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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 uplake and Lransporl in the low cadmium accumulaling cullivar and soil available Cd concentrations. Resulls show thal soil zinc (Zn)
applicalion significanlly increased shool biomass ol the lested low cadmium accumulaling cultivar, with a maximal increase of 71.4% compared 1o the
conlrol. Meanwhile, [oliar Zn treatments had insignilicant ellect on shool biomass of the low cadmium accumulaling cultivar. Soil and [oliar 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.
[lowever, soil and foliar Zn applications decreased significantly shoots manganese concentrations of the low cadmium accumulating cultivar. Soil Zn

application increased Lhe soil available Zn concentralions and had insignilicant ellect on the soil available Cd concenlrations. Soil and [oliar Zn applications
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reduced significanlly Cd nel uplake via rools and Cd Lranslocation factor of Brassica chinensis. The shoot Cd concentralion was posilively correlaled 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 decrcase

in shoot Cd concentration of Brassica chinensis under soil and foliar 7Zn 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)

LAk Bt T T ARl ) 2 JE RNk T Ak
R IER , R o 1 22 4 s e )l HE i B R B v 1
ORI H 32 258 (Cd) S E w54, IF 5
B ST 32 Cd Y5 L R H 35 R (S
A5, 2004) 2% &SN TR E L O ARZ ol A 7= )
KEGBUIR , 2 FAEYIRT Cd MR g L PR 7R 2 5 | 1 gk
R EAG KR 2B Cd BE AR AEY R FHED Cd
KRR R R, C 2N A FIH 4 R 5 Y 3
PRBE AR %2 42 7E 7= 1 B Sk T A8 HL AT 80 ik 2z —
(Grant et al.,2008; Wang et al.,2009) .21, H T1E
W%t 4 AW SRR (MR T35 R i LA
28 - R R FE A, DRI Al DA s, 2 PR
HE T, A 149 Cd WA Rk, ot — D VR od
SRR Cd ARFR B R 0L A 6 2 1
(Gong et al., 2010; X)4EVGSE | 2010).

BE(Zn) B EROT M EICE, BT
Cd ELA A LA Bk A 22 MER BT 451k, D4 L, 7F 1 -
EMR G Cd Zn &% RAERPEM ( THFE,
2010) FEFX— 3 F 20 i Zn AERRE
AP 1 Cd W i 4n | R 5% 75 55 (2010 ) K] 3 4
(2014) B9 HF 57 22 B, Bt S0 ~ 600 wmol - L' A%
ZnSO, T A 54 PR ARHRAUR T A SR S8 Y Cd i, ek
REWE 491K 21.8% 11 36.7% ;177 Hart %5 (2005) W) WF
FERIL it FH Zn B 0] 38 400 ]/ 22 AR R Cd 1
W, B FRARILRPRL Cd B 2R, i F Cd Zn 2 B
VEFZ) %218 22 0858 IR 25 (A5 i 1] 26 80+ 2 R =X
P 7] Zn ACIREAEY) Cd e ik 53 o Al
PSR Zn ARG vk B 3 Cd Zn RGN E
AR HE P R R R R (2012) 3 53 K H 5L 56
WFFE T W57t Zn AEXTA R KRG S Fp 2 A0 Cd (52,
ZHRFI Wi ZnSO, X KFE R Cd B B 15
M) 4 E A3 A A RERL Cd F B 5 S5 A, SR T /5
il Cd & RGP ; 218 (2013) BIRFFE R,
7t FIETiE ZnSO, B AT L8 25 B AR K AEFbL ARG AT
4 Cd 5 B AT A B i ot it Ak B A kSR AR T
HEALER, A b, B Zn AL P Cd IREL 2R

T2z 4t 77 BT ROT V5 LA 3 5 TIRFR R
R BB ENE it 7 i, AE 1% T BT 36 ok
DRI

VLAER AN TUR A 3 o R /NS A 50 A
R A R R e T 5 A Cd AIREL R & R, IR
R T HAAE 2/ cd BPLHE (Wang e al.,
2014) Ak FIAMFTEEERD L ABFFELERE | A Cd {RHR
FAMSE AR 1 AN S A T8 5 R S WY
Jit A0 S it AN [] FH & ZnSO,, X6 AS ] 5 i =5 A K R
Cd Wi B, HR 0 HAE FHLER, LU 3R A5 45 2L
B Zn AR HHHES it

2 57 ik (Materials and methods)

2.1 R AR

P IR W R BH AT BT LB Cd i ek
i, 3Ry R L HE AR AL M BN R . pH =
5.62, FHES T A28 -h 17.8 emol -kg™' , A HLIA A &
H935.4 g-kg™,Cd Zn B R4 HM 0.937 F1 123
mg-kg™',Cd Zn AREEH (0.1 mol- L™ HCL R #2)
23R 0.596 F112.6 mg kg™, HEL S &8N 50
mg-kg™ (7 P 500 mg- L' B Ca(H,PO,), AR
5.

LR i I3 ( Brassica chinensis) i A R R
WIRE 57 0 2k 19 Cd (R FL B S A AR 3R 2 5 ((Wang
et al., 2014) S AE Y b 12 A% 0 538 i A e gk At
R Zn BE NI ZnSO,: TH, 0.

2.2 RET %

IRy 7 AR, 4350k - DX (CK) |, Rl
I Zn 8 @M/ it 4b B (S1) , 475 it 10 mg
Zn;@W?K?iEﬁ%IE(SZ) B4 0 40 mg Zn;@
e KP- AL 3 (S3) , B4 it 100 mg Zn; GAITK
PRGN PR (F1) , BEZEBE 1 mg Zn; ©H KT Wit
AbFR(F2) , BN 5 mg Zn; (D & K- W5 Jite Ak F
(F3) , B4 10 mg Zn. BB 3 REE.

B8 T 2013 4F 5—6 A 1AV AT B 35 I
FNPAT, ENIRE N 18~28 °C B NI E AR
JERR, Ak AL X A HEA. i R T i S
mm i, ARG 2 AR P (HZ 18.0 em,
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12.5 cm) , BF 75 %% - 1.0 kg, ] B it A 43 #7 4l i1
CO(NH,), (N 150 mg - kg™ ) Fl K, HPO, (P 45
mg kg™, K 115 mg-kg™ ) 7E 7 i M. itk Acb 33 7 $¥:
IR IE RN A ZnS0,- TH, 0, /1R AT
M i A BELEE i SRR I 5 20 27 34 d b AT, B R AL
PREC ] Zn W43 R 66.7 .333.3 .666.7 we-mL™ ]
3 ZnSO, TH, O WU, FHR 5T 55 o 4 X s
5 mL W, R TR Zn BSIRB A LHE, Wi Zn 2
I SR SR A 28 25 T 45 0. 3+ 5 A 30 d #R
Frai K2 4 i i 2R 2 3 bRl A K
AR H LR B oK DR, e RS K E oy
[ERE KR A 70% 224 34K 45 d JE YR,
2.3 HESM

ISR 43 R b B &R AR, AR A kK
LB K P Fra i 5, 55 90 C AT 30 min, 4R
Ja 70 CHET 2 fEE  Froat T 8, s A RS Ak
T BRI R BRI
G 5 e B DU AR B ) BUORE  BURE 52 100 ¢ 2247+
FEL AT R B ARVt 1.00 F10.15 mm §ii , 5 .

HIPIFE Cd Zn Fe Mn Cu 25 84047 % F HNO, -
HCLO, 35 (RFR L 3:1) . 13% Cd Zn 2B 53 H1R
1 HNO,-HF-HCIO, 3 TH i s B30 Cd Zn 43 B2k
0.1 mol-L™" HCl ¥24%&, +-1& LM 1:5,25 CHk¥% 1.5 h
JE B O B (B H 2000) . 1R FRIE AR T 4
J& B & ¥R AR F WO 3% X ( Zeenit 700P,
Analytik Jena AG, Germany) Il z&. % HI [ Hb iz &}
2B b R Py 2 b 5K Ak 27 B A B O T AR Y A 58
S FRUEY) R GBWO0T7401(Cd (4.3+0.4) mg-kg™,Zn
(680+25) mg-kg ) MEN T IEEES Cd Zn E 5007
49 Jo B o A, I L Cd i (4.5+0.3)
mg-ke™,Zn FHE M (670£12) mg kg™ KA 2%
b2 5 H R 2% B B 4 19 7R O [0 37 I 4| i INCT-
OBTL-5(Cd (2.64+0.14) mg-kg™",Zn (52.4+1.8)
mg-kg™ VVENAEYIEE S Cd Zn & & 58T ) 8 2
iR AT I Cd 5 (2.5340.22) mg-kg™,Zn
TN (51.951.2) mg-kg™'. HIEIEA IR Bz G
AL H BT R E (#14- H, 2000) .
2.4 FHABAIE

RIS HE K Excel 2010 1 SPSS 11.5 i3
TG 53 M. R B8R R 7 22 43 A F0RT 2 A 22 42
( Duncan %) 4387 [ — i B A A [R) il AR A 34 ] 1) 22
S 0 PR SR R X ¢ G 30 43 AT W A o e ] ) 2
g

3 HRE55H(Results and analysis)

3.1 G A Zn RE 3 A 4 & W

W1 R ARTE Zn BEAS XTI e 1349
FEIR AN S Zn AEHE T 7 2 A0 A 26, i HL
HAELE R X R RS FER 2 5 G+
it Fp % K ST 7n B AT RS 2 R H M | e R
(p<0.05) ,HalE A 71.4% , i HE ATt Zn &b B Hit
- et A A G SR R T R R LR
Jite Zn AL B AR AT G5 2 B m Ho M AR W, Bk
HEWE A 117.2% 5 W8 Zn JE AT $2 5 Ho 1304
Y e R 15.8% ~37.2% 0 BB KK E®E Zn 4b
PP ROR B PR, TC AR T M P i A S
Ve R E b FH Zn 0 XT38 50 b (1) 5 7=
SRR TARAL R A, it Zn ARG 34 7= 1E A T
W%t Zn KO 55 40 BE X ¢« K062 A, 7 A7 AL B8R A~
it b S e A G I 2 S

80
W Es
ol a O 48225
a
a ab

60 -
w50 b
@ be b
4 b b d
% 40 b cd
.1.]
=)

30

20F

10F

0 L)

CK S1 S2 S3 F1 F2 F3
Ak

1 REME Zn A3 % 7B S i _E AR & EE B9 S0 (16 o Hcdis
3 RE LRI bREZE A FVNS 5 83— ] —
Foft P AS TR AL 24 i) 2 5 Wk 5%, p<0.05, T IR))

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

cultivars of B. chinensis

3.2 HJfl Zn BT ¥ Cd 1 Zn ZAR Y B

FH L 2a AN, TS TH 2 S R A BB 3B Cd % =
XS it Zn JES P i 7 KA AN ) 6 PR 2R P A2 0%
25, i = KT B e I K P R K ST Zn
JEER AT S R &R Cd 5 5, BRIRE O 23.8% ~
41.4% ,iX 4 AR B 22 5 540, 7F it
HKF Zn AEAREE T 4252 2 S & Cd % =1
7 0.181 mg-kg™ LT E L 2RI GB2762-2012
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HE RIS Cd & s K IR1E 0.2 mg-kg_l( & %K
B 28 A ARG ATAR Hocs | 2012) 170 R 538 38 b o 5
g, U it e K SF Zn BB A AT I 25 [ ARG He 3 [ 35
Cd &, BRI 45.4% RGN FoHh 38 Cd &
TG R A, WG R KO Zn BB A
Cd &&= X IR AL PR, R L, A Zn A 1358
Cd & M AR E YR E A Zn IEXHILE R
dn Al Cd WIS 4 BAOR O T 8 S F. 5 h e A 3
T AP TR B A EER Cd FE A
EAR T E A B TR LS I 34.9% , X
FWE A Zn HEFFBA 23 Cd A7 2R 1 JE [ 7Y
Z5, ZESEABRRNTREE.

0.6 4 W s
O482 5 a
ab ab ab
@ b
o0
==
%" a
ﬂjﬁ ab
<& c be be
3 be
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i c
=
F3
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T
W R
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3 a
20
£ b
i
41
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Fig.2  Shoot Cd concentrations ( fresh weight basis) of two cultivars

ol B. chinensis under different Zn Lrealmenls

AJE) Zn HBAL PR R I 158 Zn &8 W 2b.
BEEE Zn ZKEHE R, AR 2 5 FIFELE A -3 Zn
PR e, i = A A | =K Zn
NEALFEHERAS M 18 Zn 5 i W & TR AL A
KIGHESY K 8.0 A% H 6.5 135, 575 41, A% 58 i Ak 3
7t Zn B L HEALPRAY 1/8 ~1/10, 8R1NTBR T 4¢
B 2 SFE /KR ET Zn &8 B EK T RK
it kb B A S KPR it T i Ak B Zin
FHIF LR XS, X RPWE A N E Zn
JES A1) FH 23R 50 5 1 il b B

HREB Cd M Wi A HE AR R (L35 b | 3 D
HR#B)Cd RHESWATENLME, 5 Cd 2R/
WA L | 1248 A A B o T s S R D AR R X Cd
BRI RE J7 (Xin et al., 2013). 1055 1 iR, 15 T
TG Zn AbBRAL , HAYE Zn AL BRER AT (AL 2 5
AR &6 Cd ¥ M YA f o 3 IS T X BR A 3L, o i oA
30.5% ~57.6% ; i XF 5 38 & FhFE L%, LU + it =
IRV Zn JE AT & FEARLARES Cd ¥ W i, R R Ry
50.9% , M HoA AR B HAARS Cd W Ui it TG i 35 5%
M. 5340 0 KB 220, Bira AL B I AIG A 22 0 o 1) R 3
C Ve AT #4048 25 0 T 3 ot o

£1 AR Zn LETHERE Cd &RUEF Cd FiZE2H(F
E)

Table 1 Cd net uptake via roots and Cd translocation factors ( dry weight
basis) of B. chinensis under different /Zn treatments
HB Cd IR YR/ e
P e iEE
i B2 5 bt R 2 5

CK 36955 331+46* 0.627+0.075" 0.574+0.067¢
S1 349:+38" 23041 0.729£0.054" 0.294:0.032"
S2 386+10™  155+45%  0.757+0.045"  0.536+0.075
S3 181£34¢ 140£25°¢ 0.680+0.034" 0.585+0.069*
FI  453£31° 174£25*  0.750£0.089"  0.287+0.012"
2 467+35° 238428 0.904+0.110% 0.464+0.039*
F3 37530 166+26™  0.918+0.078" 0.5310.068°

T RPE AR MER (n = 3) 7 AR/ E FERR KA
225 8 (p < 0.05) , Tl

Cd Feiz ZECHME Y B Cd & & 5 Cd
SR, BT Cd FEAE YA P AR [ 3
¥R HE ST (Liu et al., 2009). FH 3 1 AI 50, +
TR Zn BEMHARES 2 5/ Cd friz RELE
AR X BRAL R, B 0R 3 31k 48.8% F11 50.0% , i sk
ALERNTH: Cd %32 22000 3 52 e X T A 9
2, THAPIE AR KT Zn BEXT Cd %1z 240
From e = K Zn SEEIE Cd F5i8 2408
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ER T RN FE 5 AN e IR, BT b HE R IR
FEFY Cd iz ZRECER B2 (T80 S .
3.3 M Zn FEXt £ Cu Mn Fe & & 8 %

Jiti FH Zn AEXTIH 2 1235 Cu Mn  Fe ¥ fiE T
RINEEAEDEHBARBZW (% 2). 2its K
- Zn AR ER SRR 2 SMIES N I Cu &
S SO 1.2 B LS A T A Zn A BRI X
PHAN SRR 3 Cu 7 &2 70 B 35 52 WL it Zn HE XS
TSEH 3 Mn 75 52 (4 5200 PRl o S X AR R 2
T Zn MERREARH L 8B Mo B, Hodb, 46
B K R AR KF 1 Zn BE AT B S Mo

B LT R AL P BRI R 30.9% ~ 50.1% ; i
XFFIESE A Zn MEXEMUELHY 135 Mn &, Horfr,
T OBANE Sy 2.3 4% 00 ) Zn AEXFHSEHE 123 Fe & 2
(149532 M, [T s 5. it P v KT 19 Zn I VT
ERREARLR 2 S 1 Fe i IR 5100 41.8%
M123.1% , HoAelit 7n AL BERTHE Fe &40 135 55 1
X FFELE, T A Zn EALEX H L & Fe £ 0
T4 R 55 A6, X6 EE R A i A A L R Cu M,
Fe S kB0, M08 2 S E#6 Cu &5 I Z K T 98
5% M F 0 Mn Fe S RBICHEZER.

F2 AEHE Zn B TiHEM EE CuMn Fe &8 (TE)

Table 2

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

Cw/(mg-kg™")

Mn/ (mg-kg™")

Fe/(mg-kg™")

e FELR IR 25 FELk R 2 FELR g2 5
CK 11.62+2.14" 9.73+0.79" 272+35" 682+71° 164+24% 221+28"
SI 12.2622.91° 11.03+0.74% 422+66" 615+80™ 19124 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°
Fl 10.96+0.96" 10.83+0.76" 326+45" 340+32° 11713" 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"
3.4 M Zn PATHEARAS CAd A Zn B EWN D H BEFEES I EEARE In HERAE, LG EK

ANEIHE Zn AR BN A HEA S Cd SR ANE] 3a
FIR AR it B 1 A S Cd o4 B L )
HHEAT 55% , X BB T Cd B R .
77 2250 Al s Kl e, ARG Cd & e ff
AH ) — i P A AN 5] Zn B ALk 352 5] 0019 4 o ol 1) 24 16

08 a

S

B

n
O #3258

<
=)
T

HIEARES Cd A& /(mgkg ™)
<

=
)
T

CK S1 S2 F1 F2 F3

3
Ak

B3

B Zn BB AT DU S A Zn B  NIMETE Zn
AEI X - A RS Zn & B BAE L. D50 0 K
R A A b A IR A RGE Zn LR
EF 20

901 p
W ER
IiEL o2 %
il
2 60—
o0
£
i
4 b
N
P L
=
AR 30
T
=
C
C
gl o e dile c
CK Sl S2 S3 Fl F2 F3

b3

AEHE Zn 4B T3 HIEELLS Cd (a) F1 Zn (b) SR

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



2594 2N

ik

7

358

% iR

4 T2 ( Discussion)

In fERIEYI LT M B R C R — Bl
VAR PN Z2 10 T8 M 2 0 RNV TS R, R 3 S
TCEAER FFIRAE T 811 A i S i 5 ad F rh
RIEEZAEN, SR A ERE RS
FEIHLEANE(Wu et al., 2010).7E Zn Bt Z 8035 PEAK
() 358 it Zn AR AT IS 3 42 @ EY Zn 5 FR T
ARAEHAED A ARG G 3 B Zn JIE,
WIRT 3@ o Zn/Cd $550/E 2 Cd B35, DT ele 2
VEHE KR IE 48 (2008) BF 98 & 90, 16 Cd & 15>
0.6 mg kg™ (AL T I 7l 16 ~ 64 mg- kg™ 1Y Zn
SO NSRS O s e AT R X e le: e o N |
WEE (2014) WESR R BA, AR Zn BN 1.9
mg-kg_lﬂ/‘J Cd 754+ & |- B 50 ~ 400 }.unol-L_l 10
ZnSO,, W LB S EY) Zn B RS Cd %
(IVEFE , 035 45 5 7 i = i AE AR IR 5 v, it s
Tt Zn AE T AAS [ B b £ 5 0 b T € 1y b 5 7
Bl TS A A Zn RN 12.6 mg-kg 'L
i TR ek Zn I BHE 1.5 mg- kg™ (81 H
2000) , 7Fi% 11 it Zn AR R IR SO E ; A HE
U HIEHE S &M 50 mg-kg™' s TR+
SEATRLS I FHE 10~ 16 mg-kg ™ (XISEHESE, 1990)
S ZnSO, #0350 S AYAER AR B FEA B
e B Zn JEAR A K T B2 T Zn/Cd
WPERSM T Cd XHlEEM 2 F . 1 4h , A W52
P A Zn ER IS - ROCRA 2 7, X ATRE S
P SRR Cd TR A Zn BUBHE SR 6. R R %
(2012) P58 0 % R, FE 48 75 Yo A H A mg it Zn AR
AT DL B S A0 AR R R e R AT
AL N TAR e e R

Zn 1 Cd HAAH [F] 1) 25 T-45 R FARARL ) £ 2 1
B, “EE LY R A B AL HAER, W]
LRI 5B W W] 555 20 57, Zn/Cd 58 BAE F X
Cd 7E+3E-HE W) R e Th i B R BN 5% ) 32 2R )
¥ DZn  Cd 354 - 3 R 3 7 19 15 T 28 4 I A7
KRB BUER , Zn 0] Cd AR RN, 2 2E Cd 1Y
R, A FEOKIESE RS Cd T, R
Y%t Cd M ( FEE 45, 2008) ;@Zn  Cd 325 HEY)
2 0 R T TR ST A I M R P 2 R T, SR
LS EIVE A, Zn SH0 ] SR SERE PR Cd IR
W FNE%32 (Kuo et al., 2004 ; McKenna et al., 1993).
ARG 0t Zn O EARE HIEA R Zn &0 W E

T (HARL Cd SR RZ 2 B m, B, Zn
Cd 78 45 B 28 B AE XTI EE Cd WA il S i
SZMA). R IE [ 55 (2008 ) WFoE & B, 7F Cd & & 41.0
mg kg™ B IRZLIFE |- 1 16~ 64 mg-kg™ 19 Zn AT, -
ek Cd £ IR A B AR AL i Ik AT RE
S RE )R AT 1 M g - S o R o6 S [R5
FEY)Hb 3B Cd B FH 32 BEAZ M W WSO ph AR 38
] L b 3R 12 A R s LA S T S
#B Cd & 5 Cd HR s & Cd s R B
KoM an &l 4 FroR b s B ES Cd & i S AR AR
Cd Bl 2 5 3 1 IEAH R R AR (p<0.01) , B
Cd ¥512 BRI H L EA 25, 575 4B A
i Cd FEASL LA SRR Cd v Wl AR fb B A
—E (LR 2a ISR 1), e Al g0, A5 HR it Zn
HO ARG T S8 B Cd 75 2 32 B2 i T AR AP Cd

05~

04

03

Mo b6 Cd A& /(mg-kg )

1=0.905(n=14, p<0.001)

] I ] ] J
100 200 300 400 500

R Cd ¥ & (mg-kg ™)

(=]

05

04 |

03

02

M E#B Cd A& /(mg-kg ™)

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

0 0.2 04 0.6 0.8 1.0
Cd #Z2 R ¥

4 h3E EAR Cd RESRESERKER Cd iz RHM
iEE Sk
Fig.4 Relationships of shoots Cd concentrations of B. chinensis to

Cd nel uplake via roots and Cd Lranslocalion faclors
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