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Effects of Different Water Managements and Soil Eh on Migration and

Accumulation of Cd in Rice

TIAN Tao, ZENG Min, ZHOU Hang, XU Jun, YANG Wen-tao, GU Jiao-feng, ZOU Jia-ling, ZHANG Ping,
PENG Pei-qin, LIAO Bo-han "

( College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: A pot experiment was conducted to study the effects of four modes of water managements on soil Eh values, bioavailability of
soil Cd, migration and accumulation of Cd in rice. These four modes of water managements were moistening throughout the entire
period of rice growth (M), moistening before filling stage and flooding after filling stage ( M-F), flooding before filling stage and
moistening after filling stage (F-M), and flooding throughout the entire period of rice growth (F). The results indicated that the
exchangeable contents of Cd increased firstly and then declined with the soil Eh values changing from negative to positive. Compared
with M, the other three modes (M-F, F-M, and F) significantly reduced the contents of Cd in all rice tissues, including roots, stems,
husks and brown rice. Meanwhile, Cd contents in brown rice due to the treatments of M-F and F were 0. 19 mg-kg ™' and 0. 10
mg-kg ™", respectively. These Cd contents were lower than the limits of 0.2 mg-kg™' in national food safety standard ( GB 2762-
2012). Compared with M, the other three modes significantly decreased Cd accumulation amounts in the aboveground parts of rice and
also decreased Cd translocation factors in rice. There were significant positive exponential relations between soil Eh values and Cd
accumulation amounts in the aboveground parts of rice, Cd translocation factors in rice, or Cd contents in brown rice. The rice biomass
due to M-F treatment reached the maximum among the four modes. It was worthy to be mentioned that although Weiyou 46 was
considered a variety rice with high Cd accumulation, Cd content in rice brown of Weiyou 46 could be lower than 0.2 mg+kg ™" in the 5
mg-kg ™" of Cd contaminated soil through proper water managements. In summary, M-F treatment ensured high rice yield with low Cd
contents in brown rice and could be recommended as the irrigation mode in rice production. Simultaneously, maintaining soil Eh value
between —160- — 130 mV was also important after the filling stage.

Key words : water management; soil Eh; rice; soil Cd; migration and accumulation
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K,CO, (#% K,0 i) 0.2 g-kg™', (NH,),PO, (%
P,0, ﬂ‘)() 21 g-kg_1 ,)]7{? 0.28 g-kg_lﬁfﬂi]%mﬁ,
5 ER A

1 TEEARBHAMER

Table 1  Basic physical and chemical properties of the tested soil

5K oH fii HHL f)lM I?H%%&Eﬁiil M%%&l B 1: AL Ifl 4 Cdil
/g kg CEC/cmol -kg /mg-kg /mg-kg /mg-kg /mg-kg
i+ 1 5.61 32.0 31.3 103.3 20. 4 77.4 0.23
b <6.50 — — — — — 0.30
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(ICP-OES 6300, Thermo ) M xE.  Jr A FF & 3 M7 1 72
DL ) 5 3 [ GBW (E)-070009 ] F0 Bg Kk
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BRE(TF) PR
-
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BA = > C xB,
{, € MR RMR, 250t B9, Bk Cd & &
(mg-kg™) B, fRRM, EM B, fKAY =
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K Office 2010, SPSS15. 0 il Origin 8.5 %
PEATRRAL B R 20 18], 2 LU A SR AE P < 0. 05
KT TG AT

2 HER545%
2.1 A[FEIZKDEHE T KRR 3 Eh [H19

31k,

4 Fhok oy BEASE X + 3 Eh (E 52 o 2 (&
1). fEKRESAETW b, M AFEF F AP 15 Eh
(HAREAN K, M 438+ 3 Eh (&%, BUELE 34,1 ~
169.2 mV Z[i], £3EAb FAARE; F AP 15 Eh
THEAR, BUETE —64.4 ~ —141.5 mV Z[a], +3EAb
T JFRAS. M-F AbBEAEE R N IT 45 )5 (48 d) -4
Eh {H G R, Lo HE SR DIHT T B 85. 4% , 148l 41
PRS2 S 0 IR AS . F-M A BEAE 3 3% 491 T 4
&, 4 Eh A b T, LR T LT 82. 0%,
48 A R A A A S AR

AT RO/ mY

30 40 50 60 70 80 90
e /d
1 FAEKSEEERX TAFEIRERLE Eh EEX
Fig. 1 Changes in Eh values in rice rhizosphere soil with

different water managements

2.2 AR[PKEEET 1 Cd 38 & Jgin
T A Cd PR R R I B,
BN EDI R BRI
HeAg i Cd $EHGE T DIAE b £ 88 Cd A=A 3L
PPN R bR Z —. AR LT Cd B
AR 2 fR. AT, 4 Flok 54 B
AP HIE Cd e S & B A 2. /e (34
d) ,M ZbFEFT M-F Zb PR £ 4 Cd 2835 5 & e F-
M FIl F AL BERS ST . AR S , 3 Cd RS
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Table 2 Effects of different water managements on

exchangeable Cd contents in soil

NI 1 Cd 32 He s it/ mg kg ™!

KA B
Sy BEEN] TSI IR
M 3.20£0.05a  2.72+0.09a  1.31+0.06a
M-F 3.200.05a 2.58£0.2la 1.50+0.0la
F-M 3.01£0.21a  2.72£0.03a  1.57 +0.04a
F 3.01£0.21a  2.93£0.10a  1.44+0.07a

1) K S B KA ) 5 B 3 75 0. 05 KT 10 1 3 4
%5 RRFRFRA BEEET, TR

(A, JrEER] M AR KRR 2R . 25 A8
5 M-F ACHEAHIT ; F-M ARBRRKAEAR R | 25y
Y5 F ARPRARGT. [ M, M-F ZbBRAGKREHE , 25
MR AR T F-M L, F AREE. ESRI 4 FhoK o)
PR K R AR R A SE i AR Y i T B AR Ak i
M ARFREK P e WY b K T At 3 Aok o348 BRASE A (X
a1 g Bk B 4 Rk S B Y K REAR B
APy JCW S AR A K RS A ST RIRE K ) AR ) ) I
IR R : M-F > F-M > F > M, 1] M-F AbHE K A ) i
T HARAIE, 257 B (P <0.05).

£3 FEKSEBEAMNKBERHEWENTIM/ g1k '

Table 3 Effect of different water managements on rice biomass in different stages/g-plant ~

IR E R SrEEREH I R
e s i R el B HilK R el B K
M 4.8+1.1a 20.4+2.0a 3.120.9a 24.4+52a 6.0+1.3a 4.1x1.3b 4.6+0.6a 23.5+4.7a 4.8x0.8b 12.02.7b
M-F 4.8+l.1a 20.4+2.0a 2.6=0.3a 17.2+1.7b 5.8+0.6a 11.3+0.4a 3.8+1.8a 17.6+1.1b 7.2x0.8a 17.8x1.1a
F-M  3.4%0.1a 16.3+1.2b 3.6=0.82 22.2+1.8ab5.6+0.1a 10.7+1.0a 4.0x1.0a 15.32.1b 5.1x1.7b 15.8 £0.6ab
F 3.4%0.1a 16.3+1.2b 3.420.8a 21.0+5.5ab6.5+1.2a 9.8+0.7a 4.3x0.6a 18.4+1.8b 5.1x1.7b 14.25.0ab

2.4 A[EIK A BARL K R 4530 Cd & &
SR E A

4 FhoK o8 RS CTE AN R A B B K RS 45 47
Cd Fapm A B EES (P <0.05,K2). 7F
SYEERIN (34 d) 4 FPOK M EHZ M AR T Cd B9
HAWHEZES. M A M-F A3 R kRt cd
&R E T F-M A F AR, HfAEREER(P
<0.05). TEMEM I (64 d) ,4 FhK 43 HR T 2
M BFEHREK Cd & AR —3. M AR
IKFEZEMT | e AIREK Cd A& Rk, B M b3
&I Z MR R 25 5% (P <0.05) 1M 4 Flzk
SPEHFART Cd FEAEAEZESNE M AR FREK
Cd &4 3.21 mg-kg™' 5 5 M ALFAHLL, F-M | M-F
FIF ALH R REOK Cd & &2 0BT 52.3%
88.5% . 84.1% , =53 (P <0.05). 7K
(96 d) ,4 FhK o3 HBAF KR (IR FR 2
- AFEAREK) Cd 1B i K/NIF 3 R . M > F-M
>M-F>F, M A& Ab B2 [ 547 7 i 25 57 (P
<0.05) K&K Cd Fiimok, i85 3.27 mg-kg ™', 43
9 F-M, M-F 1 F 203 P AEK Cd 5119 1.0, 16.4
32.7 % M-F fl F AR R R K Cd & &5 58
0.19 mg-kg ' F10. 10 mg-kg ™", R T ERE 5
YeyBREARE 0. 2 mg-kg ™' AYBR.

3 2 4 FhoK o8 BEXEAS [F] A B /KA b 35
Sy R B Ay Cd REURAYRZ . FE /7 BERIN 4 Fp
IR G BRI KRG M &850 A B3 Cd RBE T

WG 22 5. FEVER KRG L3R4 Cd BAUE 3
b NI (6 S 1 VT A N T 1 O e 2 I
i B Cd AR RN A BA,, > BAg, > BA,
>BA, M Ab3 545 hb B 2 B B A7 AE B 35 25 7 (P <
0.05). FERIN, ARG 32 Cd (1) B 4k 2k
BT, HLH R FB 4t R R A e A, o M Ak B
Cd 7ML B 431 Cd RAEUEIEF] 0. 49 mg-#% ', F-
M. M-F, F ZbFE53 5024 0.07 ., 0. 04, 0. 02 mg-#k ",
ZRMRE(P<0.05). AR KAEERLITG)E,
K ALFE AT FRAK FERERE Cd 1) SR .
2.5 AFEKE BRI K R Cd MW T E
Hb_b- 5 I8 R A R

IKFEH Cd M 4% 12 3 b3 ol Ak
FERR 2RISR Cd 83t KA AR S5 3 3 B 3 /K e s |
PR #3528 TF (translocation factor ) 48 7K 7
Je—#BAr Cd & 5HT—#ALT Cd & A LA
Meis ZEUBAR, MR BZFE AL X Cd 15438 fig 1
582 R 4 EARRIKME B KR Cd A
T s B AR . 4T BE AR 4 FhoK oy
IR KRR Cd 52 RBOR/INTE 8 35 1 22
(P >0.05). TEVESIAFAN] 4 Flhok o8 2R
KX KRG Cd W2 REHA B EL W (P <
0.05) , /KA Cd ML FB A7 3 1 FFRAL Y F% 15 &
BIINITF g2 TFy, > TFpy, > TFy, > TF,. 1EREHR
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