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Abstract: [ Objective | The antagonistic effect between metal ions and cadmium (Cd) is an effective
measure to reduce the absorption of Cd by rice.This study explores the effect of adding metal elements on the
absorption of Cd by rice, screens appropriate metal salt fertilizers to reduce the content of Cd in rice and reveals
the correlation between Cd content in different parts of rice and various antagonistic elements , thus it is of great
significance to realize the light and simplified treatment of Cd—contaminated paddy fields. [ Method ]
Pinliangyouhuazhan was used as study material, and metal salts such as CaCl,, MnCl,, MgCl, . ZnCl, were
added to the soil.The soil properties, available nutrient, and available Cd content, as well as content of Cd, Ca,
Mn, Mg, Zn in rice straw, husk and brown rice were measured. [ Result] The application of metal salt will
increase the available content of corresponding elements in soil.The increase of available content is Ca>Mn>
Mg>7n, which is 203%, 141%, 96% and 6.3% of the added amount respectively. There was no significant
difference in the content of DTPA extractable Cd in soil after adding metal salts (P>0.05).After adding CaCl,,
the transfer coefficient of Cd from straw to husk and straw to brown rice was increased by 54.5% and decreased
by 29.6% respectively ; after adding MnCl,.The transfer coefficients of Mn from straw to chaff and straw to brown
rice was decreased by 23.0% and 38.5% respectively. The transfer coefficient of Zn from straw to husk was
increased by 44.6% after the application of ZnCl,; but there was no significant effect on the transfer coefficient
of Mg by all treatments.Multi factor linear regression analysis showed that, the content of available Mg and Zn in
soil was significantly and negatively correlated with the content of Cd in rice straw, husk and brown rice, and the
partial regression coefficients were —=3.466%%,-3.71%%* -2 815* and —2.318%**,-3.804** ,-2.465* , respectively.
The content of exchangeable Ca in soil was significantly and positively correlated with the content of Cd in rice
husk, and the partial regression coefficient was 2.591%.[ Conclusion | Adding Zn** , Mn>* and Mg™* to soil , the
content of Cd in rice showed decreasing trend due to increasing available Zn, available Mn, and exchangeable
Mg.However, there was no significant correlation between exchangeable Mg and Cd in rice, and there was strong
adsorption between soil particle and Zn** , which affects the increase of available Zn. Therefore, adding Mn
fertilizer is an effective measure to reduce the content of Cd in rice.

Keywords : metal salt; antagonistic effect;available states ; cadmium;rice

(158 5 VKA (Oryzasativa) J2: 3% B 50 TARMEY), A7 0 29 2,140 1, 29 5 B3R DR 8™ 5 19
409", ITAEAR B T Tl AL FERE B NE, R4 Tl A T R 25 A HE i R Y A i T AR X
B (Cd) V5 9% H £ 7™ 8, 38 1 PR R A6 FTK RS X Cd 55 1 I TBE ™!, K e 118 22 4 A= 7 T i 2 DRk
A DR AT 1k | i T Cd 2 G Ml T E R B 5B, X T 32 Cd 5 iy 8, 32 2R Al Ak = Al
HPE S BoAR O Bl R E R BOR T B, AN U 8 Cd SR YRS R, 980D K R A Cd BT
We , ITIT S B 32 75 e Bt b ) 22 2 RIS Gl aed ) S b AN PR T R RS sh PR A e R B IR ER kTR



3 T B AL <6 T R SR 23 FIUKAE Cd WO 2 M 5 -+ 739 -

b A WL A O AR BEAE R R AR 4 b Cd s P (EE R T I R AR N AR S
AR, B9 kM, Cd* F %58 i Zn®™  Mn®™  Mg™ | Ca®™ %5 06 55 42 8 B 7 4H 7] A9 %% 48 75 19 18 38 (OsN-
RAMP, ZIP 45 ) R AT W WS A% 32, DR mT 30 o 38 0 A 90 XoF 4 T o6 3R 14 W ALK 9 70> Cd™* ZE /K ARG AR 1N 1)
AN R TR R A A A R, b T it Cd B AR A R AR A R T B R AT — R Y R
I 1 B9 70038 3 i R WS BT 4 SR T R, BN 5 W I ) R MR 240 e PN 4 S ok B A 9 Cd A
T FF BN K FEFFRLIY 38", WANG 58 & 30, Wit ZnSO, - TH,O J& , B K A 2 MUK FEMR & Zn |
Cd & 2 5 B & U 56 . 18 KRG JF 46 Wit ZnSO0, , 43 5 ] (5 3 AR AR | WG A R Rz Cd &5 B 7.81%~
32.00% Fil 16.93%~28.52%"" . Wi Jiti A~ [|] ¥ BE (1 44 >K MnO, 75 7] &k 3 [ IR K Cd & & 27.27%~
54.55%"", BRiLZ Ab, Bt i 2 A (SRS A (Se ) S AR % FEARAE B % 4 Jm A9 W, ik
PR AL A0 B0 (A DI G ] o 1 it Cd BE$a b kA2 R F B 2 A v 3l 22 1 B
WU R S R AR R R B LT AR K 52 i BE AR Cd & i, BORIEEA R A
AF 5 FOL30 o R it A AT v ) 4 i 5y, e I 7 M08 it Ao R v ) B K, DT AR AT AR 1 4 Jm R L IR B B AIX
Cd & RmMACR . BT Zn Mn . Mg.Ca %553 LR TE 1) 24778, HAVJE T(GB 2762—2022 F % &
b A AR IE A RS Y R ) P BT R A T e, DR It I S 4 T R X A 4 1Y 7 T R ) A
XFHEZIN o (400 A e 1y G e (] 0 ] 000 H A i BAF 9 % B0, FILR 46 08 B8 75 CA I FS P AE T, f R i iE 322
W HEA O R B Ty Cd B " R R M/Cd(M T & 8 o R ) A B TFEAIK
KA ANZE VR IXT Cd A I (B E oK it FH 4 J8 e R IR K R RE K Cd 5 L2 & 8 T £ A 580
B B AH S AT T o ARWEGEIE i 1) - HE SN 4 JE A WY R R 2 T R DL OGO Cd A
FRAr G R AR AL, T BEXF KRG Cd 157 5 W 5 35 19 32 40 o0 R, F0 % Ho ol 68 9 AL HEA T3R5, e
T IX. Cd 75 Y B b 114 22 4 1] B AR AR 25
1 MR 5RF*
1.1 #BFHAEFHERRE

F AR IS TEVL VA e B BT84 A0l Bl 24 B 3 AR5 S IR IR BT 9 i i ) 25 N 64T, itk 1 4
WU VTG40 ST, IR 0~20 em, H IR R I & RUK RS + .

P64 Th SRR ) 1, AR - e A M W 1,

F1 HEEAEAER

Tab.1 Basic physical and chemical properties of soil

R B AR HALE SRy ARGR SCiMERE AR

A HLB/
- (oek :\) (g-kg") (g-kg') (mg-kg') (mg-kg') (emol-kg') (mg-kg') (cmol-kg') (mg-kg")
P gOl\i Total Total Available Available  Exchangeable Available Exchangeable Available
N p p K Ca Mn Mg Zn
5.66 22.96 1.51 0.392 20.7 79.0 4.33 4.07 1.44 9.96
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Tab.2 Heavy metals content in soil background

BIR/(mg-kg™) B4E/ (mg-kg™) B (mg-kg™) B/ (mg-keg™) B/ (mg-kg™) 24/ (mg-kg™)
Total Hg Total Cd Total Pb Total As Total Cr Total Cu

0.148 0.579 21.3 8.79 25.21 73.46
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Tab.3 The additive contents of trace elements and fertilization amount among different treatments

LS AR whnid/(g-pot™) TR e T/ (mg kg™
Treatments Metal salts Added amounts Metal ion increment
CK - - -
CA CaCl, 16.6 400
MN MnCl, 3.4 100
MG MgCl, 5.9 100
7N ZnCl, 3.1 100
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Tab.4 Soil nutrient contents after adding metal salts

Ex-V AR R BN ERG/ AR/ AN BE/ AR

Qb PR . (g-kg™) (mg-kg') (mg-kg™) (cmol-kg™) (mg-kg")  (emol-kg™) (mg-kg™)
Treatments P Total Available  Available = Exchangeable  Available  Exchangeable  Available
N P K Ca Mn Mg Zn

CK 5.92+0.02° 1.39+0.08" 20.4+1.98" 77.7+8.78" 4.51+0.62" 4.25+0.12" 1.61+0.28" 11.4+0.78"
CA 5.46+0.08° 1.40+0.05° 21.0+1.71" 69.2+5.50" 6.54+0.66" 4.25+0.45" 1.36+0.09" 10.1+0.56
MN 5.68+0.07" 1.42+0.03* 22.2+1.97° 79.9+8.55" 4.72+0.24" 145+13.3" 1.50+0.19" 10.5+0.33¢
MG 5.54+0.08° 1.42+0.09" 19.0+0.60" 74.2+5.47 4.14+0.29" 3.63+0.32" 2.01+0.14" 9.25+0.21"
ZN 5.76+0.08" 1.55+0.21* 19.4+1.12" 73.1+6.36" 4.61+0.29" 3.91+0.85" 1.40+0.18" 17.7+0.12*
FRHPOREING FhEFR A — 5 5 25 57 W 3 (P<0.05) .
Different lowercase letters after data of the same column mean significant differences (P<0.05).
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FEHF Straw 447% Husk #&K Brown rice
HEARTEAL Part of plant
AR NG PR R R — B AL A AN Rk B ) Ko 22 57 2. 35 (P<0.05) .
The different lowercase letter among the same column means significant differences on Cd
content among different treatments (P<0.05).
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Fig.1 ~Cd content in rice straw, husk and brown rice after adding metal salts
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The different lowercase letter among the same column means significant differences on Cd
content among different treatments (P<0.05).
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Fig.2  Content of Ca,Mn,Mg and Zn in rice straw, husk and brown rice after adding metal salts
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Tab.5 Transfer factors of multi-elements between rice parts under different microelement fertilizer

£ JLER
‘tfjfjj& R Elements
Treatments
coefficient cd Ca Mn Mg 7n
TF e CK 0.191£0.012°  0.274£0.027"  0.36620.030"  0.22020.029"  1.425+0.202"
Straw to husk CA 0.295:0.009°  0.195:0.047°  0.387:0.055  0.242:0.025"  1.128+0.210"
MN 0.195+0.013"  0.287+0.118"  0.282+0.006°  0.259+0.024°  1.350+0.304"
MG 0.152+¢0.023"  0.333+0.037°  0.33620.102"  0.227+0.022"  1.307+0.204"
ZN 0.152+0.043"  0.285+0.024"  0.374+0.108"  0.22620.009"  2.061+0.417"
TF sorr-s CK 0.250£0.021*  0.025£0.004°  0.039£0.005"  0.240£0.015*  1.554x0.096"
Straw to brown CA 0.282+0.007"  0.020£0.002"  0.048+0.013"  0.240£0.023"  1.341x0.441"
MN 0.176+0.020"  0.023+0.004°  0.024£0.001°  0.252+0.009°  1.092+0.242"
MG 0.156+0.062"  0.0310.009°  0.035+0.006"  0.218+0.012"  1.308+0.407"
ZN 0.151£0.049"  0.018+0.003"  0.03320.005"  0.212+0.028'  2.432+0.362"

RHAR/NG FRER R Al — 51 B 25 7 .35 (P<0.05)
Different lowercase letters after data of the same column mean significant differences (P<0.05).
24 TEEFTRSKEEKCISENHEXNE
DTPA $2HGEAE S H Al 12 A o] A RS Cd S 07 i) 2 i o (R s, itn < & £ A
AE W U 3P DTPA SR ECA S Cd A9 & 1, I Ud I <6 s 4 3 2838 i HAB i@ A% 52 i /K RS ) Cd B9
Wele. Ferb, G Jm BHES 115 Cd WS HU/E A EZE PR HIPLH 2 — .
1 ] SPSS R A H 2t BT REXS AN [RIK A il Cd &5 5 -3 P S M5 Se e B A 205G A
ROE B Z B YR S BEA TR AU KA AN [RIRAL P Cd & B 5 IR U R A RS B Z M AU &
JiREIT A -

Cdyygy = 0.107C,q,, = 0.008C,,,, = 0.053C,,,, = 0.113C,, +3.093  F = 4.665(P < 0.05)

Cd e = 0.092C,q,, = 0.002C,,,, = 0.266C,, = 0.042C,, + 0.926  F = 10.75(P < 0.05)
Cdyye = 0.071C,,, = 0.002C,,,, — 0.253C, | — 0.043C,,, + 1.047
MG TR, S5 & i S5 /K R AR R Cd &5 i 52 B A DG i 200 A AEE i T i S Cd

THBEAMA (R R (R 6) R, TR A RS i S ST RO 1Y Cd B A

[ T AH 2 (P<0.05) , R A2 PR 45 2 it 545 7€ Cd i oA B35 A IE UM (P<0.05) , X Bk E TR

BRCER G R B B R, KR A ALY Cd 7 i IR

F =4.331(P < 0.05)
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Tab.6 r—test results of partial regression coefficient on fitting equation

HRAE FEFT Rice straw 45% Husk Hi K Brown rice
Parts t 21k Significance t 21k Significance t .k Significance
SEARIERS .
0.685 0.509 2.591 0.027 1.278 0.230
Exchangeable Ca
AR .
-3.466 0.006 -3.71 0.004 -2.815 0.018
Available Mn
-0.095 0.926 -2.1 0.062 -1.284 0.228
Exchangeable Mg
AT .
-2.318 0.043 -3.804 0.003 -2.465 0.033
Available Zn

* RN B FE I (P<0.05) , ¥+ Rl B A 5E (P<0.01)

* represented significant correlation (P<0.05) , ** represented extremely significant correlation (P<0.01).

3 WiEER

Jiti FH 4 e 3 P DA e B R B T 3 A RS i [ B KA AR AR Y Cd Bt i e R 1 Al
NG A T

Jite 4 S AR e, AN TR A B 4 BH S 73 i S UR R (AR fE e #8e . MIN AL BRAT CA b3 rp , 3y
A FNAS S5 & i 0 IR A T 812 mg/kg FT 141 mg/kg, 6K T HA N, X 5tk id #xd + 34 8 T
RIWEIEA XL ARG I 4 8 3L ¥ A s R 5 ik , A+ 385 , &8 3 T 7Rk b I FE— 350 1Y
FEAME T DR T KA o B A, i — 2D B A 1D SR T (AR [ Ab 2+ 398 pH 24 B — R B Y
TR BEE pH AT B, - S5 A SR T ) AT A LA AR D, ST A 4 i T R R R B B T R, (S
Gy FIEPEA I Car MM AR T HHEEW . S5 — 7, RHERRALRE N T HA R IR TR 4
JE S A A R, PE— BN TS G5 AR T R A RUER . ZN Ab R 4 B SR 1 e N T
HR I X FEE R FOIMNREEAE A IS, ST S ds A IS A BRI A3 1 4
rm s EI R T 28 F AR A e B2 246 S o e K B 70 S 0 2 (BIVBR I 285 W RE R R4 ) A i1 5™

IKAEXT Cd WA 3 R R 2 1) T2 Sl ™A sl WS R 2 T3z oA T KRR AR B 40 i v
(A 2 54 FH 25 38 3 2R 11 (NSCCs ) 76 Cd Ml & 45 T B BAEH . NSCCs X BH B F 1 s Bt AR,
ALV B i N K \NH," Zn™ \Mn™ . Ca™ Mg 5 E FR IR, [A 2 B 2R AR AHE 1Y Cd™  Ph™ S5 42 )8
TCEFE AR EE RS AT AR, La®  Gd® 25 B - By A AT LA A% 42 200 e 5 e |- 9 I
Ve PH S Fm DK R X CA M S 5532 (H A SCRIFE 45 SR i /i, 38 1+ it Jin MinCLL AT ZinCCL,,
AT DA KRR B Ml B AR K REAS FF 48 7 R K vP 9 Cd 75 i 5 i FH MgCL R RE 58 38 PR AR A ST AR K v Cd &7
S M CaCl 5 , 76 38 0 Rl T A 85 5 2 9 [R5 0 35 R MR RS AT DR K R 19 Cd 5 12, i3 in 17
Boel Cd & i, H A 85 76 FEARK RS Cd Mot A% v iV FRAIFSY , 22 R F A K S it A a8 45
NGBS R HEAT , AR B VR FH LA 42 55 8 pH L3 2o 4 BN 2 I R i 1 Cd
Ao HF Ca® X T o P PR Ca il 1 HE A KAFAR R, X NSCCs B 52 - HEAEBUME AN &2 | BRI TG %
TRAKFE XS CA IR . A SCA RIS 45 2 W7 , UG (AT S & 18 Zn™  Mn™ F M VR B, 35 ] LABEAIR
IKFEXT Cd> AL , A FA8 0 L™ Gd™ 25 B 1 RE % {2 [ A1 it FH i AR

X NSCCs F 1R AT 2 MN ZN Fl MG Ab BRI AKRE Cd 7% 2t 14 2 [RIATL ) < 3k S 4540 8 1P e i Aok
FERR 2R 1Y NSCCs , DI A 9l X Cd™ RIS RE 7, 920 Cd AEREK i SRR (HHA AR AL o 2 A
A2 . MN AR BRI R v T 3 A U i, KRS E A S AL SR BR B 19 0, SRR
Fe™ Mn™ &A= S84k, TE KRR ZRE LS 0 A B A AL BB, BHLPY Cd i K A AR R R, M T Zn
Cd Ay [FETCE , ELAT H R M0 25 AT 1 B 72148, BRI A K R AR D 3 i B, A it vp g[S 27 4 2
~Zn) 45 G YIRS T Cd AEAR FR (2505 4500 B 19 20 M BE PO AL 0 0E , DI Cd 76 254 Th i §542 |, e ARE



3 T B AL <6 T R SR 23 FIUKAE Cd WO 2 M 5 - 745 -

KAGFEP I E RS, L5 AR IR 1 4 I8 £ it HH 2 0 4 R 5 110 2 EE R AR AL, A gt e ot
ARG B AIR Cd 5 RICR IR e it — 2 F e BE i & S SR s

Jite FF 4 5, AR R X R G R A S A T OR RIS I . ASAFST B, MIN A R KRS AR AR
RPN B i T S RN, O T MnCL R IR AL T B8 A TR AR UE T /KA XS Mn™ (9 i
FIE, TS INANEEE AN RESZ W KRR AR (0 8 B i, X 5 22 WIS A o 45 R AL X — i e 7 4
BEXT Zo> B DL [ S 2 T A Zo™ WL, O — T TS A AT AR B B A (9.96 me/kg) L BE TR
W2 TAED X R R BT R A Ko M CaClLJ5 , W35 $2 5 1 /KRG RS A1 b (045 5 & (X 43 78 ks K rp
B R T A L A R R X o S R A A0 I P AR TR 2 O A AR R A PN R DL B R A
R AN B RURIANNE A b ASE 3 FOR A AEAES, Horh, Bl A0 i BE BT 5% [ 45 7 1 5 81 TR RS i
(1 40% , - TR 75% DA B, X 1) 3E oGt 22 (0 5 B 40 5 RS R 6 v 9 5 8 R G )R Bl N
5 325 11 20 R O 2 e [ A 4 LB v T 4% 200 i PR 308 %) 805 A e A ARG T AT T R A A
BERS H 20 O e 2 1) S e KRB ARG FT AN MO BE b, (75 CA AR BE/K RS REhE P 5045 & F 55 CK kb 28 a) 3 A R 8
Wi ERNES

ZE I, CaCL A1 MnCL it A 38 J5 X6 38 v ()45 R4 0 R AFAE 0 35 BTG AR A i AN T R AE 1 0%
AT BB R RUR PR [ . KRR AR P Cd B9 75 i DTPA IR 3 A0GES Cd 5 2 2Z (R AN A7 B A 11
FHOENE , 428 T R M FEHUVE X K AE CAWIGR BT ZIITE T . KRB Cd S S 24 @
TEZ A PLE TR R EE R R, RO U AR S SR AR RREK ) Cd R R
AR (P<0.05) , 1] HHEAC 85 5 f A 545 78 Cd % 1 HAT W 3 A TE RN (P<0.05) o i ) + 8
RSN 4 R K R B i - S A B e, DA I 3 AR RS A AL Y Cd & i, XN T 52 75 e bF
b 11 22 4 1 FH B B R 4 5 S

Bt s [ R A B T AR AR O P i3 4 (2020NETRCRSI-14) [A] X AT IT 44T 1 B il i 805 5 |
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