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Abstract: Pot experiments were conducted to investigate the effects of urea on in-situ remediation of
Cd polluted paddy soil under different water management. The experimental results showed that with
flooded and non-flooded water management, urea addition did not change the exchangeable Cd
concentration by 0.025 mol-L.™" HCI significantly under the immobilization remediation of sepiolite
but it decreased the exchangeable Cd content by diethylenetriaminepentaacetic acid leaching
significantly. Compared with the immobilization remediation of sepiolite, the Fe concentration of
dithionite-citrate-bicarbonate leach liquor after urea addition was decreased by 39.61%—55.59%
and 22.51%—53.63% under flooded and non-flooded management, respectively. Urea had a positive
effect on soil Cd adsorption by root iron plaque under the flooded management, but have a negative
effect under the non-flooded management. The Cd concentration of root was increased by 36.11%—
71.30% and 58.20%—89.42% in the two water management, and the reduced glutathione
concentration was decreased by 30.82%—41.97% and 13.47%—62.36% , respectively. The non-
protein thiol concentration was decreased by 13.02%—29.54% after adding urea under flooded
management, but had no significant change in non-flooded management. Under flooded management ,
adding low and medium dosage urea increased the Cd concentrationin brown rice, but the
concentration decreased after adding high dosage urea. The Cd concentration did not change
significantly after adding different dosage urea under non-flooded water management. Unweighted
pair-group method with arithmetic means and principal component analysis were used to analyze the
soil microbial biomass. The results showed that immobilization remediation had no obvious influence
on soil microbial structure and distribution under different experimental conditions.

Keywords: soil, cadmium pollution, _sepiolite, immobilization remediation, urea, water

management.
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1 #BS 7 ( Materials and methods)

1.1 5k

A 3 R 15T R 4 B e S YLK R T 3 pH (R 6.56,CEC N 16.6 cmol -kg ™", 2% 1.29 g-kg ™",
KA 0.68 g-kg™' L Cd LN 1.58 g-kg ™' BT HEIALA BRE A R RKAREE 0 ARt B 4 il
Mz £ ,pH 10.1,fL48 1.4 nm,BET W& ALK 22.3 m>kg™ , CEC( FHES T3¢Hit) &4 18 emol -kg ™',
X SYERATH AT R W] EER I N 41.7% Ca0.16.8% Mg0.7.4% Al,0,.32.5% Si0,.JRE J M4l
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(S,.), VRIEVE R T A A AL B (S ., ) s ORI /K VE E T it PR PR 28 (N, ), W I VB 3G S e A1
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AR 2 R ) s
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UM EEI2H DNA |, DNA 3 B A4l B F C R KBS 1 ng- wl ™", FFAE 1% 3R REEIE b JEA 746 0. (i ] B A
IR B R SR 51 ) 515F-806R 744 16S rRNA F [K (16S V4) KA ] X tk. BT 47 PCR K2 i #4
Phusion® E{#£E PCR Master Mix( New England Biolabs) #8417 , 2R J5 & P A1 w434 PCR P29, 1R -5 J1-4l
k. )5 183 Qubit A1 Q-PCR Mt J5 7E HiSeq2500 PE250 X% S HEA 7 122
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oI B2 57 B , SCPS T /57 2 2 LT 56122 3L (P<0.05) . B AT I R
OriginPro 8.5 HIE.

2 5 59718 (Results and discussion)
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Fig.1 The Cd concentration in brown rice in different treatment
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Fig.2 Effects of different treatments on Fe (a), Cd (b) content in rice root extract in DCB

extraction solution and Cd content (c¢) in rice root

TSR 2, S T 0 e s ) T B AR A I v O 38 5 1 B S M 25 7K R AR R Xk B 0 R R i — 52
JEL JE P R B T 1 /KRR 2R 0T 19 v o8 28 A R A, o SRR R R, A M ) oA o6 R M A P BEL A 22 2 K
FE AR F R LA RS, ] DA KRR Cd P, 7R 4R A 14 5] 20825 mg - kg™ AT H B, iX AR A2 #EAF
FHIR B 55K 17 I Wil R AR R Ak S K 2 BELAS KRR AR 22X Cd MRl SE 96 26 B FE K S BT,
CK, J2 S, N.L F1S.N.H AFKFEARE N Fe &5 1 1 % % T 20825 mg-kg™ T H A, 107 H & b BK
FEAR A Fe & B 5106 FUE I IO B 22 5 s (A ZE R AL T B RN R 2 238, K REAR B Fe 15 5
BT R TE S ABER PR 2R AT LU 2 PR AUK FAR T Fe 28 7EIRIEE T 645 CK 7EN
H4 AL K REAR BT Fe &1 KT 20825 mg- kg™ M3 5 (4. Ui B v /K 45 P2 S BUK REAR E F Fe
T RN E K E R PR R AT DL SRR KR AR T Fe B . IR 2 1T LUK BR, 76 ¥ /K R
TR BEE KRR Fe & MRS, K FERBFIAR R i Cd & & B R 28 ka3 (B4 S b2
AR TR e PR ZE K R AR BRI R P Cd % RO A 25 R (P>0.05) .
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Fig.3 Effect of different treatment on'thé exchangeable Cd concentration

TR A Bl Ak b B, 4 A= T K S5 AR A IR R, i A R & R R s p
0.025 mol-L™" HCI 324275 Cd &I 5400 3 (5. DTPA B4 Cd & HH 1 W35 R A ( P<0.05 ) AHEHIFSE
TP DTPA A RS Cd P S SREK R AR X I (9 5 42 i 7 e 2R ME AR DG AL 46 HCL R | 5 R
B DTPA 7EP I 7 BRG] o i 19 e Ah, A 5T 7R DTPA $2HCERYe H Cd i 5ROk Cd A4 2
R C R BRI FE R HCL fR EDTA R DTPA %5 3 FRREGR Fh i K 1910 DTPA HLA3E B E-mdk £
1M HC FRAE I — M3 1 T R 1 1 S8 v BT FH 3 ) 1) i 44 5 b 15 e /K A I 398, pHL {2l 6.56,
WK FUMA B A A4 BHE |, 138 pH (B -5 0800 (181 4) PR G, ASEBR 25 5 0] LU& B, DTPA 124225
Cd 7 1 RN B A1 S 3 RS Cd B fRRBL.

2.4 N[EALBEXT A4 pH AT Eh AY5200H

4 BAFALEE AR ARG pH (ELAYRZ . & 4 1T 0L T8 T2 8 7K S Wi 4 B, VR I VA o 1 4l Ak Ak
PHIATAT b 2 5 - 598 pH A, Ho e /K R A BN 3 pH (E /30038 i 1.17—1.24 F11.05—1.22.3X &
SR TR A B SR, A G 23 5 pH (H T AR B A B KA B b i R
FF 48 pH R 7= B, R R AR 1 pH (E T R 0. 12, J2 48 B it FH i = 0 PR 2 R i
145 pH {H T 0.03 , i it PR e i PR 28 43 31 1338 pH (B3 70 0.05 1 0.02. H 4 AR FE G, 11T
JR 2 7K itk 14 R 390 T P 10 A0S A S T P T el 39 pH (BT e

CO(NH,),+2H,0 — (NH,),CO,
(NH,),C0,+2H,0 —>NH,HCO,+NH,O0H

Bifi 2 PR 2R it A - S5 s ) B B, - 498 b PR ZK AR 2 AR 1 N R G 3k 440 B B % Ak ok Y 7R
s R SR , O 0 PR pH (U — KT IR RS T B S RIL, 7eE A LIS 205 T 7708
FERRIB B, 45 49 pH (EH L T 3 LTS R AR H G RR AR ST AR A2 Y pH A AR
IK RS + 8 pH B, BEBHZE MK RN A 3T AR R v v A 4l A A B A + 8 pHL (i 52 S it FH AN [7)
PR R — 2 R — R o 55 B KRS K S, pH (B T AR 4, B pH fE A 4.6—8.0 A2 4L 5]
6.5—7.5. 1 FLH R A B/KFE £ pH (BN 6.56, 823 itk , e i s /K b B 3 pH E3 g2 ma A
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W3 T L KA PR S 1 AL PR Y 398 pH (E I ICH 825 5 AR A AL A BRI it FHAS TR) o PR kT +
¢ pH (B I TC B B2, 3 3 Bt I 0 B At A R A S, A S PT DARRE 5 3 pH B, AT
HEH T AINIR Z 4 7 R S8 1 pH (EAYZE1L R .

K 5 KA AR B W I Eh (sh 25728 0500t 181 5 AT UL, 78 7K R AR 3 R 300 A i) A B0 1) 4 49 )
Eh {EAHZE 50N (A BEE A IR A3 0, A K HE T 9 3 Eh 2 RS g8 3 Eh 2
T, KR R K A B 19 14 Eh {5 7E-163.25— -25.75 mV JLFE N, miEE BN A9 145
Eh {H7£ 82.70 —254.85 mV JE N, L 5 T /KB ERE BN, B AR 25, EIREE O E R
K it AR A AR, KRS A K TR A E K | B S RUFE R P S SR VE DR & AR RS AR/ ™) T kbt
TR F B RO, BN S 203 pH T S Eh B R B AR TRV A B AL AL BEAY , 3% Eh A9 AR
165 pH IFTCHI I 56 R FE IR IEAT B R V3 A Bl A A B S VAR I AR ) 790 i PR 25 s ) - 3 B AR R B S5
TR SRR R A G B S [RIRERT LA B, e /K R v E AL B AE K 20—70 d BB, 45 A0 B 44
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Fig.4 The soil pH in treatment Fig.5 Soil Eh value at different growth period

KRG A B WK BT | 145 Bh 5 35 (0 T 100 V0 8 T A B, A 1) R A HE K 20 d S AHTE S N EG
A EHE AT L5 Eh S CK AR HOIEA BT, AR Rl i IR R AF LT, L Eh Gk B [RFE 2 BT
A DR A PR Bk M AE T agerh 1 S R) P AT DA R 4 pH, 3 - 36 Eh. LR 2 PR 2t Y
Ham, AL VR SR , Eh e B2 AR (KL S) . — AT, KA H Eh {E7E 200—400 mV Z[H],#5 Eh
ZHAE 180 mVo LA FEUAR T 100 mV, WIZKFE 4y BE sl A K & B2 BH; # H GBS R 47, Eh ATHS &
500 mV LA b (HIREGVE A T K VR 0 B B 2 — AR R H A Bk i AR BE ), RS R
R M 2 BIAR AR AR PRAL TR AR AR g 4 SR I, 4 B W AT B KRR IE B A K &
B a7 —E AR RZ I | i K R R A5 U
2.5 AL FEXS K REAR ZR A8 DR RRREE B i Ak & B s e

Bl 6 AN [FIALBEXT K AEAR R A BEH K (GSH) FIEHERR #3049 (NPT) &= 52, th 18 6 (a) i
TN, PIROK M E AR T B TR PR 240, i F | R i i R R 3] B B K RS AR R P GSH 1
PE(P<0.05) , HAMIE 451K 32.46%—36.03%F1 19.75%—33.03% . fH7E S AP | it FH IR 2 204 T 7K
FERR Z2 T GSH 61 , 5 7K IR I 4 B [ 331 8 30.82%—41.97% Fll 13.47%—62.36%.15% S.N.L Ab#f
Ab, HE A E R KA PR KRR AR 2 GSH ¥R BE 34 8 T i Ab 2.

& 6(b) Fi7n, B K AR PR K /M8 HE T K FER R NPT # & 7E CK & S N.L N.M FI N.H &b
A TC W E M2 . 5 S AbFEAH LG, S.N.L | S.N.M_FI S.N.H AbFEIS AT LARAR T /K AR & NPT & &,
FEIR R 13.02%—29.54% ;5 S, AbFHAH L, S.N.L, F1 S.N.H, ACFRE/KRIHR Z b NPT WA Hhm, S.N.M
Ab PR K FEME R NPT WA REAS (B3GR 3] 1 27K F (P>0.05) .

FISCHFFT W] K REHIAR A GSH A T35 i it 2 /K e B ) ) 228 K 35 18 i) Bt 2 MR Cd b BV
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JEE BN, R PR K RS AR Y ) NPT % 5 B TR GSH. & it PR S v 5t A b B R R A L
FERE W R T KA AR o GSH IR PR3 T F 1 NPT 5 i S A, 550t P v 1 PR i 1k
REAR 2R PP AR A 5. T8 Cd XK R IEF A K™ AR T —E M MRA AR, D TIHBR BB B3R Cd
XK FE B K FEAR R 0 50 ) Sl R D Ia B R4 R 6, (A KRR AR 2R GSH I NPT (3 BERG i 27
I AR N GSH A NPT 1 55 B A8 A m] IR A A 18 52 i 3 ) A P T
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Fig.6 Effects of different treatments on the contents of GSH (a) and NPT (b) in rice roots

2.6 JKFEREKH Cd i 5N RI S5 R A OGP

FHEMEAI BT KRS K T Cd S SR AR Cdg it 18 Eh 13 pH ,0.025 mol -L™" HCI 1212
A Cd & DTPA 124275 Cd & . DCB 42 1 Fe & DCB 242+ Cd &7 KR & NPT &
VTR W E A M (P<0.01) , Hih 5 188 pH\ DCB 23R Fe & B0 8 3 T 56 (P<
0.01) , SHALFE AR S B3 IEAHE (P<0.01) . 438 pH {8 .0.025 mol - L' HCl {2427 Cd & & . DTPA %
P27 Cd %1 \DCB =44 Fe i \DCB 44 Cd & i KA AR 1 NPT Al GSH & = 2 0 &1
TR R (P<0.01) MR-Cd &5 DCB LW T Cd & & 2 8 IEM K R (P<0.01),5 DCB
R Fe i 2 W E AR DCOC R (P<0.01).

R 1 RFREK T Cd &5 RIS AR G A

Tabled Correlation analysis between Cd content and different parameters in rice brown rice

hEK-Cd HRE&R-Cd A4 pH +3 Eh HCl-Cd DTPA-Cd DCB-Fe DCB-Cd GSH NPT

FEK-Cd 1 0.709 ** -0.654*" 0.687 ** 0.506 ** 0.574** -0.536"* 0.506 0283 0430
HER-Cd 1 -0.400** 0.558** 0.225 0.343 = -0.615** 0.570** 0200 0215
+34 pH 1 -0.127 -0.876**  -0.6710"" -0.008 -0.563** -0.707** -0.520**
+3 Eh 1 0.040 0.233 -0.810"* 0.369 -0214  0440™*
HCI-Cd 1 0.772** 0.136 0.443** 0528  0.426**
DTPA-Cd 1 -0.049 0.372%* 0406 0.375""
DCB-Fe 1 -0.302 * 0225 -0.164
DCB-Cd 1 0428 0.387""
GSH 1 0.265
NPT 1

2.7 A[FAE BN R A P 8 o0 A S EE R

AR TH 5 R TS Yol A B A2 32 2R 1] e P R I BEAR AR 2 58 /TR A ORI | A5 1 4
R B R AR A A R A SR R B TR O A S M B TR RO 2, R ARSR 7 LI ERE h 1 I 78
FIAE A S BELIST 3 Rt AWy ml £ B 67 A — R A8 S2 BOR AL AT RE XS L SRR i el 2 £
SR WU ) B L E W) ZE AR A B S MALRE A — e R B S MR VR Y T A L TR, B e
(IR APPSRV A A S BOR BN 1 2R AR 2 —.
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Fig.7 A sample clustering tree diagram(a) and a soil microbial principal component

analysis (PCA) map(b) generated base on top 10 at phylum level

& 7(a) AT I, 3 i BAT A ET 10 AR o5 S A= 93.38%—95.54% . K it , + 8 rhiy
10 ST Wy i) 43 A7 R A% S e - S A= 0 ) B AR A3 A IR B0 A8 T 7K P A () Ak 34 398 v f3l 2 0 1 e 35
TER B ], HAS R A B o ] — Rl A 4 00 22 S 2/ I8 B 7 (b)) SR R Tl Ak B ) - S i B9 32 AR bR 20 AT, 4
X 16 A~ H IR SAS T 55— 55 A AR AT, B F2 AR IR R 43 R 32.75% 1 19.05% , i K
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SR RS s — 3k CK, .S, R N.L,, 3 A Ab ;56 25 N.L,  N.M,_ . S.N.L
S.N.H, 5 Vb3l Horp 55 =26k CK S R N.L_ 3 A 4b3; 55 P02 N.L, \N.M
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3 %518 ( Conclusion)

(1) FEEIE AT AL AL BRI, AN [R) 2 PR R X 38 pH I JC I B2 W0 e K HE R T, i T PR 3 X 7K A
AR B - S Cd A U A P, T8 90 8 9 i P PR 3R %o A R AR R - 3 Cd A BT 1 P AR K
FEMEARRIERERE T, B G 0 g i R B BA AL PRI K A AR R rp Cd 55 B 1010 (i 253 T

(2) PRt PR R, A A b B PR SRt P e A3 D2 BE TR ATRE R Cd YW i SRR, i) 2 1 18 1
FEME T KRERER Cd & I NA B35 5 B — S AL AL BEAR LG, WEKFEIE T | A [ i 0] 4l A Ak B
7K R AR Cd MR BB A — 2 AN RZ M) 5 (EL T PR 0 T e A [+ PR el e A L P /K e i
K Cd W BRI I A

(3) BIEBEY BRI AN TR 0 A W, A SR A T B Al B AN 2o %F P A )
A2 5 73 A 7 2 T S 52
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