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Effects of Water Management on Cadmlum Accumylatlon by Rice (Oryza sattva
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ZHA‘NG Yu ting' %, b TIAN Ying- bing' HUANG Dao you , ZHANG Quan®”* , XU Cha¢’, ZHU Han-hua’, ZHU
3
Qi- hong o 7 =

(1. College of Agronomy, Yangtze University, Jlngzhou 434025 China; 2. Key Laboratory of Agro-ecological Processes in Subtropical
Region’, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)

Abstract: In order to explore the effects of water management on the Cd accumulation of rice in paddy soils with different parent
materials, a pot experiment with three paddy soils with different parent materials from Hunan Province ( granite sandy soil, plate shale
soil, and purple sandy shale soil) with different water management treatments [ flooding and alternate wetting and drying (AWD) ] was
performed. The soil pH, DTPA-Cd, Fe plaque in the rice roots, and heavy metal concentration in the rice were determined. The
results showed that the soil pH of the three paddy soils under the flooding treatment was increased by 0. 17-1. 33 units. During the
filling and maturity periods, compared with that under AWD, the DTPA-Cd concentration in the three paddy soils was reduced by
14.39% -36. 56% under the flooding treatment, but the DTPA-Fe concentration was increased by 35.35% -347.25% . In the three
growth stages, the Cd and Mn concentrations in the Fe plaque ( except for DCB-Fe) were in the order of tillering stage < filling stage <
mature stage. Compared with that under AWD, the brown rice Cd concentration in the three soils was reduced by 57. 84% -93. 79%
under flooding treatment. The Cd accumulation in rice was reduced under flooding treatment by reducing the DTPA-Cd via increasing
the soil pH and DTPA-Fe and by decreasing the formation of Fe plaque. According to the results of the correlation and SEM analysis,
the soil pH and DCB-Cd were the main factors affecting the Cd accumulation in rice grains, although the changes in the DTPA-Cd and
DTPA-Fe also impacted the Cd in rice grains. In summary, our study demonstrated that water management had a significant impact on
the Cd content in rice, and there were significant differences among the three paddy soils with different parent materials. In conclusion,
the Cd content in rice grains was affected by the soil parent material, soil physicochemical properties, and Fe plaque on the surface of
the rice roots. The granite sandy soil and plate shale soil with different water management treatments had significant impacts on the
contents of heavy metals in rice. Continuous flooding is a valuable strategy for improving soil acidity and alkalinity and minimizing soil
available Cd, but the soil parent materials must be considered.

Key words: parent material ; water management; cadmium; rice; iron plaque
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Table 1  Physicochemical properties of the three typical heavy metal-polluted paddy soils

s AL DTPA-Cd Hcd H Pb 8 Zn B Cu & Mn B Fe
BRI pH -1 -1 -1 -1 -1 -1 -1 -1

/g kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg

LKA (B) 6.25 44.22 0. 88 1.07 57.45 97.41 20.17 163. 16 20. 85

WA (Y) 5.98 34.76 1.05 2.07 405. 06 498.73 399.21 331.48 40. 96

SIS (W) 7.52 62. 86 1.57 2.23 65. 56 191. 88 67. 64 806. 16 48.68

1.2 @kilmekit

ARG A R 2 B K VDAL PR B LI AIF 5 3
(dbily) ZEF AT R AR, F 2019 424 A
16 HHURK $— K FE 4l i A5 B 4% S mish
KA BT 2 ORI K (T1) |, 76 KRG AE K 9 e
i EARAARSE 2 ~ 3 em AKIZMIEE KL TR, QTR
THE(T2) R 4 ~5 NrBE(S A 14
H,Bdk)a 28 d) FFGHEA T TR B b 2E , e fifs +
BRI 2 ~3 em /K, Ff TR HTTC K (SLRHIAS £
BRI R 30% e A7) FEGEK 2 38R 1H 2
~3 em, WL B A E KR EEI (5 H 31 H, T
WA AL TR 4 Y0) TERW (6 J 24 H, TR AL
B2 U0 ISR (7 A 15 B, B4 22
W) RREUIR. AR B0t 6 21 b3, AN b B 3 TR

w2 EAR 25 em, 51 25 em IR A,
A SRR HAR Ao i ) L e 2 e £+ 5 ke
PREF IR S B VR N SR — MR, B 7
¥R 2.5 o B Sk L g IR AT, KT A
1 JEJE , Sl — 8 KR4 AT A AR, B 1
PR, BRIK 538 B Rt A, 0 10 1] 45 Ab B AR g HL 8 B
A SRR P i — 2L
1.3 HEACRE SHERIE ik

O3 FE AR 4 BE ST | T I 309 D R o U 0 2
IRAEAEARMCER , F B SR AR 258 K S Ja vk g
FERR , Bl P B PR 43 S A ZE i FORERL, ZK A AR 37 B
T RO 2 e A, ZE i AR R T 105°C T A7 30
min,75°C T HET B EEE. KPR /N R PG E,
Gy BRI FEPER 45 FRREZE i REK R ST



2514 wooom B % 42 %
st b g R DU b GRE 74 Y U /NI AR

TE R AR AK R A [R] IR R 2ok B /K R AR 2R 10 3 EHERB(BCF) = C,,./C.,
WCR BBk 2e PR IR G 3451, BRI T IR 20 H A FeR 22 (TF,,) = C/C,

100 HJe Je i 5 & F 7.

TR AR FRERIE 0 5 - R 1. 00 g Ao A7 B 7K
FEARFE, A 0.3 mol-L~" ¥7 BE R 4N 40 mL., 1
mol - L™ "R EAN 5 mL ., 3 ¢ % "W HERHN ( DCB I
W), 7E25C 180 remin ' YK N R 3 h, iR
PR A 100 mL 2550, FH 258 Tk i UEAR & 3
U, PRI B A R 8 25, IR R TR U8 f5 , FH ALk

K, € N K FEAE bR 2 B8 AL 4w R
(mg-kg™); C W FEH B (mg-kg™ ). TF,,
URE S RWEE RZBG C, KRS @ FRAL 4R 5
(mg-kg™); ¢ KRG j RO (mg kg ™).
ARG S Excel 2007 #EAT AU A0 3], 9%
F SPSS26. 0 B P X B4 k47 22 5tk 35 4k 43 #r,
Pearson BE#EAT #H 5 4 8, i A GraphPad Prism 8

A B IR A DG (ICP-0ES 5110, 36 R,
GEEE) M
KRR R B RE W AR A R s, R 2 R
0.200 0 gZ= A7 /K FEEESL , Il HNO,-HF-H,0, (/AFL 2.1 7K§}’M}E§('J’7J($aﬁiiﬂﬁvq%jﬁ1ij‘z}§7ﬁ§E/J
FEo 8:1: 1) IRAR 10 mL M. JERUH B A ST N

TR (ICP-MS, 720ES ) 5 , [l i 5 1.
XEJIUFEEPFH ] % o 1 ) o 39 AR A 1 ( GBW - 07602)

FHE & B AT M I .

TR xﬁz*/\E(DTPA :FNSE;ZJK) .z ;-E_B’J(D‘Jm K
JHpH7.3 19 0. 05' mol-L ™" DTPA (= aﬂ,ﬂi‘ﬂi@@g%
R 4R B i’rxﬂivlo 00 g H e 1B 25;@ DTPA
BRI 25°G~ 180 remin " E’J%ﬁﬂﬁ@ 2h ﬁkF
g 10 il B0 ﬁf”ﬁﬁ%”ﬁ%‘%ﬁ%?ﬁ?
k%p'm%ﬁ(( ICP4OES 5110 %Eﬁziﬂ}e) ise

K4 %ﬁﬁ3ﬁﬁ%i$ﬁﬁ&%%@%ﬁ%
PR IATT (a) T 16 5 2 AR 00 3 K
mifzﬁmﬁmﬂrkmmrn%u%ﬁ;ﬁ#
583 (P <0005 ), 5% T KRR L A2 A
iﬁ?%ﬁ%m%éwﬂzW%ﬁéﬁﬁTﬁﬁ
(P>0.05). rjﬁ/ﬁﬁcﬁﬁﬂ?,%@@ﬁﬁkﬁﬂ&
%aithﬁm%;jgasl mg-kg™'; SoER jé%f/
He, WK KRR P 4 o RS T 77. 07% . 767738
SEHANED R FE 1 R T KRS L PRk 5 2t

L4 | RS ST .i-Ftéﬁwﬁ@W%ﬁaﬁ%ﬁOUs0M70w6ﬁ
7J<1}9 hEARMIEERK Y MEE R 0.98 mg-kg ™5 5T RASEA L, W KA 7K RS A AR
9.4 5 = E'P 120 5 -
H B-T2 a
il | Y-TI I a 80 |-
34 mY-T2 - a
o a W-T1 a 's
‘5‘0 0.4 [ ] : W-T2 . ¢ EE 2 I E El) 4:; o l_;_i
& A £ 204 .
% 0.3 B 5 .
02 i
0.1 pb i
0 ﬂlg
biiP S A 9E #nf i b S I ot H
20 i 300
(c) (d) a
200 |-
a
T 7, 100 - i
% p g
E g
= 0L § B .

B-TL: ERA KT

Y-T2: R ICA KT

Fig. 1

KRB LMWK B-T2 . A RE

KL TR A 3, W-TL , 4%
IKFE L FHRAS AL P, RRING R R
E1

Metal contents in various parts of the rice plant during the maturity period

L7 S

SETUHEE

BBk BEREBLIEESE

JKFE L AL, Y-T1 RTUAERE
IKFE L HAKAL B, W-T2 . %5
— Rz b P[] 22 5 B2 (P < 0. 05)

#nf

IKFE LK AL BE
SO IUARE




54 SR B A . LR T AR TH 7K A BT K R 8 SR AR 2 ) 2515

& w8 AL i gy BE AR T 57.84%, 58.78%,
49.31% 1 87.31% . 7 TR B AL T, Ml 0T 5 &
BHKFE LR K A8 5T 2R AR AR 5 5 ol
1.49  1.66, 6.07 F13.81 mg-kg™'; 5T AH
Ll W K 7K e A AR 45 BB 00 58 & 1 4 B BE AR T
93.79%. 95. 13%. 89. 34% #197.59% . {1 1(b) ~
1(d) FiR , FE 5A HRBUA KR b TUA & B KA
K FEA RIS AN 8 15t DA SO RS AT e 4 2 s 7k Ak
AU AC B AL BRI B /D B 0T kB KRG K
FEEAS [ 5 e 7K A P 4 Y08 5 3 Ak 8 8 ik
D A RE RO TS & B KRS SRR RRE K |
ZENF AR & AR 2 PPk oAb PR IH) 25 S5 AN B 25 (P
>0.05) ,MIUA KR B KRG L KRR 22 2 oo 4
I AL HR A R AR A P I AR

IKAEAR R M ZE0 552 FH 4R Cd (WRE 1l %%
15 FEFIR KA FR DA - 558 v IS4 32 T B A 1)
RO R RE T T E RN (£ 2). fk
i MRUUA R A iUs K B OKARE L TR AR
PROK R H 43 B TF 2w 27 914 168 0. 628 F
2. 66. Ml T TRACHE: , W K15 3 Pk Rg LK s
TF s 790 N T 76.25%., 77.22% Fl 64. 02% .
TR T e e RIUA RO Ak E
TG - R A R 0. 145 0. 720 10,019 5.
SRS L, W K Ab R 3 oK RS 40 5 4 R AL
PRI T 57.84%. 93.79% F177. 11% . T1BAC %
REFT 3 KRS OB K AR 4R R B KB/ NIF
HHRVUE > s > H O TUE, H 3 A FEER
KEKE A2 53 0.

R2 KHEEMABEKEEERBREBRANZM"

Table 2 Effects of water management on the Cd enrichment coefficients and trarstér coefficients F oy
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WU & B KRS SR FR R & 5 A 2 FhK o ab B

MZERARE[P>0.05,K2(c)]. NE 2(d) ~2
(f) R AT ) WEsK AR AR T & B KA AR R ek
] BRI B A T R A T T B R Ak B
WD s AHAE R RS D TUS R B KRS AR SRR
W Y FVBELE 2 K Ay AL B E 25 FOR B (P >
0.05).

2.3 REAETFYIKEEA 3% pH LA IS4
& (1) 5%

M 3 nl & AR A T A il s kB KRG
ARV A A KA B 43 pH (E 5 TR AR
TR FELES. WMIUE KT KRG LRI N TR se
B4 pH (oM 5. 82, s /K Ab ¥ 1 58 pH R TR AC
BB E RN T 1,49 AHAT WA R B K
T AE AT A B 18 pH R 5. 96, WK b #E
3 pH (HE TR B A B ER N T 1.31 N3
7. BRI AT 3R BFE IR 1 1 1 R4 77K 448 B ] B I ek
A5 1 48 pH.

HER N TR A AL B AL A MU R
VA KT KRG+ 3% DTPA-Cd & 85354 0. 136 .
1.05 F10.408 mg-kg ™", 5T IRACE K34 L, HE K
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i “':I “% Table 3 Changes in the soil available metal concentration and pH during different growth periods
i Cd Cu Fe Mn Pb Zn
[iDpiE % b H
TR AR A P /mg-kg ! /mg-kg ™! /mg-kg ™! /mg-kg ! /mg-kg ! /mg-kg !
WK 7.2040.19a  0.116 £0.0le  2.07 £0.04e 403 +2.53d  20.9+0.93¢ 17.220.07d 1.30 £0.0le
R (B) T 7.21£0.16a  0.136 £0.0le 2.10+0.09¢  232+1.65¢  13.4+1.31f 12.3£0.2le 1.31+0.0le
KB 2 % 0.14 14.39 1.44 -73.94 -55.25 -39.65 1.15
WK 7.31£0.03a  0.800+0.04h 118 +0.09b 1164+7.54a 35.6+0.88d 53.3+0.49b 25.7 +0.04b
WEI BT (Y) TR 5.82+0.08b 1.05+0.03a  131+0.08a 860 +28.66b 48.4+0.72c  137£0.33a 31.8+0.15a
WK 2/ % -25.60 23.57 9.84 -35.35 26.39 61.00 19. 00
WK 7.47+0.02a 0.259 £0.0ld 7.56+0.10c 801 +7.86c  180£0.46a  29.20.18¢ 2.66 +0.10d
BERITE(W)  TERE 7.26 £0.46a 0.408 £0.06c 6.76 £0.55d 179 +23.91f 109 £0.31b  16.9x1.14d 3.67 £0.25¢
KD % -2.89 36. 56 -11.74 -347.25 -65.48 -73.14 27.49
Wk 7.57+0.08b 0.108 +0.01f 2.14+0.09d 521 +16.15d 20.3+0.70d  22.2+0.96e 2.10 +0.001e
iR (B) TR 7.62+0.20b  0.159+0.0le 1.74£0.02d 338 +0.44e  12.720.10e  16.8 +0.13f 2.31 +0.02¢
WK 2/ % 0.66 32.10 -22.48 -53.89 -60.20 -32.24 8.93
WK 7.27+0.09¢ 0.931+0.01b 104 £5.50b 1135+34.53a 25.7+2.00d 62.4+2.81b 25.3 £0.25b
A BITE(Y) ERTAE 5.96+0.09d 1.04+0.0la 125+7.43a 717 +49.13¢  43.1+0.76c 155 +4.67a  30.7 £0.89%a
KI5/ % -18.02 10. 48 17.04 -58.35 40.52 59.75 17.81
WK 7.69+£0.12ab  0.339£0.03d  9.33+0.15¢  851+6.60b 160 £0.65a  34.020.82¢ 4.17 +0.23d
FOPICE(W)  TEE 7.84+0.09a  0.373£0.02¢c 7.09£0.43cd 303 £37.49¢ 140 +8.41b  29.4+1.38d 4.89 +0.02¢
KW % 1.91 9.16 -31.63 -180.92 -13.73 -15.75 14. 68
1) [EBUAS ) /INE b R b B R) 25 52 B 2 (P < 0. 05)
2.4 KFCRERS AL R AR FRBRIE R O 2 J& IKFERE K 5 S B AR R BGHEAT A S HE A #r, an A 3

¢+ 3E pH {f  DTPA $2HUA 4

J& MR R 4

It REKEG & i 5 BCF 18 pH BRI A
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Je DTPA-Cd 52 4% b 35 40 SC M, A C Rk 0,994 |
~0.949 ., 0.892 F10. 746 (P <0.01). BCFy, 5 4
pH BRIEER | LA & DTPA-CA 5 by & 35 A o6 A1 56
ZHBCN -0.944 . 0.880 F10.695(P <0.01). + 1
pH {5 7K AR F 2R A54% M 13 DTPA-Cd F 3 )
A X REGES] T - 0. 838 1 -0.700( P
<0.01).

15 DTPA-Cd 5 % B 50 | Bk B 4k A ik 2% 1F AH
X AR B M 0.704 F10.613 (P <0.01). H
% 3 il &, DTPA-Fe 54k 4k  DTPA-Cd 2 I
A S 2B TE AR EHME (r =0. 836, 0. 680, P <0.01). i
DTPA-Mn {5 8k B 22 B0 0 A 8 38 1E A G 1 (r =
0.91,P <0.01).

3 ﬁFTI:HE: KB KFE L 1% pH DTPA 2
US4 Ja o i AR R AR 5 RE K B R 47 AH SR 23 A
(F4). fRA KRB KR P REKE S 13 DTPA-
Fe 2 IR 4R b 35 A0 G, AHC R B8040 708 - 0.825 il
0.869; UL A & B /KRG K FERE K 5 1 45
pH . DTPA-Cd , DTPA-Fe 1 DTPA-Mn #% i 3 #H X,
M RB N - 0.999, 0.964, - 0.988 i
0.995, SERIERII WA E (P <0.05) ; SEMTUS
KRG KRG P RE KA S 1 pH AR B E MG,
DTPA-Cd % & AH G, AH 2 R E 539 - 0.943 Al
0. 889, H It AT AN ) B i & 8 /KA /K A A K F
ERA IR B AR AZ A AL TS RN A AT 2
PR R (25 G 52 .
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Table 4  Correlation coefficients among the soil pH, soil available metal concentration,
metal concentration in Fe plaque, and rice grain Cd in different soils
pH DCB-Cd DCB-Fe DCB-Mn DTPACd DTPA-Fe DTPA-Mn
R (B) 0.313 0.869 " -0. 469 0.416 0.535 -0.825" -0.72
e (Y) -0.999 * 0.830* 0.035 -0.381 0. 964 ** -0.988" 0.995 ™
EODICE(W) -0.943 ™ 0.244 -0.678 -0.616 0.889" -0.611 -0.587
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HE pH \DTPA-Cd DA S AR R BEF AT REOR SR S 810 DRECH 0. 089.

SN 4). SEM LS5 8K ° =0.185, df =2, P 3 i
=0.912, RMSEA =0.000, GFI =1, i B #8135 fi

Z %00 0.159. DTPA-Fe i 1
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Fig. 4 Analysis of factors affecting Cd accumulation by rice using the structural equation model
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