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Effects of Red—mud and Organic Fertilizer on Cadmium and Lead Absorption and Distribution in Rice

FANG Ya—yu'?, ZOU Hui-ling®, YIN Xiao—hui"?, CHEN Nan'?%, YANG Deng'?, WEI Xiang—dong'*"

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.South Regional Collaborative
Innovation Center for Heavy Metals Control in Rice Fields, Changsha 410128, China; 3.Library of Hunan Agricultural University, Changsha
410128, China)

Abstract; Effects of red mud and organic fertilizer on distribution of cadmium(Cd) and lead(Pb) in soil-rice system were studied in field by
orthogonal test. Results showed that after red mud and organic fertilizer added including single and combined, the soil pH value increased
0.36~1.90 units, contents of Cd and Pb in rice rhizosphere soil decreased 2.73%~26.25% and 7.15%~34.26% respectively and contents of Cd
and Pb in brown rice decreased 23.24%~55.90% and 11.76%~29.41% respectively. In all treatments, single red mud was best, followed by
red mud and organic fertilizer combined, single organic fertilizer was worst. The content of Cd and Pb in different rice organs with addition of
red mud and organic fertilizer decreased significantly, the contribution rate of Cd and Pb at different stages changed obviously, and influences
of adding quantity and fertilizing method were also significant. Different treatments had different effects on contents of Cd and Pb in brown
rice. Compared with CK, red mud(4 000 kg-hm™) was the best for Cd, combination of red mud(4 000 kg-hm™) and organic fertilizer(1 000
kg+hm™) was the best for Ph, the contents of which were 55.90% and 29.41% less than the control respectively. Although contents of Cd and
Pb in brown rice decreased significantly after red mud and organic fertilizer added, contents of Cd and Pb in brown rice were still higher than
national food safety standards (GB 2762—2012) because of high polluted degree of Cd (65 times than standard )and Pb(7 times than
standard ) in soil. All results showed it was ineffective to control heavy metal pollution in brown rice only by red mud and organic fertilizer
addition in high polluted degree soils.
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S /6 EH A ESE TS, TR E 25 Pt AR
3K 19.4%, Cd F1 Ph B S4B ARFRIE 7.0%H1 1.5%;
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27°48'3.6", 445 113°01"1.3") k47 H AL . 56 X
AL T A 5 KGRI e, AR RER 1 412.7
mm, 45 R  16.8 °C, TCFEE 286 d LU |, 4EH
RERT] 2 1700 he 8055 1338 2138 X 00 i - 8=
(0~20 cm) FEAFRAL M 57 K 542 J& & 54 : pH 5.00,
HHLUE 31.99 g-kg!, 2% 1.97 g-kg™, 40 0.62 -k,
424 25.81 g-kg™, 4xfE Cd 16.16 mg kg™, 4% Pb
562.64 mg-keg™, 4ig Zn 1244.09 mg-kg”!, 44t Cu
81.71 mg-kg™'. X%+ 4¢ Cd . Pb Fl Zn F ¥ +
BRI SRR R UE 1T Z0hRiE(GB 15618—2008 ), Cd .Ph
1 Zn Sy 5 HEAR 657 45 8 455, J8 THE & B E G154
FEH, BV R 8w . T Cd # Ph 8K T
PESE , HA S5 Y R (GB 2762—2012) E A% &
Zn, WOARSCHAHrE IR e AE HLIEXT Cd Fl Pb 76
T KRR G AT LA R

1.2 ket

HERA TRV F T R S S A FRA Rl R, T
H-a5eaane, HEARMAM: T pH 11.25, 4
P& & 5.0 g-kg™,Cu & & 27.58 mg-keg™,Zn & &
31.13 mg -kg™,Pb % & 36.75 mg-keg™',Cd & & 0.13
mg-kg™',

HEA HUAE Fh A A O AT PR R4t LA B
65T : pH 8.38, A HLT & ik 368.3 g-kg™, A T i
15.1 g kg, 24 79.8 - kg™, W 17 30.6 g-kg',
Cu & 14.92 mg-kg™,Zn & & 76.48 mg-keg™,Pb &
7 4.49 mg-kg”,Cd F & 0.14 mg-kg™,

1.3 iX3i& it

KW R R AE AR TR AR FHS: , 1~/ NX
TR 2 mxS m, 364~ 46 /NX o /NXBEHLIX 41HES
/INDR P FH S 5 P 55— 2 R, AR AR K, IR
FHEAHESARE , AT 1RO N EARSE I S k2R 1
FAHLIE, A aRJess e 0.2 000.4 000.6 000
kg hm2, ARG 0.1 000.2 000 kg+hm?, [f]
BF, B 4 X R BT DL 3R 1 KR SR Y
5218, &4 B 135 d 247 o PP R A 2014 4F 6
J 6 B WCEIRTE] 2l 2014 45 9 J 25 B, 24 Hu A
SPHRHEAT H ) B (U AR B B dt ES) .
14 HEmRESTLIE

A3 AE KR 3 BEH] AR o R TR ol 2 >R
AR KRN LB RE A TR/ N X N BEBLE R 3~5 Yk
PROAPEERA 10~15 98, IR A R 80 1R A 345
J& RV EOR B 2 kg HHERE LTS TAE AR,
7 BPE S E I F s TR XUk AR KT,
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* 1 RWAFEIT(kg-hm™)
Table 1 Orthogonal design of the experiment(kg+-hm)

AbFE Treatments CK R1 R2 R3 02 R101 R201 R301 R102  R202  R302
Y8 Red mud 0 2000 4000 6000 0 2000 4000 6000 2000 4000 6000
HHLIE Organic fertilizer 0 0 0 0 1000 2000 1000 2000 1000 2000 1000 2000

T AP RPER A 0" REA P, TR,

Note: “R” indicates red mud; “O” indicates organic fertilizer. The same below.
H g

WERE L0 (10 H &% 100 H ), 447 F T b
FH o REE MR YIRE S5 e TAE A INIZ I SE g0 ==
J& B BRI T R AR B K ek 3 Uk, Ik
A AR 25 i R 4 NSy, H R 25 kgl
YIRRR AT IG VUM AR B 1 kg AEdh . BT AEIRE
BN RGBT, 90 CAF 2 h, K5 65 CHET =
TEEE, IF HE RN A L 100 H S, R AT
s .
15 EMEESEESENMENE

FEYIFE S 23R A R (HNOHCI0,=4:1 )41k | 445
FE 2 TR m @R (5: 1) Ak, AT e 25 0k, Of
FET 4 CokFE s H o IHAW T Pb )z Cd 5 HE7E 0.1
mg kg™ A BIFE A2 ICP-OES(PerkinElmer, Optima
8300),Cd FHEAE 0.1 mg-kg™ LLFAYRESh 247 B 4P i
TR A3 66 1 (VARIAN,, AA240FS+GTA120)
Fr 53 B s,
1.6 BIESHT

RIREHE B LT, IR0 SPSS19.0 #E414H
KB40, B Microsoft Excel 2013 A0 F i 56 %4048 F1
S

2 GFERELSWH

2.1 FRiEFNEHAES K FEHR R L1 pH E R Cd.Pb
EENHI
2.1.1 FRUe A HUIEXS KRR B 149 pH {520

B KA, BT AL BRAR R 14 pH (2 HT T
R 2) o ISR IR ATE ML RE B & 4 AR PR 138 pH
{8, BRI N 20 S 25 AN ] o ARG 1438 pH {H
AARE, WINARRMA VRS, +3E pH EHIRT
0.36~1.90 ™57 o, Bt AR YR P TR B oA, B 7
1.57~1.90 5457 5 H U= BC it ($2 71 0.88~1.30 4~ H
A7), Bt AT LI EA , $27F 0.36~0.90 4545

bifi 5 A Je A BB TS 3G, K AR By 1 1
pH E 45 T i B 38 i (G it Fn et ) . b, 2R
I A 6 000 kg -hm B, 13 pH {H 2T+ 0.89~
1.90 A~ B 2 000 kg-hm™ =52y 1 4% AU E N
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#2000 kg-hm™ 5, 43 pH {H4&T} 0.74~1.74 4~
B, 1000 kg-hm™ 5524 1434,
2.1.2 FRUe A ML XS K FEAR PR 138 Cd . Pb % =1
A

5 CK Mt , iR e A HLIEJE , K AR B 1
gerp Cd Pb & 54 IR 2.73%~26.25%F1 7.15%~
34.26% .5 HutAH EL , TR UEFATE HUIE ECHGAT , AR br 1358
H1 Cd.Pb & BRI R (Cd Pb (REIR 55108 4.68%~
26.25%H1 6.13%~28.95% ) , 53 531) L. ALt 215 U8 A EL it A
HLAEREAR 0.76~1.42 f5H1 1.23~11.79 1§,

MAFEAEFHRE AR s RS , Cd 76
Sy BENA AR RN I R 43 A 4.68%~
25.29% 13.56% ~26.25% .9.36% ~21.87% F 2.73% ~
13.95% ; Pb 1£ 47 BEW] 0] 7 S 01 R0 e 2 B i
451K 7.15%~23.82% 9.97%~28.95% 2.95%~28.13%
1 11.249%~25.95% . WA ZR I FAA HLIE A it (R 45
Bt FNECHE ) A3 I, K AEAR B L3 Cd Pb {513
. BT, RUBENIIER A 4 000 kg hm™ i} 148
Cd (F#AK 9.98%~16.98% ).Pb % it ([%AK14.69% ~
17.88%) FElRBEITRA, ARG IE N 2 000 kg
hm 2 FGS &y 6 000 kg -hm= [y 0.95~3.03 15 il
0.78~1.41 £5; AHUEA N EA 2 000 kg hm? A&
41000 kg-hm™ {4 0.82~1.33 f%, BlftifT, #RJE4 000
kg -hm™ A HLIE 1 000 kg -hm™ 2H 45 %F REAR K A AR
Frt- 49 Cd Pb & AR e, 435 v] ik 2 A
Ot A F 1) 2.32~3.78 £%H1 0.79~2.88 £,

Fik—Z KR )E, L3 Cd A1 Pb S50 R
KT 0.19%~14.11%F1 2.64%~27.90%
22 FRRFNEHEITKFEEME D Cd F2 Pb MR

skl

2.2.1 FRUEHA HLIE XS AR AR & B KR A i Cd A
Pb £ & 52

5 CK AHEE, B aR e -5 4 HLIE (L 56 Bt | i
Jiti ) I , BARAN[F A: F KAEAR (25 b Cd T Pb 7
AR R (H R A KR AR K, FEAR  ZEfnrp Cd
A Pb S H M (B Pb S EBRAN) (B 1,
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2 Mg 2) . MFA AL FIAR ) A B 0K Rl 25 At
H1 Cd Pb &R, Cd Ry B > HE S0 > il A AT >
SYBEW, Pb S IS S BEIS BRI AR, H S
CK —Z(,

MAEAF W Cd F1Pb STEE OR[R1A: & 51
BR=TA F W E SR T R/ R 4R )k
E, WA YIEXSAFEAFH Cd.Pb sTHEkRE
A R, it AR =R i AR A 2 e (A
1K 2 F13R 2) o A aRie it 52 e e K, LU 7R 18
A HUIEECHE , AU SN, 5 CK A/, Bk
e 5 VIR CALFE St FO it ) J5 L 20 BE Cd kR
HEM 4.62%~18.53% , AR I | JfE SRR U Cd 53
ik Z A B D 0.16%~19.12% . 1.09%~7.83%F1 3.35%
~13.82%; 4yBEW Pb By STERZEIGIN 1.91%~15.72%,
R 3.58%~33.83% , FFEI FIVE S I Ph () 5T
BRF TG AR A . BEE PR TR S It (G4 B A
Byt ) 38 i, AN A= & 1 Cd Pb STk e R AK5 T
150 5 Bt A ATLAE S o i (6 358 Bt A G e ) 34 in L Cd

Pb BT E T o
222 FREHFA ML X K FFAE PR H Cd F1 Pb 43 A1 A
el

WM AR S A ML e 2 B OK AR AR Y Cd A
Pb &t (HR R PR AT B AN W], HOAN R 4
JEEEAR(E 1. B2 /% 3). 5 CKAE, &
ARVeSAYUIESE , BB KARR 25 0 A5 TR K
hoCd & 4 B RE AR 2.90% ~46.97% 24.76% ~
56.83% .10.48%~53.91% .16.05%~46.33%F 23.24%~
55.90% ,Pb 7 & 43 5 FE A% 10.40% ~40.32% ,2.37% ~
39.23% .18.19%~64.66% .24.91%~45.55%F1 11.76%~
29.41%, Horr et (R Ue A AILIE ) B ARG 2 AR X 1
TR, X Cd AR IR 43 501 2 B it AR 8 R Rt A LI
[ 0.85~1.70 £%F1 1.90~4.80 £5, % Pb [{F4TiF 0.83~
1.38 5F1 0.85~2.85 15 Bii#5 e (A 45 Bt FH AL it )
ISINEE RGN, BEAOKFIN Cd A Ph i SeREIRS
Fh 5 5 Bt A ATLIES (/G 48 B R C e ) 4% o g 386
KRGS Cd F1 Ph &84T

R 2 AEEFHKFERPRLE pH &1 Cd.Ph &2 (mg-kg™)
Table 2 pH, Cd and Pb content of root soils in different growth stages(mg-kg™)

L3 Ay BERH Tillering stage Y] Heading stage HESZ W Filling stage JEIY Mature stage
Treatments  pH {ff cd Pb pH i cd Pb pH {i cd Pb pH {8 cd Ph
CK 5.16a 16.07+  578.01+ 5.11a 16.00+  569.98+ 5.10a 16.14+  558.24+ 5.07a 16.13+  547.19+
0.21d 19.44d 0.13d 29.45d 0.24d 16.26d 0.31d 29.93¢
R1 6.76¢d 1457+ 52693+  6.22bc 13.17+  501.35+ 6.07b 1395+ 51299+ 5.75b 15.60+  485.70+
0.27¢ 17.85¢ 0.24bec  32.93bc 0.12bec  17.58be 0.26¢ 24.87b
R2 6.73cd 1434+ 474.83+ 6.49¢ 12.89+  468.09+ 6.18¢ 13.00+  476.23+ 6.01b 14.52+  463.56+
0.11be 22.54b 0.08b 26.34b 0.27ab 14.54b 0.40ab 40.21b
R3 7.06d 1413+ 487.09+ 6.49¢ 12.69+ 49631+ 6.04b 12.61+ 43448+ 6.35¢ 14.65+ 47146+
0.30be 29.72b 0.16b 33.30bc 0.33a 13.41b 0.17b 35.73b
01 5.95b 13.83+ 529.55+ 5.92h 13.45+ 513.14x 5.81ab 12.69+ 539.70+ 5.43a 15.69+ 485.51+
0.15b 20.09¢ 0.21be 29.93be 0.06a 19.51¢ 0.25¢ 24.08h
02 6.00b 1423+ 536.67+  6.15bc 13.83+  567.01+  591lab 1451+ 541.76+ 5.81b 1548+  464.96+
0.09be 23.59¢ 0.07¢ 13.74¢ 0.23¢ 23.07¢ 0.19be 44.01b
R101 6.48hc 1432+ 504.97+ 5.98b 1237+ 486.26+ 5.95b 14.63+  524.04+ 5.68b 15.06+  463.60+
0.14be  35.14bc 0.12ab 31.45bh 0.11c¢ 10.84bc 0.10b 35.59b
R102 6.90cd 1398+  524.87+  6.04bc 11.80+ 49291+ 6.19¢ 1430+ 47149+  5.55ab 1447+ 45131+
0.21b 34.27¢ 0.31a 12.93be 0.09be 15.37b 0.08ab  25.80ab
R201 6.26bc 1243+ 492.03+  5.88ab 1237+ 434.89+ 6.03b 1391+ 45951+ 6.01b 14.63+  460.34+
0.06a 13.96h 0.20ab 27.63ab 0.21h 11.40b 0.24h 29.68h
R202 6.71cd 13.89+ 52499+ 6.11be 12.11+ 445.53+ 6.09bc 13.04+  401.22+ 6.07be 14.62+ 44275+
0.07b 22.86¢ 0.18a 23.75ab 0.01b 20.12a 0.22b 37.50ab
R301 6.78cd 12.01+  528.11+  6.14bc 1294+ 431.21+ 6.1bc 13.55+ 42921+ 6.09¢ 1393+  416.56+
0.17a 12.75¢ 0.13b 10.70a 0.43b 13.74ab 0.18a 34.16ab
R302 6.82cd 1222+ 440.33+  6.20bc 1278+ 40495+  6.12bc 14.63+ 43151+ 6.11c 13.88+ 40522+
0.29a 10.57a 0.25b 12.28a 0.24¢ 12.83ab 0.31a 20.72a
T [ — SR /NG FREROR B35 22 57 (P<0.05) . Al
Note : Different lowercase letters within a column mean significant difference between different treatments(P<0.05). The same below.
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“R” indicates red mud; “0” indicates organic fertilizer; Different lowercase letters mean significant difference
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between different treatments(P<0.05 ). The same below

Bl AREBEHKEEREP CIIE

Figure 1 Concentrations of Cd in rice organs in different growth stages
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Figure 2 Concentrations of Pb in rice organs in different growth stages
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R 3 NEIALEXKTERL ST LD Cd 70 Ph BRI NE
Table 3 Impact of different treatments on fruit Cd and Pb uptake

g poRr—
o Kl e R R e Rkl

Treatment Cdfmg-kg r:nge g Pomeke rjnge/% Cdmg-kg” e r:nge/% Phmgke’ e r:nge/%
CK 1.18+0.24e 0.00 7.53+0.52¢ 0.00 1.140.18c 0.00 0.510.10¢ 0.00
RI1 0.86+0.18¢ 27.15 5.44 +0.39h 2172 0.62+0.20ab 45.44 0.43:0.04ab 15.69
R2 0.780.14be 34.11 4.10 +0.29a 4555 0.50+0.11a 55.90 0.39:0.11ab 2353
R3 0.730.15b 37.83 4.18 £0.22ab 4454 0.630.14ab 4481 0.410.12ab 19.61
01 0.99+0.19d 16.05 3.60 +0.19a 52.17 0.87+0.19b 23.47 0.380.14a 25.49
02 0.8420.17c 29.00 5.65 +0.15b 24.91 0.88+0.33¢ 2324 0.45+0.05¢ 11.76
RIOI  0.80+0.09bc 31.94 529 +0.27h 2974 0.66+0.15b 011 0.44+0.05b 13.05
RI02  0.98+0.11d 17.14 419 +031ab 44.40 0.63+0.22h 44.40 0.39:0.01ab 2353
R201  0.79+0.23hc 33.02 5.61 0.22h 25.45 0.59:0.13a 47.85 0.42:0.07ab 17.65
R202  0.73+0.14be 32.04 431 0.16ab 0271 0.61:0.17a 46.90 0.37+021a 27.45
R301  0.87:0.20c 2627 430 +0.14ab 42.85 0.63+0.14ab 4473 0.36+0.03a 29.41
R302  0.63:024a 4633 523 +0.21ab 30.53 0.64+0.18b 4420 0.44+0.04h 1373

MEEK Cd F1 Pb SRR SRR, HtioRie
K Cd 25CSR B b (Rt kg 44.81%~55.90% ) , Fok 7R T8
FA HLIE O (R0 42.11%~47.85% ) , Bt A HLIE
R B 2% (PR 23.47%~25.49% ) ., AR e AT HLAE D
Jiti k% Ph R IR 4T (R Sk 42.11%~47.85% ) , Hoik oy
B AR e (MR A 19.61%~23.53% ) , Bfiti A5 HLIE AR
B2 (FFIRN 11.76%~23.24%) . B A HUIE T I (£
FhE AN )G Rk Cd Pb S REFEAL. RS
A HUIEAS R, 2 AR Ve Bt i, BE 2 A s 38 , Rk o
Cd .Pb & Aty fa Bk, RIZRJUEU & H74 000 kg -
hm™ B, BEKH Cd Pb FEIRSR K, 23090k 55.90%F1
23.53% Klcit , A AR Jeds i g hn  gEK Hr Cd . Pb
Frm AR, ANFALERREK A Cd Ph IR B AR 78
JrA bR, BEK Cd Pb FEIR S K535 A A0 P R2
(T 55.90% ) F1 R301( R [ 29.41%) . A& IR
Y A1 LA g A B2 R (R K o Cd Al Pb 5 1, (B
M T3 Cd A1 Pb S EHE, RSk Cd Fl Pb &%
AN T TE Y R AR UE (GB 2762—2012),Cd
F1 Pb 2> SIEEAR 1.51~4.70 {5 H01 1.80~2.25 f#% .
2.3 FRIRFNEHEXT Cd #1 Pb ZE HIE-KIB R G T
BEIEENZN

WmAR Ve A HUIEXT Cd F1 Pb 7 + 3 - K Fb &
G B B, LR 4 Fk 5. K
B 6 NI R IE R E NI AR e s A AL , Cd
ZE-70  ZE KA & RIS RN, 25 - is Tt
i, LR -2 s AR T, Pb 5 Cd B3
AN, B ARV sA LIRS , Ph () 4 -H2 MR -5 25—
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M FIZE S8 R B, 25K+ K2 KA TG
Fia, DSt Cd )+ KB R RIRE RS, 5
CK AH L, % U B it B It 2 e K, R AR 39.19% ~
50.80%; HYEAREFAPULEAE, FEAE35.11%~
42.46% ; B LB/ | FEAE 19.96%~21.27% . MUk
B Ph (1) KRR RIR AR, 5 CK AR,
AR B it R AT e e K, BRAIR 5.019%~9.73% 5 58 5
A HUHE T it Kz At A5 HLAE KT A% 2R [ et J3E G A
R

MR B Cd F1 Pb 78 H3E— KRG RGP it
Bhkia ZoRFE  MEKREER, £ MR -25 25-11 3
NG E R BT RS . M Cd 1 Pb FEZKFF Y,
BIART KRR P IR s RS ,Cd R
F-MESZE ISR -ZE> 288> 28 K>+ K, Pb .
25> E-HRSZE-Fes 25525 K> £ oK (3R 4 Ik
5). 18 6 TR Gz %M, Cd Ph IR 21T R i %
ARG, T 4= — AR RN ZE - AR AL 502 M 4 17, iX
FM Cd Pb # F A 22X KRR A, Ph Y
25— ZE 52 i 2 2 3 il Cd 19 2.60~6.92 5 il
1.86~4.05 fif, 1 —H MR -Z5 ZE K+ KEL 2 %55
Bk Cd 1 46.29%~65.36% .13.31%~26.80% .21.46%
~47.72%F1 7.00%~10.79% , X #BH K Fei b 3853 1
Pb FEAEAAAEN STEANTT B, M Cd $5i2 2]
BRI Pb £, 5 CK AL, SRR sl A HLE
FARXE Cd Al Ph 78 L 3E-KFEIR R T R e ia R G
S AEXER R A B A s R AR LTI
Wi, BRI R Je s HLIE IS , AS R A & 30 45 i %A
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R4 CdEIEKBREFHIBEIEZE(%)

Table 4 Transfer rate of Cd in soil-rice system( % )

SrBE Tillering stage

filif#] Heading stage

WS Filling stage

JEIY] Mature stage

P T = T TR I S
Treatments Soil-root Root= - Stem- Soil-root Root= Stem- Soil-root Root= Stem- Soil-root Root=" Stem="Stem-~ St?m_ Soil-rice
stem leaf stem leaf stem leaf stem leaf shell rice
CK 53.01 19.07 3897 11535 1562 30.10 127.83 25770 23.74 184.13 3045 5779 13.02 12,60  7.06
R1 6440 20.09 4805 11930 11.89 65.10 12122 13.07 7099 17545 28.62 43.10 1097 7.94 3.99
R2 66.88  9.80 5841 127.19 14.13 5798 11524 1537 70.84 169.35 2594 7039 12.19  7.88 3.46
R3 66.75 2413 48.62 17938 1935 44.13 147.18 2591 41.87 18553 2580 50.57 1046  8.97 4.29
01 64.22 2297 4448 12828 2382 4245 14556 2847 33.06 174.82 2878 48.70 12.55 11.05 5.56
02 49.61 1850 4827 14596 1479 4594 14143 1953 4193 186.30 2520 6443 1153 12.04  5.65
R101 63.26 1941 5127 173.13 1243 6438 13240 16.15 6693 16501 31.00 5055 1043 8.57 4.38
R102 4729 1278 53.18 109.78  8.08 83.88 9491 1546 7274 16738 3740 3255 1079  7.00 4.38
R201 8843 1627 5260 139.99 14.58 48.64 12096 17.88 5296 165.69 2144 77.68 1521 1144  4.06
R202 75.53  21.02 5045 12523 1370 4590 100.70 15.16 ~ 62.10 154.79 30.62 4445 11.57 8.74 4.14
R301 70.53 1041 7135 96.06 1158 77.25 86.16 23.16 40.27 15341 25.02 4509 1627 11.79 452
R302 81.58 1370 37.60 106.72 9.70 6253 97.96  9.14  98.05 184.15 2722 3952  9.10 9.14 4.58
R5 PbETE-KBEREPHIBHIZE(%)
Table 5 Transfer rate of Pb in soil-rice system(% )
A3 EEW] Tillering stage HhF I Heading stage WM Filling stage A Mature stage
N I I = S
Treatments Soil-root oot= Stem- Soil-root Root= Stem- Soil-root Root= Stem= Soil-root Root=" Stem="Stem-~ St?m_ Soil-rice
em leaf stem leaf stem leaf stem leaf shell rice
CK 5339 843 3225 4593  3.06 8555 7533 146 23656 11299 7.62 27632 44.15 299  0.093
R1 4409 12.61 4874 73.09 250 17677 47.15 1.29 38399 9875  7.67 298.13 4699  3.71 0.089
R2 4174 1023 6097 5622 214 18529 56.33 149 29170 8539 584 21954 3955 376 0.084
R3 60.56 1031  41.69 6242 233 15405 6752 217 24570 10946 467 177.79 3170 3.11 0.087
01 42.75 11.10 4172 5192 4.72 107.15  74.99 1.13 42142 11576 3.83 153.49 27.17 2.87 0.078
02 54.09 725 3931  62.56 170 181.16  89.96 1.89 21421 12051 696 23151 3395 270  0.097
R101 60.70  7.86  60.52 5543 142 42330 57.67 1.95 31891 107.88 6.10 24226 4226 354  0.096
R102 3576 10.67 4329 4926 272 16638 60.31 1.68 33452 9465 608 15796 2490 232  0.086
R201 53.08 10.67 4521 6628  3.14 9593  65.19 1.03 52827 108.06 634 23559 4173 312  0.091
R202 6029 1033 48.16 31.44 320 19892 62.10 149 32267 7958 732 17631 28.17 242  0.084
R301 2695 11.82  46.54 4217 404 146.62 8177 079 38201 9598 373 11724 3029 253  0.086
R302 39.71 9.61 60.56 3575 485 14380 69.16  0.77 59632 8525 538 17485 4279  3.60  0.109
fERfE S CK —2, pH A | FEAR L3 T 19 A= W0 A B el D R oK o
3 e A A IR — PR ARRE K Cd A P {5 5L

BEAE T8 Ml B T GH R SR RIS b A 2 7 i B )
o, A P 9 o 95 YO R, - R MK
e A AR K it S5, 2 T ) A AR o PRI , L o
BTG YR P — ER E N AMIFE . O TR B
FORERRITYE, ERNI BB T 20 R
7055 - T BELPE R O R A R AR, e F e R B )
PRIN B Cd P 5 it — BB L 48 pH RS T8 17 42 D
A R ts FHARE L SBER BER , ad i e
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AR, AT R B, US IR e AR AT B
JE , AMULBERE A R 5 TR RS AR P 38 pH A, iy H.
RER MR BEREARAOR Hh Cd A Ph &5 8, X S5l AR
FAR—EL

AIRTA L], AR RSA UL, 5 CK
MR, KA AR B - 358 pH (B2 Ty, I HAE KA AR
KA 3 13 pH (ELFf R 8 2 HLAL A8 082 i 3
PIA A FIRREE AP i o dS Ak B 558 pH {E T H 32
SR IRIEFIA HUIL S BRE , Tt AR L3 R K 2
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ARSI o B SRS TN AR YR AN HLAE 35 2 ak:  (H
FAUitE AR e 438 pH (R TR = T AR e S5 A MR BE
Jite ALt A HLAES , 3 ] RS MLAE A 3 rh 43 e
A HLER T8, TRl WF o 4 SR A0, fl 2 KR AR
K, PR 18 pH (EZ 87 N R, X AT g S i Tl X
N FER N X T8 A I8 I8 K B, Fikt—Z ok Ag e, +
g Cd F1 Pb & 4 5 B K —0.19% ~14.11% Fil
2.64%~27.90%, RS KRG T -3 &84
Cd .Pb &, FHA ] Ll i FE AR BRIG 2 L1 Cd |
Pb 54,

IKFEAS R A B 1A A o 4 T8 ) AR i R
[F],Cd 5 Pb 7EA [F) A & A ZK e i i 3R A 4 2 S5 s
BN, X AT RES K FEAS IR B 40 0 A KRR E A e
AL KB, KA A B Cd & RN 4B
11> A S AT, B KA Cd A 32 2RI 2 43
BE RN 1 g — SeRIF oY R B, KR Cd %
SR —HER I 200 RN S 25 RN B
AT RIN, S BEMIRI IR Cd TTRRERE &, 1M
FHFEHA Cd M DTRk R iR AIX, X R BIKRRIL Cd 2
SETEL) - BERH R - sl . A e F oY R B,
IKFEWNL P 9 EZRHHE S Cd AR, e 53 BEI AN
BCESAE A5 A I, 43 BEIA T IR N s Y
Ph STk ER AL =, H 3 IR STRR AR s,
X FR KRR Ph 32 B2 AE 43 BEHA S 0 R k2
13X S RS A5 A — 2. WS IR R B, il
FEIET , Cd A1 Pb (1 ST RRRARAG, AR Z DTl My i
., X AT RE TR K RS A= 9y i 2R3 in (s A ik
&Py Cd Pb & EEFEARSAR 25 Y Cd P K F;
MRS IR A, KEEHERR C
F1Pb RE I AR, HIKFEWR UL Cd Pb K RFRTE
HEZE M K AR S AR E Cd P F i R MO A >
2K S REOR P3RS A IR, AR KA A5 A
Cd.Pb it LB HHSZE h>5e> kK (0 Cd 2
HRTEARFIZE I Pb 2R RAEAR AN, 8] Cd AN
Pb 7E7KFE 45 # B i 0] RERRE ) M A% IRl iz B ) A
], BSR4 Cd Al Ph V53405 (Cd \Pb i
A3 ) ik A B PR R T A bR o T AR ifE 65 5 A 7
£ ) AR T B8 i ds e T s i 22 S o, DR
FEokH Cd . Pb S RE K. 5 CdAHEL,Pb 25—
HHIZE-FE 5 A0 B2 Cd 1Y 2.60~6.92 15 H1 1.86~
4.05 £, 1 -H AR-ZE ZEKH KIS R 530 R
Cd (1) 46.29% ~65.36% .13.31% ~26.80% .21.46% ~
47.72%F1 7.00%~10.79% , i L 7T WL, 7K A5 W i 5 iz
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FREK R Ph il T Cd CREK Cd 584978 Pb
145,

AR R, ARIE A B LR, 7 %
ARSI Y A R Y R 2 R A 7/ R TR | e D)
ERAAY 6 [EE AR I s A AR HEE R TRl
ARUeNtA 5 AT A —E R O 1N Cd P
B W BFFRE 0, AT S8 =45 Cd Pb TEERFA, sk hE
Py i 4 Cd PP, A HLAE A A
{CRERG I+ A P & i st IR A 5, [R] B
SIRCWE & 8 A P IR A 4, A WL B gy
FE T S S RE R AR R B AR v] 5 £ 38k Pb (Cd 2545
BB G EMAYLE B G (BE)Y, 5 3%
Cd Pb 3 , M R AT 4 %+ 338 vh B 4 i B W
W=, s AR e A LIRS , KRS #8 B H Cd il Ph
T AN AR R R, (AN [ A B K R A5
Cd F1 Pb & B W2 B E AN . AR Je FA HLE
J&, BEKrh Cd Fi P B4 BIREAR 23.24%~55.90%
FI11.76%~29.41% . Cd [ e A 0 Ab P2 Bt 705 U1
4000 kg-hm™, [fij Pb Rl 5 K A9 Ab BEJE R301, 7] Ol
AN b B AS [v) B 4 VA BRASCR B B[R], R T 36
PUEE G Ja 5 Y, LB X A ) B 4 S ¥ Y B 0 Y
BEALF, LIS SR BRRICR . ARS8 R B, B R e A
BHLIEXS Cd F1 Pb 7F + - KRG R GZ M E 56 B
EMm, HXF Cd 5 Pb 52 AN AomaRe
ML, Cd 92572 . ZEKFI b K58 0
fIG,Pb () £ MR-25 ZE-MFIZE- e h s R R, X
Al R TR e A HLIE R o Cd A1 Pb FEAIG ) 32 22
JRPH SR BT AbFRER RERF(IRE K H Cd A Pb & i,
{HE T 3 Cd Fn Pb & i s 1338 pH ERAINEE
JRR, REK A Cd A1 P & A 4 4 [ S
#E(GB 2762—2012), X #8] + 3 Cd F1 Pb & 5
i, (G i - R BRI AR R 24 4 A 7= 10 H 1
T % 4 J A A5 T Y et R 4 S s e R v 1
FH | 75 2z ] 2R EOR S i ok AR A 1T
UGB, Ja/ D HXE Nl B s o 580 R B, A ie
A HLAEGS I X KA 4548 B Cd Fl Pb & =152
Wi i 2 AN [R] . B R eSS N, KRS 5 #5 B b Cd
F1 Pb e, X F U A A AP A 1 2
FIR R CRE A P 8L 43 8 B f 2 PR A o HAR B A HL
NEGS I g, KRS E  Cd Ml Pb & T
R AH T A RS T 2 A VUGN, AR XE
B R BT AT WU (7R BRSO A FR X A e — 25
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(1) it S Bt AR e FTA HLIE 5 |, SR 4 T K A
FR bR A3 pH (B, FEAIRARPR 148 Pb Fil Cd 5 &, H
H B AR 6 000 kg hm™ Bk

(2)5 CK AL, BT s hn gk H 35 e FE AR AE K b
Cd.Pb F i [HAEKH Cd \Pb & S5 R AR B 2 E KA
B PAARE0.2 mg-kg™).

(3)A[AIFEARRE K Cd A1 Pb BfE AT, Hodr Cd
Ra 1 e K 1 b FLZ: it AR e 4 000 kg -hm ™, Pb [ i
i KB A FE A7 P8 (6 000 kg -hm™) 54 HLAE (1 000
kg+hm™) gt

(4)FE4BE SIS YREH , I5 YR 5 & G
T EGARMER B e A I B Y
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