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Effects of soil application and foliar spray of zinc fertilizer on cadmium uptake
in a pakchoi cultivar with low cadmium accumulation
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Abstract; A pot experiment was conducted to study the effects of soil and foliar application of ZnSO, with different dosages on growth and concentrations of
cadmium (Cd) and other trace elements in a low cadmium accumulating cultivar of Brassica chinensis. The regulating mechanism was elucidated through
analyses of Cd uptake and transport in the low cadmium accumulating cultivar and soil available Cd concentrations. Results show that soil zinc (Zn)
application significantly increased shoot biomass of the tested low cadmium accumulating cultivar, with a maximal increase of 71.4% compared to the
control. Meanwhile, foliar Zn treatments had insignificant effect on shoot biomass of the low cadmium accumulating cultivar. Soil and foliar Zn applications
significantly decreased shoot Cd concentrations of the low cadmium accumulating cultivar, with a maximal reduction of 41.4% compared to the control.
Although the difference between the Zn dosages of soil application and foliar spray were 8 to 10 folds, the reduction of shoot Cd concentration due to foliar
Zn application was not significantly different from that due to soil Zn application. Soil Zn application increased significantly shoots copper and ferrum
concentrations of the low cadmium accumulating cultivar, and foliar Zn application had insignificant effect on shoots copper and ferrum concentrations.
However, soil and foliar Zn applications decreased significantly shoots manganese concentrations of the low cadmium accumulating cultivar. Soil Zn

application increased the soil available Zn concentrations and had insignificant effect on the soil available Cd concentrations. Soil and foliar Zn applications
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reduced significantly Cd net uptake via roots and Cd translocation factor of Brassica chinensts. The shoot Cd concentration was positively correlated with Cd

net uptake via roots, and not significantly correlated with Cd translocation factor, which indicated that inhibition of Cd uptake by root resulted in decrease

in shoot Cd concentration of Brassica chinensts under soil and foliar Zn treatments. In summary, foliar spray of ZnSO, is suitable for safe production of the

low cadmium accumulating cultivar of Brassica chinensis in Cd polluted soils.

Keywords: Brassica chinensis; cadmium; zinc fertilizer; soil application; foliar application; low cadmium accumulating cultivar

1 5|5 (Introduction)

IEAER , WA TR ) T A0 1) & Ji Rk i Ak itk A
BN, R 1 B 4 JE V5 Yl bl HE B0 R b
BRI FH 352 357 (Cd ) S5 H e w594, T 5
R EAR = 2 Cd 15 YL A H 25 in 5 (A
BAF, 2004) . F BT E N O AR Z FAOl A 7= R )
KAGBLIR , T AEDIXT Cd MRS %) 32 R 0 22 5 | 1 ke
FFAE EA I B Cd (1 AR AEY B AR RD Cd
R E AN, O &k 256 R 8 4 s T s + 458
PRIEEAR Y 22 4 A= 77 ) e Ry fRT A8 A S0 ik 2 —
(Grant et al.,2008; Wang et al.,2009) . 9%, i T1E
Y%} o 4 i IR SR BN AR e T 3 PR R i LA
Z B IEIAET 2, R L, % DL R R 2 A i R 4
it , B AR 3 Cd WA R, i — 2B EY) Cd
SRR Cd AR 58 Bl ) R FH A 0 B A5 1
(Gong et al., 2010; X|4E#45 | 2010).

BE(Zn) WA K LT WM E TR, i TR
Cd ELA AR HER b 27 AR B b | R Ik, 7 + -
EMIR G Cd . Zn &% RAERBEN (E35 FH 5%,
2010) T X — L, 2o it Zn AESRRE
TRAEYIR Cd W A 4n , Bk 5275 55 (2010 ) i JE B 45
(2014) B #F 5% 35 B, Wit 50 ~ 600 pmol + L™ (1)
ZnSO, AT A7 RLBEARBRAUAN T Al R 521 Cd & 5, |k
RETiRi 43531 R 21.8% A1 36.7% 5 1fii Hart 25 (2005 ) A BIF
LI FH Zn AE AT 38 2o 30 i /N 22 AR R A Cd W
W, S 3 AR RL Cd & R0, BT Cd JZn 58 HL
VEF 5 3215 22 3058 TR R 1) 5% il T e B 2 A =X
PRt FEREH] Zn IEJ4EAEY) Cd W R A 58 v 4l
YL Zn RG] 5 S 1398 Cd Zn T ESFER R
HB23 S LR RO R AR AR (2012) 3 53 K H S5
WFFE T WEit Zn AEXTAS [R]7K R i Pl SRR Cd B2,
SR Wi ZnSO, 6 /KRG B AR Cd A 8 35 15
Wi, 5 A St Aok R Cd 25 B 2 AT, SR /D%
an P Cd & 20 T B8 (2013) RIS R
it AT ZnSO, AR AT L 3 AR K RS R R ARG AT
() Cd 5 2 R AT S, T M it Ak R ) 255 SR LA F £
it A B A 0, B ] Zn AR TR Cd AR AR 25

Tl A 7 BOA RS 125 A Z5 A S i TR 2R
s ) BRI FH 7 v, (B 3%07 T AT 5 38 R
LARE.

UEAFR A PRS2 1 i R R/ N X R A 50 A
I FH 0 S i F P T 26 T 5 A4S Cd IR SRR, T
Hion T HALE R Cd WHLHE ( Wang et al.,
2014) AE_LIRBFFERER I ASHFFERERE 14> Cd KR
AR AR 1A T A AR Sy, W
Jit R it A ) ] 42 ZnSO X AN [] o Fofr gl 25 2 4 A
Cd W2 ML, 3T A AL, U AR AT 8 554
B Zn AT it FH A .

2 ##El5AE (Materials and methods)

2.1 REMH

A3 - S I R BH T BT B Cd T sk
M, AR A Sy pp R b O AR AR BT AN T pH =
5.62, BHE T35 i 17.8 cmol'kgfl WERINGiN=a
H35.4 g-kg™', Cd ., Zn B 5 E 5008 0.937 F1 123
mg-kg™,Cd . Zn AR (0.1 mol-L™' HCl 242)
3514 0.596 1 12.6 mg- kg™, AL S & N 50
mg-kg™ (% P 500 mg- L' Ca(H,PO,),HHIZ
$2).

BE A - FH I 22 ( Brassica chinensis ) & B 8 il
IR 5% O 2 1) Cd AR AR B 5 AR 3R 2 5 (Wang
et al., 2014) FAE )™ 72 AR Fb () 357 38 o5 oy S 2t {1
R Zn IE R 53726/ ZnSO, 7H, 0.

2.2 KRB &

R 7 AR 550k . O R (CK) |, ANt
FH Zn AE ; AR IKF Lt b 2 (S1) , B4 £ Jiti 10 mg
Zn ;K- L Ab B (S2) , B4 1 40 mg Zn; @
K LRt Ab R (S3) , 4% it 100 mg Zn; &K
SPEEPEEQEE(FI) ,ﬁﬁuﬁﬁ@ 1 mg Zn;@tiﬂyj(iﬁﬂﬁjﬁﬁ
AEFR(F2) , FF AWt 5 mg Zn; (D 1 7K - W58 Jite Ak $
(F3) , BRI 10 mg Zn. B30 FESE 3 KR

RIS T 2013 4F 5—6 H ZEAR BRI 3 55
HENHAT, ENIRE N 18 ~28 °C,E MRS AR
JERE, F AR AL BEHLIX L HE S A R 5 3T 5
mm G, SRIG R AR AT (EHE 18.0 cm, &
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12.5 em) , B 0% + 1.0 kg, [ Bt A 43 #r 46 Y
CO(NH,), (N 150 mg - kg™") A1 K, HPO, (P 45
mg kg™, K 115 mg-kg™") 7E R JICAL. 1 Jife b B 7% $i:
B IE BOIE A ZnS0,- 7TH, 0, B4R 4T
M i b BRI SRR J 27 20,27 .34 d iEA T, 4% R 4G
PRECH] Zn W 4358 66.7 .333.3 .666.7 pg-mL ™ [
3 ' ZnSO, TH, 0 ¥R, FTSORI T 55 o 40 3 YR o it
5 mL W, 0 T RESR Zn HEIR0B A 10 i Zn I
IR BB A 78 25 T4 1 3E )5 P45 30 d #% A,
R 2 4 Fr LB AR 2 3 BRI AE K
AR H DA B 1K e, A 4 4 A K o
[ RE K1Y 70% 4247 ISR 45 d R0k,
2.3 FEEAOAT

THSRISCIR G 43 o Hi 3 AR, 4 B koK
LB oK P Rt i, 56 90 “C 257 30 min, 2R
J& 70 CHET ZIEE , FRi T8, By H  REE AR
A, BARTT N R A R R A KR D, P
0 e D A3 3 S HURE  BURE R 100 ¢ A4
FEL T TS HFEE MRkt 1.00 F1°0.15 mm 7, £ .

TR Cd Zn Fe Mn Cu & 773 HrR H] HNO,-
HCI0, 76 (IRFLLE 3:1) 7M. 13 Cd Zn R HrR
FH HNO,-HF-HCIO, 3531 ; A 30 Cd \Zn 4387 R H
0.1 mol-L™" HCl =42, 1 Lt 1:5,25 CHk% 1.5 h
JE B0 g (B HL, 2000) . [ AR R0 PG E 4
J& & iR AR WOt 15 AL ( Zeenit 700P,
Analytik Jena AG, Germany ) Il . >R FH o [E b i B}
[ i BR 0y 3L b R Ak 2 ) A B 5 T AR ) - 48 A
I FRUEY R GBWO07401(Cd (4.3+0.4) mg-kg™,Zn
(680+25) mg-kg™ ') MEN T IFHESL Cd Zn & 5017
B o 4 R W E L Cd S (4.5+0.3)
mg kg™, Zn FHEN(670+12) mg ke RAWE L
Tl 5 B R 2% e $2 44 Y AR Jr B i 55 | i INCT-
OBTL-5(Cd (2.64+0.14) mg-kg™',Zn (52.4%1.8)
mg-kg™ ) VEN A YIAE A Cd | Zn & 40 H7 9 T i 4%
RS, T E H: Cd 354 (2.53+0.22) mg-kg™',Zn
EHEON(51.921.2) mg-kg ' T IERLA BEA M T4 I
A AbE A HT 7RI E (Bl H ) 2000) .
24 HAEAE

R B R Excel 2010 1 SPSS 11.5 &k {43k
TGt 43 Ar. R B IR 3R T 22 43 Bt R 2 4% 22 9%
( Duncan % ) 7387 [6] — & i PN AS [R] it I Ab 2 ] 7 22
Sl 2 SR C R ¢ A6 56 43 At A i R 1] 1) 22 S
2k

3 ZERE54%9#(Results and analysis)

3.1 HEF Zn BXT K A B

w1 R, ASE] Zn REALEEXTH S L A
RIS S Zn ARt 75 75 3R 56, i HL
SRR O PR R B e 2 5 B +
Jiti 45 AKSF G Zn B AT DS 4R v L b e
(p<0.05) 31§ HR 71.4% , i HAxitE Zn A0 BEXT H
T AR LA (R R X AP SR +
Jifi Zn REAL BRAR AT 8 25 46 = Ho L AR, ek
HAME R 117.2% ; T WEiE Zn AE -t vl 42 5 Hoh F38 A4
Yt WNE K 15.8% ~37.2% (0 B A KK P16 Zn Ab
FHE PO 2 PRI, TGI8 e DA 7= i B 3 S 3
VEFII B35 MR B, Tt ] Zn JIE X6 35 508 5 A 174 48 7=
RO FIRFL B 5 A, L0t Zn AE A9 38 7=V AR T
Wit Zn JE. 5340 BOXT ¢ K90 200, i g A BT P

s PP b S f G W 2
80
W Es
o0k a 0 4852 5
a
a ab
60 -
. | b
é 30 be b b
oy b
2 40 b o d
ek
=
30
20F
10F
0 L
CK S1 S2 S3 F1 F2 F3
it

Bl 1 ATEHE Zn 4325 A A0 S b AR A0 R 00 ( 141 P
N 3 WE BRI bR IEZE AR NE T4 R OR [R]— b
Pl A [ A #2257 .2, p<0.05, T IA])

Fig.1 Effects of different Zn treatments on shoots fresh weight of two

cultivars of B. chinensis

3.2 M Zn B 3E Cd A0 Zn 2REE

HT P 2a AT T, P 9150 b Bl b 13 Cd 7 i
XoF it FH Zn Sy g 1 B AN [] 6 TR 2R A AR 3R
275 itirh e KPSt it AR K P K P B Zn
JIELER AT 2 BRI 138 Cd 5 i, BRI N 23.8% ~
41.4% ,3X 4 DA PE R A 2= 5 A, it
HK- Zn IEALEETR 4202 2 S Hb 13 Cd 25X
7 0.181 mg-kg™' MR T &M 2br1E GB2762-2012
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=

FUE 2% Cd & B KPRME 0.2 mg- kg™ (H %K
B2 A KU ITAL HCs , 2012) 1 X T3 3 i b 58
o, VA it = K Zn AR A AT Gk 2 ARG EL L3
Cd &L, BEIR R 45.4% , AR 36 Hokh 13 Cd &
WS A LY = N /W S S L 8 1 i
Cd 25 BRI T X IR AL B K I, M Zn R L 1350
Cd & =R A B MR A e Zn EXHIRFR 2
AP Cd WA PR R 58 b 5 Ak ¢ R 56
T A AL PR AR R B ER Cd AR
FART 0 R T AT E LS I 34.9% , 3%
TR Zn BB RE S Cd RS I L PR 7Y
25 S HABRN TR ENE.

0.6 a .

| S
Ok % a
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Fig.2 Shoot Cd concentrations ( fresh weight basis) of two cultivars

of B. chinensis under different Zn treatments

AR Zn AEALEE T 0EE M B Zn & LI 2b.
B it Zn KPR, HRIR 2 5 RES R M L Zn
Fram AR, it R A Rt S KR Zn
REALEEERAE M 13K Zn 7 82 25 X AL B A
FIEME A H1H 8.0 A5 6.5 1% 93 4, I 48 it b B
i Zn TN FAL ) 1/8 ~ 1710, SR TTBR T4
93 2 SAEEKEW AL R Zn i i E IR T K
S it Ak B A, H A KSR it A it A BR Y Zn
TrIFIC W 22 R 3k SR Wit A0 3R S Zn
JE I FH S5 7 1 T A it A B

HRHES Cd ¥ I AT S oA AR R (A 405 b b 35 0
) Cd RRESHRATEM L, 5 cd REV/K
WA LG, 1% 48 b e 5 7 A S A AR 2 X Cd
AW BE F1 (Xin et al., 2013) . 405 1 ff B T
IKSE-5E Zn Ab ¥R AR , /ﬁ\:/é‘%ﬁ@ Zn RbFEER AT fi4EER 2 5
IR R Cd ¥ W e o Sk 35 1K T X LA 34 % e oy
30.5% ~57.6% ; i % T35 38 i Fh 2 4%, HA it &
IR Zn JE AT 5 25 REARLAR TS Cd el i, B R ok
50.9% , i H A Ab PR HAR S Cd i G 35 5
Wi 575 A0 o A2 I, A A B (AR 23 4 e A AR 3
Cd W I AR 5 K T3 3
F£1 AEM Zn RETHERE Cd EFRIEEF Cd EZRZH (T

#)

Table 1 ~ Cd net uptake via roots and Cd translocation factors ( dry weight
basis) of B. chinensis under different Zn treatments
R Cd i/ s
b3 (mg-kg™) foERi
FEL K25 Fy R 25
CK 369+55%"  33146° 0.627+0.075" 0.574£0.067"
s1 349+38" 230+41%  0.729+0.054" 0.294£0.032"
s2 386+10% 155445 0.757+0.045% 0.536+0.075"
s3 181+34¢ 140+25¢ 0.680+0.034" 0.585+0.069"
Fl 453+31* 174225 0.750+0.089%" 0.287+0.012"
2 467+35° 238428 0.90420.110° 0.4640.039*
F3 375:30"  166£26"  0.918+0.078" 0.5310.068"

T R PIELRERE (n = 3) R —1T ARG FREF R & A
HRZER R H (p < 0.05), T .

Cd %32 ZBCH Y e 1 Cd & 5 RE Cd
SR, TR T Cd 7R AR P RS 3 1] M
ERAYEIZ RE 1 (Liu et al., 2009) . F1# 1 A] 41, +
T AR Zn AEMEAELR 2 519 Cd #4218 R AL
FART X HEAL S B 53591y 48.8% F11 50.0% , i HeAx
AERXTH: Cd $532 R AT 35 5 . 3 3 A
o, HERE AR A K V- Zn AEXF Cd $4i2 REUTC R
E5 Wit | m AT Zn JEEIE Cd iz RED



8 1 QDA A5« it RS it A X AR AR SR SR M A A )R ) 2593

Fn TR RACFR. 5 A0 o A SR, B AR (IR
FnAN Cd F4iz FA0 0 & AT 3 5 .
3.3 A Zn JEXt i ¥ Cu Mn Fe 4 & B %

Jite FH Zn AELXT 3 % 135 Cu Mn | Fe 263 i 0
R o EAE DE AR (£2). LimK
Sz BN 2R B AR TS 0 BRIFELE O I Cu o
ORI R 1.2 T 1.5 A5 AN Zn A0S
PIAS A 3B Cu % 70 B R WL i FH Zn AEX
TSI 3 Mn 5 f5 A5 0 DR R T S 6 AR R 2
M Zn REREACE L FF Mo &, Hp, L
R KO R it AR K P 1) Zn IR Mn

P AR X BRAR B B R 30.9% ~ 50.1% 5 111
X FIELR i Zn REREINHM E3 Mo &5, Horp,
Tt K Zn AEAL A Mn & &2 E S T 5 R AL
P OBANE A 2.3 4% it Zn BEXHHSEHL B Fe A i
{14 Mt DR e o S it b e KO B Zn BB T B
FPERARIR 2 S L Fe B E BAMR AT R 41.8%
H123.1% , HiAxii Zn AL BEXTHE Fe 750 W& 520
Xt THELE FrAT Zn HEAL BT Hidth |38 Fe & HH0
TC WM. 5 A, % EE WA S A A e S Cu M
Fe KB, 4R 92 2 S [ &6 Cu & B (KT 58
2% T 400 Mn Fe S0 & 255,

F2 FEME Zn LB TiHEM L Cu Mn Fe 22 ( TE)

Table 2 Concentrations of Cu, Mn and Fe in shoots of B. chinensis (dry weight basis) under different Zn treatments

e Cu/(mg-kg™") Mn/(mg-kg™") Fe/(mg-kg™")
FELE k25 T4k kg2 5 T4k w25
CK 11.62£2.14" 9.73+0.79" 272435 682+71° 164£24 22128
St 12.26+2.91" 11.03+0.74" 42266 61580 191+24° 165+25"
S2 10.47+1.35" 11.11+0.68" 430+43" 429+56° 112+25" 313+24°
S3 25.08+3.92° 24.27+1.56° 900+75° 434+48¢ 115+23" 272+18*
F1 10.96+0.96" 10.83+0.76" 326+45" 340£32° 117£13" 188+24"
F2 14.97£2.47" 12.04+1.02" 384+13" 471+66™ 205+30° 188+9"
F3 11.16+0.31" 9.76+1.17" 425+53" 593+26" 202+26" 198+13"

BEES R HARES Zn SHRORE , L mK
14 Zn BERT L 35 R ARG Zn i T Zn
FENURS - A 8025 Zn S B WAL T3 500 K
KR W IR A B B A S Zn F R

3.4 #A Zn BT HEAKAS Cd e Zn & E WP

AN Zo SRR A IRA S Cd A 3a
JIE R PRI SRR Y TSR RS Cd iR )
HHEAT 55% X LA 3 Cd BB RUHER S

M7 22500 A ¢ Ko R W, A RES Cd & e fh E
FEL ] — b P A AN [R] Zn HES A 3 T) 059 ) o5 (B 327 TG
081 a 90 .
B EH B AR
O %52 % aT O #5352 %

~ 06}
%Z —j;’ 60 -
W <X

i
i’l 04 da b
O =
) N b
& Xa
i E- V]
® T
H o2} ?{?

C
c . Ce¢ cc oL c
0 [
CK sl $2 s$3 F1 ) F3 CK S ) S3 Fl F2 F3
hb3 hb3

B3 AEHE Zn BT EEFE R CA (a) 1 Zn (b) FEHZ M

Fig.3 Effects of different Zn treatments on soil available Cd (a) and Zn (b) concentrations
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4 1Fi8( Discussion)

In fERFEYI T IR FRICRZ — , Y
PR PR Z2 Tl 10 90 P 2 4 FTRORE R, TE R R A A
AR AR T B BT R S e s A #E
RERSEH, AR MY MR T AT, 5
FPIBAE (Wu et al., 2010) . 7E Zn Bt = 8005 K
B e i Zn BB AT DLUGE S 4R S AE Y Zn B SR
ARARHAEY AR AR TS Y 148 Bt Zn B2,
MAT5E o Zn/Cd F5BU/E 228 Cd B85, AT ek
VEWI AR K R TE 45 (2008) BIFFE R R, 7E Cd & HE N
0.6 mg-keg ' MIRZTIE I +ifi 16 ~64 mg-ke™ Y Zn
JE, AT DAGE A 28 A Cd 35 5 1T B A 0 il R A L R
AE (2014) ER B, FEA R Zn H 8RN 1.9
mg-kg ' A Cd V54 +1E [ I8t 50 ~400 pmol - 17" Y
ZnSO, , v LIl e VEY) Zn B IR MR IR Cd 5%
BIVE T, 35 B v ot 7 i FE A 9 o, it A g
Jiti Zon BERT AAS [v) A P55 b 8 2 V9 o 901 =5 190 - 3 7=
Ol TN A S Zn SN 12.6 mg-kg ! i
B TRRE LB Zn I B 1.5 mg- kg™ (B H
2000) , 7E1% 3% FJiti JH Zn BE A RERCAAE ; [R1RE
Bk AR S SR 50 me-ke ' EE TR+
AT I FHE 10~ 16 mg-kg ' (XSRS 1990) ,
L ZnS0,#h 78 S Y NE R AS R TR I, AE AR F
g it A Zn REAR SE S A K T BB T Zn/Cd
FEPUEHSR T Cd XM F. 54, A5 h
P Zn IE R3S - 20OR A 2 7, Xl ig 5
PSR AREY Cd TRt AT Zn SRR R A . R R R
(2012) WIBIFE B & B, 7E4 TS e A& H P B Zn JIE
CINYRTE == A SR E R S s - O (ED i <]
TR f R R B R 32 R

Zn F1 Cd ELATHH R ) 5 7 25 A R L fb 2= 1
B, HEE Y RGP A R N BAER, AT
DIRBUN S BT P R 5 k57, Zn/Cd 38 BAE F X
Cd 76 -9 & 4o b i 7% BRUY 52 3 2R Bt
PE:D7Zn ,Cd 54 58 R 3 18 79 85 32 48 W2 7
M RBUONFEYUE, Zn 0 Cd AW, fE3E Cd 1)
RN, e A B BUKIE B S Cd S T, (e A
Y%t Cd Wz ( L FE 45, 2008) ;@7Zn ,Cd 355 AHY)
1 i 55 2 T W A7 AT B A N B BB R L R B R
FEPUSERIE , Zn S s 2 SEAE P 0T Cd TR
%% 32 (Kuo et al., 2004; McKenna et al., 1993).
AWFFE T Ll Zn M8 B A AL Zn i

Thiss AHAR Cd &5 IF AR Z 2B W5, K, Zn |
Cd 7E -3 32 BAE ISR Cd oA B iR iy
SRR IE 45 (2008) (R A I, 7E Cd &5 1.0
mg kg™ B IRZIIE I it 16 ~64 mg-kg™ ' #) Zn B, +
B Cd F IO W R A, A HED X TT AR
ST WSO - 338 B S B L RV T RO 25 2R
T4 B Cd 2R AR 32252 AR ISR phy AR
) b, | FR A% 15 PSS AR AR ARBE S s b
i Cd 5 AR Cd o I Cd #5428 2280
KAET BT a1 4 Frzn. S R Cd & & 5 T
Cd M 1 35 I IEAHSR G R (p<0.01) L T E S
Cd ¥618 ZBUNWA NEAIA B3 53 AbMAS b |-
ik Cd & B LA AR Cd ¥ MR i o 722 Al ML A
— B (LI 2a FER 1), UL AT A AWFSE P E ] Zn
NE AR =R 3 Cd 2 i 22 th TR AL Cd

05

027

=0.905(n=14, p<0.001)

o 3R Cd &8 (mg-kg ™)

0.1

] ] ] ] J
100 200 300 400 500

AR Cd it (mg-kg ™)

f=1

05

04 -

03

02

H #8 Cd &8 (mg-kg ™)

01 r=0.488(n=14, p<0.05)

0 0.2 04 0.6 0.8 1.0
Cd#2 R ¥

B4 @3 EE Cd SESMBEREEUR CAdEEREEMN
iEES
Fig.4 Relationships of shoots Cd concentrations of B. chinensis to

Cd net uptake via roots and Cd translocation factors
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W51 2. Hart 45 (2005 ) i i /K F gt & 30, 725
FRWH IR IR Zn BT LA SE A 300 ) A /) 22 MR
Cd WAL, DT I8 25 B AV /N 22 s e FLA 2% Cd &
AR YK AR RN L A 5T 3 B, Al A T LA
FFHAH R A 5512 8 AT Cd  Zn B IR USRS B, 4
Zn 53z 5 H OsZNT1 ( Ramesh et al., 2003) ) 4>
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(Wissuwa et al., 2008; Yilmaz et al., 1997 ) . fE A
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5 #5i2( Conclusions)
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RCEI 5 T .
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AT
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B H A %0 Cd & B0 B 5 1 it AN s it
Zn JEAT LI 2 BRI SEAR BB Cd ¥ I AT Cd %
18 ZB, IR B Cd B SRR Cd B 2
BERIEM LR (p<0.01), 15 Cd 71z 250
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