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Abstract: The objectives of this study were to investigate the influences of different concentrations of zinc
(Zn) application on cadmium (Cd) bioavailability in soil and Cd accumulation in rice grown in two Cd-pollu-
ted soils. Rice pot experiment was carried out and the rice variety was Weiyou 46. Application exogenous Cd
and Zn, curing generated two Cd-polluted soil (0. 72 and 5. 26 mg/kg Cd) and four Zn-treated soil (0, 40, 80
and 160 mg/kg). Results showed that the application of Zn had an influence on the test indexes, while soil
Cd concentration was the dominant factor affecting the soil Cd activity and the Cd accumulation in the rice
plants. In the 0. 72 mg/kg Cd treatment, the application of Zn reduced exchangeable Cd concentration in soil
by 1. 9% ~17.0%, while increased the uptake and accumulation of Cd in the iron plaque, roots, and brown
rice, the Cd concentration in brown rice was ranging from 0. 09 to 0. 17 mg/kg, furthermore, the Cd concen-
tration in brown rice was linearly positively related to the exchangeable Zn concentration in soil. In the 5. 26
mg/kg Cd treatment, the exchangeable Cd concentration in soil was increased by 2. 1% ~4. 8%, the Cd
concentration in various rice organs was decreased. Moreover, the Cd concentration in brown rice decreased
to 0. 12 mg/kg when the Zn concentration increased to 80 mg/kg, whereas it was 0. 45 mg/kg at 0 mg/kg
Zn, lower than the National Food Safety Standard of 0. 2 mg/kg (GB 2762—2017). In addition, the correla-
tions of the Cd concentration in brown rice and exchangeable Zn in soil were linear and negative. The experi-

ment results also found that application of Zn increase the accumulation rate of Cd in the underground part of
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rice planed in two Cd-polluted soils, and then decreased the Cd accumulation rate of aerial part. A certain
amount of Zn to reduce the Cd concentration in brown rice was feasible in the soil treated with 5. 26 mg/kg

Cd and the amount of Zn 80 mg/kg was the best applied in the experiment, while it increased the risk of Cd

accumulation in the soil treated with 0. 72 mg/kg.
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1.3 MEEIRSHE

5 R AR B AR VR R i (A A Ak 2E 4 BT
PO A I, e Cd 1 Zn B R AR
2 — AR — m AR L Y . 1 mol/L MgClL, ¥ ik
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pH R % (H R IEAZ A Cd & & 2 A
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R2 AAKEImEANEpHRESEXBRESSETUNZN

b g TS Cd/(mg » kg™ ) TS Zn/(mg « kg™ ) pH
Cdo. 72 Cds. 26 Cdo. 72 Cd5. 26 Cdo. 72 Cd5. 26
Zn0 0.534-0. 05a 3.3020. 14a 4.4640.60d  2.064+0.18d 4. 8940, 24a 5.23240.05a
Zn40 0.524-0. 06a 3.3740.18a 13.4944. 14c 19,5345, 86¢ 4.7040. 32a 5.0540. 03bc
Zn80 0.460.02a 3.3974:0.19a  35.5946.88b  37.34413.49b 5.0020. 10a 5.08240.07b
Zn160 0.444-0. 04a 3.4640.03a  65.61+£12.87a 62.16+3.33a 4.784+0. 30a 4.964-0. 05c¢
Cd F {4 4197. 35" 0.02 10. 24"
Zn F (4 0.16 72.91° 1. 86
CdX7Zn F{H 1.36 0.49 0.73
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3 FREKE InEAMKBEAREGH Cd SEHHM LAY mg/ kg
. Wk i %0t B Bk
Cdo., 72 Cdbs. 26 Cdo. 72 Cd>. 26 Cdo., 72 Cdb. 26 Cdo. 72 Cdb. 26 Cdo. 72 Cd>. 26
Zn0 0.57+0.38b 1.45+0.08a 1.15+0.18b 4.86+1.36a 0.12+0.01a 0.64+0.0la 0.06+0.03b 0.48+0.07a 0.0940.00b 0.4540.06a
Zn40 0.64+0.22b 1,27+0.08ab 1.88+0.11a 4.63£0.20a 0.13£0.02a 0.27+0.04b 0.1140.04a 0.16+0.02b 0.10%0.02b 0.3010.02b
7n80 0.7340.22b 1.18+0.13bc 1.65%0.22ab 2.34£0.47b  0.09£0.01b 0.15+0.01lc 0.06%0.01b 0.1140.02bc 0.1740.02a 0.1240.02¢
Zn160 1.6240.20a 0.9540.20c 1.444+0.33b  4.84+1.53a  0.0940.01b 0.14£0.04c 0.06+0.01b 0.06%0.01c 0.15+0.01a 0.1240,02¢c
Cd F{f 24,127 71.23" 417,027 96. 04~ 118. 64~
InF 8 5.827 3,157 179.20° 53,547 32.84"
CdXZn F 27.58* 4,747 138.73* 54,72 82.51"
£4 AEKE Zn A KBEAAMMEH ZIn SEHEM ¥ 17 mg/ ke
. [ i %0 A% Bk
Cdo, 72 Cds. 26 Cdo, 72 Cds. 26 Cdo. 72 (Cdo. 26 Cdo, 72 Cds. 26 Cdo. 72 (Cdo. 26
7n0 18.8243.78¢  22.85+1.72¢ 8.2610.48c 23.12£8.22b  28.54%4.40b 21.15£2.54c 17.11£2.63b 16.35%1.24a 19.300.74b 21.90%1.84h
7040 36,1047, 67be  41.42£5.33h  39.234+9.41b  29,04+9.41b  45,28+5,05h 41.91+9.18b  23.83+1.06a 16,304,060 29.59+4,27a 22.01+1.38h
7n80 55.89118.89b  40.74£4.60b  54.84+11.72b 27.5245.38b  67.11£9.53a 39.4248.34h  16.70£2.89b 18.43£6.61a 21.85+0.62b 25.90+1.28a
Znl60 98.65118.56a 102.23£9.50a  94.55+16.32a 74.0949.22a 72.65%9.47a 73.34%3.55a 21.35%1.66a 17.89£0.70a 26.34+0.25a 26.06+2.82a
CdFfg 0.01 7.317 6.82" 3.71 0.13
InF{g 65,787 53. 157 31,647 1.52 9,187
CdXZnF{ 1.33 5,387 3.15 2.33 9,417
2.3 XBEHKSEEVENTK 2 fih Cd 75 Ye 4 32 R A /Y 7K G BR & AR B A R

i 5 Al %, 78 Cdo. 72 -+ 5 RhRE A4 K FE AR 5 e
Cd5.26 3R 1. 66 ~8. 00 cm, i K T 5 1 A0 1
i 2. 43~4. 54 g/pot, MM KFEMR . ZEiH FI 45 721 T
T2 ZEFB/N, HEXTI Zn0,Zn10,Zn80 4b H Xf

A, BB PR N, H Znl60 &b B 5L /N i B H A
Cds. 26 3 REK T 8 W3 TR 19. 520 (p<<0.05), X
R iR . 23 Cd 1975 Je K 7 J& K Rg bk o L 25
R OK T E AR R &R

x5 AEAKREInEAMNKBESMEYEMNH N
i & /om B/(gepot™ ") ZM/(gepot 1) A5/ (gepot ) BEK/(gepot™ ")
(Cdo. 72 (Cds. 26 (Cdo. 72 (Cds. 26 (Cdo. 72 (Cd5. 26 (Cdo. 72 (Cd5. 26 (Cdo. 72 (Cds. 26
In0 83.33£2.89a 81.6742.52b 5.62%0.35%  5.88£0,60a 17.40£1.65b 19.1242,15a 4,671,042 4,371, 80¢ 16,8044, 63a 14,3740, 55ab
Ind() 86.33+1.53a 86.67L1.15a 6.48%0.73a  5.67£0,51a 19.50£5.21a 18,9042, %4a 4,23%0.57a  5.30%0.26b 17.934£2. 75 15,20£2, 60a
In80 88.00+2,65a 83.00£2.00ab  6.74+0.42a 5.67£0,53a 20.50+4,78a 19.83%2,30a 4.70£1. 25 5.40%0,20b 18.63+1. 152 15,6743, 31a
Znl60 91.334+7.57a 83.33£3.06ab  5.7840.86a 5.94%0, 46a 13.23+1.10c 21,8741, 35 4.37£0.25a  5.83+1,95 16,102,552 11,5740, 96b
CdF{§ 6.42" 2,35 902" 1.10 8.63"
InF{ 2,23 0.77 1.85 0.34 1.81
CdXZn F{fi 1.69 2.05 4,007 0.99 0.19
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Cd5. 26 T3, Jifi Zn W) fiff 15 7K g AR 6 Bk S L AR X Cd
() SRR AR K, ZE i FRE K X Cd Y 58 FH 38 38 37 ik
/No FE CdO. 72 1 Cd5. 26 - 3Erf, K A Hb R 3 (B %
HRF RO H 2 Cd T2 RFHAL, Cd B0 2
71.0%~82. 0% Fl 63. 2% ~87. 8%, ifif #b I 3 (2%
A5 78 RS KO Cd g SRR 0 43 031) 5 3] 18, 406 ~
32.0% F1 12. 8% ~42. 6%, Cdo. 72 + HEFh A (Y 7k
Feidth 36 Cd 2R T Cd5. 26 L3, FEE Zn i
FH YV BE (19 19 K (40 ~ 160 mg/kg) . Cdo. 72 - 45 K F5
R Cd Y RN 71, 0 %035 #i 1 K 51 82. 0%,
Tt _E A7 %) Cd i) 8RR M 32, 0% 98 /N2 18. 4045
Cd5. 26 + /K Fei st R 37 X Cd A9 B LR 63. 2%

BTG R F 87. 804 i My b AR AL Cd i R B
42,6 Vol /NE] 12,800, AT WLt Zn 38 KT KA R B
i BB FE AR T 3 B3 A R,

60 b S [m #5 7
i3
40 |
20 | s
e 0
"
B2
B 40 |
60 |
80 |
Zn0 Znd40 Zn80 Znl60 Zn0 Zn40 Zn80 Znl60
100 - Cdo0.72 Cds.26
B1 AERE Zn E AT KBEEBA Cd ER RN
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AT, FE CdO. 72 458 K R AR e 2k AT 23 5238 Cd Al
Zn it W O 2 M A G 3 U I KRS AR 2R R A
FEHB Zn FEGE R, Cd i R, 31X 0] BB B R T
Cdo. 72 L 8Erpifs Zn, 2 i A3 4R R KB 43 52 b Cd
Al Zn F R RIAT 38 K. 76 Cd5. 26 + 3, AR R ER B I
Bk Cd Al Zn & 3 43 ) 52 B0 67 4 MR OG L 16 W AR
FERBEARER D Zn & 8K, Cd & &/, £ 9
6]+ 3t Zn, 2338 KM R KB FBE K T Zn & 4, [
i B2 AR A B2 Cd & 4

R6 ABEALAMUERCIA Zn TEZ AMNHEXRH
g MR ' M A Bk
Cdo.72  0.871°°  0.063 —0.554  0.664°  0.130
Cd5.26 —0.748" " 0.303 —0.499 0.170  —0.693"

W ox Flox x AR RIFR p<<0.05 Fl p<<0.01 BEKTF, K.,

HFHFEE BEED Cd Zn A SR (KL
FOoKAEAS AL Cd Zn & (R 2.3 3) 43 Bl k4140 56
PEAM BT, M 7 WAL TE Cdo. 72 A3, IS
Cd Fr52nt Cd &0 % IEZ MM ¢ (p<<0.05),
M5 kK Cd & & B & &AM X (p<<0.01); £
s In R, S BB KD Cd 2R
FIELRIEME (p<<0. 01, T 5 2Emtrh Cd A& &
LR (p<<0. 05), 7F Cd5. 26 +- 3, + 1S #H4 Cd
B ARSI SRS KRN A5 ARk Cd
Brit MR ARG (p<<0. 01), HAZHZS Zn &5
FRRME Cd & I 25 T 2R AH G (p<<0. 0D, K AFAR
PRI ARFIZEN T Zn F B35 RIS Zn S
FAELRMER 2 (p<<0. 01, Al L. 7E Cdo. 72 + 3 it
I ffAS - HEZ RS Zn M2 REK R Cd B K 1

2.5.2 LHFLBRHBAELFTLAMBEHRECAZn  Cd5. 26 +HE MIRSSHRA Zn 82 Bk Cd &N,
R 1EEEEXBRTSEESABEHMLCIM Zn SEZHWEXEY
o THRERRE KFEH AL Cd & KT AL Zn & &t
A RERRK i EUs G Bk LESN [ it A5 ES

L XA G —0.557 0. 281 0.591" 0.118 —0.687" —0.546  —0.588"  —0.581°  —0.020  —0.005
COT2 gefids n 0.875°°  0.130  —0.626°  —0.338 0.710" " 0.923°* 0.934"*  0.873°°  0.121 0.217
L TmAC —0.256 0.245  —0.787" "  —0.960" " —0.671" " 0.377 0.247 0.174 —0.161 0. 321
CB26 g Zn —0.838" " 0.152  —0.736"°°  —0.801" " —0.837" " 0.875°* 0.777° " 0.876°°  0.364 0. 660"
3 i FERER R Cd A5 4R Zn SeHds & B IE & M A

Jiti Zn Ji , HR B Cd ¥4 Y 58 (Cdo. 72) &8 e 2 Cd
TSI M EE Cd 54+ HE(Cds. 26) th &
PUBE FR B (5 2) 5 Y K — AH B s i J I AT R 2
I EE R oY SR P o S B T e I ) B
W B AR AR F AN M E R AR B Y O A A
M A B oC R Cd it B SR IC R Zn (1) iz i i 8
ATK B RLARAR Y KRB AT Zn S sk, %F Cd 2
B X R T Cd 5 Zn A A R e 25 F0E 2
AR B 2 420, 7E Cdo. 72 158 ok A K A —
7 AT 38 35 AR S W i SRR - s W b v 4 CdL s — T
T, U AR P WS Zn TR Z KRS E S
WU Zn B[R B 7 Wl T Cd s JE T BRI T 4R PR £
Herp g s Cd & i mifE Cd5. 26 4, H 3 rh g i
A& Cd Y5 Zn [FB KEAFE,Cd 5 Zn 760 Y 1R 40 i
FR 5 4 25 5 00 1 AR PR BRI B Zn, TN B0 Cd i
f bR sR Y A Cd sg e S & =3 K AW A stk
HaoR AR Cd g fnE .,

M 3 Al 7E -3 Cd 25 4L (Cdo. 72) , B
Sy Cd 5 Zn AR (432 Fi 8 16 K FEXF Zn S0 &
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