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FEAY Ao|E

v sttt T2A e wolgo th2T o H|std LA xelF 5 150 mg/keol A 40%2) & Holgg W
o

o B¢ Fol AdE UA Fert ARFE T 2, 2%, ABY] Baste 4TI

ERRSERE

2% 5 100 mg/kgol Al ©F 65%2] ASAHE HPom 150 mg/kgRHE -9 F4AA Y%e] B3
B9k pH7t Z7h8tol whet 72 Froldinle YA o] hashs oo 4w JEhlsith BEddl v
50 mg/kgS 2 He2ld 3 Feol ¥EE 10, 50, 100mg/kgo & Z7HAZAS W F2 oldy= YA S5
Aol fo o] AFHA EETHp>0.1). EFe] UAS 50mghkgo = M@ F Zn8 FEF 10, 50, 100

mgkgS2 /AL W £ F5 oguE A

F2AU] fol4o] AFHAKEY), el p<o.

05, BE, #7125 NSAA BE cfxol sl VA FFAF] dasks 4%l rkp<ooD. 7
Az 7 WA EXFAF Aole 94 & QROHEY), R p>05), FYIB>RE>NIAAY &
Aoz U4 §5Y aas wabh derdehaesed 69 172 A%, 19969 78 19 )

M

rhu

RAE9 AFZFHEA EFe Qe s AA
AN FEHAY M 2dEHe] R3E o o HE
AEL EY Fo] EAste vy B 9ty Hali=A
U, A8 93 F4+ myE 9o oty &&-43
AT hRE] 7% 2FERS 355 EH
02 oHAstd BsEAY o)A % Y Fo)
Iz FAH5HA "k

AEAF AES vH = FEH] 548 A
o7 Hrishe AxE old T HA(Zinc equivalent fac-
to)E AHEEHAL JEd FEe ofdY 2u), YAL o}
A9 gy HH, 98 71A] FEE5 LEEE FAME

3] YA AEo &o3tA F4EY AEANS =
A vehlle 942 g Jrk Y
&of| 93 B gy} #HHste B A
B YA AE FEHE YA S #g
A7 BA @2 Holn, i
B F43He HAETY FAPRE XA Flo| At
Aojths 9 Mg 93t FHE& FFE L
gro] 7ha A o) 7] Wi B Fas&EErt vt 3
AZ2A o) naE AEde B2 HolddE 53 A
EEFoz A =g 4 #FH ¥t doh
et B AEAC U FEE5Y &5 oldd
e AT AEY IS F
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Ao FLF 4TS T Rolvk
2 oAvE Ud 549 4ol oid AEAE
24 T8 olgstel EF F UAY BE, E¢ pH,
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TETTSE HVL BE, §718, M3Age 298 ¥
T2 3t Fo] ASAH 2 Fol o3 YA Fi
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1 EY

AFA BT 9235 2 REFY 10~20 cm A3
EEE AFHSY T4 F 2mmAE 5N o2
potd ol ALE-3tF o Eke] 038t EAL Table
13 2}

2 FE&IHE E A

Nig e 2 nickel nitrate[NiNOs);-6H,0], Zn¥ o 2
zinc sulfate(ZnS0Q,- 7H,0), Fe 9l © & ferrous sulfate(FeSO,-
7H,0)+= Junsei Chemical Co., Ltde] EFAlekS AL
A=

3 A¥EAE 2 AQusks

B Aol AFR3 2B Z(Raphanus Sativus L.)
o Pot(F7 20 cm, =°] 18 cm, PVCAZ)o) ZAE
40kgs FR3n APxAEe A3 T EQY
2ol ¢hnd Y Fol FETAEHs M, BY

w2 e o2

Z=2: Nickel, Radish, Competitive metal interactions, Organic matter, Lime
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Table 1. Chemical and physical properties of the experimental
soil

Table 2. Changes pH of the soils after amending with HZSOJ
and Ca(OH).

Soil texture Sandy Clay Loam
pH 545
Organic matter (%) 214
Available P05 (mg/kg) 59.80
Cation exchange capacity (cmol/kg) 9.04
Exchangeable cations (cmol/kg)

Ca 204
Mg 1.82
0.IN-HCI extractable heavy metals(mg/kg)

Zn 392
Fe 3.04
Ni 2.66

Elg] 9, F2 523 VR-HY-66)Z potd 2084 1cm
Zolg ulEdle FujgFAc R AuidtAt. Au) 77k
59 dol24E FEsled TAESLEE SAFHeH,
EIH E(IN: P05 : K:0=16:16:6)% 15kg/10a &
2 potd 2g8 7IM] 60%, TE 30Y T v 40%9
Hl&2 28] AlH]sgch

@ #71&

AR g LA AYugddA A2 #7]dH]
25 AFESIY oY $7)ES 4061%, DAL 1.63%,
Fol2 X248 632cmol/kg, FIEIFL =3 nj#

oIt

Al uhH
EY 2 YA x4 gg o
SAEY EF 40kgol] W3 FATFo =
e UAds 747F 10, 50, 100, 150, 200 mg/kgo 2 A
gt gEaA EFE O FEAE 2084 1em
ol #F3le Auistct. B pHH3l| wE o
S 2] 913 ZAEY 40kgd] 242t 0.4N-H,SO,
£N 70 ml, 0.2N-H,SO,&9% 70 m/, Ca(OH), 8 g, Ca(OH),
15gS 371ele] £ pHE 5, 6, 7, 82 =43 T &
F AEEA EFES Edugo] ¢hgg wiztxA W
A7 ohg B 40kgol i EAFFoZ 84
Fej 2 UAL 242} 10, 50, 100, 150, 200 mg/kgS H7) 3
F FE3AE 2084 1om 2ol 2 FE3t] sty o
5o A7 e 4¥EYge] pHuslE Table 29
2oh FEO| R FTFS RV Yst) FAESE 40
kgol FE€dg8egl2 UAL 50mgkgo 2 g 3 &
£33 & Fe(FeSO:-7H:0), Zn(ZnSO,-7H,0)S zHzt
10, 50, 100 mg/kg Mg & F-FAE 2084 1cm 2
ol uFate] Auisldth. YA Folsiek i
3t 2ANE FAEY 40kgoll FEAFe 2 UAS 10,
50, 100 mg/kg A2} F T53HA EFT & EEATE
FTAIEYE 5cm, 10cm Zo)8, §718 A& ZAE
%ol %718 50g 100 g2, 33 8]+ Ca(OH), 20g 30 g
At st T F FEAE 20EH 1lem

Soil pH
pH
0 15 30 45*
5 492 494 494 493
6 6.10 6.13 6.12 6.10
7 6.89 6.94 6.93 6.94
8 7.93 801 798 7.95

*DAT : Days After Treatment

Table 3. Germination rate of radish seeds as affected by different
concentration of Ni

Concentration Germination rate (% of control)
Control 100.0
5 109.0
10 1125
50 94.9
100 854
150 39.6
200 158

Zolz sl Asisch
M 89 4524 ¥ F F U4 FFEA
FAEA AT PE DEZOZ o] 3 7Y

F U4 AsEe) e Fohg s FATGO, 33

F 459A Ht ol 479 NITY 1049 NEE

A Fo 24, 24, ARFE EALSte] Tl

3 ASAHEHE ARG £3 AS2AE B Al
£ ER He ¥ PoRFR 3~53 A 7ol

AZA7) e BAARS ALtk 250m/ Kieldahl

flaskell AlE 2g¥ ternary solution 10miE 3 7}s}e]

7tE Zastgion a7 ¢ad A8E WHE F o

Ag 50mz §FE Bo] YAFEHEBEE Atomic

Absorption Spectrophotometer, Varian Spectr AA 400,

Graphite furnace GTA 96, Co., Australia)= 7322

23

dot o @

2 X9 yols

A Fxo] Mg Fo Wolg& 3AMg A7 (Table 3)
o) wolg-o YA 3 5~10mg/kgol A 100% )73
o]lom, 150 mg/kgoll Al 40%, 200 mg/kgoll A Lol
o] 53] A=x3AH.

EY F UH skoll WE 7o 45 ¥ LAY EF
EEk

EY o Azd YA F57F 10mgkgd o di=
ol w3 oF 13~20%8% 2%, 2%, AEgFe] 7t
tder, 2%, 24, 48Fe YA AYswrt 374
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Table 4. Effect of Ni on growth of radish and Ni contents in the radish affected by different concentration of Ni

Ni level treated in soil (mg/kg)

Growth of radish (% of control)*

Ni contents (mg/kg)

Plant height Root length Dry weight Shoot Root
Control 100.0** 100.0 100.0 0.13+ 0.02 0.21+ 0.05
10 1196 1132 116.2 029+ 0.12 0.39+ 0.03
50 95.2 82.0 97.2 0.37+ 0.03 051+ 0.04
100 364 349 371 0.61+ 0.06 0.88+ 0.06
150 __ dokok _ — —
200 - — — - -

*Growth of radish value indicates relative values of plant height, root length and dry weight of each radish in comparison with the control(100%)
**Values are Mean+ SD. of three replications ***No plants were present

Table 5. Effect of Ni on growth of radish and Ni contents in the radish affected by different soil pH

Growth of radish (% of control)*

Ni contents (mg/kg)

Soil pH Ni level treated in soil (mg/kg)
Plant height Root length Dry weight Shoot Root

Control 106.0 100.0 100.0 0.18+ 0.05 0.25+ 0.10
5 10 72.9** 87.7 776 0.36+ 0.01 051+ 0.03
50 60.2 684 70.2 0.53+ 0.02 0.68+0.12
100 50.8 62.9 54.3 0.69+ 0.05 093+ 0.14
Control 100.0 100.0 100.0 0.16+ 0.03 0.24+ 0.12
6 10 89.5 100.8 976 0.33+0.03 048+ 0.10
50 84.8 100.0 98.2 046+ 0.01 063+ 0.12
100 83.1 81.9 88.5 0.63+ 0.01 092+ 0.11

150 — — - -~ —
Control 100.0 100.0 100.0 0.18+ 0.03 0.24+ 0.06
7 10 106.7 1185 1226 027+ 0.05 0.32+ 0.01
50 138.2 1167 1304 0.35+ 0.04 051+ 012
100 106.3 1111 103.0 059+ 0.11 0.88+ 0.06
150 — — 072+ 0.13 1.04+0.15
Control 100.0 100.0 100.0 0.16+ 0.07 0.26+ 0.08
8 10 100.5 1123 105.0 0.28+0.12 0.34+0.08
50 1219 120.0 1181 0.37+ 0.08 0.50+ 0.07
100 105.1 103.7 1049 0.56+0.11 094+ 0.11
150 - - 0.66+ 0.10 1.02+0.18

*Growth of radish value indicates relative values of plant height, root length and dry weight of each radish in comparison with the control(100%)
**Values are Mean+ SD. of three replications ***No plants were present

S gadhs dToden, UAd AHelss 100mg
/kgol| Ay ok 65%4 A2 3l 7} \%E}”E}(Table 4).
A A% 100 mg/kgol A 3HE 459 3 Fo] A
Fo] T3 Xﬂio}%h A Qo] fEH 8FFAAS U
B slon, 150 mgkg ot FRoAT Fof A5o]
Erbsstdth £ B Fo Ad UA st 5
Nae5 £7), e FAH5E YA srvt st
A% e em[E7], e (p<005)], F9 F
YA 432 F7]oA Bt HeldA o =4
ot B thﬂi}oﬂ g Fo AS 9 YA
A = pH 5914 YA AE)¥x 100 mg/kge]
AlESo] UAS 100mgkg A2ldh izl
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g

1:}:0]%@0]
3% 100 mg/kgol A =71,
R Wi pH

=4 oy

Lo

A

)

oX
rL o

159 foeEe Vehola, e FEae(: —0.
837%) 5%°] Foj¢aS vERH

Mcfee= 4to] Bl #42 49 5349 °le
23 o] 57F€}9_£H =49 AFINHE GEAA Y
2o F47t ozt pew, xg Carl? F&

WAEE NP, NiSO, 1¢)w NHPO} Fi



%

290 24 - de

Table 6. Effect of Ni on growth of radish and Ni contents in the radish affected by different Fe concentration

Growth of radish (% of control)* Ni contents (mg/kg)
Treatment -
Plant height Root length Dry weight Shoot Root
Control 100.0 1000 100.0 037+ 003 051+ 0.04
Fe 10 mg/kg 1130 1150 103.6%* 0.33+ 007 0.53+ 007
Fe 50 mg/kg 1146 106.7 102.7 0.30+ 0.10 051+ 0.04
Fe 100 mg/kg 813 86.7 884 031+ 0.02 0.50+ 0.10

*Growth of radish value(%) indicate relative values of plant height, root length and dry weight of each radish in comparison with the
soil treated Ni 50 mg/kg ** Values are Mean+ SDD. of three replications

Table 7. Effect of Ni on growth of radish and Zn contents in the radish affected by different Zn concentration

Growth of radish (% of control)* Ni contents (mg/kg)
Treatment
Plant height Root length Dry weight Shoot Root
Control 100.0 100.0 100.0 037+ 0.03 051+ 0.04
Zn 10 mg/kg 98.6 103.3 105.6** 0.39+ 0.06 0.50+ 007
Zn 50 mg/kg 1076 108.3 107.7 0.34+ 0.06 051+ 0.04
Zn 100 mg/kg 95.2 1123 102.6 031+ 011 048+ 0.09

*Growth of radish value(%) indicate relative values of plant height, root length and dry weight of each radish in comparison with the
soil treated Ni 50 mg/kg ** Values are Mean+ SD. of three replications

Table 8. Effect of Ni on growth of radish and Ni contents in the radish affected by covering with soil depth

: Growth of radish (% of control)* Ni contents (mg/kg)
Treatment
Plant height Root length Dry weight Shoot Root

Ni 10 mg/kg 100.0 100.0 1000 0.29+0.12 0.39+ 0.03
Ni 10 mg/kg+CS 5 cm™** 109.0 106.2 103.4** 0.29+ 0.04 0.33+ 0.06
Ni 10 mg/kg+CS. 10 cm 129.1 103.1 1064 0.24+ 0.06 0.29+ 0.06
Ni 50 mg/kg 1000 1000 100.0 0.37+ 0.03 051+ 0.04
Ni 50 mg/kg+C.S. 5 cm 108.9 108.3 1094 034+ 001 0.56+ 0.04
Ni 50 mg/kg+CS. 10 cm 104.8 108.3 106.9 0.32+ 0.03 0.55+ 0.08
Ni 100 mg/kg 1000 100.0 1000 0.61+ 0.06 0.88+ 0.06
Ni 100 mg/kg+CS. 5 cm 1145 124.3 1153 0.60+ 0.10 0.83+ 0.09
Ni 100 mg/kg+CS. 10 cm 1175 1324 1136 0.54+ 0.06 082+ 0.13

*Growth of radish value(%) indicate relative values of plant height, root length and dry weight of each radish in comparison with the
soil treated different Ni concentration **Values are Mean+ SD. of three replications ***C.S : Covering with Soil

Table 9. Effect of Ni on growth of radish and Ni contents in the radish affected by different organic matter treatments

Growth of radish (% of control)* Ni contents (mg/kg)
Treatment
Plant height Root length Dry weight Shoot Root

Ni 10 mg/kg 100.0 100.0 100.0 0.29+ 0.12 0.39+ 0.03
Ni 10 mg/kg+OM 50 g*** 104.8 1062 109.6** 0.23+ 003 031+ 005
Ni 10 mg/kg+OM. 100 g 1009 106.2 106.6 0.20+ 0.03 027+ 0.04
Ni 50 mg/kg 100.0 100.0 100.0 0.37+ 003 0.51+ 0.04
Ni 50 mg/kg+OM. 50 g 117.1 106.7 1145 0.30+ 0.06 0.56+ 0.04
Ni 50 mg/kg+OM. 100 g 1122 1033 112.7 0.26+ 009 0.54+ 0.06
Ni 100 mg/kg 100.0 100.0 100.0 0.61+ 0.06 0.88+ 0.06
Ni 100 mgkg+OM. 50 g 1579 1323 136.3 058+ 0.11 0.76+ 007
Ni 100 mg/kg+OM. 100 g 1420 129.7 1321 057+ 0.14 0.75+ 0.14

*Growth of radish value(%) indicate relative values of plant height, root length and dry weight of each radish in comparison with the
soil treated different Ni concentration **Values are Mean+ S.D. of three replications **O.M. : Organic Matter
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Table 10. Effect of Ni on growth of radish and Ni contents in the radish affected by different Ca{OH), treatments

Growth of radish (%

of control)* Ni contents (mg/kg)

Treatment —
Plant height Root length Dry weight Shoot Root
Ni 10 mg/kg 100.0 100.0 100.0 029+ 0.12 0.39+ 0.03
Ni 10 mg/kg+Ca(OH), 20 g 1105 1123 110.9** 0.24+ 004 0.34+ 0.06
Ni 10 mg/kg+Ca(OH), 30 g 1181 106.7 1183 0.23+ 0.06 0.30+ 0.08
Ni 50 mg/kg 100.0 1000 1000 0.37+ 0.03 051+ 0.04
Ni 50 mg/kg+Ca(OH), 20 ¢ 1130 116.7 103.8 032+ 0.07 061+ 008
Ni 50 mg/kg+Ca(OH), 30 g 1089 1167 1054 0.32+ 0.04 0.60+ 0.09
Ni 100 mg/kg 100.0 100.0 100.0 0.61+ 0.06 0.88+ 0.06
Ni 100 mg/kg+Ca(OH), 20 ¢ 107.2 1195 104.3 0.61+ 0.06 0.84+0.11
Ni 100 mg/kg+ Ca(OH), 30 g 116.7 116.8 1079 0.60+ 0.07 0.79+ 0.18

*Growth of radish value(%) indicate relative values of plant height, root length and dry weight of each radish in comparison with the
soil treated different Ni concentration **Values are Mean+ S.D. of three replications
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35 3~19% 5, 30g2] M3x )Y ¢ 3~18% F=
UAde &4 oldlge] Aadion, Ud Ml ot
wohda = A3A o o U F4 ol o] 7
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Comparison of Growth and Physiological Responses in Radish for Assay of Nickel Toxicity.
. Growth of Radish and Absorption and Translocation of Nickel
Jae-Young Cho*, Kang-Wan Han (Department of Agricultural Chemistry, Chonbuk National University. Chonju 561-756.

Korea)

Abstract : The present study was carried out to investigate the difference of absorption and translocation of Ni by
radish grown for 45 days under factors such as the levels of Ni in soil, soil pH, competitive metal interactions,
covering with soil, organic matter and lime. Germination rate of radish in soil treated by Ni 150 mg/kg was 40%.
As soil pH was increased, the contents of Ni translocated to radish showed the negative correlation(shoot= —0.965**,
root=—0.837%). The Ni content in shoot and root of radish grown under 50 mg/kg Ni treated soil were slowly
decreased with iron levels increased. However Ni content in shoot and root of radish grown under 50 mg/kg Ni .
treated soil showed increasing trend with the increasing the zinc levels. As covering with soil, organic matter and
lime were treated, Ni contents of shoot and root in radishes were in the decreasing order of organic matter>covering

with soil>lime.
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