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Comparison of the Cadmium, Zinc, Manganese and Copper Concentrations
in Shoots and Roots during the Early Growth Period of two Cultivars of
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A pot culture experiment was conducted to investigate the cadmium, zinc, manganese and copper
concentrations of two Japanese radish cultivars (Raphanus sativus L. cv. Harunomegumi and Raphanus
sativus L. cv. Akibutai) grown for 9 weeks in soil whose respective cadmium and zinc concentrations
were 3.3 and 68 mg/kg of dried soil. Both of the Japanese radish cultivars grew normally throughout the
growth period, the weight of the shoots being 2.8 times that of the roots. The cadmium concentrations
in the shoots of both cultivars initially increased for 6 weeks after sowing and then slowed. The
cadmium concentrations in the shoots after 9 weeks of growth were respectively 2.4 and 1.5 mg/kg for
Harunomegumi and Akibutai, this 0.9 mg/kg difference indicating cultivar dependence. The cadmium
concentrations in the roots of both cultivars were about-one fourth of those of the shoots. The zinc,

manganese and copper concentrations varied similarly for both of the cultivars. The zinc concentrations
in the shoots did not fluctuate greatly at between 20 and 50 mg/kg, this being similar to the zinc

concentrations in the roots throughout the growth period. The manganese concentrations in the shoots

increased from around 2 to 12 mg/kg during the growth period, while those in the roots remained almost

constant at around 1.5 mg/kg. The copper concentrations in the shoots tended to be higher than those in
the roots throughout the growth period. The copper concentration in the shoots after 9 weeks of growth
was around 1.2 mg/kg, being 1.4 times that in the roots.
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ARIYLEEMC > TEETHS V OT, a—Fv
I ABFFREES TR 1995 FEXVBREHPDOH FI T L
BEORAFAEOHEICHD MR, EXLIPEORKE
BEIFNTNO02 & 0.1 mg/kg ICHE LR 2. Bk
HiX, BREAOREMFICZENS I FI Y LIREEHR
BEL, I—T v I ABRHAREERZORAHTAE (2002
FURIRR) #BAL TV EEYS - - (=7,
X075, FhAE, FARAE) LWELED. ¥1avicD
Wik, FEFAR 107 SIS A F2 Y LEE 0.1 mg/kg
EFEBELEZEDIIRVWERES W, Z0%, BMKES
OENERENTOH R LBEOREDRE 22

T, BEWHOH R Y LBEEORKBLICET 2IENE
Richkore P,

Kashem et al® 13, V' A€, XALaveros A
A RITLGRINOEERTKEEE LT A, YA
BRAAAVET TV Y LITHERL, £EOETENK
FNTEEEVA R I LABEORSEGCMA NS
DILBLDARITLEERT B EME L. BE55 91,
Y AT, ZAAVBEIUCYYy HAERH RIYLEBELRLE
BTEMEBE Lz 5, B2EOH R LEEEY
FAEDREL VY HAEBLUESaVMERNTE, Th
FNOAERRIE A P2 U LBENMENEUTHECE, B
KOGRA AV E Y v A EHERITOIEAT B L H
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REITLEBEEMES KB eRELE. iz, HOWE

FZOIWICBNTE, FAaVIicO0nTE, #RIYLE
RBEICRINT S VI MEFIE RS540, LHL,
EELY I, FAAVDEOHFI Y LEER, B
B LUAEENY (BE6E) »AoFWERRT Z L 2IE
WL, &1aVid, EEPRSENTRICAES UEER
EELUZBESTIAREC D, SERAIERHIZL R
KIBTEVHBENTNAE D, cDTehh, ALV
BOTE, EFTEICEH B2 U LMED SRINE NEEA
BT 2Rl ns. ¥AaVDEIEALLT,
IR IC T [ EZ2THWZ ORME | * X2 FHT 1560
H5. BEme L TRekM5 I EEOMIGET Bdic, &
BYHADZA 2 DEDH B Y LRIV 2 34 538
BEITODENRDS.

BAOVCREL ORERENHS. 521, 77
FFREYO 23 BfEE S F XU LEBE 25 4 mol/L Dk
PHEH TR U728, EEROH FI U LEE (80T
TEBELIZEEHZD) 1318355 1157 mg/kg £# 6
EDENHHI-LE L. TODT ML, ALV
EERFEOBRWVIC X - TEDH R I LIBEIC 2D H 5 AThE
HhH 5.

i, BRI ULEH EFHICELEBITAHENELT
Arabidopsis halleri ssp. gemmifera (F1% /N2 % 2 N&Z
) DIRESHD, ZOEWEH FI T L& HicEER
DERINLEVEERLE Y. LT, BEHHNAEDEL
Sedum alfredii Hance (1% F~>r 320 08) &, A F
IYLEEEEICEET IR B ZFECH LEWE
ENBBEMEENE'Y. DX 3, EHOEMRIY
EH R LRROBEEEMERIN TR 2D, &
A320H ¥R LRNIZTRLSEES U TV A ATEEED
H5.

AFSEE, UEDXSHEBEND, A4V 28
BlcDOWT, ARIVLERTIEEZRANTRY MREEL,
ABFRECEBT 57 K2 LB X CHMORIGEIERIA S
MCTBCERENE LR T, XV HVELUH
TLEOH FER LR OBEE ST UBE Lz, 4420
BEOEBNHO L F I LRMCET 2 @EOHIT AL,
BROESEGLRGILICET 2MFEOMBICE TS L EA 3.

2. MRERE

(1) FEEs-a8

ELEE, EREMEsl GRERREFRL) »58
10 km BENS E TICRIA SNz L DRWIEEIDERL
2em ZEID BRE, B 20 cm E O FRE URREIC
HER L 7=,
TEOSBREOREDER D% 0.1 mol/L EEEHhH
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(26)

B Tl o o BB TR IRE U2 IEERD 5 HS
LOWOTHIC LBEFER Uz, ERUTEEPERNTH
RICHBEE 2 mmBOFZEL, BELTEE Uiz, &
2 g% 50 ml ADSTEEEER AN, 0.1 mol/
Lig% 10 ml 27U 1 Bk 5 (100E / 73) %5
B (A No.5B) L, AHOAFITL, HEH, U4
VBIURDEEZ T L— LEFRES I CER (B,
AA170-30) THIELT-. %i-, RAE+EIX 105°C 24
Rz THTEEXAE L. SBEOEEE, &
TEEHD T 5 MROFIEER LU

(2) XK

HXAaAVE, BEBBELTRETL2X 1020 [FEO
& < &3 (Raphanus sativus L. cv. Harunomegumi) & %]
BEHhLRICHT THEL TRET 247/ a0 T#EES
(Raphanus sativus L. cv. Akibutai) (W EE =)
D2 REEHEHLE. [BOHH] BTLEET ST
L EREEE L I BRI ERE TR .

(3) #H

EERXIE [FOHSH] K #EEI KD 2@D &L,
1XHz0 3Ry FEEMELT:.

FREEE% 5 mm i FOMZE L RicilAKR (T
AUEEGS) B 1LYD 1.2 giiktniEE& L, Z0®, {bEk
AER (N:P,05:K0=10:10:10) Z1L¥D 1 g&n
LEALE. TSRXFv 78MERY b (M 200 cm?,
FZEB8um, EE 19cm) WKEELER 3LFTE (X 15
cm, B2t & LT 18459 U, BPARENEHZ ARE (8
RIRSEET) OWICERE Lz, BBV T, #Filzhh R
I LOEMI T DA o .

AAaOFEFEIX 2006 £ 10 H 9 BIC 1 By McDE
2018 L, REEAEGIEETVI4EEEL, Z0®%
OFFEEBICHA Uz, Ak EEESMA L, 9 BRI
Uz
(4) FElDEBRE okt

1Ry bdHlzo 14 EEEZREL, &Ry MEhThic
DT, fEEND 2 ERIRIC 10 A4, 48%IC 2@,
6 & 9 HRIC | EEZHFIL 5relel & Uiz, fREGIRHE
FUK TR KD &2 S EED, BEEZOMMZ# LT, 1T
e FREREE LT TR, BEE2RMELE. %
D%, FEHE 70°CT 72 FMERE R E S, RHE
EIHBICIV GEZ, TFP-101P) T 3 mm AT
el 7=t Dic, 60 %HEEE 10 mL & 60 % @EHEME 2 mL
ZNZ &y b L— b ETHEAL TEXSR LU, BES
52 & 4 BRI L 2 BR ORI I VETH o 1e 72,
FNEFNOXRD IRy bazdEHbET1HEME LTER
DERITRO T, DRBOHARI YL, T, v UAVE
XUHOEER 7 L— LETREHYOCES THlEL, &



BRIy LERHHETHIE Ul 40 O 2 BEOE BT B 5 L LEROH FIV L, B, YU AVBRUHRORE

HEROBER RS, EBEORER, 1 BhOEED
70 TRUIZ.AIESBERO TN TNOEOEEERER,
#HEHY 7 b SAS/STAT” ver. 9.1'% #RIVy, Tukey DEEL
BBEICIDEBL. BESBRIE, HRICT7LVT 7y
FCRU. TV T7 7Ry bBREE>TWAF—2HICH
WTEHEBLRENDSC LAY, &, 2 & 4 HEOIRER
DF—ZEDWVTIE, 1 mOIHORHDI-HEBRERER
FHfE LTV,

LERBLUER

1) LoR RITL, 68, <rHrisLUHiEE
a0 0.1 mol/L HEHHOA RI W L, B, <
VHVBLUHER (Table 1) &, HEEHR "D ICRE

Table 1. Cadmium, zinc, manganese and copper
concentrations of soil extracted by 0.1 mol/L hydrochloric acid

Metal Cd Zn Mn Cu

‘ (mg/ kg in dry soil)
Tested soil * 326+0.16 679x15 37%x3 7.80£033
Average of Japan * * 0.09 210 178 7.13

* Data are the mean = standard deviation (n=>5).
* * The data of soil extracted by 0.1 mol/L hydrochloric acid
are cited from “Geochemical map of Japan” .
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Figure 1. Shoot and root weights of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil.

Data represent the mean * standard deviation of 3 replicates,
but the data of roots at 2 and 4 weeks represent no replicate.
The same letter do not differ significantly (p<0.05, Tukey
multiple range test).

172 0.1 mol/L s OB ARD B @EE kL, &
BRI LIZ 361, TR IMOEEET, Y HViE5
SO 1 DEBETHET Db ol HIEL L, B
LEE) (BRI D A B 27 LG, (1971 5 1974
FICERE, 1249 #i5) DIEIEATO 0.1 mol/L EEEHH O
AR LEEIZTE 137 mg/kg THB EREL TV 3.
RHFFEOTIFREMO N R 2T LBET 3.26 mg/kg 2~
U, EEFOELEMAEIFHERK D & &b EIRE
BRAEL Do Tz
) B4 04%FH

2EELEEA O DEFICEERIMEEE N, -
fo. HEHMEELBL T EHROEETENMERE L@D,
9BEBET 28 THo (Figure1). Fiz, 9HEET IF
D H] OHLEFRD 1 HROEEFRIE 23.0 g T, [FkEF
Bl OHEED 157 gD 15 LkoT. EED Y OIR
LiCHBRL 2 REOEBTER 20D 1 LT THo7. &
BENM - HBI I, BEtoOEREERFORY
BERE® I3 14°CT, B4 VOEFER 17~ 20°C°
ERE->IDEEZ OGNS,
3) ZAAVDHFITLEE

i FERD AN F I LBE (Figure 2) d 2 mEE &8
BRI N L, QBB T IFEOH K] 1F 237
mg/kg, [RRER] i 1.45 mg/kglc ko Tz. BIMEH K
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Figure 2. Cadmium concentratjons of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil.

Data are analyzed in the same method as figure 1.
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ZVREIZ 2 R 45 6 BET, 650056 98HD
Mok 2 50 1 iciko7z.

EBEHL VG, AA Vil HEROEER 6 @A 5 11EE
ETCOHFIULEER, 6@ NG FNLIRTESDE
T NMETERTH S EME LIz, RUET, HEER2
HMS 6 EEETOEEFTHON FI T LEENILD
THOMCE N, ZOHBOM EFHON B30 LEEIIE
WeBT Ehbirol. TR ehs, XA aVH D
ARIVLBEEZRSTREHICE, BEHIS EEE
TOEBEFEHOA R LRIREZIHT 2 EHNEETH
BEHERIENA.

BRI Of EER O R LEEE TEDHH ]
NEL THES] BMEL- D, ZOERREHMY—E
T, IZIF09 mg/kg Tholz. TOEMNECHEEICE, [E
DHLEIH] DA FITLBINADEL THRES] HMEVWE
WIS BEDBEVPEZSNSH, FHMERIRICIEELRSZ<
OFEDH K7 LRNCET 2HENNEELERS.

2 MEDIREOA FIY LBE (Figure 2) &, 2HE
TREFNTNOH LR & AREOCMHTH - 2, 4 EELL
ik 2 mEEL LEMEASNT, TEDDHIH] & 059
mg/kg, T[RRI & 0.35 mg/kg TZNZFNOH ERRD
45D 1 THole. ThHOWEH B Iy LEFORR,
EBES Y OREETRITHLOTH oI
(4) #4232 OuEgRILEE

2 B FEOEAWEE (Figure 3) &, 1% 238H
NoEL, FOROEEHMPERELTIHERL, 9BET
[EDHSH] W& 42.7 mg/kg T, T#EER] & 36.1 mg/
kglcix oz, HiEZROAH F =77 LyEEIT RS HAR &N
Ut =S, EESNEEI 2 Bl & LAERBINE A 5T,
Meh e 7 K2 Lo EERBEOZLENIRT > Tz,

Kubota and Takenaka® 1%, 77 RIS U LEENEWLAN
T UNZYFOMmEETLEIX 18200 mg/kg (HZRERD
720) THOEERELTWVWS, AARTOX AV
40mg/kg BitkERL, NIYUNZPFICHERUREE
Wis. LA, [HIEHEEABREERSE] VIR
ENEAATVOEOEIENGFIE U ERREER 3
mg/kg THBH T LMD, KHFZEDE A T H EEOTEH
B, WmEO I3EOERERRLE. COHEBHOTE
Dlc, HiEHEPOHmMBEENENC & (Table 1) AF
Aibns.

BEHOBMEZIZ 2FEL D, 2@ 4 @BIIHT
TENAHLN, LRIEEER DTz, 93BT [FHOD
BH<H] ik 383 mglkg, TREER] & 46.0 mg/kg ik o
e 2 REROBZEE TR Ao . TS OISR
BER, BERETEEh oM EE I DRSS 1.3 &
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WKixolz. TS OIRSOEMBE O, WBIHOH R
IV LEBEOESH (Figure2) YEZZLDTH- .

XA Vi FERECARBR O AICIBNT, L H R
LIBEOXEEIIRE > TWAT D, XA a0 )
CIREIC BT B A R L L EIMORIR BENIE K> T
WHRTENEZLNS. EYORITH RI Y LeHEHE L
OB TRING 2 LAREENTWS P B, X1
ERBWTIE, AR LEEREIEOEETIIRINL
TWiEWZ L ZTRBT B0 THAHE L.

(5) BALaAvOVH YL

ZAay 2 FEOH O~ Y AV iEE (Figure 4.) I,
4 BN 9EE T FEDHSH] 1F 11.85 mg/kg,
(Fk$EES) 12 889 mg/kg THolz. Fiz, 9BICHIFS
2 iEE ot RO U HVBEOEIFEE Thho k.
WO AVEEL 2 BB L O RISHEPICEERE
ik 9 EET EDOHSH] & 1.60 mg/kg, T#EES
& 1.41 mg/kg R U7z, H BT 4855 9 B
TRV BED 4.5 fFIBINU A, BETIE 1.6 mg/
kg UTFTHE L. Thid=s o HU At EETORER
LB BIKDDIREEREOTEN R ERET DHEEOHKN T
HBHTLickBHRENB 'Y, B4 VIRHTE, HiE
MTERENZBICHBRLT VA VERBREDENT &N
WEINE. RUAVENRIVLBEOHB L THEL
TNz T IR TOREOEF N DT & Tho .
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Figure 3. Zinc concentrations of Japanese radishes

{Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil.

Data are analyzed in the same method as figure 1.
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Figure 4. Manganese concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil.

Data are analyzed in the same method as figure 1.

g FERD< TR, BED 7.4 5 (HODH
SHD 63 (MESD ThHole

(6) XA DN

BA Y 2 FFEOH LERHEE (Figure 5.) (3HIEHARM
ficEmhH 5N, 9BET EOHTH] IF 1.09 mg/
kg, TRKEEH 13 1.26 mg/kg Iz o7z, REROMREEL,
2HAT TS DEWEERUEZN 4BETETF LY
BROFEHEBIZ 2 FEe LD LT OEmL, 9BET F
D& L H] 1E 0.86 mg/kg, TS 1d 0.79 mg/kg 175>
fe. 9EHOHFER L EEARHD 14 G THo7z. M
EEOH RV LREOHS L HEL, #h EEOMREZD
IR R ORI LIL Tz

4E 8

HAAYDARI YL, @R, </ H BRI
RET DI, 26 [FEODIH] & THES] 1D
WTH R Y LETEZ, TNTN 3.26 &£ 67.9 mg/kg(z
THEEMZZD) FUEHT 9EMRy MU,

WINOXA Y HEFICERTKREHZSNT, #itE
ORI K DEFTENKE o7 9BEETO FEODHL
H) OEERIE TS O 288 THok.

A AVHMMERMOAN FI T LBEZ2ENS 6 BB
M THEIAA LN, LIEROFRKBHR coBmEMiah -
7z. QWETIHEOD AL 2.37 mg/kg, MRS 11E 1.45
mg/kg iz iz, BA VM ERROH ¥ I LBEOR

—— Harunomegumi shoot
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Figure 5. Copper concentrations of Japanese radishes
(Harunomegumi and Akibutai) cultivated in cadmium-
contaminated soil.

Data are analyzed in the same method as figure 1.

BORBHICE, BENS 6 BLAOEBEMHON KXY
LRROMEDPEETH B T EATRE I N, Fie, Bl
HAREEL T, HESH RIVLBER FEOoHIH] B
[#EES] &0 09 mg/kg BWMEZRRL, REICKSHE
EOH RIYLIBEOENRHD T L RB I,

BA DVEEROA FIY LIRER QBB TIEDDH A
I& 2.37 mg/kg, TRKEEHR) X 1.45 mg/kglczo Tz, B
HARS %58 L CE B DR, E iz, i EHD 4 5D 1 TH -
fr. e, BEEOZEIAh o

A 2V EEBOESERE, 2BEILEL ZTO®RE
EAEEL OHET IFEDHIH] X 42.7 mg/kg, T

B 1% 36.1 mg/kg iz o fz. IREPHEINEE L, OB TIE
D& < H11d 38.3 mg/kg, IBEEE 11E 46.1 mg/kg it x> 7z.

BUSHARE R OA F I U LIBE & BENER OHRS 2 g
B EFOEMERE S C Mol BIEHMAP O -
BOH R LBEIIEINT 25, HNBEIIEE2E
B o®m L Z0%ROAELABINITVWT &, BEOAFX
v LBEISEI AR KIBE THER T 540, SRR

MEFERCIRETH BT b 1z,

EA A iMoo~ AV EER, 2 ML LR
BN O BETIEDHSH ]I 11.85 mg/kg, [ES
I 8.89 mg/kg lic & o /-, IRIMRIREL 1.6 mg/kg AT TH#E
BUk. MEEE, bR X CHRE e & BIEHmRhEEmn
Liz. 9B T IE0H<H] ot LEREBERIZZNTN
1.09 & 0.86 mg/kg, [FIEE) TEENZFN 1.26 £ 0.79
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mg/kg Iz o Tz, 9BICHBT HHIEEIE, H EERSEHO

1415 Tho Tz,

RUFROERMICHID, WYY 2OIEETRBLUE
FBTE, BREBEROBBRXKICCHOEOEEEE
U7z, TTICRH LT WL ET.
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