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Abstract;: Cadmium (Cd) contamination poses a severe threat to agricultural production, so effective remediation
measures to ensure food security are urgently needed. Single remediation strategy is insufficient to effectively block the up-
take and accumulation of Cd in rice. Therefore, a multi-strategy approach is required. In this study, pot experiments were
conducted, using biochar (BC) and silicon fertilizer (Si) as soil amendments to explore their effectiveness in controlling

Cd migration and transformation in paddy systems under

continuous flooding (CF) and alternate wetting and drying
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gﬁlﬁ 2] . % H ?ﬁ*’i%%%bﬂ a (31870420) ,T“?E’ﬁﬂ&ﬂ“kﬂ Iﬂ’i ( AWD) water management conditions. The results indica-

H (2021A0505030057) ted that the CF treatment could increase soil pH and facili-
YEB RN WGk (1998-) , %, %4 , =Ha e A, B Woe e, B8 tate the transformation of silicon, and maintain a lower
MRS Y KB B SE . (E-mail) 1697724645@ qq. redox potential, thereby it could reduce soil Cd bioavail-
com ability and ensure the safety of rice grain quality. The com-
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content, and the CF+BC treatment showed a significant increase in yield. Although AWD treatment increased soil redox po-

tential and organic matter content, it also increased soil Cd bioavailability, which was not conducive to the control of Cd up-

take and accumulation in rice. However, the AWD+Si treatment significantly reduced Cd content in all parts of mature rice

plants, decreased Cd accumulation in rice grains, and increased rice yield compared to the CF treatment. In summary,

long-term flooding in regions with abundant water resources can effectively reduce grain Cd content, but it may carry a slight

risk of yield reduction, which can be mitigated by timely application of amendments to enhance yield. In areas with limited

water resources, it is recommended to apply amendments in conjunction with AWD to ensure the safe production of rice.
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REE RS —, PR (Cd) FERA T T
NV FEMIHERT A% 25 RO AL HE A A B FH DL e K<L
REdE, B iR R PR | &) Bl i o R 0 AR R 1 R
AU YRR, b A2 TS Yl A e T B e 1.3 %
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J o K REAE A R VR, X L
R ARAE D Ak RAE X [ R O BT X Kok
FEAR HEA TR 2 B, S HE R %2 8.8% ~ 48. 6%,
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YAy S R A i, R A BRI A
FORBISCHEN R | EA DU A 09 A KA, i
8K 5y - 330 A M A AL R BRAE W e BRE 2
A MK SO A AR A A AN [R] B B i) 7 7 R
SR IS O TE BRI , A7 H B RS 98 e T Te] 7K
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I, KoM L2 5 i+ S A5 R S 1 ac e pH R AL
W A HLUTCS A RO AR Y 2 R A
— B YRS Y AL S X < A R
[0 5 , AT 52 ) B < Ja 1) P = 1 285 R 2R A 2t
FL R L) 7 A L] 38 A R K O TR 30 S
W AP R R, 5 TR A A B L,
WEZK AL BRRESS I -9 pH (BURIA J5UME | 40 19 A A%
BEA R TR T R AR L3 TE 1 SR
A FREBL AN TR R R AN R 25 RN,
T TR A 384 T A1 9 ] PR K 5 R R kY R
M, 3 B K 98 A 14 S A T e 45 ) I e L S
P A TR R AL B AR AR TR A
A AR SR W HE K R X AR 4
JKCAE B R SR AT A R AR K R R AR P 4 8 5 4,
FREEME KSR IE T 1 e S A, & O AR R A
HOLA AR ARG, ™ E AR KR KR T 1A
SRR BRI 7 S R ] P AR S K 43 B
oA SBHE BT L 47 7K AR 0 1 S 3R AR A 2 A O
77 BT A KA B E R KRR R R
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L LTI, B —$EiE X TGk R e S e 5 44
FURCR A SR P o LAA B BRAR IB S ROR , 75 5
RSB R FOARBE, TRMEHLS 2 R A5 MY
A LAY TSR 38 m] LUK RS SR A 450K BiIE
S L RSN sl B — K A BB A%
KA SRS R USRS A PR > o AR L
HE- KRR G PR BT RS S FA A DI T, U RIK
O PR O BRI e R A X R oK R AR A B2
ROR, SIHrs ZK R 5 SR AR SR IR 2R BT /K A8 2
Y 28 R ARt DR K R AR A iz 5 R ARA G
S PR, DA RS A XS A E 1 S
FEPERIE S LIRS YRR

IBPRS

1.1 iRIe

X IR B T AR A OCTT VL IX R T ek
[ (24°69'N,113°55'E) , HIEREAR B o . B 7%
2. 88 mg/kg, AR T 1. 41 mg/kg, pH 5.26,
A4k A JF L 7 (ER) 170 mV, B3R (EC) 0.55
mS/cm, fHE F2 i (CEC) 5. 61 cmol/kg, A HLFT
i 35.77 o/kg, AR A S i 213. 50 me/ kg, EALET
it 100. 13 mg/kg, SR & i 63.23 mg/kg, /K
TR A AR 31 5 ok AAER L RS2z B, B
Yy BRI T A AR AL T & A7 FR S ml R AR LA
PEIT . pH 9. 04, B & R LA BB 5 it (T 4500 43
W4 50. 55% 1. 79% 1. 89% K11 0. 17% >
1.2 Rt

2023 4F 3-8 HfEfem Rl R AR A2 R iA g
437 (23°21'N, 113°42'E) iff 28 NI /K 7348 3L 4
ol RS AL B A, IR E 6 b
L AFE WK (CF) K+ (CF+BC) HEK+
REAL(CF+Si)  TRACHE (AWD) TS+ W)
(AWD+BC) \ TR B +HEAL (AWD+Si) , FA~4b B
3AEE  BEBE 3 ORI, B2k, &%
AMF T A A LAAE A oT 2 SR, A o R Rk A B4 s
T304 2% F1 2 mmol/kg, KA HE 7 v . D
K KFEEA AT YRR 2~3 om HBK)Z; QTR
B BRI 1R, JeiE2~3 em JK, 5 H N #E 2 W
K, -SRI R I TF S AEHE R —UOK Al IR 2O
2~3 em VK2, EE AR, HRWOK, ERAK
AR —EH K FE S T 2023 4F 3 H 30 H R #3172

o IR T S HEAT K 2 B SR g R IR 2 RS
20 cmX28 emx17 em( N HAEx P IExE3 5, B
Bet 5 kg, BN INAE L B fE 09 A ) ik (RO T A FIAR
MV TF A R 2 w A FH /K RS T il 45 ) FIREAE (LA
RERR BV AMERER ) J& |, KBk 5510 d
REF . BRAK AT B it A1, 1250 00 1) 45 Ak L 1 9
TR G R R A P — B, R S B R
i JRE (CH,N,0) i N B 45 3.0 g, B IR — &
B (KH,PO,) i A4 1.0 ¢,
1.3 HmRESLE

S3 BIAE KR A3 BES A A B X Ak
P /K R R RR PEAT B IR BORE | M RR AR A
B FEAEAE, B EERE S T 105 °C A R 7 30
min,75 CHLT ZETE  THE AW &, I8 B
WG, FIBTE 3 SR I (o BEIH  Jl A 0 A
B ) AN R A B A EERRE | =R A AR KT, S
BrZe® s R, i 18 H 100 H AR ER: 5 JE o W 5
e
1.4 Hmao

1 4% pH A i 2 B2 11 (45 . PHS-3C, B )
M5 5 BB T35 4t ( CEC) S FH AU AL -1 iR 8 36 52
e E ; A AR S L (ER ) AR SR i AL
(ORP) i (5, SX-630) M 5E ; H G2 (EC) i Fl &
P SR (M5, ZDS-EC) &2 5 T 80H 3k &
O A A LT AR DL SR
B R I 2 S MRS B0 Bk

- EFVR R B B R D T - T
TR RE AT RS S R E S % 1 PRAR A
(7355 , SR FH IO 3 5] 40 o 99 I )=y ( BCR) 3% 2242
B ) 5 4 3 AN TR Ak 24 08 285 B [ 0T 38 # 25
(F1) AT JFEASH (F2) ] AL A840 (F3) DL ki
B (F4) VTR b A R IO T i A R
A B F B (ICP-MS) W 5E . A R i 1
TH S FIRBRHERE BEA T T e s RN 25 SRR I

KSR E R B (BCF) MRS Z5(TF) 1Y
A

BCF=/KFEeR B & & (mg/kg) / HIE B & &
(mg/kg)

TF g o = 228 & & (mg/kg) /MR 5 &
(mg/kg)

TF sy e = FERLER 5 i (mg/kg) /25 M40 & i
(mg/kg)
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1.5 #HESITHH

K H Microsoft Excel #4754 #1155, R F 1BM
SPSS Statistics 26.0 FEATEIERIGE 04T, K H Origin
2023b Z: 8], R R FR J5 22 53 7 (One-way ANO-
VA) SUEZE T 245387 (Two-way ANOVA) FIXSH5 8 &
2% 35 (DMRT) #4777 22 43 #f fl 2 & L3 (a=
0.05) , I FRx64 3.6.3 (441 ADE-4 #4732 153
SPHT(PCA) o A5 RUSFEARER (SD) R,

2 R
2.1 kS EEMA BRI MY LR R

=AU

ANFIALHT B A R R AT (R 1) .
A R e FH AT DA b B s 135 pH HA S TR
XA K5 AWD AR L, CF AL PEAE 08 D 25 42
= 3 pH (P<0.05) . AHX T CF 43, CF+BC &b
FRAT CF+Si Ab B REA [) 2 i M 2 o 3198 pH, H 22
FRFE(P<0.05) ;5 AWD ZbFEAH L, AWD+BC Ab
3 pH B E N (P<0.05) , X F A LR

®1 HRAKSEERSURAN T ELZHFENZM

JEE A7, AWD AbBE AWD+Si 403 AWD+BC AZbFH L,
CF AbFEH) i F 1A (P<0.05) , 5 CF AbFEAH L,
CF+BC Ab ¥ + e 5 5 W 2 19 0 76. 5% (P<
0.05), 5 AWD AbBEAH L, AWD+BC Ab# 13 EC
BRI 77.3% (P<0.05) , CF+BC 4ZHAICF+Si
AhH A+ 3E CEC 5 CF AP R AN B35 (P>0.05)

CF+BC AbHEFICF+Si 4k FE A9 A BT 443 )
A CF AbFH R 23 11. 6% F112. 8% (P<0.05) ,{H
AWD+BC AbBRFAIAWD+Si AbH 5 AWD b HAH H 22
SARBFE(P>0.05), 5 CF ZLFAM L, CF+BC AL B
FICF+Si 4b P& 468 & T B R0 & &, U H
CF+BC AbHH, 4 38 2 80 5 i 538 159. 68 mg/kg;
5 AWD ZbFEAR G, AWD+BC Ab HH - 18 Ak 4 2 i
WEHEE (P>0.05) , ik 92.03 mg/kg, A0 HZ
() - S ol A R B O R S R A B (P>
0.05) ,{H 25 AWD LbBEAH HL , CF AbBRAERS W 35 {2
A RRE ) 2R P<0.05) , HIFEe K 1T
ISl BRI AT ) A g rh b SR A AGS B KA Si
HEAAE W OFI A

Table 1 Effects of combined water managements and amendments application on soil chemical properties

Eizta CF CF+BC CF+Si AWD AWD+BC AWD+Si
pH 6.14=0.04b 6.3420.02a 6.32+0.02a 5.49+0.02d 5.62+0.02¢ 5.54+0.06cd
Eh(mV) 173.67+1.76b 172.33£0.67b 164.33+0.88¢ 184.00+1.00a 185.33+0.88a 185.00+1.15a
EC(mS/cm) 0.17+0.02de 0.30+0.01b 0.1520.02¢ 0.22+0.02cd 0.39+0.02a 0.25+0.01hc
CEC( cmol/kg) 5.63£0.15abc 6.20£0.18a 5.90+0.27ab 5.06+0.19¢ 5.55+0.07abc 5.36+0.26hc
AHR SR (g/kg) 39.44x1.21b 44.02+0.79a 44.48+0.46a 42.65+1.38a 42.65+0a 42.65+0.79a
B AL e (me/kg) 140.00+2.02a 143.50+6.06a 143.50+2.02a 143.50+5.35a 134.17£2.33a 138.83%1.17a
B A B (mg/kg) 29.32+0.62d 159.68+5.07a 39.41+2.01¢ 21.40+1.00d 92.03+5.23b 23.92+1.18d
R R (mg/kg) 58.35+0.31a 59.4421.07a 57.81£0.52a 58.32+0.56a 60.00+0.95a 58.80+0.18a
A R 5 B (me/kg) 109.04+1.91a 121.33+7.50a 116.96+3.96a 63.38+0.38b 74.13+5.50b 62.88+3.59h

CF FRW KA CF+BC FR K+ YA I, CF+Si FoR MK +RENEALHE ;. AWD FOR TR AL B, AWD+BC F/Rs TR 38 & +AE Y it
B AWDSi FR TS +RENUALBE . Eh S AL S (L EC LG CEC HE - 2cHiit, Al — 178l e ARV FRERR ZER B3 (P<

0.05),

22 KNEEBEURAEANTESRESE.F
HEREEURBRERLSHZ N

B 1A W, 7EKRER 3 METEWY, 5 CF &b
FRAH L, CF+BC AbFRAICF+Si AbFE + 3 g & 2 %
AT FE (P>0.05) ;5 AWD Ab A L, Tl B0 i
AWD+Si AbF 1 18 S50 5 1 FEAIK 6. 6% (P>0.05)
Kl 1B o, BEE KR AR B IR RE K, 1 RO
TEERE I TR B CF+BC A3 +HEA 30

EOET R B B, AT CF AL B, 43 BE I CF+
BC AbFUFICF+Si b3 4 HEA RS & & 1 0 3 T
IR (P<0.05) , FEARMR 53504 9. 4% F1 5. 7% ; i
WIRF , CF+BC AbFRAICF+Si &b BE A 358 4 284 &
B CF Kb 253 0 o B AR T 10.0% 1 7. 3% (P<
0.05) ; AP CF+BC AbFE + 3 B85 & 25 CF
RO E AR T 18.9% (P<0.05) . 5 AWD b3
FHEEL, AWD+BC &b 3 A 58 A 2GS0 & AE 4T BE]
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R RN T e 43 1) (BRI T 10. 3% .19, 0%
15.5%, Wdtn] A, 76 7 N5 — 1 3 T, BC
Ab PR KA AT R VR R

K448 7 SR A ol R At KRS 3 A EE
W ERRAPE A s an & 1C & 1D & LE BT
Mo 3 MEFMARIEAR S RN il 554
B> IR S S >R S & > T Ak
S, B1C WoR AT CF A3, 2 BEHICF+
BC AL FUFI CF+Si A RN [ 2485 1Y 5 1% e A 103
Z5(P>0.05) ;5 AWD ZbBA{ b, AWD+BC Ab#

£ 350
=1]

3.0
41 2.5

(mg/kg)

S B (mg/kg)

UNEBIZoYikE
[JCF; @ CF+BC; H CF+Si; NAWD; IZAWD+BC; B AWD+Si

F1: AT S A 5 B2 IR JEESAR s 3 Al S AL S P4 BB S, A B3RS

BT A e S R 5. 4%, {3 B T AT
i EJE@E%HTWM&%@%(RO. 05) , 4353
hn18.3% M1 27. 3%, & 1D W75, M8 T AWD &b
B HIAWD+BC AbHl n] 38 A4 1 B o R
i 7.9% (P<0.05) , HiAth 3 PR A& %A
F2F(P>0.05), FE1E B/R,5 CF ZFRAH L, %
PIHCF+BC A HL v 38 R A 40 & W 1 8. 4%
(P<0.05) ;5 AWD 43 AH L, AWD+BC 4b 3 AJ it
JE AR i N (P<0.05) 34 MR 8. 8%,

£ i (mg/kg)

H

d- g

RFATE AR

(mg/kg)

AFESHIER

B AR A i C LD E I 2B AR R

ARSI R, CF FRBAKAEL; CF+BC FR K+ AL, CF+Si Fmil/K+RENNALEE; AWD F/R TRASE AL ; AWD+BC
FR BB+ YA AL ; AWD+Si /R THRAS B+ B IEALHE . RIR]/ING T8 R Ab Bl 2 [0] 22 53 .2 (P<0. 05)

E1 kASEEBAURTEAXMLTELEEE AUSRABEURTRES

SHISR S ERRNT

Fig.1 Effects of water managements combined with amendments application on contents of total cadmium, available cadmium,and cadmi-

um fraction in soil

2.3 KSEEBE YRR KEERKBRM
FE 2 AT LAF Y, 45 A G 7K R R i i 43 BE 4K

SRS 35 (P>0. 05) |, T 0T /K RS 45 305 A2 4
AR EA B E R (P<0.05), 5 CF 4Ab#
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AHEE , CF+BC AL FRAICF+Si Ab B M |35 4= 9y & 75 4k
ANiE(P>0.05) ;5 AWD ALHAHEL , AWD+Si 4 Ff
M AR W R 42, 0% (P<0.05) |, SUHR %
fE. 5 CF Zb3AH I, CF+BC Zb3AICF+Si b3 /K
FERR 8 A W 1 A2 A6 AN 1 25 (P>0.05) , fH AWD+BC
AEBRFTAWD+Si AbFRH AWD Ab 3 43 1) B 2% $E
19. 6% F1 20. 5%, HASFEENIE, 5 AWD 4P

R2 HRAKSEERSURANKEEKNZNE

b, CF Ab 3 p 20 7= i W B AR T 29. 7% (P<
0.05) . #Rifi, 76 CF AbHLEERE b 78 ek K71 2 68

B A3 7= 2, Hodp CR+BC A B A9 348 77 R o
7,15 F 58.2% (P<0.05) , CF+Si 4b B 38 7= 3 1
AN E(P>0.05), 5 AWD 4bHIAH L, AWD+BC 4k
BN K RE R L f B N ASCR AN 8.3 (P>0. 05) , T
AWD+Si &b B ) 7K e 7 1 ) ded 2 T B ( P<0. 05)

Table 2 Effects of combined water managements and amendments application on rice growth

s b S

Ho b WA Pl

(em) (™ (g, 140) (g,140) (g, 14
CF 105.00+2.65a 17.33£0.33b 39.21+0.93hc 10.77+0.58ah 38.18+3.24b
CF+BC 103.67+2.33a 19.33+0.33ab 46.52+4.10ab 11.64+0.59ab 60.41+2.30a
CF+Si 97.33+3.18a 17.67+0.33h 36.80+1.89¢ 10.34+0.77h 42.43+2.60h
AWD 104.00+2.08a 19.00+0ab 35.86+2.87¢ 10.28+0.53b 54.32+2.70a
AWD+BC 104.67+3.18a 18.67+2.03ab 44.50+3.39ahc 12.29+0.50a 56.92+3.13a
AWD+Si 102.33+1.45a 21.33+0.88a 50.92+1.61a 12.39+0.32a 45.39+1.86h

CF F/RHE KA B ; CF+BC FniliK -+ AL # ; CF+Si LR /K+REABALBE; AWD F/R TR AR AL #E; AWD+BC 3278 TR A H: + 4= 4 e ik
P AWDSi /R TR +EENEAL ST, [R]— N ER 5 AN F/NG FREROR AL B 22 1] 25 57 35 (P<0. 05)

24 KNEERAYURAEAXN KBEEHULRS
={:0p-Al

HY e 3 AT, K 4348 B DL R i 790 A it FH 6 7k
R i SRRV LA — 2 12, e 2 KRB AR &R 4R
SR KRR AR B A e K 52K 348 B DL R R
RIS AR K, ABESE & B, KRS 45 HB A4 & i
AR SZENT S FERL, (EAH I R A, AR A i
FEM AR &, KR ANER T, S CF
AEBRAHHE , CF+BC AL FH R CF+Si &b B 7K R AR 5 40 &
HE BN, ERARE (P>0.05); 5 AWD b3
AL, YT AWD+Si Ab PR 7K R MR 4 o 1
WAL 41. 1% (P<0.05) .

ZIHER SR T0.13~13. 24 me/kg, Wi EH
HEFRAHEE  CF AL 3R CF+BC AbFHZE M55 & b ik
BHTREAR, (H 22 SN 8 1 AWD AbBE  AWD+BC
A FRFTAWD+Si Ab AR & AR WA 2, 5 CF &b
PRAALE, ZrBEMICF+Si AbFOK G ZE 050 & i 0 5 1%
ik (P<0.05) , iR K 66. 7% , {5 il B 35 F1 pl 2 3
CF+Si 4b ¥ 2 CF+BC ZbFKFE XM S Z R A
HBE(P>0.05), 5 AWD & FEAH L, 7 BE I AWD+
Si Ab BE K FE 25 M40 2 i i 3 FAAIG 40. 8% (P<0. 05) ;
FHEEI AWD+BC AL AT AWD+Si Ab B /K 5 25 H- 45
BRI B ERRK 21. 6% F11 42. 7% (P<0. 05) ; i

HIAWD+BC AbFRFIAWD+Si Ab Bk f5 2 iH48 & 2
BEREAL(P<0.05), HILP] B H, £ AWD 4T
Jiti ] Si FEFRACR TR

X F K RGBT 5, CF AL BE Y 56 & & e i
(0.09 mg/kg) , HCF+BC ZbHAICF+Si 4bHE 7 it
5 CF AbFEA 22 57 AR 8.3 (P>0.05) , HIMKTH
K5 e K 2 epRifE ( <0. 20 mg/kg) ;5 AWD 4k
FHAH LG, AWD+ Si A0 BROFFR7 5% 7 it i 2 B AIR (P<
0.05) , Bk 30. 2%,
25 KHOBEERBAURNERAMEBREREAN
=AU

3 4 [, AWD 4L # AWD+ BC Ab H Al
AWD+Si AL TF g e BEAKRE 19 25 4 B 325 7
B, 7EK RS > BE, CF+BC &b B I CF+Si 4b 31
TF g s 5 CF 20 3RAR LY 43 0] i 2 B AR 22. 7% FN
45.3% (P<0.05) ; 5 AWD 4bHiAH L, AWD+BC Ab
FHFIAWD+Si AbBE TF . 50 5] 10 R AIG 28. 3% FI
32.6%(P<0.05) , TE/KFEMEED] ARET CF Zb3,
CF+BC AL FEAICF+Si kb B TF, . 50 51 5 35 A
70. 8% F1 63. 0% ( P<0. 05) ; 7£ /K g 43, CF+BC
AEFRFNCF+Si AbHE TF e 530 8 2 AR 53. 9% FN
55.2%( P<0.05) , M AWD+BC Z: B FIAWD+S; Ak 3
TFy, w5 AWD b P22 AN .35 (P>0.05) , HIE
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AL, CF+BC AL BRI T 58 p AR 38 2 25 mh 3 % Y v ALFRAH LE 4 ) i 2 B 134, 5% F1132. 8% (P<

¥, CF+BC ALPRAICF+Si A PEAY TF .y 0 fHS5 CF - 0.05)

#3 EAKSEEBAYURAMNKAESHBUIBESENZN

Table 3 Effects of water managements combined with amendments application on cadmium content in various parts of rice

AEE WiH CF CF+BC  CF4Si AWD  AWD+BC  AWDsSi || T K i gg E%,%gu Eﬁé}%‘rﬁ%

YEEN MR(mg/kg)  5.16+030c 4.51£0.37c 321x0.17¢ 10.75+1.73ab 14.33+1.56a 9.66+1.86b || #R 5221 292 1.64
28 (mg/kg)  0.39£0.04be 0.26+0.03cd 0.13:0.01d  0.98+0.13a  0.94x0.09a 0.58+0.07b || 2&it 97.46™ 11.56 ™ 1.37

R HB(mg/kg) 1112010 1.8702lc 1.52+0.04c 52.6626.24b 71.17+6.62a 47.23+5.10b || 42 254.84* 453" 416"
280 (mg/kg)  0.37+0.05d  0.19£0.04d  0.19£0.04d 5.79+043a  4.54+0.59b 3.32+0.42c || 2&nt 23422 742% 556"

BT AR (mg/ke) 1.98£0.27¢c  2.79+0.40c 2.09+0.19¢110.18+5.69a 122.27+6.15a 64.95+5.42h || # 844.67* 27.86* 26.97*
280 (mg/kg)  03120.04d  0.19x0.04d  0.16+0.04d 13.24+1.52a  8.87+0.68b 5.56x0.45¢ || 2kt 244.74* 1555 1432
Kb (mg/kg)  0.09+0c  0.12+001lc 0.10£0.0lc 1.82+0.26a 1.86+0.19a 1.27+0.11b || FFhi 191.48 = 3.00 2.85

CF FRW KA ; CF+BC FRM K+ YA, CF+Si FR MK +RENEAL I, AWD FOR TR AL B, AWD+BC F/Rm TR sC B +E Y i
B AWD+Si FoR THRASE +RENLAL B . AR [R)/ING FRERRAC I 1] 25 57 .35 (P<0.05) o F{H: BEPES M08 fE, XA R D5 2, F

(RS, WA 25N DR XA R AR I AR AR, SO BN, RORTE 0.05 7K B BE DS ™ RoRTE 0.01 KF LB EMR,

®4 HRAKSEERAURFEEIZRS(TF) M

Table 4 Effects of water managements combined with amendments application on transfer coefficients ( 7F) of cadmium

TF o TF st g
QbR
SYBE Eilpz i ) a8l
CF 0.075+0.005b 0.349+0.080a 0.165+£0.037a 0.290+0.034b
CF+BC 0.058+0.006¢ 0.102+0.012b 0.076+0.023b 0.680+0.212a
CF+Si 0.041+£0.003d 0.129+0.028b 0.074+0.015b 0.675+0.112a
AWD 0.092+0.003a 0.111+£0.005b 0.120+0.013ab 0.137+0.007b
AWD+BC 0.066+0.004bc 0.064+0.007b 0.073+0.006b 0.210+0.005b
AWD+Si 0.062+0.005bc 0.071+£0.009b 0.086+0b 0.229+0.018b

CF F/RE /KL, CF+BC F/R K+ AEYRAL ], CF+Si FR /K +REAEALEL; AWD F/R THBAC AL B, AWD+BC /R T3 &+ 24 ) R Ak
B AWD+Si Fon TR +REARAC T, [ — 3B a6 AN F/NG TR R A B2 (8] 22 53 8.3 (P<0.05) ,,

26 KOEEBEYURFAEAMNEEERHNZM
5 WoR, KA ERAL A BCF FE RN
BCF >BCF ., >BCF gy, . /KA K G CF 4031
CF+BC 4b#RICF+Si AL HL () BCF , W AR T 47 B
B, 1 AWD ZbFE AWD+BC ZbFRFIAWD+Si 4b FH (1)
BCF o WIBE7K A A A 20 7 16 I, 76 1 2 0003k 3 e K
18,73 9 E5 ik 38.212 .42, 407 F1 22,525, ikl LA
i, TR R =0T KRR R Y AR
Re SR, MIET AWD Zb B JhAI AWD+BC 4k
I BCF 8. 30 35. 1% (P<0. 05) ; JREY], AWD+
Si &b 3 BCF 0 FEAIK 41. 1% (P<0.05) ,
SYBEWICF+Si AbBRIY) BCF 4, 55 CF QLB i 25
fik 65. 9% (P<0.05) , AR AR L] CF A0 3] CF+
BC A HEFICF+Si Ab L Z [H] BCF ., ¥ T 10 35 25 5
(P>0.05), 5 AWD AbFRAH LL, 43 BEHIAWD+Si 4k

B BCF ., B EFEAK 40. 9% (P<0.05) ;5 AWD 4bB
AL, I AWD+BC b FIAWD+Si 4b #4351 &k
R 21. 6% .42, 6% (P<0.05) ; 5 AWD Ak B AH
e, A AWD+BC A PEATAWD+Si &b B 43 1) i 3
FAI 33. 0% .58. 0% ( P<0. 05) ,

ANFIALELT KRG RPRL T 3 rh Y & R RE T 22
SR, Hod AWD+BC 4P % 5, CF Kb BRER AR, 1
fl&F 1.000, 5 AWD &b 2 AH Hb, AWD+Si 4b B
BCF 1, 0. % A% 30. 2% (P<0.05) ; CF+BC AL
CF+Si AL FR[Y BCFyy, 5 CF AL P25 58 35 (P>
0.05),

2.7 KTEFHRERES T IEERMEXES

SR K 4345 R A A0 R T it FH G AT A 4 R
FRSEIA , Xof P R AE H IR R R i & i
IYATHEAT T A, S55R (3R 6) £, kERi4R
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FrEg pH (R R S R A AR e
W FAHOE(P<0.01) , 5 T 50A 88 & i K
AR IS 5 e M2 I e S R I 3 IE AT OG (P <
0.01) . AR B, L1 pH L HEARE S 195
A R AR 2 OO R 2K
P55 Pl ARG 6 9 2 Y S R B (L pHL A

x5 HRAKSEERAURAMELFE(BCF)HFIM

A RO ) A RE RS B ) - A AR A
YERT, T BE K RS SR B 2R 5 2R, DUAF
KL L R BRKARE 2#5 2H ZU5 5 1 o =5 i R W A AL
T AR, Sk KRR RSB RV E 2— T ER
SR TE IR | 52002 B ) R PRLR 3 1 B 5

Table 5 Effects of water managements combined with amendments application on enrichment factors ( BCF)

BCF BCF BCF gy
sl

SrEE EillpE-Sit] Y] SrEE Eillp-Sit] Y] A
CF 1.788+0.105¢ 0.385+0.036¢ 0.688+0.093¢  0.135+0.013bc  0.129+0.017d 0.108+0.013d 0.030£0.001¢
CF+BC 1.563+0.130c 0.649+0.071¢ 0.967+0.137¢  0.090£0.009cd  0.067+0.013d 0.067+0.013d 0.040+0.005¢
CF+Si 1.112+0.060c 0.528+0.013¢ 0.726+0.066c  0.046+0.004d 0.067+0.013d 0.054+0.013d 0.033+0.002¢
AWD 3.728+0.601ab 18.265+2.165b  38.212+1.975a  0.340+0.044a 2.008+0.149a 4.592+0.527a 0.630£0.090a
AWD+BC 4.969+0.540a  24.683+2.295a  42.407+2.134a  0.326+0.031a 1.574+0.204b 3.075+0.236b 0.647+0.065a
AWD+Si 3.350+0.646b  16.380+1.770b  22.525+1.879b  0.201+0.023b 1.152+0.144¢ 1.929+0.156¢ 0.440+0.037b

CF F/RiE KA T ; CF+BC FrnE K+ EYI R AL B, CF+Si FR /K +REAEALEE ; AWD /R THEAS AL B, AWD+BC Fom TR B +E WA Ab
B AWDASi FR TR +RENEAN R, RIR/ING R A B 1] 22 57 3% (P<0.05)

Fo6 MFHREBRRSTEERNAXESN

Table 6 Correlation analysis of grain cadmium accumulation and soil properties

FERLER & B 1.000

pH -0.924" 1.000

TR -0.884 0.855* 1.000

AR 0.604 -0.815* -0.571" 1.000

E VN 0.949" -0.882* -0.869 ™ 0.621* 1.000

FRRER & i 0.966 * -0.894 * -0.776 ** 0.570* 0.933 1.000

R FS S -0.868 ** 0.970* 0.798 -0.814 ™ -0.828 ™ -0.856 ™ 1.000

* FIRTE 0.05 KL BEHG; ™ FR/RTE 0.01 K L g A0 G,

28 KEREESE.TEMREKEFENSEEST

R T T M K A R B el R it X AR
e A KRG R G800 R AL 2 0 xk s vk
J A HEERE AL LA K 7K R %o 4 A R e R AR 1 A T
FERIT AT (K 2) . SR (8 2A) R 2 1 R0
(PC1) % 2 WA (PC2) Byt 77 22 Tk R ik 5|
68.9% ,PC1 J5 22 5Tk %K 46. 3% , Hih CEC %Ak
IR, pH | A s & i HIERAS R AT
LA MRS AN SRR
R Y I R 2 PC2 7 2 DTk RN 22. 6% , Hor
AR o i AU B i EC KRR R AT RS

HOECHEE RN R . Er 3 K (181 2B) B

==X

7N, F5A B R4 1 385 R 1 A 25 Sk B T A
2K (P=0.001) , JEHZE AWD Je H M B AT
TS CF K H ol B R 7S AL BEAH L, 78 PC1 %
LR E AL, bR EREN
46.3%, 4G EM ok (B 2A) kA, AWD ik
PS5+ HE En DI BOKREA SR S 2 p @t B
FAEAHE , F W AWD Ab B AE % 5 35 5 i + 3 A 4k
PELL IR FE et same i 5 SRR A AR 5 T 7E AWD
ARFRTR 2 b TRV N m] A Ak BE 4R K RE AR AR
JEHEAWD+BC Ah 5 2 Hhka [n] T2 2 + e 4R 1
PP A R o A 8 AR 5 i D) R B R
(77T, J391, CF b HRREAG R0 fiff /K R et 6 1) W A
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R
L

— B2

BN

bl Vol N = =]

g Ot ﬂﬂ{{zuwtm L

5 | )F SHTEE A

2 En AREBHR b

i A

N e =3 .

& 2R AR
AR

551 FE R (46.3%)

XK 1 SR 0 L3 3 A 22 900 5
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LA AL AKX 8 00 5 4L W 0 UG, T
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CF+BC @
AWD+S%
AWD

P=0.001

CF+Si
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51 FE R (46.3%)
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Fig.2 Principal component analysis of cadmium content,soil properties and yield between treatments
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75 FEL - B 45 95 24 7 T 9 39 - R B R 2
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AR SR | R B £ (TS 45 SR ) | B -
R IE R RIR 22 5 5 pH  Eh A LR S
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Qe300
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T BURE PO 95 1) 1388 S i AR ik 2 R B T R I
BEAL, BEMIE R TR MR A D i e
AHEFE R, TR A HE I AT L s - S5 H A S
P, 38 e LB S H R, AWD ARBIE & T £
SEEALIE | S BT R A R, AT
FEOK i RBURR

HIERK o348 BT H R T RGeSO Y
BRBE AT ST LA W) 5 A AE g 3l R RS
TEZR S48 PRYR SN T % G BT R I S i 5 A
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FRAR LA RS &, W90, 76 L ek 5
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