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Table 1 Basic physical and chemical properties of the tested soil

pH Cd/(mgkeg ) AHLFB/gke ") BHBEFIHE/ (mol'kg ) Fiki/%  HFH/(uS-dm™") 4L A/mV
5.65 0.33 47.1 6.2 63.2 665.7 84.9

1.2 LWt

FH [B) 5255 430 3 ANAE B, 43500 S X R A JREE AL 1.20 thm > A KL 2.25 thm . AL 3
WEANEL, 2R 24 AN, BN R 30 m*; /NXCR A R R B ALIX 24 55 50
Beit, ERhAT 15 AR A IR A AL PG, 43 IR R R ) AT R L AR KRS AR, BT X 2
A FB Tt A B A 3 (1.20 t-hm ) 1962 > HH ORI R Ak B Y 62 A4S X B Bk A7 4 BRI ISR A
P AR,

1.3 RE5SH

KRB B 7 A 1 A b B s /N XY BE ML B S SRR BR KRB AR S o KRB RE S 2 A ROK ik JE
IR R . RS . RS MOKRKL B R F/KE YR/ T 105 C F A 30 min, 60 C #t & 4a
#, i HNO,-HCIO, ¥ Il i AE K RE A .

FEBA KRG RAE SUR AR T IERESD 1 07 (5 SURA RAEE, SRFETRBE 0~10 cm). T A AR i 2 35
WS = TR A E R IR ST S 100 HE BT, % B 084 H T I 13 pH,
AU AR LAY BRI, B S WL SCHR [17] R A PR 2 (HCI-HNO,-HF-HCIO,) 51 3 f#
T HERE S . EEEA RS Cd L 0.01 mol- L' CaCl, iR (1:2.5, Wi SR $REU. #E4 Mn, AL,
Fe. Zn. K Fl Na % {70 & & & v FH i G 6 45 B8 14O 1% 4% (ICP-OES, PerkinElmer Optima 8300,
USA) M5, A Cd % 5 i LR A 55 2 F R T E (Y (ICP-MS,  Agilent 75002, USA) I, il
FE 1 B PSR bR E Y R GSS-5 F1 GSB-5 HEAT X - HE ARG K () B, DA 4% o0 R A i Rk
HIE 83.7%~116.8%.

1.4 HEHH

N LSD #E A7 i M 22 Sk 3, W reml TR G 42 PR AS 70 X A SF- A B0 0 A7 R 3 10 DX S
Bt BAE G5 22434 9 Genstat 18.0 47, MLEIAH 5G40 #1 (CCA) 1 Canoco 4.5 #£47 .

2 #ER5TR
2.1 AKX IE pH F1 Cd G M9 S20

AHOCHGE 4, 7F R IR AL ™ XA PP RS OK S Cd LR L™ E B AR AR 58 X 3k 1Y)
AR, Y pHALT 550, FK Cd bR # & ik 80.0%; 11 4 + 48 pH 7F 6.0 L LB, FiK
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Cd HAR R R 46.5%, LA ARG, 3 pH FX{H R 5.61, X HRAA W E#HTA (B 1(2). H
e a5 R R, A KNG, TS pHA —E#Rm; YA KEIAF 1.20 thm > B, + 5
pH B A EFH T 0.3 A, (HIC W P25 S A KA %] 2.25 thm ™ i), 3% pH 1
I IKER 6,56, 3 T ERAL (B 1(a)). BIBETEIAL, A KE AN B T ek B £ HEER L A

DX o A 5 R R, A 8 Cd SR8 033 mgkg !, F AR A B S 2.6 1%,
FH R AR R 25 1k 98.4%(122/124), N E K T HEFREE AR MECY0.3 mgkg !, pH<5.5) (1 1.1 1%, M
AR 58.1%(72/124), % & B 5256 T I IERE P Cd & R K, % A A KM T R
WSS, W] HEI I X A A — 2 AR CA R, FEE K AR R UL TR F E A Od B A& 1% .
o IX e Cd i tER R, HIECd ARES R ARE Cd T EM 57.6%. ZAKMH)E, L CdA
AR E (0.15 mg-kg ™) BT AR (0.19 mgkg ™) A —& TR (K 1(b)), FEET 21.1%, {HJG R EH %
5o HE 286 A K AL BRAE Y 418 Cd AR & it 0.17 mg-kg (& 1(b)), 50 R 4] 1 Cd RS &
i (0.18 mgkg ) AHELTCEA B 225 . ULl AL, AR — e B LI cd ARs & &, HfF
TE—E R E T

1 XJ HRLALAE b 1 XML
i1 /K1.20 t - hm ~ HifiI41/K1.20 t - hm
ol = 1 ] K225 (o b b 036 e i {1 JK2.25 t - hm
&0
- be E o7}
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=6 K4
@018}
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5t e
*j% 0.09
4 0
DX It 2 DX Sl £ FEI ) S 36
(a) DAL ) 5256 - 3EpH (b) DX 21 i) 5+ e CA A s A it

VAL ) T RN 4R 253 .35 (p<0.01) .
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Fig. 1 Variation of soil pH and soil available Cd concentration under different treatment in
the regional investigation and the field experiment
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AT XA (B 2) 2R ER, WERKCdEERE, FHETEN 047 mgke", LNE
KR AL L FRfEPI(GB 2762-2005, 0.2 mg-kg ") HI 2.4 £i5, HIRFEE L 72.6%(90/124), L A1 KA B
5, K CAd#R 3N 67.7%(42/62), 5% BRLH (77.4%, 48/62) #H L, A1 JK Ak BEAE AR 9.7% 1 F K
CdBFr R, HEFACISTHKEMINSHE WL, XSHTSHHM T A KA ERFH K Cd SRS T
Xof BE AL AR A AT DA R R R R ARS8 S K

HH () S2 it 25 SR B, Rk CA B &0 0.14 mgkg ™', MARE N 30%, A% T X A 45
(K 2(a)). 7EMEISLEF, A KAEE R A K Cd &4 (0.11 mg-kg™") %8 %F R 40 (0.26 mg-kg ") FAK T
60%, W] WL AT KX FEK & 45 Cd A — @ WO o M Jits B B34 m 2] 2.25 ¢hm 2 B, A5K Cd Fr it
B T 1.20 thm ™ A3 5 B A &b BRACR (B 2(b)), AT W38 4 Ik i 9 R BERE &2k 2> Cd 7 &
X5 RIZWAN 2522 [ 438 4 2l o

AR S FREK Cd &K FEA—. HE 20b) il WL, SRR (VUS) fEK Cd & &t m TR &
A Ff (JUS9). A Kt A 2 A~ APy Cd BB — e EGIEN . VU TEA KA S, Cd &=
K8 012 mg'kg™", BFACTXRLL; JUSO ) Cd & A A KA, FEM 0.11 mgkg™', (HECRIHF



1476 o T OB MR %15 %

0.90 0.60
== XA R = ﬁ%ﬁﬁéﬂ§§ﬁé
RS HiHA1K1.20 ¢ - hm™
~ 075 i EN a &= it 71 /K2.25 t - hm™
o B 0451 S 7 KAFER
-
7 060t o
E g
& 045 ab e
& &
3 030 9]
£ b x
E o015 "
X3 FH ) 5256
(a) DRI i B] S B Rk Cd B it (b) AR AL FPAE K Cd & 4t

TE Ab PR ) P BRI FOR 22 53 . 3 (p<0.01)
2 XEAEMHEKEAFELETERCSE

Fig. 2 Concentration of Cd in rice under different treatment in the regional investigation and the field experiment
AR A K 1.20 thm 2 $2#5 #) 2.25 thm 2 iF, VUSRI JUS9 (1 Cd & #54 — & EIk, H
VU8 AL R dR K . AT L, A KB Cd RCR XY TR FEDKAS S Rl A TR E , i AR R S Rl X T4
BTt P AR A O UK
23 AKX PUF REEMETEFM

ASHIF 5 0 DX IR A 45 SR B, WS X RS K Cd & 46 A7 (PUF) 3164 1.86, PUF KT 1.0 Al
2.0 By EL B 300 0 62.9%(78/124) Al 41.9%(52/124), IR +I-REK R 48 Cd WA R F R 1247
TE BB R E (B 3(a)). ZA7 KALFLG . PUF W45 F B (FR 16 6.3%), HJC R EM2ER . W58
Hh, PUF FXIME 0.47, WK T XEOHA LR . S0 BARLE, it 40 55 AN [ & A 9 PUF 24
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Fig. 3 Rice Cd uptake factor under different treatment in the regional investigation and the field experiment
URAGUCHI #5!'"Fl SEBASTIAN “53 (U F e 48 1, e i S0 3R 2 52 AR ) R I 5 328 2 1 10
ik, FEMFZEKREX Cd RISz . ARUTFERY XIS & 25 R o, a0 KA BEZRE T, 10k
Zn. Fe. Ca B IR A —E R, WL K, Na, Mn F1ALSA TR (K 42)), AT0LA
Wt X 3 3R 03 BEOT R P M R T —E . HE SR AR Wox, SXTERAML, T Ca E
WEERM, L Fe. Mn. AL TR (K 40). MHXDPLREY, HE LK L Mo 5
TR Cd & W E ARG (7=0.25, p<0.01); Wi AL, 438 Mn & 8O0 IR [ 8.3%, 441 JKJifi
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Fig. 4 Concentration of trace elements in soil under different treatment

FHE R INAY, 58 Mn & T80 BT % 11.9%(8 4(b)), YANG 2504y % B, A IR Jiti FH 242 ik K
+ Mn B3R o 33X AT AR 3G N A B R BE AR OK Cd friE R S B R . PITTMANPY fil
YANG S5 i 45 i, 158 Mn GBS 7E K R R 0] Cd MK FEAR BB BN K iz, AR X
+ 3 Mn SEI K K 215 mgkg ™, AN IR 3 Mn 35 548 (459 mg-kg )P Y 46.8%. + 3 Mn i
P 5 H ) AR RUIRZS B VAR O, X ek A 3R R Ak Ko7 e FHHE K 2 3 BORS FH 4 498 Min 37 2% B9 32 2 S 1,
AR Bt 25 20 I T 8 Mo A3k, SRR T Mn X Cd 76 - HE-FE oK &R G h 7% A% i 4 i
YEH . XATRE A KT, KSR A B 2 R 22—
24 ARXRMTIE-FREREZ CdEBERNEM

X X gk 9 A AT EH [R] S 56 08 I %5 die AT T i R A G HE e 43 BT (CCA)™®!, Monte Carlo £ 56 3 B |
CCA HEJF filt 13 22 BOGT [0 5 OC 38 A8 8 3K 31 58 35 M /K F (p<0.05), i 3 A HE 3 il vl fig B Cd 7+
BERK ARG R R 96.1%, o, 5 VHE PR 5 2 43.5%, 3% Zn("=0.56, p<0.001).
13 pH(?=0.42, p<0.001) F1 +4E Mn(?=0.37, p<0.001) K5 1 HEF A9 3 A FEH 7. MR8 CCA HE
PR, SRR T 50 34 (8 5(a), SMEITE BESMES 1 2MW, +HEA VLT (Som) 4
MEFL IR, L Za M EFEpH A MHES 4 2. ARETRERKE (B 5() /R % M, +
1 pH M 3¢ Zn 520 Cd 7F LI KRR G E L FREN 3 AN FEH T

M+ 3 cd. FE>k Cd FREK Cd WU K F (PUF) Z 8] (47 & & & Al UL, PUF 588K Cd (196 &
oY) (F 5(a) s 1M PR AR B R A A AT i DI S R T, 8 pH(7=0.46, p<0.001) 1+
5 Zn(=0.71, p<0.001) 5 13 Cd 2 B EAC, M LHECdM 2 M FELERF; FKkCd S ER
TR, Hh b Mn(2=—0.47, p<0.001) SRk Cd 2 BFEMRME, ZMEE dhEm
FEok Cd R B2 T

H UL D7 5 A R 7 Y CCA HEFF 181 (181 5(b)) 7T WL, FH i) S5 6 L0 245 SR A S A 88 I8 285 /8 7 IX)
SR AT . Bl AU 3, B TR S O DU PR A 2 SRR 5 3 RBRE P B, Cd 7E A
KAGEEBRES TIEMBIUCRXRZAFENEY, XBEET LR, 2a K08, HIE-FKRS
Cd i BsBEm TAA, HiZZ RS 15 pH MR TR 2 B EM,

LA LA EEE AT, A PO T REARREK Cd & ks LR A — @M, HIFAR
T o A K A A it Sl T BT R, R AR X R OK B Cd A AU Y 4
Mn P8, HA — & Wi XS . YANG %048 1, A 0 i o it FH 25 18 BUK RS 0™ . 5 — 7
1, BT A KA SR, o i R 2 i B AR A, ERLRRAR, IR IS, DT R e K AR

ST DRI, Rl R O R A B B, Y Min IR AR D Y MUK RS Cd s R s R . AR

Mg, DO 5 RS20 22 Ok, (B MR AR, PIE g & s A B T 1%
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Fig. 5 Relationship between Cd concentration in the soil-rice system and environmental factors
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Effects and application risk of liming on cadmium uptake by rice
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Abstract The control effect and potential risk of lime application on soil-rice system cadmium (Cd) pollution
were investigated based a method combining the regional investigation and the field experiment. Regional
investigation showed that the over-limit ratio of Cd concentration in rice in the study area was as high as 72.6%,
the use of lime could reduce the soil Cd activity by 21.1% and the rice Cd exceeding rate by 9.7%, and increase
the soil pH slightly, but there was uncertainty. Field experiment showed that the concentration of Cd in rice with
lime treatment decreased from 0.26 mg-kg™' to 0.11 mg-kg ', and the high accumulation variety (VUS8) showed
more sensitivity (decrease by 0.19 mg-kg™'). When the lime application rate increased from 1.20 t-hm™ to
2.25 t-hm™, the Cd content of rice did not decrease but increase. Varieties with high Cd accumulation are more
sensitive to changes in lime usage. In addition-to soil pH, soil'Mn is the major influencing factor of Cd
accumulation in rice, and the lime use lead a loss of soil Mn by 14.9%, which may be one of the reasons for the
unstable effect of lime use. The effective way to solve the . Cd pollution of rice is to adjust the amount of lime
dosage and apply Mn fertilizer.

Keywords lime application; soil Mn concentration; soil pH; ecological risk; rice Cd uptake factor
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