIN, TOHBOM EHO CAREIXT LA+ 52
ENProTle, TOZ L, MEHFO CAREZKRTSHEL7D
DOFEEH M T, HEIL 6 BETCOEBFNHO cd EHEZMEIT 5
CELICERLTHETIT RRETTHD LE XD,

2B MM OM EEH O CAIREIIR —CTERERHY | LD E
IR IR P IE R R EO0.8 0D 0.9 mgkg! FW)THR L 7=,
TOENECEEMBEZ., THEOODIH] O CdRID»E < THk%
Bl BMENZ EICE RN EMOETELLLAREREZEZLOND
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WL FEMBERICITERLSZ L OREGEMLEDO CdWIIZBE T %5 A 2
VELEZEZ DB D,

2 B EE AL FE O AR ER O Cd ¥ E (Figure 3-2)13. 2 B ClEZzh Fh o
FPEHEFRBEODETH TN 4HUFEO CABEIZ 2HEHEL D
0.5mgkg FW.HIB CHBE LAELRLZ#EI 2 ro7z, RO Cd B
i EH L VIRV EE R LA &, 4 EUBEOREYMPIZKE
SEBH LN LEF, F2ET6HNL 11BEE TORIMBO Cd EE
T EH K VRS, S WEBTHR L 72 & O ®E(2-3-8, Figure
2-8A)E R FERTH o 7=,

F 2K MEBOBRBO CAIREICABERZEGT RS M EHT
O FEE MMM O ZEITIRET TIEHIAN D)o T,

B AL aTD In BE

(FEDOD B O EE O Zn ¥ B (Figure 3-3)1%, G HIH T A
BERE#BHEIALALNT, O T 42T mgkeg ' FW.Tho7z, THKEHL]
Ot EFO Zn PEET. 28D 4BICHITF T L., UBIZAE 2
ZET 2R, 9MICEBWT 36.1l mgkg FEW.ACS 72 o 72, 2 $k 55 5 T [
2 TIRHOSCEEEN D o 7228, 4 8 LR ITIFF R B 70 i B o #e
¥ %~ L 7=, Kubota and Takenaka (2003)IZ 4 K I 7 A E N & -
TN o NEF AL Zn BED 18200 mg kg (Bl EEH - 0 )&
WE L7, AE T 4omeg kg BEFHEELZV)ZRL, N7
o HFFICHBELKMEENZE S, LU, [THETHEHMEE AR
EHERL 3 R ) CUER R 20052 RSN F A a > OFED KD &)
SHHE L ZnBE X 3mgkg' FW.THDHZ b, REDOHX A =
vHEHOWMIREIZ, BFE O BEOREEL R LI, ZO@EKIE
FER @ WE BRI, B LEPoOHERRENE VI L GE 2 E 2-3-1)
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MWEZBID,

REO ZniR E X 2mFE E S 2H N6 4T T THEIMN AL 1,
BT EBN Do, 9 TIHEDOD AT 383 mgkg F.W.,
[FKEEH ] 1X 46.0mgkg ' FW. 2R L., T#EL] BNEhol-, H#f
EBO ZnBEIL THEODIH] BEmrolen, MEBTIE KEA
NElole, 1KEA I ORT XM EHZ LRI AEZRL 2,
WE O Zn REZABNYICHM T 28 m N H - 7225, Cd ik E T
MU 725 o 7= (Figure 3-2), TN HDZ b, X4 a3 BEIZE WD
TZn b CADWINITERLRLZBRBE RT &, SHIT, XA a W
EEO Zn WL IE Cd ORI BT R Z &R RS, Cd s,
FEIZ L > TIHEMRICB W T Zn LB OEE TRINEIND Z L BR
B ENTWD (Weberetal. 2000)28, A4 a2l CBWTIE, K3
TADORWNICHEMIIEE LAV EERRTILDOTHLNS LA

VALV

3-3-4: XA 3D Mn JEJE

ZA a2 fhFEOM FE O Mn i B (Figure 3-4)1% . 6 1 DL % 8 0
LOBWTIEDODSH] 1T 11.85mgkg FW.., TEKZEHS ] 1% 8.89 mg
kg' FW. ThHoto, £, 9WICHIT D Mn BEOEITHE T n
ST, BEO MnEE X2 M E BRBHMPICAEREL# L <
(HEDDH] 1L 1.60mgkg' FW., TFKES ] 1% 1.4l mgkg' F.W.
o Lilc, M EHMTIEI MniBEOBEEZRBEMN & - 22, RE T
VR ETHR Lz, ZhiX Mo 28 #l EETOXERICE T 5 KD
DR ROCEMEMBLTRETIOMEON I THLZLITLDERL
D (EfE1993) o A a RETIE, MMEMTHERIND EITH
L Mn EHREIZADRWZ ERHEEINTZ, Mn & CAIREOHR &
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THHELTWEZILEIRBTOREODEHN DN EThHo T,
HEEHICB O TIT MnEEOEMNA CAEFEO#MINE Y KX )hsT,

S A A a0 CuEE

A a2 O EE O Cu i E (Figure 3-5)1F 4 5 6
W TCHEIA AL, [FEOH A 1L 1.09 mg kg F.W., Bk
Bl X126 mgkg ' FEW.AC R 572, WRE O CuBEIX, 2T 5%
Bl BEWEEZRLEN4BETERTLUBEOREWMIT 2 MHEE b
ML FomMmML, 9T THEDOD S A 1% 0.86 mg kg! F.W.,  [HKk

B 13079 mg kg FWAC R »7=, BEL 2820 F W T 2 8 H M
WX AEEREN Lo, CAIREOHER & i L, # Lo CuiR
EoFEHMMP OB ITHL L T,

3-4 0 K

XA 2D Cd, Zn, Mn B X R Cu I ZFHET S22, 2 4hfl
(FOoOH] & THKESR) # CdERLETIOMMBA v bIES
7=

WT DX A T bAFBICEFERIKEITA LT, H SR E
IVEFBENPKRENoTZ, OBET, THEODSH] ODEFTEN T

Bl X Es T,

A A a M EHOCIREEIZT2ENG 6 I T TN AL,
UBoKBEHMBE cCoBmIbiahoizc, 2O &ML, XA a
EE O CAREITHERMENS 6 1 LLAT O £ F AW o Cd W I o il 2 1%
WDHZENCAERDODDIRNE A a V AFEICEETHD Z & BRE
SN, Flo, HEHMEAEBELT, HEH CAEEIX THEDOD <A
WNOITHER] KVEmWEEZ AL, IS KD H B O Cd BRI EE D
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EWROALZ ERRINT,
A a REo CAdREIT., HEHHEZzEL TEHNDR I H#H
EHICHE_XTORVWRETCH-T-, 2, MEROETENS T,
A MEHOZnBEEIX 4EPLFIREREHESHER L 2,
BE Zn REZ., 2ELL 4B TR AL, TFk#EA] T
Iz EH IV EWEEZR L, REHHTORBO CdiRE L
InBEOHB AT 2 EZOHEMITERLD RN T2,
A a M EHO MniREZ, 2REELABFTOHEITE E B
U, MR EEIC A B T o 7o, Mn BREEICIE, SRR O E
Chehoie, SHREX, i EE T4 5 6 BT TEMN A S
. BETIH4BEUBEDS LT OWEIMR S o7z, $REICIT., FKFE 4
UL CIEMmBER OZITAEC Rhol,
AREOFERBRIZED , I EEH O CARBEIIHFERELS 6 H E THML
UBEDOEME T LRk, THERODSH]D N THKER] LV
B, mEOENEDDLZ ERDhoT, Flo, InBEXX A 2
WHTIHKEL) DEWHBICHLZE, ¥4 2D Mn & CuilRE
RSB L 2EBEBNVITENW &b o T,
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—<— Harunomegumi shoot —#— Akibutai shoot
---¢ -+ Harunomegumiroot -~ -0 -- Akibutai root

25 a
—
m 20
b= ab
8
o 15 F ab
~
2 b
= 0 o
20 b
g 5 L ..
b b
0 |y SOPNPETETT [} 1
0 2 4 6 8 10

Week from sowing

Figure 3-1 Fresh weights of Japanese radishes (Harunomegumi
and Akibutai) cultivated in cadmium-contaminated soil. Data
represent the mean of 3 replicates, but data of roots at 2 and 4
weeks represent no replicate. Data with the same letter do not
differ significantly (p < 0.05, Tukey multiple range test). F.W.,
fresh weight.
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—— Harunomegumi shoot —#— Akibutai shoot

---¢-- Harunomegumi root ---O--- Akibutai root
25 1 ab 2

1.5 r

Cd concentration (mg / kg F.W.)

0.0

Week from sowing

Figure 3-2 Cadmium concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil. Data represent the mean of 3 replicates, but data
of roots at 2 and 4 weeks represent no replicate. Data with the same
letter do not differ significantly (p < 0.05, Tukey multiple range
test).
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Zn concentration (mg / kg F.W.)

—— Harunomegumi shoot —#— Akibutai shoot

---¢-- Harunomegumiroot ---0F-- Akibutai root
60 r
a

50 D ab
40 r
30
20 '

0 2 4 6 8 10

Week from sowing

Figure 3-3 Zinc concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil. Data represent the mean of 3 replicates, but data
of roots at 2 and 4 weeks represent no replicate. Data with the same
letter do not differ significantly (p < 0.05, Tukey multiple range
test). F.W., fresh weight.
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Mn concentration (mg / kg F.W.)

—— Harunomegumi shoot —#— Akibutai shoot

---¢-- Harunomegumiroot ---0F-- Akibutai root

12 |
10 |

S N B~ N ©
T

Week from sowing

Figure 3-4 Manganese concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil. Data represent the mean of 3 replicates, but data
of roots at 2 and 4 weeks represent no replicate. Data with the same
letter do not differ significantly (p<<0.05, Tukey multiple range test).
F.W., fresh weight.
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Cu concentration (mg / kg F.W.)

—— Harunomegumi shoot —#— Akibutai shoot

---¢-- Harunomegumiroot -~ -0 -- Akibutai root
1.4

1.2

0.6
04
02 ] ] ] ] |

Week from sowing

Figure 3-5 Copper concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil. Data represent the mean of 3 replicates, but data
of roots at 2 and 4 weeks represent no replicate. Data with the same
letter do not differ significantly (p<<0.05, Tukey multiple range test).
F.W., fresh weight.
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Fa4E a~Y IO CdWRINE EERMA O &

4-1: BHHY
4-1-1: TN ETICHME SN2 HEIRINA O 2 R

D Cd I ICEZELZB LIET T LEBR & LEBRMAIZONT
. ZL<oAERRKAZELN, FLH BN TW5D, Kirkham(2006)iZ
e, LERNFOPTRMEYO Cd RINICEELREELH 25
DIFTLHEpH THY ., IKpH THYH O CABRI LB EmL< b &L, £
o, EHEFOU CEEE Zn ZHH O CARINEK TS, HELE A
HOMMAITHEYMO CAFIHMEEZ D S EE LD,

AARTIEH, KB TaK, Vo, 7 ABEOT VA
GO Cd RINIMHE D RRBOOLNATWD(HWIES 1984; R 5
2007; BRI B 1995),

BEAN 6 (1995)1%, KMICB T L E 7 A B/ 7 L(ALC)
O Cd W Uil %h F 2 > THH A L 72, ALC 1T Autoclaved lightweight
concrete DK TH D, BMEDOI L7 U —FDK 445D 1 OS T
KEOR 15 %P RO LALEME CTh D, EREHIEAR & ERAIKT
INICEAY IR REEEON 10 %REA>TWVDL, EA LV B A5
TWDODNRA—F 7 L—TJWBICEIYVEKIEZETSETNLDT
HEoBZNIEZR2WE SR TS, ALCHE GO BEKA L, T
CEWRAET I WA Z DA LRR 1.2 mm LT ELELORT TIC
EEEE LTRSS NTRESL TV D

ER 5(1995)1% 1/2000 a A > FEBR T, RI /130 g, HAHK
100 g. 7 A 51V 250 g. ALC250 g (5000 kg/10 a fHY4) &2 IRMIEE L
1993 4E & 1994 424 3 & B L 72 (1993 4F I EWM R 37 o F L »
RIREENRBELEFETH o7, ). EMITHE A% O L3 K i fn
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N 100%LL Bz &E L, ZORRE. Db O CAREN 714 L
TEHELES>EZNRI L, ALCBIOMEAK TO.1 pg g' BEICETFL
oo 2L T, OAKEEMZ AL T pH % 7.0 LL BICfR TIX, 158
FHAKIREEIC LA THAMO Cd W &2 I #H T& 5., @l 2h
X pH R LCTHNITR—T, A LEEAKEEMOREEHIZ LD R
@O A I NVITIRRE N NS W pHEIE I D Cd W& YL
b5 EFE LD,

MK ER BET AT E R PR atto TR s
T~ T HRUA BMIOWNWT, XA XD Cd WU INHI O FTREME 23 8 & &
NWI(BEREFER 2006), ~ 7 KT A Mid, BEk~ 27 %7 % EFEE
L THREINFERT TR~ XD LTHD, LEMLHE L
THEINEZHLTHD, ~ 7 KT A4 RO Cd BUXIE Rz, +
B CToOM LB T~ XY U AT NZ A b [Mgi(PO4),0H] A 4 ik
THMN, Cdix Mg &, BHEITP L, 7 vHRIT/KELOH) L &L,
HERBMNAEILTHZETELDDERESINT,

¥, SE~TITARKESHLIYD, ORREMEOEREM &
HETHATD2ZEAREEM , RINVAB)ERHEET 2K Cd
WAL I FERRE ST (ZE~T U 7L 2006), AKFREMIC X
D tEomE e L, ABEROEM N OEH T DHEEA A P
EIOURBE Tl FI U LAEZARKL Cd PEHLITS K20 K
O CdWIAEZMMEN T 2& L, KHTOEIVHFELWHHAREIL, 10a
B0 AIKREM 0.2-5t, AFREM 0.02-1t, IREHAITHERD
1-5% T, AT HELBIX 15-20cm B4 ELVE L,

4-1-2: LV T A4 N OFEY ~D Cd W UL 3N H %0 BB o 7] B M
o TPREBMIELRTCEHINLDEAICI Y TV amal’bD, BT
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VEIFIRRAE T I RXA VU LAICEOBELEE S TH D, EEEY O
WAL E, KMETITLVLALY A4 MEHT D,

LAY T4 NI, 2y 7V —FEMELTHERIATWS, BiE
DEEICTLOHRIFEHBL O EELREME L TCORREDNBRE S
NTWb, SHIZ CdRImblEM & L TAHR TONITREZE LA
REMITR D,

4-1-3: =Y F O CdWIX & LB EIMA
F2EEFIBICBWTREEIMED Cd WINAZME L., HREHE
CE S THRIRICER DD ZERHP LI, 2D &b, CdRILE
D WIREZ Cd R TETHET 25613, e mz/EET
LTI ITHERICRALPORNEEZTLTHIENMUATHLDL A
bivle, 22T, RKETIX, TOoHELEBEAHXET 52 LT Cd B
FEORWEMOAEELZAREICT S Z E2E X, LEEBMA Ok H 5
BRaELz, tREWELTCa~yFE2HV, BAINa~YF
O CdWIICH % % B2 LR E LT,

INETHEREZALC, VAV TA M, 7 HRTVA FBILORI IV
ABICMA T, BEAEAR—FPLOEIRLBRICLEAE S A
L lle, BABMN, TEIKRBEM E1T Cd WIRIMHIEHM & LT
DHNREPHERINNIEH 22 AEOE R HEHFHICEHE#RK T
D, BREO CAdWIIZ T2 LEERMA O EL A L - HEIT
M, Fo, WMA O LB cd~5 2 28I, LB Cd 2 Z K
7% (Kashem and Singh 2001)IC K W ol LE N6 & BT T 5 2
& TIT o Tz,

4-2 - MEE Ik
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4-2-1 : - HE IR0 A

ALC, VLV Y I A4, BEAEB., ~7FATUVA MPBLORINLVAEED
SO LERIMA Z R Wiz,

ALC X, KEMEMCER)®EHZ MR Lz, Sio, & =N 18 %
EhHD, BEO 5 %R AR —F AR TELIAE. K 0.5-4.0 mm O
i CdH o7, LY T A k(Lherzo)lx. (BR)E<Fia T¥ECEF)
MEmEME L7z, Sioy % 39 %, MgO # 36 % e RIRE M ThH
o7z, BEAE(Gyp-wix., =37 ¢ v 7 #db (k)R & 8 (8 i) 2 fit 3R
Lic, Thid, BEAEERNABTR - FEm LRSS EZREL
%, 3 mm LFICKRBEERNAZbDThoT, ~Z7FKU A b
(Magwhite)ld, WRRALFE G E)R&EH 2 L=, MgO % 84 %
G TV, RAIVAE (Cacar-G)IE, =2~ T U 7 b (KRR 7)) il
EmER L7z, 10 %L O CaS04 + 2H,0 # H A TW Tz,

WmH o7 BV FE (0.5mol L' THIH &7z CaO & MgO(Mg %
ERm%E CaO CHBEYOAFEEOGYEREICHT L2 HSFE) & E
L7z, Ca & Mg OFE®IT7 b — &5 F W ok % FH(AA170-30 H 3L,
WHR)CIiTo e, TORR, ALC, V1V T4 N, BEAB., v~/ KU
A M RANVEABEDOT NV EZ, ENER,37.0,21.9,32.4,56.1,
442 Th o 77,

4-2-2 : 15

B2ECHEESG ZRE LEWRERTICH 2 M A8 L2568
8 km HfN/-H S ICH DIEEMD HEHEDOEE +(0-20 cm) & 3R L /-
(J]8 - Original) .

4-2-3 : R v N ER
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BERLELEEZX, dmmOfiWVWE@ELEZ, ILETT7AFT v 7Ry
iz, Ab R EH(N: P,Os: K,0 10: 10: 10) % 1 g(0.1 % w/v, 100 kg 10
a ' R BRI TR ER 10kg 10 ICHEYYE TR T O IR
I#E % 10g(1 % w/v. 1000kg 10a™' ([CHI M) HM L 7= +4 1L+ & L
T 615 g)x i, ALC., L /LY 7 A b (Lherzo). B & (Gyp-w).
~ 7 AT A F(Magwhite)d L QIR I /v 1 (Cacar-G)D 5 WL X % 5%
EL7e, X (Control)& LT, fLpkEREZ RN L. HEERMA %
WMLV ERELLE, FREXEL 5§ HTiTo, vV )
(Brassica rapa L. var. perviridis)fi % 9 Ri & A » MICHEFE L, % 3F
BIC 3MEMICHE Gl W7z, BT, B REMNE T 7 A E(ERRER
TYOWI T 28 HMI/AKEBEKZBEENT 2N H/T-7-, £F%R. H LI
FINHE LT, HEHEO THBITRA L%, LEOMICLELRE LR
L7, B %OLEBIZCHER LAy DS 720 bR IEE( )D& % T
muL, a~Y o4 1/EFH ERRICITo T, FRX, LY T
A4 PR, BABRIF 2R ET, ALCR, ~ 7&K U4 FK., KRBV
ABEXIZIMFERETHRYBRLEE 2T o2, FRX, LY F A b
X, BEABXIZ, FFEARTC3IFHORBIEIARTRETH > E
i L7 ole, TNENOMY IR LUEEZEORBIEIUL 1ER & F
RIZAT 2 72,

4-2-4 : KEW K 3 BT

BR Lo~y M i, ffE2 M EHMAKTHEEL 65 C
TAS B @M IR L7, TOREEZME LB L, BEgoR
BHZ DWW T 60 %iHE-60 %iE i FEER(5: | AR KD 02170,
YWD Cd. Zn, Mn, Cu, Fe. K. Ca. Mg It/ % Ji 7 U )6 ) ¥ 7

(AA170-30 HY., HE)CTER L7, PEEEIXZ. XFT F 2V 75 ik
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(2 &V e RN (Uvmini-1240 B EERAIERT . m#)IC LV B8 L,
=Y F OBV T B A B S A R E L R T
I LT L7e o iz,

4-2-5: LBy AT

BFE%O LT, BEE 2 mm O W EEL TONREE L,
B LA 105 CT 224 MBI e TR EEEZWE L 2, s
AiE BB O LD pHZ BRI E(: 2.5 1 KEEL., VI AEME
HM-20S TOA DKK., H )L 7=,

+HEGf o cd 2 ZF %At (Kashem and Singh 2001, ) 0.1 mol L™!
WM EEICEI VU TO®Y IZh®m L, Cd, Zn, Mn, Cu, Fe J
R A WO HE(AALT70-30 BN, R TEE L2 (5 2 % 2-2-4)

4-3 ¢ fE R E B
4-3-1: Ho¥) &

TEERMAZEGL, a~vY T 2BV ERELRBELEEFTOKR T &
W E O R % Figure 4-1 & 42 (2R L T2,

o~ 1 /EH DY E(Figure 4-2)1%. IR W V48, ALC, L b
VIA MRENEFELLEL, v/ ARV AL FRIFIFRET, xR EBEA
BN Ko/, 2FREOEMEIL, ~ 7 AV A M, RIVAE,
ALC K23 m<, LAY T4 b, R, BEABXITERWEZ RL T,
K, EAE., LAY T4 MXOBDIRLUEEIZT2/ERETELWAE
FERAEMNBRENT-OT3IHERBEIEMB LA, 3B TIiX, &
ANVEEE, ~ 7 WU A FRITEWEZ R L7223, ALC KITEWE I
%o,

BB X O AEFEOREDNROFREL LT 5 & R VA
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B 1%RMIT3IMEEETALCL%IEMITZ 2 EEE Ca~ Yy T o@y
RFEEZ®mOBIT LI EDNHBHALE, LAY T A4 N1 %MoY e
PEDREIZIEROHRLTH T, ~7HRUA N1 %ML 11ER X
DH 2, 3fFREICBWTCHEMAEL®RDO D Z LN bIroT,

INHORERNL, R EEICB T2 LBEMA 1 %R To =
YT OEMEERERSRIT, RAINVAFE>~ 7 HRY A F>ALC>
LV 74 PXODOIETIERLS 20, BEATXITRED RS ENZ &0
RENT,

TEEHRMA O T VB Y E@4-2-1: BERMAHIX.~ 7 HF T A4 b 56.1
> R IVAE 442 > ALC37.0 > FEAE 324> LY F 4 F21.9 D
JECHotz, ~7HRUA NERINVABXROIEFR, BABELL LY
T4 MXDOIEFIZANETDLY RN o, LBIRMA O A E R
EIRITENLDOT VAV EORS EFE CMEMNH > -,

4-3-2: a=YF O Cd & BEHEEERDORE
THRMAIZ 1 %M UEYVIRLERE Lza~w Yo Cd & K
% #E K 4y (Zn, Mn, Cu, Fe, P, K, Ca, Mg)#% % Table 4-1. Figure 4-3.
4-4, 4-5, 4-6 12 Lo, X o BEEERR Sy O R E &R E O E 136K
ETxwLT,

1fEH 2~ Y FH o Cd & Mo LK 2 pk 70 1 D IR £ (Figure 4-3A)
. WTFROMEXIZEWTE Zn 2 <, Fe, Mn, Cu DJEIZD 72
Khhole, CAIZCu b FIRBEDL LLIERPPREWEZ R L, v 7&K
TA RNERINVABFBROa~YF CAREN CulRE XV KV E % R
Lic, BAUHEXHDO Cd LMEBERRENDORELET S &
FEABEEHBENES  LALY T4 PR ALCK ., v 7 AU A MK,
RANABEBXROIRICELS oo, FHRMALEIZ L > THE L=~
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Y F D Zn, Fe, Mn, Cu, CdDREDZFEOMm T L LML
ToHDHI ENHMAL L,

1 {EH 2~ % 0% &8RO R E (Figure 4-3B) 1%, W
THOLHKIZEWNTSH KA®EmS ., RWT CaPmnrolc, MgiRE
E~7 KR4 b, BABE, VLY T4, HBXTP LIV AEL, R
ANVEE, ALCKTIEP LOVEWETH -7, K & Ca I
BXMEToOELIT V7o Te, XL T, Mg IEEX., K0
KHMTREODEWRK(ZZ7HATVA PR ITEWK(RALVAEX)D 3
T, PIEETIH2MHBALC EEAEBRXRM)E o T,

2fEH 2~ Y FH o Cd & s R 28 Ak 70 B D IR £ (Figure 4-4A)
X, Zn A& < Fe, Mn, Cu@JEIZA 72 <720 [ CdiX Cu & A
N, RREWMEEZ R L, ATV A MERIAVABXIZE W T C
BEN CoBRBELIVERVWHEZRLEZ, ZAOOREOEBKRIT 1 /EHR
U TH T, HFUABEXEICOWTHET S L, SR EEA

BEENONTROKRSbEL., LLY T4, ALC, 7 &HK T A b,
RAANABEBRDOIRIZELS oo, FLHIZL > TALLLa~Y S
® Zn, Fe, Mn, Cu, CdDEEOLZHEOHEBITB B LZRLTH -
oo LU, 2MEB I L ERICHER L, QB XHE CRE O EBIEKR
Lz, S, EAE. VLY 74 FNKIZEIT 5% B RE D O R
FEoOERERBL, THLOHDOXE ALC, v~ 7KUY A N, RANVAEKX
EOMODOEIFZTIEEOHAE LY REWVWEILR ST,

2H1EH =~ D% B R R AR A5 B O R EE (Figure 4-4B)1& . W
THOLHKIZEWNWTH KA, RWNWT Calleh, Mg & PITIK
WIRETH-7c, K& Ca F1EFRTRSLHEOEELZLHEY T
o, 2 /FHE TCITABIC KR ELS T, MWEXEOREIZ
ENbol, RANVABXDO Ca REFT&EmS., v 7 AT 4 FXIFTIK
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WIEIZ o T2, FRXICBITD Mgt POBEOZEOHEIXELE
> 7,

3fEH O ALC, ~ 7R U A b, KB /NVAEKX(Figure 4-5A, B)D =
YYVFDCd MEBIOCSZEERRERDIZ. 2/F0 &R CHMmIZ
ol

1TEENS 3EHD a~Y FHIZBW T, ¥ E(Figure 4-2)D 4
RV Cd &R R S O R (Table 4-D) 3@ v o> 72, 14 > b
WMD) 05g L TOEMEBDOXO CAdIEEIT 22 pg g BLE, Zn 1% 580
pgeg' LAk, Mnix 140 pg g LAk, Culd 12 pgg' LA E. FeiX 200 pg
g U bEThot, EEREBERLERINVAEX IEREOZTRE
LD K4y (Table 4-1) L #c 325 L Cd T10#%5, Zn T 6 5. Mn T 7
fif5. Cu T 3f%. Fe T 2.6 f%iZ7¢ o7, Kabata- Pendias (2001)D % &
DI I L, R REY OETO@ER E 2 IXEmEE2 R RE
Cd T 5-30 ug g'. Mn T 400-1000 pg g'. Zn T 100-400 pg g'l\ Cu
T20-100ugg THDL, TN OEAT . EHE IRy 472D 0.5
g TFTOXGIBEEABEX . ALCE LV Y T4 FXKOEKIE)TIE
Zn DWMFIEEZ 2 L7 Z ERHER T,

HEBBFICI DV 7o v ARKEAET D ECEGEE - = 1967;
Fodor 2007) 1 LN C WD N Fe B EICK Fix2< L LABML T

HIENPDLEERFESR 7o R IR ELENoTLEFT XD,

1TEENL 3EEDO~Y ARV A PROa~vwYF MgiEEEE <.
RANVABEXIZEWNEHB@ICH 72, v 7 HKT A ML MgO % 84 %
I TWDHEDT, ~7HKIA FKODa~wYF MgBENELI o721
DEEbLbT MgliZimLe LBEERAFT O Mg & ERAKREH D &
Bbni,
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4-3-3: a3V O Cd & BmERERS OEEE

IfEEa~YFH oD Cd & MEEERERD OELFEE(Figure 4-6A)
i, FOLHEX E Y, Zn, Fe, Mn OJEICEK FL7Z, Cu & CdicoWn
T CdEBENEHLS Cu KWK (L VY Z 4 b, %, ALC., B
ABERX)E CAEHMEN RS CuREWVWRRANVAE, <7 KT A
YR & oo, MWHEXEEICHETLE, LY T4 8, ALC XIZ
BOWTWIhomnsbEEENES ., RIVAE, ~ 7 KT A b,
BE A B X DI W EEIZH - 7=,

% B M R ok 28 6k 4y o 2R B (Figure 4-6B)IX A ALPFEX & . K. Ca
ENEZL Mgt PERABETH-STL, v 7 F VA FKTIE, Mg &
NEhot-, £7-. ALC, LAV I3 b, RINVAE, ~7 KU A
FIZWTFNOM > OEBMES L, IR BEAEXIZD 2 WEM
oLz, ZOLABERXBOERMED L EO MR ILTEY E (Figure 4-2)
DEZEDOERP EFR—TH o 7=,

4-3-4 : a~<YF O Cd &

IEEPL3fEHECOa~wYFTHOCAREEEEMBELKITR L
7z (Figure 4-7),

1fEHa~Y FTiE, ~7 &KUY A b, IV, ALC KT X &
DHEW CdIRECTHo7o, MVIRLAEE T, B, ALC, LY
FA4 M BABXKO CAREEFIH®MLE, 200X DO Z D #%OHK
BEALU TR BEOREIZETL2a~Y T EELVWEETRRZR
L. CABEZIVWITNLEDHZD 45 ng g' L ETh o7z, v 7 &
VA MERADNVAFTBRITHRDELEE TS CdIREICAER LA X
A/ Y

I1fEBEa~Y T+ CdEBIZI.LLY T4 PRI ELS ZENESSD K
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FEro7c, ALCO 2/EHEO CAEFERABEICE N>, &/
RLUEEOFR T, VL7748 11EHE ALC2 fEH @ Cd £ &2
AEICE»oTz, EEARARZ R LEXMB, ALC, LV Y T4 b, BE
HEBERXROERBEOREDa~Y o Cd ER-EITZ/NE o7, T D
DED CAdEEILEWVETH - 720, W E(Figure 4-2)28/h & 2> -5
LI VEMEBIINESLS o, T KRYA NERDLVAEFKX
IV LFEEZBLTCEBEN NI Do, 2O S0 X X, %
MENRKREDPSTED . CABEN K P>T-OTHEBEEN/ NI LS o T,

4-3-5: A<V O CdRE & EHERERDRE S OBR

1 ERa~Y o Cd BEOEMEE M EEEREKSRED
X & D BIfR % Figure 4-8A I /x L7-, CAIBEEIZTWVWT O KY
ODEBICBNTHEOHBZ R L, IREREKM®R?Y)IL, Cu, Zn, Mn,
ZIZEH 0.902, 0.899, 0.842 T, Cd & Cu, Cd & Zn, Cd & Mn ®
ERITESHEND DN bhrolz, Cd & Fe ITEWIRERK
(0.280) TH WHHEATH » 72, ElJREMRAOM =1L, Mn, Zn, Cu,
Fe DEICZE N ZE 4 0.714, 0.697, 0.455, 0.321 TIRIZ/hE < e o 7z,

L EEa~Y S0 Cd BE OB & 2% & 8 ER S ORE
DR & D% % Figure 4-8BIZ R L7z, Cd & KIEE L 0 BEFKRIX
EOMBEEZRL, Cd& P, CaBLON Mg &DOBEKRICE W TIXA DM
BamrL7z, BUREHROMB &L, K T 0.027, Mg, Ca, P TZhZ
#-0.051, -0.088, -0.201 T, WTFNDOMHE D HikmikE
CAIREXVZTHEEBIIV ol WEMRIEIL, P2 0.644 O
E%m,/ L, Ca, K, Mg B WHBZ T RVWRERBI(ZLEN
0.385, 0.141, 0.019)T& » 7=,

a~YF 1IEHTIH, 2~YF CdREIX Mn, Zn, Cu DREED
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mE vz mL, MOBEEMELZ R L7, Mn, Zn, Cu LSt il
D L5y &I TR B X 7R D o T2

I, 1L EE»D 3EHETOLBYEBELEEDa~YF 0O Cd
IREDORHMEEMEBEELER DOREOSHME OBBFEELRLE
(Figure 4-9A), Cd BEITWIFH ok b EDOMBEEZ R L, RE
%X, Zn, Cu, Mn(Z L4 0.912, 0.843, 0.882)2% & < 98 W\ fH B4
NV FeldMEE ORI (0.572) THBE N H - 7=, [\l B X o
XX, Zn. Mn., Cu, Fe L. ¥4 1.09. 0.755, 0.665, 0.583 T
EWZ/hNS < o2, 1ERBICHBIT 5 Cd R E & MEEER S & o BR
ERARIZ . CAIRE & Zn . Mn,Cu iR E LT WIEDHBE NG L LT,
Ll BlREHROBEEIE, Mn TIX 1 fEH & 2BV IE L LT
IFE B LN Zn TIEERRLMEICR 572 (Zn; 1 EH 0.697, &
L #EE 1.09),

ROV LEEBEOa~YFh o Cd BE O & %8Sk E
Y 4y 1 B OO i $ & o B 4% (Figure 4-9B)iZ. WP N DOESITBWT
HLIEOMHBEEZ R L, BEREHAOMBE X, K. Mg, Ca, P TENLE
AL 0.090, 0.069, 0.038, 0.040 Z/RL., WTILDRTITENTH /N
S CdREDODEICKT D OEEHT DR NEWR T, RERK
BT KB 0484 OHFREZ/RL, Mg, P, Ca, [T WHEZ = TIK
Wk ERE(ZENZE N 0.050, 0.034, 0.031)TdH » 7=,

6 (1986) 1T . Mn EMZ i H LA RrE2HIAKK Yy M LEEHER.
kD CdE MnEHRug gHDBEFKRIZ., & DB (1=-0.896)T &
STt ELTWDE, £/, LT Mn 2 il LEH Mn &2 1500 pg
"CETLER &SR, 2O LETO XK Mn BEIX 140 pg g &R
L. ZOZKCAdEE T lugg' U FThHo, T LT, LHFEMR
Mn 7% 100 ug g' LA FCTid, ZAKkH DO CdEARITELS LY Mn & A
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FIFEL< D22 LZ7- 0L, CdéE MnDOBICEERERIRRS S &0 )
W E Lz, L2L, AEBROFEREIENLOMELE BT, =
YT HO CARENEMT S L MniRE LML, KFEEBR TIT L
B~ Mn BMOHAIZITo TELT ., AP LORMICE S 5

B Mn RBEOHEMIT AW, £ LT, L®IEMAEZMZ =2 &I
IOV EEpHDO EF N6 (4-3-7: 18 pH ), & # Mn 2 JE R
WL Lo nE2ZONhD, TOME, Mn BEOK WV 2~ Y F X
CdEELELS ., RFICMnBEEOE Wa~<Y X CdBEEDL W&
WOBBNE I~ EZLND,

WREL BB AIT)IT KRB FHIE DO A XD Cd ORI, BATIZ LIET
Zn DEEIZOWTHIFE L=, Cd0.1 pgg'. Zn 2 pug g' O s e
TN HEM E CHRE LR, ZnBHRMICHKE L TH EH~D Cd D
WU 32 X 415D & LTV 5, Honma and Hirata (1978)1%. K 1 =
ICBWT, CABEEZ 0.5 ug g'. Zn#EE % 0.05-5 pg g'ic L T 35
A Lz, TORE, A X XEHO CdREIX Zn RZE T
LS<@m<.  ZniREDOHEIME & T F L7, £7 . Honma and Hirata
(1984)1%. Zn & Cd @ 2 7% 0.089-8.90 umol L™ ® ] T& h £ 15
CEENTWVDOIEMTA X 2L, Zn & CADOWINEZ W E L 72
fE B 0.6 umol L™' (Cd 0.067 ug g'. Zn 0.039 ug g E TIiT Cd D%
WAEL, 0.6 umol L' L ETIE Zn DWINAE L D L ME LI,
Cd DWINITHED Zn REOKEZZ T, LHED Zn BENMEWG
A, CAMPIITEELEE2RBLE, ZOX2ICA4 3D Zn & Cd
ORI DOBEEMIZOVWTITRRIEROBENRDH L, RETIE, =
<Y SO ZnBELE CARBEICEOHBEARLONZ, 7. Cd
EoOEMELEBIIMnBEIRCuREOHMLBE OO, 21LH D
2k, WATXLFETH D Zn, Mn, Cu ORI & Cd O WU I3 BE 3 M
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NHHOTIE RN EHTEINT,

43-6: a~vY S H o CdEFME L BERERDEBE L OBK

Il EEDa~YF @ Cd E£FEE O HME L B ER S EMED
kB O BIfR & Figure 4-10 128 L7, CAEREEIT W T L0 M & (A)
BIOZEEMEERSEBMEB EbTOMBEE2RLEZ, BFRE
FEOM XX, Mn, Culx 0.5 2 X, TSI DS O X 1% 0.5 UL
TT/hEhol, £, FEHREIE Mn, Zn(0.773. 0.695)7 H & T
bolein, TNUNDKR S DRERBIT/NS KB WVHETH - 72,

I1fEEDa~YF O CdERME Mn, Zn, Cu OERFIZTO0M N
EOMBBEANSD 7z, T, CAIRE L Mn, Zn, Cu DRE & O FH{R
ERBERMBEm TH L Z & xR T,

4-3-7 . -3 pH

Figure 4-11 I, HFAAHEX O a <Y FREMMEHEEZEOZETNLEN D
+3 pH 2R L 7=,

LB % BEAERT O L3 pH X, XX T 5.0, ALC, VvV F A4 k|
FEABEX T, TNEN 62, 52, 5.0 ThoTlo, v~ T KU A b, RS
IVAEEX T pH 8.2, 7.6 EEmWEIZR >0, 1{ERICLVALVY T4 b,
~ 7 HRIA M, RAINVABERXTpHNRK 0.1 EH L, Z0%OMEDY
ELUHEH T, X TOLEKX T, L8 pH XD LT 2K TFLE, 5
WZAEERRE TH o 7= (Figure 4-1, 4-2)xt B, ALC, L vV 7 4 b, BE
ABEXORE KMEIFEO LB pHIZ, 500 F Tho7c, VK LFE:
TO T8 pH 0K FIX, MHmic L2 L®EES ORI, #EAKIZK D L
MENSOENSEICLD2bDLEEDNR D,

HREMA O L E pH DO EANRIFZ. v~ 7KV A b > RINVAE
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>ALC> LY 74 PRODOIETIRLS 20, BEABEXIEEFRN A
o Tz,

R mMAI O 7 U E4-2-1: EEEMAHIZ, ~7 K9 A4~ >
RANAGE >ALC > BAE > LY 74 FX(56.1, 44.2. 37.0,
324, 21.9)DIETH 7= T, HEABEMHA O -8 pH EH R ITZ
N7V AYVEORS ERUCMBERMPD T, BABIZOWTIE,
MEEA 4 OFETHEPHD EFHICEL TR O pHIZIT WIREE T
bol-btHWEINT,

ALC IZoW T, ER/RINLA9I L v EGRBRNITTbh T, +
HMpHOD EHABENFEINLTND, L2rL, AETHWRZ ALC &
1% 1 %(1000 kg/10 a) T, BB/ S O ER TH WS 17z &(5000 kg/10
L TAhA R VWEThHoT, TOD, 3 FOMD IR LFEIC
95 L pH ERRENMETE A n oL BT,

cEHpH b a0 Cd & BB E RS OB E O BR
Figure 4-12A I 2V R LEEZO LE pH L a~Y FH D Cd B
FOMEEERERDRE O E OBKREZ R LT,
a2~ F ® Zn, Fe, Mn, Cd. Cu /& X 3 pH & A D % /R
L7, B D& &%, Cd. Zn. Mn., Cu D JE(R?*=0.915, 0.885, 0.746.
0.738) T F L. Fe IZREMHRE 0578 TH - 7=, & 5N 7= 17 ER
DO £ 1L, Zn, Cd. Mn, Cu DJEIZ/NE LK o Tc, a~ Y FH D Cd,
Zn, Mn, Cu BEIX., L pH OB 22 T2t nN &N, &
ol o LY a~YF®Cd Zn, Mn, Cu B ENEI L=,
TEpHO G ICL Y  HEHRMBAOREA TCEE pH AL L~ Y )
® Cd, Zn, Mn, CulREICREZ G X LWL NITR T,
Cd(OH);. Zn(OH);. Mn(OH), B X O Cu(OH), DEMRE T ZE N T
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2.74X107 g L'(18C). 1.2X10%g L' (25C). 2.55X107° g L'(25C).
BELO29X107 g L'(25C)TH » 72 (B AL FEEMW 2004), T 5 »
CHELEZEMEMI.ZNEN 2.66X107",7.09%10'%,9.46x 107"
BLU1.05X10"° TH - 72, Fe(OH); D A iR B f& (B AL 52 Hw 2004)
1Z.3.16X107°%25 C)ThH 5, K L L Tk 5 Cd*'| zZn*",
Mn?", Cu®"B L O Fe' D IEB E (mol I E)L pH DR A3 E T+ 5 &
Figure 2-13 IC R THRERICZ2 0 . T Z i o il # o4 |l o 5E ik TKER
I DOLENAELT TWDH Z &b, LEFORMANIMAKS MBS
v, KA A PAERKRL 8 pH X EH Lz, 2L T, KA A
X, EHEP O F 2T ETDHA A LKLY & K LIk R
MWERLa~YTOENLLDORTZORNIKETRAELEEEZOND
(BB 5 2008),

Ay TP OLEEEEERDREL L pH O BfR % Figure
4-12B IZ/x L7, K., Ca, Mg, PoWnFht, MIRFEBROMEE &2
DWW EREIT/NES L, HERTEN o=, T D D% &Y
BpHOEE2Z T ICa~Y FIZRREINLTWDLZ ERREINT,
a~vYF D Mg & P REIISFLUBRBICENDY ZENB L TV
(Figure 4-3 /"6 4-6 FT)Z L EbHETHDLE, Mgl PREIT T
B pH OB LZ T2V EWVWIFRIFIERAICET L, a2~V ST 0%
PRI BT D Mg & PIRIEOZEIX, WMAIOT VI Y EIZED
bbb LE pHEIZER T 2D TiER W E RmRBI N,

4-3-9: a~Y FOHYE - CAIEE - CdEMEE & 185 pH @ 1%
a Y SR E L HE R O 8 pH O BLR & Figure 4-14A IZ7R L

T, T pHN S ESUTORBEXDOa~Y FOEWyEITD 72

FHOPpHS O 8E TOHBMOWMHEX O a~Y FOMMEILL )N
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oo HIBEHBICpHS U TR TR ALEK T, SR EBEABEXDO 2D
W LR, ALC & LV Y T4 PR OB K&IET, pH 8 UL LD fEIK
Da~<xYFIE~vT RV MNKXKDOIEBETHoT, 7RI A XD
I EHIXLEHE pHR R T LIS E D AERIME S, 0L
BCHEpHOK FAAECABICHEIERH#BEANO pHIZ 72 0 2/EH B
BIZTmHEIG VLD o T EHRIC/R T, ZOWYELE L1
pH ORI 3 kKXo EFd R E 0, EREIT 0.879 TH -
7=

a<wY SO CdRE L FHEE% O L5 pH O B4R % Figure 4-14B 1271
L7z, CAIREIT ¥ pH O EFICHFEWERT L, REMRE 0916 O F5
BB EFE Lz, HEpH E Y O CAW I & D BEIZ D T,
pHEFHICEX2HWEHO CARINIE FTOWENH 2 WIEDS 1984; £
5 1995; HH D 2003), AEBROMEITX, ThLoofEE2 T2
LbDOThHhoTe, TOREIYV, =7 K IA VBIXORILVAED L

HpHERA B ROBVWEM N a~YFTDOCIEELZLVKTFTEES Z
ENbnrol,

Codex alimentarius commission (CAC, =2 —7 v 7 A &ML HKEER
£.2005) (X, EXEMYB VO CABREORMEMEZ 02 puge! & ED
oo KEBROa<Y FOKGEREIL 92 % ThHo=D T, CAC OE
Wiz Cd FEHEMIT., WM 2.5pg g I Y+ 5, Figure 4-14B if
DI % y=1200e 7 2 Y TIT O TEHE T 5 & . CAC D Y

BAFS A0 £ pHIZ, 82 THh o7z, L LR G,
TH pH82 L EE W) FHITEBEOEEIZE W TIX, 2 DIEHIC
BWTETESpH THDH, ~7EU A MXDOFER pH 8.2 D51t
Toa<wYtowhWEEFTEWNVETH--, £/, TEELBEEMICX
5 HEPpHBIEL WO HMTOEYH O CARIIMENITIZRANH 5 =
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ENTREND, KEBRICHWSL L HH O 0.1M B E i Cd 3R
LMY 3lpugg Thotz, 2O EHEIIB W TITM o Fik & opf
BEEHIC LD Cd W6l 23 % % L AR S iz,

a<wY DO CdEME & %O % pH O B{R % Figure 4-14C I
AL, pHS 226 6 DFEBICHE REBMENH > 72, 3 RO [EF il
FRAVE DR ER T 0.615 Th o 7=,

4-3-10: =~V F D Zn & - Mn & - Cu & & 13 pH © B %

Figure 4-1512 2 <Y 7T O Zn{R E F I3 EE R & 5 pH OBk %
o~ L7, Figure 4-16 {Z Mn & & 18 pH, Figure 2-17 {Z Cu & & 148
pH &t OB %Z /R L=, Zn, Mn, Cu W\ FRIZBWTH Cd DHA
& AR D 1) &2 R 3 B B S E v T

4-3-11 : BWHMMTIEIC LY 5B L B CdiRE

WA &AL pl BB B o s e o 5 % (R £ Original), Al &
DT R R R 2 RN L CHERERT O L8, 0 R L% o LI
OWNWTHEKRMHEICEIY /o® L, Cd BRE %2 E & L7z (Table 4-2.
Figure 4-18), 7272 L., ALC, ~ 7 Hh U A b+, RANVABEXD 2 1Bt
O EED ST IEMR L R0 o7z,

KEAHE F1 M4y O Cd 2 % (Figure 4-18A) T . E A B X 2N &M v K L
HEEZBEBLTAHEICES, ROWTHKBX O Cd BEDN GG, Lo
BKIIEWRECTH - 2,

ZHLHE F2 W4y @ Cd I JE (Figure 4-18B) X £ 1X 725 1.86 nug g’
DS(#tH7-V)YTHREDOMOW\ZIZHEBEL TxbEWETH - 7,
SR, LV T A FXOKZHEE F2 ) O CAdIEBEIT &M K L FiEs

FEBLTEWETH-7=, BEAB. ALC, ~7 AU A b, RIINVA
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BEXCTHREBIOHBXEIVE W Cd BEE2/RLE., ALC KO Cd
B BT R B AT U 1 ERRICIR T L7222, 3/ERICIERD 2 %
WMLz, 7 ARV A MERIIVABEBXITIEED BRLUBEEZE L
TEWCARETH - 72,

YT HRUA NERINVABXDOKER FL & AZHHE F2 B2 0
T. ¥ pH 2 EH (Figure 4-11)L T HEIE K T T & 2 W okERAL
CAOHMIC LY CABREODRTREE L LEEZEZDOND, £, B
FORBA A TR EDBRA A L BIRME CdEEY R AERKR L -
Z & b HEE S L7z (Ma and Uren 1998),

PR ML RS A RE F3 43 @O Cd IR B (Figure 4-18C)IX KA O ALC,
v HRIA N RINVABRTHBREIDEBWEEZRLEZ, BHH
DREA T AL Cd DR ESINTELEZDOBWVWETHD &5
Ao, ZNHOKO CAREIZIERICARICIK T L, 3{ER&IC
WMZE Lz, LAY I 4 8, BABRKTIE., MV IR LK THMN
DR BTz,

et ¥ fs & e F4 B 57 © Cd J& £ (Figure 4-18D) I xf L, ALC, L v
VIA M BABXTHEEXKIZHK LRBAMMCETARLLA, 1 1F
HMEBICT R TCONBEX CTREMIVEMNLE, ZOBOEEYIEL
T~ 7 AU M, RANVABEXT CAREN 2450 1 LTI
LT,

HHERE FS M 4y @ Cd i (Figure 4-18E) T W T O L FL X 2B W\ T
BIRENMES, BOURLEHEICI> THLEMLNEL R o T,

7% F6(Table 4-2)D CAd EEIX., WT N DOLIEXIZIB W TH
AiCm <. MBRICITE TS 28 mMIZH - 72,

4-3-12 : BwHHIEIC LV B L O Zn B E
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KIRHE F1 & ZZH#AHE F2 M4y @ Zn 2 % (Table 4-2)1% . s Esm7 & 1 1E
BTIHEAE, SBRENE VALY I 4 PEMRKEE. ALC., RV
B, TRV A FXTIETLEZ, 3/E% T, ALC X F1 & F2 #4y
O Zn WEITERLEN, ~7 KU A b, RINVABEID2WVEE
Lo, KERE F1 & ZQHARE F2 B4y @ Zn 2 & O QPR X [#] o B4
FRILCAREDORK R LF LMEMEZ R L,

RIBERE G F3IBE SO Zn B E X, RAHEX O VIR LKL TE
BERE <, WEHXIZE BN D RN T,

R WA G HE F4 B4y @ Zn IR, 2K T Cd IR E D& WE %2 R
L7, HEMOELHEXE IEZEO~ TR IA M, RINVABRXT
mWIEEZR LT,

AHDMECETFSE SO Zn BEZ. HTBMO~ 7 AT A M, R®kA
NAEE, LLVY T4 NRTHNAALNTZ, 1 fERICLVALY T4 b
XTHD»H - 7=,

FRWE FOH 43 D Zn IR FEEIX F1 206 50 Zn I EIZ B L3 1 oL
HXIZEBWTHEmWIRELZ R LT,

4-3-13 : BWHMIEIC LY /5 Lz LH O Mn 8

KUSHE F1 & AZHAHE F2 [H 4y @ Mn J2 & (Table 4-3)1%. #HEqmi & 1
E®%RCIEEAT. EEAEGEL LAY 74 NEBFEE, ALC, ®F
NAE, v~ 7RV A MKTIKFLAE, 3162 T, ALC X F1 & F2 i
DO Mn BEIXEH LEN, ~7 KU A b, RAINVABIEILRVE
R Ll 72, 2 DO KEREFL & ZZHLHE F2 53 O Mn 2 O R R 1T
Cd et Zn DG E LR RBERTH -T2,

avYFHO Zn & MniREOXEMEIZ =~y FHF o CdiEE DX
B & IEDOABE N H o 7= (Figure 4-9), £ LT, =~y FHho Cd,
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Zn Mn & O 5T EE I L5 pH O EF IV L 72 (Figure 4-12),
Flo, FRBEXO LHEP OKERE FL & 2ZHRE F2 B4 O Cd, Zn,
Mn JEEOEE (IR CMEME R L Cd. Zn, Mn OREOEH WX T=
YT ORNNEN o T, KERTIL, Cd. Zn, Mn @ 3 gL
e, avYFLbEEFoOmMGITEWTbRLE#HZ R L, 2
ORI, Cd & MnIZBET 2 H) 5 (1986)D &=, Cd & Zn IZH
9 % Honma and Hirata (1978)D & & B2 28K E /L., Cd & Zn
AT ORmELEMBAIIDRELZIFT L HDOTH-72, Ll
INDL3HOMBEFTRTAHBECCEBSINTZLDOTH - 72,
HEEFEO KB pHIZ SS ISR TV, AEBRIT, LHi#E:C
HOHOTITENOZTIEEBIREL, FICLE pH X LEY D4
FrHEEEFTNDDOEMEIIRWVICEEIND EE XD, T LT, A&
BELHbIZBIML WS T pH ZHBELRRWEETHLIED, =
~YFTOEFEOM#EITE EHICEE pH (FIE F L., Cd. Zn, Mn D&
fRE WMLz TERnwhrtEIXILND, WL TWD Cd. Zn,
Mn ¥ L7coTa~YFoZnboDiFEFoEGMMLEEE X
bhb, KRERICEBIT A LELa~< Y ) o Cd, Zn, Mn EJE D %8
FZoXolcL bbb ankeHfmT o0, ZHICHET 5 HEIEE
MEATOMLERN DD EE X D,
RBEEE S F3W OO MniBEIX. ~ 7 K74 FRAA2EY K
T

%

pas
m

B W R E & R L 72 (Table 4-3), B #5 & B8 F4 57 O Mn &
VMO E SIS LE LS BWEEZ R L, FEMNTH >N
FRELENR Lo T,

i
M =

AN

4-3-14 : ZRMHEBIC LV oW L7 HHED Cu B E
A HLFL X (Table 4-3)IC8B W T, KIAHBE F1 & 5C#HHE F2

=
&
S
O
e
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REIZMOm I L7, KEEM AR F3, F4, F5, F6 [
Gy ENEIC CudREEIXIEM L 7o, KEEHRE F1 & ZHAHE F2 M4y @ Cu 2 B
WWBWT, 7 ARUA MERINVABRD 2D K LFHEE TERWVIE
A ZRET, Cd, Zn, MnREDOSH A L B 5 M %~ L7, Table
2-1712BNT, 7 ARIAPERAINVABBXITLE pH &< 2w
VI Cu EMEWHRICR o, L2rL, 7RI A &IV
FBEXOLEROKERE F1 L 22#HE F2 B3O Cu BEEIXE WV, =
D LT CudD EEBER~OBRMITEEpHICEEI NV & 2R
FT. 2L TC.a~YF+ o CuW I HERE T O CuiE ITKFE T,

13 pH LBEEMEOLLIMEEOLDOTHDEI I EEZRBLTWD, %
WMEX O a~>YF O CufEIX, Cd. Zn, Mn O WU & 13 B 72 2 [ [7)
Zza LTz,

4-3-15: BWHMIEIC LY /5 Lz LH O Fe iR E
A ALE X (Table 4-4)I2FB W T, KRR F1 & 22 #AHE F2 i 53 O Fe 2
BEiXfhoB ik L b AP ASIETF R

PR F6 B4y DA T Fe B IXH M L 7=, KEEFIESICHBWT, 1

{:I\ LA F3\

E#B DLV T4 b, 31D ALCKX T FelBERNE N> 1=,

4-3-16 : ZRMHEBICEI VS E L EHEDO Cd BELa~Y S H o

Cd IR E & o Bf&
Figure 4-19A [ZKIEHRE F1 W5y & 2~ Y F D Cd B E O R E &

i

DA E R LI, KIREECIIEEOHEME L bICa~vY F CAEED
SHHEOGHEM LN KERBCIRENZS 2D La~x Y ) CdiRE
DA B2 2ol

LR F2 W43 D CAIRENHEMT HICffva~Yy F CdRED I
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AN BB, ERRX TEE T E 2 (Figure 4-19B, R?=0.809),

RBER G F3E SO CAIRE L a <Y F Cd R E O HUE o B
£% 13 F0 B 23 BH R C 11X 72 ) o 7= (Figure 4-19C),

BiLMEARBF4E DO CAIRE L o~ F CdiEE O EHE o8
f% % Figure 4-19D IZ/R L 7=,

HEHEFE FS 4D CAdEE & o~y J Cd IBE O MITEGR N2
YERENTE, =YY O CARENBEB L TH FSES O CdRE
T—ETh-o T,

Figure 4-19F IZKE B F1 & ZHRE F2H /3 O CAIRE DO GEI&E & =
~YFO CAdREORNBEOREBFRE R LI, EOHBENE L, &
ERBLE D TH -7 (R?=0.754) , =72 L., ZKHHRE F2 By D Cd
BELa~YF CdEELORERER=0.809) LOVEWVWHETH -
7=

TEHPOLZHMEBF2E 2O CAREN EH T2 L a~xYFFoCd
BELEMLEZ, THEOLSHE CARENa~Y T O CdREICEE
HHZHZTEDRHLNITR ST,

4-3-17 : BWRAHIEIC LV ol Lz ¥ Cd BE L% o L3
pH & @ B %

KIRHE F1 M4y @ Cd 2 % (Figure 4-20A). ZZ#iHE F2 M4y @ Cd &
J£ (Figure 4-20B) & # &5 % O L pH L OB E R Lz, WM HF & b,
TEpHO LR E LI TEE R OZNZE N O 5 O Cd R E DD L
72, ZXHAHEE F2 [ 4y (Figure 4-20B)iIC B W T, REHREK D & W
(R*=0.85NIEH B A THIFE T& /=, RERHERGARE 1} 43 (Figure
4-20C), M&Ab%W #E & #E F4 M 4y (Figure 4-20D) & +3 pH @ R 1L, W
L EEpHA EH LT o~ F O CdiEEICHEZRZbiX 70
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> 7=, A HE F5 W 4y (Figure 4-20E ) Cd B E & 11 pH & O /121
BALR 23 72 2> o 7=, Figure 4-20F [Z/K{EHE F1 & ZHLRE F2 O CAIRE D
AEE L LB pHOBKEZ R L, LB pHO EHITHEW, 2~ F
O CAdRENW D Lz, TGO RERBIT F2 HM D5 A1
L, KT L7z,

THORZHAE F2 0 CAdRE T L8 pHIZE L T/,

A~y SO CdRE DAL, LHER O ZHAE Cd R E SR W R4,
TRbbLEPHAEWERETHLEOLIND T ERHAL NIRRT,

4-3-18 : #HEE% LD 0.1 mol L' HEEEHIHIIC X 5 Cd B

Table 4-2 & Figure 4-20A |2 b=, FEF AT, # 5 #% O L D 0.1 mol
LTHCI i IC LD CABREZ /R L, | fERE % O Cd #5133 55 Al
IO LE, ~7HR" A4 M RIVABERXTCAEENET L2,
0.lmol L"HCIfliHIC LD LD CARE L a~Y T HF D CdEED
*E i & o B & (Figure 4-21B)1X . R E O < o E O
(R*=0.478)Td > 72, 0.1 mol L' HClHi1H I X % +¥E D Cd & E & pH
L OBfR(Figure 4-21C)1%. FREE OB X O A OB (R*=0.644)T &

> 77,

4-4 1 B

(HhEEHFEMA OEME a2~y FOEF

CdiGYe LT, ALC, LAY A4 b, BEAB., v~ 7 KU A~ K
ANVAEE 1% WVIRML, o~V FZ2#0 K LikE Lz, s RE
WIMXEEABXD 2 fFHITELWVWABTBRRTENLUBROME Y K
LI AR TH o7, ALCRDO3MEHITIABEARARZRL, KW
NEBEYTRIA MKOIFEREIRERAEE T o, &IRMA
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Da~YFTOuMEFEREDRIIRILAEE > 7 KT A >
ALC > L VY T4~ > BABDOIET, BABIXREDEN 2o
7=,

Qa~YFTHo CdB X O RER D=

AV TR OMEBEBEEK S OREIL.KELHEX LY Zn > Fe > Mn >
Cu>CdDIHTH -7z, 2L, 7RI A MERABNVAEXD C
REX Cuo IREXVErhol, BAB. IR, LY I 4 FXIZE
WTHERTDOBENEL ALC, ~ 7 KT A b, I NLVAEK TIHIE
WD o 7o, KUK OL EBBER S OREIX K>Ca>Mg, P
DIETH->7c, MgiREIT~ 7 HRTVA NXTITPRELIVEI, K
ANVABEBXTEPREIVEWHETH- T2, 2wV FH DKL Ca
RIEBIZHMA O EZ T —ERET, Mg & P REIZHRNA O
FEHIC LV EE LTI,

a~xY SO CAREZEMT 5L Zn, Mo, Cu iRE BN L,
BN EOMHBEND 72, WMEFIXI Mn>Zn>CuDIETH 72, 2~
Y F D Zn, Mn, Cu ORI & Cd WIVIFBEAER H D Z L BN RBEI N
7=

(3) & pH

BWMAIZ 1 %IRM%EO L8 pH X, ~ 7 AT A4 PRAEL, K
AIVABX > ALC K > LAY T4 MK > EABXOIET, EA
B pH LR R 2oz, ~ 7 AT A4 bREIZHE AT pH 8.2 T,
AT OMEFENTRECH-oT-, THIETLE pH &3+ X7
ZENRREEBE N, v R TUA NERIAVAFTXITHED IR LK
BTHL1E pH 0K Fixdb o7, ALC, VY T4+, BAOE
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Ko+ pHIK FiX K& <, &FICB T 2 REOEM T RIX pH S L
TETIKFNLEYEERZ KL, TEEBRNAICEL S a2~y i
WEPERE S RIT L pH O EFBRE B L,

o~ Y FH Cd, Zn, Mn, Cu R E L 18 pH oA & & &I
L.CdEMEIZpHS b 6 DMICx KEL A LT, 18 pH LH %
ROFBWIRMA~ 7 A TA N, RINVAFENRa~<Y T O CdRED
Wma Lol o & HP LK,

(HFE W HIEIC X D HHEE S O Cd, Zn, Mn, Cu., EE
KEREFILE O CAIREITEABBX N E <, 28 F2 #4550 Cd
REIZR, LYy I 4 FXTEWELXRLE, 7 FRYU A B &K
ANVABFGXRITEMBEY IR LUBE CKRKER F1 & A2#RE F2 W5 0 Cd iR
ERNE N oo, RBEF2E DO CABEELEa~YF O CdBEITE
DHBEND > 7=, LHEPKERE F1 & QHHRE F2 B4y D Zn & Mn
X CAIRELRERBMND o7z, LHEPKERE FI & ZHIE F2
B3O CufJREIL~ 7RV A NERINVABFEBEX TR TERAL T,
Cd, Zn, Mn L B2 2% 8%~ L1z, LHEOREBREWNAEF3, Bt
WAEGRE FAE O CAIRE L o~y ) CdBEICITW 2 BERITA
Mo, AHETFSHE SO CAREIXIELEX CTRWRE T
VIO CCdREICEELTW RWEBbhl, THEOLZHRE F2 O
CAREZKFIEI2HWMANa~YFT O CdBREZME T2 & Eb
iz,

C
KIEHREFL E ZHBEF2WH O CAIREITLEpH DO EH L L 2K

T L7, REREA SR F3, BRILWF G F4, AERE F5 W4 o Cd



TEIL L% pH E W RBAKRITAEE o7, 18 pH O EHIZ X
D ZHEF2 O CAEERHDV L, a2~V T 0O CAdIREOK TN Z
HZENHBMNI 5T,
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SPY

L

Control ALC Lherzo Gyp-w Magwhite Cacar-G

The second cultivation

Control ALC Lherzo Gyp-w Magwhite  Cacar-G
The third cultivation

ALC Magwhite Cacar-G

Figure 4-1 Komatsuna (Brassica rapa L. var. perviridis) grown on Cd-contaminated soils
with soil additives (1% w / v ) in consecutive rounds of cultivation. The additives were
autoclaved lightweight aerated concrete (ALC), lherzolite (Lherzo), gypsum made from
waste plasterboard (Gyp-w), magnesia cement (Magwhite) and calcium carbonate mixed
pure gypsum (Cacar-G). No additives were added to the “Control” experiment. The Control,
Lherzo and Gyp-w treatments included two rounds of cultivation, while the ALC, Magwhite,
and Cacar-G treatments included three. Additives were applied before the first round of

cultivation, and then chemical fertilizer was applied before each round of cultivation.
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B Istcultivation O 2nd cultivation O 3rd cultivation
a a a a

Dry weight (g pot™')

B w DL

Control ALC Lherzo Gyp-w  Magwhite Cacar-G

Figure 4-2 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1%, w / v) on
komatsuna shoot dry weight grown on Cd-contaminated soils in consecutive rounds of
cultivations. The Control, Lherzo and Gyp-w treatments included two rounds of
cultivation, while the ALC, Magwhite, and Cacar-G treatments included three. Additives
were applied before the first round of cultivation, and then chemical fertilizer was applied
before each round of cultivation. Each bar represents the mean + standard deviation of 3
replicates. Bars marked with the same letter do not differ significantly (p < 0.05, Ryan-
Einot-Gabriel-Welsch Multiple Range Test).
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Table 4-1 Concentrations and accumulations of cadmium and nutrients in shoots of komatsuna

grown consecutive rounds on Cd-contaminated soils with soil ALC, Lherzo, Gyp-w, Magwhite

and Cacar-G (1% w / v).

Concentration
Cd Zn Mn Cu Fe P K Ca Mg
Treatment (nggh (mggh)
Ist
Control 31.13 bc  579.7 b 161.7 cd 1227 ¢ 339.6 cd 2.56 de 541 bc 144 bc 374 ef
ALC 637 de 3215 b 31.6 ef 522 ¢ 116.6 d 435 be 46.5 ¢ 145 bc  3.03 ef
Lherzo 1995 cde 4893 b 70.7 def  10.69 ¢ 98.9 d 338 cde 523 bc 15.1 bc  4.21 def
Gyp-w 2228 cde 8064 b 1382 de 11.36 ¢ 502.8 cd 224 e 547 bc 173 bc 4.1 def
Magwhite 3.18 e 1654 b 422 ef 587 ¢ 168.9 d 3.72 bede 56.4 bc 17.0 be 8.62 a
Cacar-G =~ 2.63 ¢ 1042 b 20.0 f 351 ¢ 132.1 d 4.14 bed 48.0 ¢ 214 abc 2.80 f
2nd
Control  45.55 ab 27543 a 4499 a 5322 a 13438 a 491 be 70.0 a 242 ab 654 b
ALC 17.12 cde 4438 b 87.1 def 10.56 ¢ 116.5 d 339 cde 485 ¢ 219 ab  3.61 ef
Lherzo 51.59 a  1906.7 a 3104 b 41.80 ab 763.4 be 531 ab 744 a 17.1 bc  5.68 bed
Gyp-w  49.86 a 27799 a 164.5 cd 25.85 be 955.5 ab 6.55 a 653 ab 16.5 bc 6.10 bc
Magwhite 2.40 e 653 b 339 ef 520 ¢ 97.6 d 3.77 bede 50.7 bc 117 ¢ 6.59 b
Cacar-G 249 e 633 b 27.1 ef 4.89 ¢ 98.2 d 4.00 bed 495 ¢ 225 ab  3.00 ef
3rd
ALC 45.66 ab 1828.7 a  248.7 bc 33.55 ab 200.6 d 443 be 55.0 bc 30.7 a 4.72 cde
Magwhite 6.36 de  103.0 b 555 ef 6.02 ¢ 1055 d 3.60 bede 44.5 ¢ 149 bc 687 b
Cacar-G = 4.19 ¢ 79.0 b 385 ef 492 ¢ 973 d 3.70 bede 44.7 ¢ 240 ab 263 f
Accumulation
Cd Zn Mn Cu Fe P K Ca Mg
Treatment (ng pot"l) (mg pot'l)
Ist
Control  16.12 b 299.1 ¢ 84.3 cde 7.20 defg 178.1 cde 1.34 ¢ 277 d 754 e 1.96 d
ALC 16.26 b 8569 b 84.1 cde 13.77 be 3292 a 11.84 a 127.7 a  39.60 bc  8.30 c
Lherzo 39.51 a 11266 a 1479 ab 2226 a 236.0 abc 791 bc 1165 ab 33.02 cd 9.19 ¢
Gyp-w 7.86 cde 2325 cd 44.0 defg 3.57 fgh 1383 cde 1.81 e 17.4 d 529 e 1.26 d
Magwhite 5.12 cde 281.2 cd 659 cdef 9.46 cdef 2329 abc 520 d 86.0 ¢ 2434 d 1295 b
Cacar-G~ 6.95 cde 2839 cd 54.7 cdefg 10.09 cde 327.1 a 11.30 a 127.7 a 60.75 a 7.67 ¢
2nd
Control 1.60 de 106.8 de 19.1 fg 2.04 gh 51.9 ef 0.19 e 23 d 099 e 025 d
ALC 37.78 a 9259 b 1941 a 18.39 ab 252.6 abc 729 cd  99.8 bc 4490 b 751 ¢
Lherzo 496 cde 193.1 cde 349 efg 3.88 fgh 77.8 def 049 e 7.1 d 1.73 e 0.61 d
Gyp-w 0.70 e 384 e 28 g 0.61 h 19.0 f 0.09 e 1.0 d 028 ¢ 0.09 d
Magwhite 6.61 cde 173.5 cde 92.6 cd 13.89 be 268.1 ab 10.10 ab 1354 a 3299 cd 1772 a
Cacar-G~ 6.31 cde 168.7 cde 71.2 cdef 12.75 bed 242.3 abc 996 abc 129.2 a 56.80 a 7.55 ¢
3rd
ALC 9.59 bed 211.2 cde 46.3 defg 645 efgh 352 ef 093 ¢ 139 d 581 e 090 d
Magwhite 12.42 bed 2184 cd 104.8 be 13.04 bed 224.3 abc 8.04 bc 984 bc 3223 cd 1501 b
Cacar-G  10.38 bcd 1958 b 93.6 cd 12.61 bed 239.1 abc 947 abc 116.0 ab 60.75 a 643 ¢
For each round of cultivation, the means followed by the same letter in each column are not

significantly different (p<0.05, Ryan-Einot-Gabriel-Welsch Multiple Range Test). Data

represent the mean of 3 replicates. Concentrations were expressed per dry weight of the shoots.
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The first cultivation
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Figure 4-3 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1% w / v) on A,
cadmium and micro nutrient concentrations; B, macro nutrient concentrations in shoots of
komatsuna after the first round of cultivation. Data-points represent the mean of 3

replicates. D. W., dry weight.
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The second round of cultivation
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Figure 4-4 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1% w / v) on A,
cadmium and micro nutrient concentrations; B, macro nutrient concentrations in shoots of
komatsuna after the second round of cultivation. Data-points represent mean of 3

replicates. D. W., dry weight.
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The third cultivation

Q- 4 i A

=

)

- 3 | ——
N

= —=—7n
N

& a2t ——Mn
g —e—Cu
=

(0]

g 1 F —x—Fe
o

L

N

o

— 0 1 1 ]

—E—K
——Ca

S~ [
Qﬁ

Log (concentration (mg g'' D.W.))

ALC Magwhite Cacar-G

Figure 4-5 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1% w / v) on A,
cadmium and micro nutrient concentrations; B, macro nutrient concentrations in shoots of
komatsuna after the third round of cultivation. Data-points represent the mean of 3

replicates. D. W., dry weight.
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The first cultivation
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Figure 4-6 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1% w / v) on A, Cd
and micro nutrient accumulations; B, macro nutrient accumulations in shoots of
komatsuna after the first round of cultivation. Data-points represent the mean of 3

replicates
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B st cultivation O 2nd cuitivation O 3rd cultivation
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Figure 4-7 Effects of ALC, Lherzo, Gyp-w, Magwhite and Cacar-G (1% w / v) on A,
shoot cadmium concentrations; B, shoot cadmium accumulations of komatsuna. Each bar
represents the mean + standard deviation of 3 replicates. Bars marked with the same letter
do not differ significantly (p < 0.05, Ryan-Einot-Gabriel-Welsch Multiple Range Test).
D.W., dry weight.
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The first cultivation
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Figure 4-8 Relationship between logarithm of cadmium concentrations and A, logarithm
of micro nutrient concentrations; B, logarithm of macro nutrient concentrations in shoots
of komatsuna after the first round of cultivation with soil amendments. Data-points

represent the mean of 3 replicates. D.W., dry weight.
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Figure 4-9 Relationship between logarithm of cadmium concentrations and A, logarithm

of micro nutrient concentrations; B, logarithm of macro nutrient concentrations in shoots

of komatsuna after consecutive cultivations with soil amendments. Data-points represent

the mean of 3 replicates. D.W., dry weight.
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Figure 4-10 Relationship between logarithm of cadmium accumulations and A, logarithm

of micro nutrient accumulations; B, logarithm of macro nutrient accumulations in shoots

of komatsuna after the first round of cultivation with soil amendments. Data-points

represent the mean of 3 replicates. D.W., dry weight.
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Figure 4-11 Soil pH before and after consecutive cultivations of komatsuna with soil
additives (ALC, Lherzo, Gyp-W, Magwhite and Cacar-G). Soil pH was measured in a
soil/water suspension (1:2.5, w/ v). Each bar represents the mean + standard deviation of
3 replicates. Bars marked with the same letter do not differ significantly (p < 0.05, Ryan-
Einot-Gabriel-Welsch Multiple Range Test).
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Figure 4-13 Relationship between solution pH precipitating hydroxide and
concentrations of hydroxide. Hydroxides are formed from Cd, Zn( 1), Cu(II ), Fe(Il), and
Mn(II) .Data from “Chemical handbook 2004”.
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Figure 4-14 Relationship between A, shoot dry weight of komatsuna and soil pH; B,
shoot cadmium concentrations and soil pH; C, Relationship between shoot cadmium
accumulation and soil pH after consecutive cultivations. Data-points represent the mean of

3 replicates. D.W., dry weight.
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Figure 4-15 Relationship between A, shoot zinc concentration of komatsuna and soil pH;
B, shoot cadmium accumulation of plants and soil pH after consecutive cultivations with

soil additives. Data-points represent the mean of 3 replicates. D.W., dry weight.
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Figure 4-16 Relationship between A, shoot manganese concentration of komatsuna and
soil pH; B, shoot cadmium accumulation of plants and soil pH after consecutive
cultivations with soil additives. Data-points represent the mean of 3 replicates. D.W., dry

weight.

127



Cu

= 0 A
A
HIbD o Control
0 40 | " e ALC
g ¢ -0.491x " Lherzo
£ 20t e Magwhite
O
8 A Cacar-G
3
=
U O 1 1 1 1 1

4 5 6 7 8 9

30 ¢
~ B
8 3 2
g a y=0.505% - 12.2X +94.4x - 218
on
2 20 . R =0.657
8
=
E 10|
=
(&)
Q
<
=
O
O ]
4 5 6 7 8 9

Soil pH

Figure 4-17 Relationship between A, shoot copper concentration of komatsuna and soil
pH; B, shoot copper accumulation of plants and soil pH after consecutive cultivations with

soil additives. Data-points represent the mean of 3 replicates. D.W., dry weight.
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Table 4-2 Concentrations of cadmium and zinc in different fractions in sampled soils
before and after cultivations of komatsuna with soil additives

Concentration (ug g"1 D.S.)

Water-soluble Exchangeable Carbonate-bound Oxide-bound — Organically bound ~ Residual Sum Extracted-
Treatment (F1) (F2) (F3) (F4) (F5) (F6) 0.1M HCl
Cd (original)
Original 0.11 g 1.86 cd 091 fg 1.30 e 0.31 fgh 0.13 ef 464 d 332 a
Cd (before 1st)
Control 0.55 cd 2.12 be 0.73 gh 0.61 g 0.31 fgh 0.84 a 523 ¢ 2.78 cdefg
ALC 0.16 fg 1.20 e 120 cd 0.82 fg 0.33 efgh 0.67 ¢ 456 d 257 g
Lherzo 0.33 cd 1.99 «cd 082 fg 0.85 fg 0.39 defg 0.85 a 526 ¢ 2.80 cdefg
Gyp-w 1.57 a 141 e 048 i 0.64 g 0.31 fgh 083 a 533 ¢ 2.75 defg
Magwhite 0.12 g 0.56 f 166 a 1.73 ¢ 0.40 cdef 0.77 abc 525 ¢ 226 h
Cacar-G 0.14 g 074 f 144 b 1.62 cd 0.39 def 0.75 abc 5.11 ¢ 233 h
Cd (after 1st)
Control 0.43 be 2.64 a 0.89 fg 1.71 cd 0.38 def 0.00 g 6.00 ab 311 a
ALC 0.17 fg 0.68 f 039 i 2.38 ab 0.51 ab 024 d 435 d 2.86 cdef
Lherzo 0.15 de 2.17 be 1.00 def 221 b 0.39 defg - 5.88 ab 3.09 ab
Gyp-w 1.27 a 1.42 ¢ 053 i 1.30 e 0.44 bed 0.04 fg 508 ¢ 3.00 abc
Magwhite 0.14 g 0.50 f 0.56 hi 253 a 0.54 a 0.18 de 443 d 2.62 gf
Cacar-G 0.13 g 0.58 f 048 i 2.54 a 0.53 ab 0.28 d 452 d 2.68 efg
Cd (after 2nd)
Control 0.68 ab 242 ab 082 fg 1.47 de 0.28 h - 559 be 2.98 abcd
ALC Not measured
Lherzo 0.52 ¢ 241 ab 1.04 cd 1.75 ¢ 0.33 efgh - 6.05 ab 3.17 a
Gyp-w 143 a 1.71 d 1.03 de 1.71 cd 0.41 cde - 620 a 2.75 defg
Magwhite Not measured
Cacar-G Not measured
Cd (after 3rd)
ALC 0.31 ef 1.96 cd 127 be 221 b 0.49 abe - 622 a 2.88 bede
Magwhite 0.17 fg 0.57 f 140 b 1.02 f 0.34 efgh 0.71 be 420 d 230 h
Cacar-G 0.12 g 0.69 f 132 be 1.06 f 0.30 gh 0.70 bc 420 d 2.36 h
Zn (original)
Original 2.84 h 49.35 b 5794 cd 74.63 k 23.99 fgh 7247 f 282.17 gh 68.35 g
Zn (before 1st)
Control 24.08 de 61.08 a 65.75 ab 114.28 f 39.00 cd 103.27 ¢ 407.60 be 278.18 a
ALC 3.56 h 17.36 h 6293 be 150.30 cd 3725 d 131.90 a 403.29 ¢ 199.68 e
Lherzo 13.11 g 44.67 cd 66.57 ab 131.39 e 47.61 abe 107.08 ¢ 407.14 be 259.58 b
Gyp-w 68.49 a 38.73 efg 5324 de 113.39 f 41.40 bed 105.88 ¢ 421.66 ab 276.41 a
Magwhite 0.16 h 5.61 i 7154 a 147.21 d 50.45 a 116.49 b 390.19 d 240.58 ¢
Cacar-G 0.19 h 6.63 i 6336 be 152.62 ¢ 48.96 ab 115.44 b 38642 d 221.70 d
Zn (after 1st)
Control 18.07 f 49.71 b 4833 ef 74.39 17.62 g 79.79 d 288.03 fg 66.15 g
ALC 0.98 h 15.71 h 61.54 be 80.42 hijj 39.86 cd 74.23 ef 271.96 hi 6493 g
Lherzo 4.66 h 3491 g 4340 f 87.68 g 1899 g 80.95 d 272.36 hi 6590 g
Gyp-w 52.87 ¢ 37.55 fg 4544 f 73.83 k 3438 de 69.19 f 314.86 ¢ 67.12 g
Magwhite 0.18 h 4.50 i 66.21 ab 83.39 gf 39.18 cd 72.17 f 26423 i 66.39 g
Cacar-G 0.17 h 5.69 i 59.68 ¢ 84.08 gh 40.09 cd 71.48 f 261.60 i 64.20 g
Zn (after 2nd)
Control 26.86 d 48.33 be 4517 f 75.11 jk 16.04 g 81.25 d 29207 fg 65.66 g
ALC Not measured
Lherzo 20.40 ef  40.85 def 4647 f 80.77 hi 22.58 fg 78.56 de 28947 fg 67.12 g
Gyp-w 57.83 b 37.05 gf 4281 f 67.85 1 28.29 ef 71.10 f 30193 ef 65.90 g
Magwhite Not measured
Cacar-G Not measured
Zn (after 3rd)
ALC 1327 g 43.06 de 5408 d 76.11 hijk 3530 de 7235 f 291.17 fg 6590 g
Magwhite  0.01 h 373 i 6691 ab 174.18 b 34.97 de 134.48 a 41428 abc  198.53 e
Cacar-G 0.07 h 4.92 i 67.51 ab 182.25 a 38.19 d 130.89 a 423833 a 186.33 f

Each data represents the mean of 3 replicates. The data followed by the same small letter do
not differ significantly (p < 0.05, Ryan-Einot-Gabriel-Welsch Multiple Range Test). D. S.,

(IR

dried soil. represents that cadmium concentrations were below detection limit.
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Table 4-3 Concentrations of manganese and copper in different fractions in sampled soils

before and after cultivations of komatsuna with soil additives

Concentration (ug g’1 D.S.)

Water-soluble Exchangeable Carbonate-bound Oxide-bound  Organically bound  Residual Sum Extracted-
Treatment (F1) (F2) (F3) (F4) (F5) (Fo6) 0.1M HCI
Mn (original)
Original 1.15 e 7.03 ef 6.59 e 162.15 j 31.30 a 54.83 de 263.05 fg 37.38 j
Mn (before 1st)
Control 21.83 ¢ 75.74 ab 1894 d 324.72 ef 78.72 a 43.86 e 563.81 abcd 289.13 ¢
ALC 390 e 14.59 ef 15.76 d 422.20 ab 5243 a 102.50 a 61138 ab 168.15 d
Lherzo 6.03 de 27.81 de 1125 de 378.85 d 3478 a 46.51 de 50523 d 154.15 de
Gyp-w 42.10 b 47.01 cd 12.37 de 329.74 e 28.37 a 4379 e 503.38 d 281.35 ¢
Magwhite 0.02 e 191 f 46.53 b 393.16 bed 3144 a 44.01 e 517.07 cd 403.24 b
Cacar-G 0.07 e 1.62 f 2759 ¢ 398.96 bed 33.76 a 56.16 de 518.18 cd 281.04 ¢
Mn (after 1st)
Control 13.54 d 61.16 bc 11.04 de 325.06 ef 3130 a 76.69 b 521.82 cd 99.96 fghi
ALC 0.19 e 249 f 16.05 d 253.15 h 4522 a 75.03 be 392.12 e 60.16 ij
Lherzo 1.43 e 10.54 ef 493 ¢ 381.87 cd 33.14 a 80.08 b 512.00 cd 62.42 hi
Gyp-w 26.09 ¢ 30.58 de 11.10 de 179.80 ij 30.88 a 60.69 cd 339.14 ¢ 102.53 fghi
Magwhite - 1.59 f 8299 a 199.60 i 3793 a 71.38 be 39349 ¢ 180.74 d
Cacar-G - 1.00 f 26.14 ¢ 236.11 h 4251 a 72.01 be 37778 e 93.75 ghi
Mn (after 2nd)
Control 46.77 b 86.41 a 1517 d 294.55 fg 21.88 a 75.74 be 530.52 bed  136.12 defg
ALC Not measured
Lherzo 21.89 ¢ 60.01 be 1537 d 333.02 e 29.95 a 80.01 b 54024 bed  116.82 efgh
Gyp-w 70.15 a 58.50 be 1652 d 285.51 g 28.67 a 74.75 be 534.10 bed  150.16 def
Magwhite Not measured
Cacar-G Not measured
Mn (after 3rd)
ALC 7.15 de  27.63 de 12.73 de 415.09 abc 36.57 a 76.11 be 57526 abcd  67.93 hij
Magwhite - 244 f 4279 b 449.00 a 43.53 a 101.36 a 639.11 a 45991 a
Cacar-G - 2.65 f 29.66 ¢ 414.84 abc 46.97 a 100.83 a 59495 abc 29422 ¢
Cu (original)
Original 0.04 g 0.26 fg 149 de 2.75 de 2.96 ghij 14.04 defg 21.55 cd 7.80 cd
Cu (before 1st)
Control 0.10 efg 0.51 abed 221 ab 4.02 ab 6.86 bc 15.30 bede 2899 a 15.60 b
ALC 072 a 0.53 abc 1.73 cde 422 a 4.50 efg 16.32 abc 28.02 ab 19.18 a
Lherzo 0.10 efg 0.51 abced 225 ab 441 a 722 b 15.28 bede 29.76 a 16.27 ab
Gyp-w 0.24 de 0.62 ab 228 a 4.15 a 7.16 b 15.41 bede 2986 a 18.07 ab
Magwhite  0.38 cd 0.70 a 082 f 2.66 de 8.81 a 15.96 abed 2932 a 9.82 ¢
Cacar-G 0.40 ¢ 0.66 a 1.51 cde 423 a 6.58 bed 15.69 abcde 29.07 a 16.62 ab
Cu (after 1st)
Control 0.05 g 0.35 cdefg 079 f 3.19 cd 2.82 hij 16.78 ab 18.75 d 571 d
ALC 0.10 efg 019 g 146 de 3.08 cd 4.49 efg 14.78 bedef  24.10 be 7.80 cd
Lherzo 0.06 fg 0.32 defg 0.68 f 3.57 be 245 j 15.71 abcde 2297 cd 8.25 cd
Gyp-w 0.16 efg 029 efg 1.84 bed 2.76 de 3.89 efghij 12.65 g 21.58 cd 8.37 cd
Magwhite 0.19 efg  0.19 g 071 f 1.23 f 5.47 cde 15.10 bedef  22.89 cd 6.44 cd
Cacar-G 0.16 efg 020 g 128 e 297 d 4.14 efghi 13.74 efg 2248 «cd 7.42 cd
Cu (after 2nd)
Control 0.13 efg 0.37 cdefg 074 f 295 d 16.46 abc 23.11 bed 8.11 cd
ALC Not measured
Lherzo 0.09 efg 0.35 cdefg 127 e 324 cd 3.39 fghij 15.53 abcde 23.86 be 9.05 cd
Gyp-w 0.22 ef 0.29 efg 1.95 abc 2.79 de 4.51 efg 13.32 fg 23.08 bed 8.29 cd
Magwhite Not measured
Cacar-G Not measured
Cu (after 3rd)
ALC 0.13 efg 026 fg 1.61 cde 2.70 de 4.23 efgh 14.60 cdef 23.52 bed 7.35 cd
Magwhite  0.50 bc 0.42 cdef 0.66 f 232 e 5.17 de 17.39 a 2646 abc 8.30 cd
Cacar-G 0.64 ab 0.46 bede 1.69 cde 4.14 a 4.79 ef 16.26 abc 2795 ab 18.17 ab

Each data represents the mean of 3 replicates. The data followed by the same small letter do

not differ significantly (p < 0.05, Ryan-Einot-Gabriel-Welsch Multiple Range Test). D. S.,

dried

SOﬂ 6‘_”

represents that manganese concentrations were below detection limit.
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Table 4-4 Concentrations of iron in different fractions in sampled soils before and after
cultivations of komatsuna with soil additives

Concentration (ug g‘1 D.S.)

Water-soluble Exchangeable Carbonate-bound Oxide-bound  Organically bound  Residual Sum Extracted-
Treatment (F1) (F2) (F3) (F4) (F5) (F6) 0.IM HCl
Fe (original)
Original 7.30 a 1.24 bed 15187 b 4223.0 cd 761.5 e 7105 e 7332 ¢ 308.48 bede
Fe (before 1st)
Control - 0.29 ef 49.09 ef 3980.8 cd 3434.0 a 14099 d 21563 «cd 360.76 be
ALC 0.67 ¢ 0.12 f 1355 2702.8 e 1171.4 de 12926 d 16814 d 331.82 bede
Lherzo 0.02 ¢ 0.29 ef 3120 ef 4155.5 «cd 3372.1 a 14682 cd 22241 cod 344.99 bed
Gyp-w 034 ¢ 0.62 def 4093 ef 4119.9 cd 3190.5 ab 14743 cd 22095 cd 657.92 a
Magwhite 0.18 ¢ 0.90 cde 1575 f 3615.1 d 3280.7 ab 14696 cd 21608 cd 108.91 h
Cacar-G 0.28 ¢ 0.68 def 10.76 3748.2 cd 2641.3 abc 13377 d 19778 d 135.24 h
Fe (after 1st)
Control 0.56 ¢ 1.56 b 32.16 ef 7722.8 b 620.6 e 14982 cd 21334 cod 204.69 fg
ALC 1.68 be 1.71 b 129.17 be 4439.1 ¢ 2171.2 ¢ 9811 de 16554 d 278.61 de
Lherzo 6.81 a 1.48 be 1430 f 7984.8 b 593.0 e 19832 be 28433 be 315.79 bede
Gyp-w 0.89 ¢ 1.34 be 12927 be 4362.8 ¢ 20104 cd 11734 de 18239 d 371.82 b
Magwhite  0.72 ¢ 1.50 be 14797 b 4108.5 cd 2013.6 cd 9882 de 16155 d 317.32 bede
Cacar-G 0.83 ¢ 1.73 b 9829 «cd 4388.2 ¢ 2023.8 cd 10274 de 16787 d 275.04 de
Fe (after 2nd)
Control 0.67 ¢ 1.75 b 44.19 ef 7653.8 b 525.4 ¢ 20390 b 28616 be 292.87 cde
ALC Not measured
Lherzo 0.52 ¢ 1.91 76.01 de 8278.1 b 1277.0 de 21914 ab 31548 ab 325.98 bede
Gyp-w 0.61 ¢ 2.87 a 207.06 a 9466.7 a 2266.3 ¢ 21979 ab 33923 ab 363.16 bc
Magwhite Not measured
Cacar-G Not measured
Fe (after 3rd)
ALC 4.79 ab 2.58 a 106.31 bed 9451.1 a 24459 be 25817 a 37762 a 262.82 ef
Magwhite  0.49 ¢ 0.10 f 802 f 2466.7 e 990.2 e 13625 d 17090 d 113.40 h
Cacar-G 0.07 ¢ 0.14 f 637 f 2608.6 e 1076.8 e 13092 d 16784 d 174.61 gh

Each data represents the mean of 3 replicates. The data followed by the same small letter do

not differ significantly (p < 0.05, Ryan-Einot-Gabriel-Welsch Multiple Range Test). D. S.,

dried

Soil ‘G_”

represents that iron concentrations were below detection limit.
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Figure 4-18 Levels of A, water-soluble cadmium (Fraction F1); B, exchangeable
cadmium (F2); C, carbonate-bound cadmium (F3); D, oxide-bound cadmium (F4), and
E, organically bound cadmium (F5). The data were determined in original soil (without
additives and fertilizers) and in soil samples collected before the first cultivation and
after consecutive cultivations in ALC, Lherzo, Gyp-w, Magwhite, Cacar-G and control
treatment. Bars represent the mean + standard deviation of 3 replicates. Bars marked
with the same small letter do not differ significantly (p < 0.05, Ryan-Einot-Gabriel-
Welsch Multiple Range Test). N., not measured; D. S., dried soil.
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Figure 4-19 Relationship between the logarithm of shoot cadmium concentration A,

water-soluble cadmium (fraction F1); B, exchangeable cadmium (F2); C, carbonate-bound

cadmium (F3); D, oxide-bound cadmium (F4); E, organically bound cadmium (F5), and F,

sum of water-soluble and exchangeable cadmium (F1 + F2). Data-points represent the

mean of 3 replicates, measured after the first and the final round of cultivation.
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Figure 4-20 Relationship between the cadmium levels in different fractions of total soil
cadmium and soil pH. The pH dependence of A, water-soluble cadmium (Fraction F1); B,
exchangeable cadmium (F2); C, carbonate-bound cadmium (F3); D oxide-bound cadmium
(F4); E, organically bound cadmium (F5), and F, the sum of water-soluble and exchangeable
cadmium (F1 + F2) are shown. The data were determined in the original soil (without soil
additives and fertilizers) and in soil samples collected before the first cultivation and after the
first and final round of cultivation in the ALC, Lherzo, Gyp-w, Magwhite, Cacar-G and

control treatment. Data-points represent the mean of 3 replicates.
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Figure 4-21 A, Concentration of soil Cd as determined by extraction with 0.1 mol L-1
HCI1 before and after consecutive cultivation of komatsuna plants. Data were determined in
the original soil (without soil additives and fertilizers) and in soil samples collected before
and after consecutive cultivation in the ALC, Lherzo, Gyp-w, Magwhite, Cacar-G and
control treatment. N., not measured. Each column represents the mean + standard deviation
of 3 replicates. B, Relationship between logarithm of shoot Cd concentration and
concentration of soil Cd measured as in A following extracted by 0.1 mol L' HCI from
soils after cultivation. Data-points represent means of 3 replicates. C, Relationship between
concentration of soil Cd measured as in A extracted by 0.1 mol L' HCI and soil pH before

and after plant cultivation. Data-points represent the mean of 3 replicates.
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BRAFELZM Y BERE, FICIERBESAESEE CHDL Cd I
HRINTEZEIFTHRAZMETH Y, TOMROTZHDITEL L DB T
Db TETW5D,

GRTEOBEOTZDIC EARTFHRFIENEIEER S LT E
ZACABEN lpgeg' 2B DBERMBICH L TITbR TE X KE
EX, BELEFEOLARLFHRFETEEHFRIZIETLTWD,

., BEMORBEEHICLD Cd WMEH A0S LES L
TETWVWD, T, Xk~ Cd BITH IE D 72 @ 5 B 0 ¥ K
EH . HDI2WEIEEpH LHICKD CdRBEIbzRAT 270V E
MORMME EOBEHRBELETHDL, ZNALDORITHONTIE, BEDL
MAENB RO TEY  CARINIMEIOFRTREMED H 5 A O EMO
WA AV T U B (Kirkham 2006),

Flo, WEORERIZIZIEICHEY, TR0 0OFKREEICEIT 5 E#E
ST ERL ZNIE . CARNBENITIHEROEBE I L IZHFBELRH Y |
ZoH, BEOFEBICEDLEYZ Cd RIMEI X RAMLETH D Z
ExEWRLTWD, AU LY 7 (Matsumoto and Ae 2003)F L V4
A X (Boggess et al. 1978)IC >\ TiX, TN HLDOEWM O MR IZ Cd
W EDENHDHZ EPRRESNTND, FTATIEH, BAEHAICL
% Cd WU DK FICB T 5 #H 4 (Arao et al. 2008)23H 5, Z D X 95 (T,
WL O DOERD Cd OWILIH OBFIEHR T 2 H 53 BLR T,
TARTOHERIIHLTHRN LT EIEEZAT., REAIA+20
BRLIEIN TN D, BT, 2002 FREMKESORERE TV T,
CACO CdREOR,RMEMAZBIBL TWDLEEDNRH D LHRE I N
BFRICOWTIE Cd WMIICET 23 M2 MmEt 2 B2l M L8
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NodEEZEZLND,

ZL T, CdLEEBEYROMPODO, LRTENZR FiEEFHEE
BiZXdFHBIIMAT, OF, MPICLH2EEB(TZ 74 h L AT — v
=2 . Phytoremediation) ¥ H A TW D, ZALIZIE, 1HHx KO
CTLEAELD 2 W0 IE Tk < FET D Cd KR EI5 YL ik <
DEBICHRBIWHEIND, IRORT 7 A PV AT = a3 DFE
MilZiE, RO X NEWRE O RIRPEE L 2D,

RFROE 2 ETOERE CAIER BB TL2H MM E, XA
ABIRTV Yy A EORKRHOKEERIZEID MR 2KD C
BEZX, Y b A TN 35 ug g FW. TR, XA 2 0% 044 pg
g ' FW., V¥ HAF 068 ng g ' FW EHMEMICELNH-T-, WT
NORESL., EFVMCIERICERET 2H 2. 7 2bbETO Cd
REZE N o, % DEFT D EESG O R & H (R 3EH 57 ) TRy
CARBEZRLZ, &b, XM arionTiE, AF® LICIEXRT
HWEHZ DRSS LETARTO Cd BEARKBIES Z
EMTEDLETRBEINT, o, ¥Aa M EHTIE, HE 6 Ho

HRIED CABENE P ENEBTRFLEIRML L, Thbb,
CAITAEBRMIICH EEICHINI DN, TORHO CdRINE T
HIETIH T L ICERED CREREEREZ T HIE, %Yo
TIHEBAENEILTE20TREHRYNEEZDLND,

FBIEICBUI DL 2 OREERT, 2RELMETCOEEN L
ABFBAEIZOWTH EH O CARINEDOHB Z B LT, £ OR R,
BRHEND 6 METO CAREOHMMNRKEL ZOH%OEMITD 720
e bmrolt, XA oM BT, HBHE%L 6 HWLUAIOME T Cd %
ERICKILTWDLZE, 20 CAEEIZIFT 2 HEBTOERD D
ZENbhol,
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IHNOREFOERICED CABRINEBITIIRBEICLY EZAND
L2 MEMOEBTNIERRKEH & EALT Cd BED &S W[ ICH
HZENHLMNICHR T, RO Z L VMY ERFZNIC
T D2 LT, BRO Cd WILE 0 72 8 O BB B 3 A A S
NopnH 5 BT,

BAEMIZ O W T CARBINPEICEIR F2EHBE LEEXRD 5 0
T4 FOEHT A2 2L T, Cdot hORAOEERE 2B L Cd b
ZEREST D HIERRAAL N D DH H(0Ogawaetal. 2009), LirL., =
No OB FHABIEDICONTEMELTOERLEEITND 2
I, FHLEEMOANBE~DOLZENDORBE T HFEENLETH
5, AARTIHEBAILE, V¥ HAE, A X, PUERITETOD 98
BEmBLIY 4 BRIIMPELETHLERDONT WD (EATBEAE
2009), 72 B, BEix A A 2 B O 2 2N O MRS T EER A 0
HZENTRIN, TNUONRHARIZESET L OREDZ L EEDR
Do ZTDORHIC, BE, fTbhT\wad Cd WILIMEl o 7= o L HE
HEORKE, LT, MYWOAFZ EMRICHEE L LITKRY L%
R 72 Cd WM Bl B B E IR O B R 1x . bk a L TR E 2 & 0
TW MEINDD EE X D,

FAFEICEBWT, CdiGgtEA2 MR L, BRI T 5 Cd R
H RN FEMIBRFT STV S EHEORMA Z2HKEG L Cavy
TEHE L CdBRINMmE IR LKL, TOME, =~ T D Cd
W Z S IR S &2 2 E BN ATRERIRMAI & LT, RALVAE
E~ T ARUA MRHITF N, 7. ALC X Cd BRI & 4 F R
RN D2, LY T A ML Cd BRIIEIEHM E L TIX, KD
VAE, T HRT A MBI ALC LY algEMEIRIK < BB
NER 2o Te, TN OIRMA O Cd WU H0H) 2h o & BL D 5 —
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FERITLHED pH EFA D RICE D CdoEREILEHHMI N, T72b
L, TAABVEMELTONR, CdBRIMHE OB L WVWix i, Zh
T, RETOHRZXFT LD THD(EAIIS 1995; McBride
2002), L22»L., Mz T, MMAloa~YF~DAEEF L CdHRI~D
AT, BMMACL > THREBEMRBESRBENDI bORH Y | IR
W2 pH EREMRUANOERZIH L Z b EH R, FFiz, LY
TA MIABTBREDE PG NZ LITMA T, M- EH D Cd
EMELEVWIENRIN., ZNEHNDZ LITED Cd BRI IE
TORBSUEREYHE DA EESRB I, LY T4 M,
T7A MV AT =2 a OEYMORRE EARET D EIH O AR 2
» D,

Fm, HHED 0.1 mol L'EIEET =7 A (pH 7.0) 4 H i 4> » Cd
BEZ, T2 TRESRZa~Y TS0 cd BEOTHICA R 2 E
BizhdZEtBnbnol, T bbb, LEICHEMSNTZEMOHE
. HES(EE pH OMIE & 0.1 mol L' HilE 7 » & = 7 A (pH 7.0)
PHE O CAIREOEE)CI VR TEL2LVWR D, 20D &I,
a~YFHOCAREETLEFO CdoREEZ KM L, £ D Cd I
X O Cd ODFERDWITHEFT 2B RRINTSH 5 & HEH &
Wb, 2L T, WATLERORNEHZ T L T, LHEEKRTO Cd &
IREZRILICREEC. av Y FTERNIZRININDD EEZE XD D,
Flo, CAWINOHER & Zn, Mn 8 X O Cu O WU O H#E B 138 ELPE 2
mWZEMmb, avwYF N Cd aWIL TWDHMEIC Zn, Mn B X
O Cu ORI OFATRBELNFZ T 6ND, CdWINIX Zn T AR
— X — N5 L TWD & O E (Weber et al. 20060)3 & 5 3, A3
MOIE, Zn A DO THORINEMOGBE LG L TS Z ERrRm®Ih
72

140



ARIFFIZBWTRIEDFEOE WS B JE L7z Cd W 40 i) 35 55 5 1l
ORI, Cd Mmoo LEERBEMHORR, £ L T7 71 b
VAT —va vy OfEDTD OB R, LED 3 8%, CdiHEYD
KREOHBZIZADLE TCHEAMIIHVWLND L TRBICK D Cd #
DEERIBEOZODONKEZEXL DL RXRETTHOLZENREFIND, K
FRICBNT, ZORLDOERKNLRMARGELNTZ D EEZE I DA
L., L22L, FOMABFIREF LA T, A% IHIZ, £< D Cd
BT ESEDRE, TEEREM AW TR T Z2LERNH D EH
bbb,
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BREFEOL TH D LTHEBREOD K I U A(CAIE Y ITIEA 7 M E
Th, ZOMROTLDODOXFRNT-THNATWD, EEMR Cd XK
YeflE & L T 2005 4£|{Z . Codex Alimentarius Commission(CAC) T & 32
HoORLEMERHEESNTZ, £, BHRKESEOENERED D Cd
WA WS (2002) T, CAC AEMEZ B 2RAM N H D 2 &2V
i S, BIEMT O CdREMKBALOIENIERIZ R > T,

AWML T, SIREDO Cd R TTEZHVWERXOKREE1To 72,
WEFE D BRiE, MEBEOREER LTV, T 6O Cd WU D Lk
EATW, BEORBRICEAT HHHREGEL L Tholc, S HIT, Cd
WD FNE SNDHERTIE, TOHE LHEOLREZITH 2 & TX
A WEAENFREIC R D LB 2. BRI T 5 Cd Bl 2h R
DB ZiTo7, THIZED fEHD Cd IO FHE, B LT
TERMA O MR OBREIZ SN T OMAE G,

FEhRE ST, EERALIC H D PASHEL (L2 B K 8km B 4 72 FF = Hl
SIHEHTH L HICHBICHE L, 11X, pH 5.2, 0.1 mol L' HCI
M CAdRER LMY 53 pg g’ AEDEE 1.9 %, G142
HKE(Imol L'Fifg 7 & = 4 pH 7.0 flii) 25.5 cmol kg™'. b & Xk
TEEIZTSSE10%THo7-, HEMGIL., HARO L5 0¥ (F
FofHEICEDY 0086 pg gD 60EA B2 5 CdEEZRL, &E
I CAdiZHRRESnN TV,

EBTEHE. CARAEWEREINTWDEY A B HE; T E),
CdBRINLDIEHRN D72 N A a (il BEODI VMO Y v T A E
(mfE s, BE)ZEMABEEE L, Y A EHEHEAEO Cd IR EIX 3.5 mg
/kg FW. T, iR HOPT TR O FIVARENSS . Vv U
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AEEXA T DOMEMEILRD CAIREIT, 0.68 & 0.44 mg /kg FFW. T
KEzZzRLZ, Y M EDO CAREFT Y TAED S fEF, ¥4 a3
DB LT, &\ CdBRVICARDLT VIR WXL, 72,
AEMO CdREIZ, #REXFTTHD Cd REOEWVWEHAAT, 20
CARERV MM ETEREL VXY TAETFEL T A 3 U FEHITIK
B2l olc, SHIT, FAa U HFHIZONWTIZ, K2 W
23 0.09 mg Cd /kg FW., JZfl & @ E#2% 0.10 mg Cd /kg FW. %2 7~ L |
CAC EEEL TIZhh o, ¥4 a X CAREDEm W LB THE L
THLZOARLEHO Cd REIFELS, HERXEHEOPT TEROEL AR
RETHLZ ENoTo, LL., HEEO Cd IR EIXYE O EE
(R oEH) "o Pk LE<, AFRHETLTHZOD
BRI -ECTCHoT, TR, ¥4 aionT, £FUHICE
5 CdBUL L, R MMEMICEIT S CARINEZRFNT 270, &
A a2l (FODIH, KER) OFENS 9HHE £ TOH
BEBEIT T2, TOME, ¥4 a2 mEE LM EHO CdBEE

IFEIrD 6EETITHML., ZRUBOEME D2 hoTlo, £F
OHTY (FHE”D 6 BHE ET) IO B TIERER CdRINADH D Z
EMRENT, Fl 2 mfEMOM EEHO CAIREICAEZEZNH - 7
e, RMEBEENLLENHHALE, XA a2 D% D
FIZBIT L CARINOBRF A BELEBbn,

WIZ, ALC, Vv A4 b, BBAB., ~7HRYUA M, RINVAE
OSFEEOBMAD 2 <Y FITxt3 2 Cd WUz R & g Lz,
WA Z 1 %wIRML, a~YF+Z22EH5 0L 3EE CHESE
iTole, BWMAZHRM%E O L pHIX, ~ 7 KT A4 FX2 pH 8.2
TbmEm<<, RIVABEX >ALCK > LY T4 VKT, BAEH
2 pH EH R IIhrotz, 78V A KO 1IEHBIZHREOA

143



BRETHS 72N, 2. 3FHIZESAFZRELZ, RV VABKX
E3FEZBLTEVWABTREDREZ R L, v 7 HRUA LRIV
AEBEXIXI3EEHECEE pH A S RN, ALC KX 2 fE% T,
LAY 4 PRIZIEFECTEBTZMRELLZD, UBOBEETIIAES
MR T L7z, BABXICEBTBREDRIT R Lo, LERIMA I

DABEREDR T HEPHO EHRE —H LAY O CdiREIX
T8 pH EAROEWVIRMAI~ 7 AT A4 b, RIVABETHH S
iz, L pH EFIC X 2O Cd NI HI 2 RIZBEFOM A TH
LB, SHEBEORMAIOM R L KRG LR, L8 pH YO CdR
FEoMICmWMHEBFE (RP=0916) Z T HEEAAGORE, 20
RILETHMERN D D bz, CdEMEILT T8 pH 2 5.5 Aifg &2
TIRMAOKX TR REZ R L, FIZ, ALCRKO 2{ER L L VY T
A FDO 1EABD CdEBEINGLS Ko7z, 72, PO CdRE L
Zn, Mn, CulBERICIEDHEN &b N1,

+HEF D 0.1 mol /L' HEEE 7 > F = 7 A (pH 7.0)Hh H T 4y (55 i HE

YD CAIEE X~y F O CdiEE & 1EDOMBE(R*=0.809) 23 H - 7=,
FoORMBED CAEEIZFE pHO EH LK FLAZ,0.1 molL™!
HCL M4y Cd BE LMD Cd BEOMEMEITE < oz
(R?=0.478) .

Cd VG Yz 1T 2 B AE TIX, FHEEHFROEN, Cd WU
FloMEH, BEWDO Cd WG REHIFORRE, 2L T7 74 b
VAT =2 a yO#fENRKLETHY, KRR THELNTZHRIL, £
NODOERIZETL2bDEEZILND,
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Summary

Soil contaminated with cadmium (Cd) is a heavy problem all over the
world and especially in Japan, where many crop fields are contaminated.
Applicative techniques are required for remediation such soils and
reduction of Cd uptake in crops.

To evaluate the Cd uptake of taro (Colocasia esculenta Schott cv.
Dodare), Japanese radish (Raphanus sativus L. cv. Harunomegumi) and
potato (Solanum tuberosum L. cv. Dansyaku) a cultivation experiment
was conducted in high Ca-contaminated field. The Ca concentration of
the whole plants showed in the order of taro > potato > Japanese radish.
In addition, the Cd concentration of the edible parts (daughter corm of
taro, Japanese radish root and peeled potato) in each plant was the
lowest in those of the other parts. The shoots of Japanese radish and
potato accumulated Cd largely as compared with roots during the
cultivation. It is concluded that the edible part of Japanese radish root is
a safer food material with low cadmium content as compared with the
other root crops.

The experiment of pot culture was conducted to investigate the Cd,
zinc, manganese and copper concentrations of Japanese radishes
(Raphanus sativus L. c¢v. Harunomegumi, and Raphanus sativus L. cv.
Akibutai) for 9 weeks with soil, whose cadmium and Zinc concentrations
were 3.26 and 67.9 mg/kg (in dried soil), respectively. The Japanese
radish plants grew normally through the growth period, and the weight of
the shoots was 2.8 times of the roots. The Cd concentrations of shoots
increased for 6 weeks after sowing and the increase slowed down after 6

weeks from sowing. After 9 weeks, the cadmium concentrations of the
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shoots were "Harunomegumi" and “Akibutai”, respectively, 2.37 and
1.45 mg/kg. The cadmium concentrations of the shoot “Harunomegumu”
were higher 0.8 kg kg™' than those of "Akibutai". It seemed that the Cd
concentrations of the shoots depended on the cultivars. The Cd
concentrations of the roots were a quarter of those of the shoots. The
zinc concentrations of the shoots were same as those of the roots through
the growth period. The manganese concentrations of the shoots increased,
however, those of the roots were constant values. The copper
concentrations of the shoots were higher 1.4 times than those of the
roots.

To evaluate the suppressive effect of five additives on cadmium
(Cd) uptake by komatsuna (Brassica rapa L. var. perviridis cv. Early
komatsuna), a pot experiment with Cd-contaminated acidic soil was
conducted in a greenhouse. Autoclaved lightweight aerated concrete
(ALC), lherzolite (Lherzo), gypsum made from waste plasterboard
(Gyp-w), magnesia cement (Magwhite) and calcium carbonate containing
less than 10% pure gypsum (Cacar-G) were added to the soil (1%, w/v).
The shoot Cd concentrations of the plants were suppressed in the order;
Magwhite = Cacar-G > ALC > Lherzo. The order was in agreement
with that of the soil pH increased by the application of the additives. The
application of Gyp-w suppressed the shoot Cd concentration of the
plants similar to Lherzo, however, it reduced the plant growth. It is
concluded that Magwhite and Cacar-G are considerably effective soil
amendments in the suppression of Cd uptake by the plants, and ALC and
Lherzo are moderately effective, whereas Gyp-w is scarcely effective.

The development of soil amendments, the improvement of
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cultivation techniques on the reduction of plant Cd uptake, and the
phytoremediation on Cd contaminated soil will propose the avoidance of

Cd crisis.
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