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Accumulation of S, Fe and Cd in Rhizosphere of Rice and Their Uptake in Rice

with Different Water Managements
ZHANG Xue-xia, ZHANG Xiao-xia, ZHENG Yu-ji, WANG Rong-ping, CHEN Neng-chang, LU Pu-xiang

( Guangdong Institute of Eco-environmental and Soil Sciences, Guangzhou 510650, China)

Abstract: The interactions between the concentrations of sulfur, iron and cadmium in the rhizosphere and their uptakes in rice ( Oryza
sativa L. ) were studied using paddy soil which was contaminated by acid mine drainage under five water-management treatments of
60% , 80% , 100% field moisture capacity (FMC) , flooded throughout the entire rice growth period and flooded followed by keeping
80% FMC after heading-flowering period. The water managements had no significant influence on the Fe and Cd concentrations in
rhizosphere soil in maturity stage, although the concentration of Cd slightly increased with the increase of soil moisture in the tillering
stage. However, the uptake of Fe and Cd in rice was obviously related to water managements. The increase of soil moisture enhanced
the uptake of Fe, but decreased the uptake of Cd in different organs of rice (roots, stems and leaves, grains) except for Cd uptake of
the root in the 60% FMC treatment. However, aerobic treatment after heading-flowering period enhanced Cd uptake in rice in all
treatments, but did not influence the uptake of Fe in rice. On the other hand, the increase of soil moisture reduced the concentrations
of total sulfur and available sulfur in the rhizosphere soil except for the 60% FMC treatment, which corresponded with the reduction of
Cd uptake in rice. And the aerobic treatment promoted Cd uptake in rice, which was also positively related to the increase of total
sulfur and available sulfur in rhizosphere soil. Therefore, it was concluded that the uptake and speciation of sulfur in rhizosphere soil
other than the change of Fe concentration induced by water management could play an important role in Cd uptake of rice.

Key words :acid mine drainage; sulfur; cadmium; rice; water management
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Table 1  Basic physical and chemical properties of the tested soil
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Fig. 1 The pH values in rhizosphere soil of rice with
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different water managements
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Fig. 2 Concentrations of total and available S in rice rhizosphere with different water managements
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Table 2 Concentrations of Fe and Cd in rice rhizosphere with different water managements

IR BT = H B C D
Sy Fe/g kg™ 44.69 +1.63b 52.06 +1.47a 47.84 +1. 54ab 42.78 +5.19b
Cd/mg-kg ™! 0.29 +0. 03¢ 0.33 £0.02b 0.37 +0.0la 0.39 +0. 06a
R Fe/g kg™ 42.41 £2.25a 46.57 +0.98a 45.76 +1.63a 47.66 +2. 18a 44.25 +5.07a
""" Cd/mg-kg ™" 0.22 +0. 04c 0.28 +0. 02b 0.29 +0. 02b 0.33 +0. 04a 0.32 +0. 06a

X5 Lin &PV Hu 2652 (R 5E 45 SRR b
TR MR PRAG %G B, R 7 22 J L RS [R) Ak
FEAR B SL g6 45, 3 Cd A9 3 8 VAR R P+ 8
) AR B - 498 5L A [ RE B el A Ba 34, X — 45 2R m]
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R R FTAE R — AR /NG Xk, AR 2 1 L RE S i 3]
HRBRFAASE 12, A 5250 PR RN SZ BRI, Rt R &
P Cd IERAT R, AR ERAE vk R Pk 7k
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TEREY S PGE IR, Fe® | ARPRT A, (HA 5L
Bt A U E2 B B A Bk A A, IR AT RE S Cd
FHALL.

XA 1 FIE 2RI, KRS AR A pH (E
AL AR b5 4 S B AR AR AR PR AR K, Fe 7
HRER 38 b i & AR LA B 5 pH (E ABL 1948 1k
A—E.

2.4 ARPKEI T T KRR S BRI 2

TKFEAN ) AE B SRt 0 WA WA g g 2 AR R (AL
F3). XMFHCIE 2(b) AT, FE K FE AT BERI AT, KRR AR
R - S5 A OB % it S5 A AR X B 8 IR SO AE AR R
IEAHSENE 3k e A7 76 AR B 18 v () SR 4R S AR
FRXTBR A WM. 76 BT, A AR v 6 1 et U Sl
15, 43 BESAREAR Hh A0 B 75 2 B RDT 2. 19 ~ 3. 31
s H A Ko B R RAR B B 22 HE AN
K. IKAEZEN X ) W U BE A T AR Ak, S5 RE AR
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AN AEIR Gy i AR B 2 i rp i B AR
TorEE B TE B AL HT K A0 B C 4HF0 D 21
o, BRI R Y R L o BE IS AT G . SR
3 G5 040 W /K 5348 BT O K RERFRL i Y 7 1
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D SCHRIRAE , XTG4 0 3R 3 K T b IX it FH A [+
T AT X 7K e WA AT TS 114 52 T, 485 SR 3 W1 76 it JFH) 6 ks 11
TEOLT KRG 25 i b B = B 7 B 4. 35 gokg
PNt B AL PR 22 IS 00, RE A T 9 B 5 ot e =
iK% 2.35 g-kg ™' HASIRSE R BT, FEA
T 2 B 22 AN K 3K 0 7K A B B 1 3 1 B ke
SE I (H AR S v A B ey R B 1 B ] G 1=K
I B A R R, BB L T AR B R TE R 155 ~
1. 84 .
2.5 A[FEIKAEEITAX KT R Fe B340

HH &L 3 A Bl T oK S N, TR AE
G BEWE R B KRR R 88 B X Fe B ISR
RN, RSP BE FEAR Fe & E 2 WIHE K 4 & Y
A4 N 10. 48 g-kg ™' HENNF 88.22 g-kg ' T
A R AR AN ZE T Y Fe S ARSI N, 401K 3
(a) ,FEHR P Fe F it ffi %5 8K /& 2 098, 3
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%3 AEAKHSEEFX TABEITHBRKIRR /g kg ™!

Table 3 Accumulation of sulfur in different organs of rice with different water managements/g-kg ~'

KA E I H A B C D
S TR 9.22 +0.61b 12.60 +0. 86a 9.69 +0.13b 8.73 £0.20b
2t 9.26 +0.28a 8.54 +0.92ab 7.12 +0.52b 6.80 £0.47¢

AR 4.21 +0.51a 3.81 +0.52abc 4.01 0. 16ab 3.43 0. 14c 3.72 +0.38hbc

A ey 7.98 0. 54ab 8.20 £0.35a 6.75 £0.43¢ 7.94 +0.23ab 7.56 +0.72b
e A 2.01 £0.13b 2.04 +0.25b 2.07 +0.21ab 2.29 +0.23a
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Fig. 3 Accumulation of iron in different organs of rice with water management
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Fig. 4 Accumulation of cadmium in different organs of rice with different water managements
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Table 4  Pearson’s correlation coefficient table of sulfur concentration in rhizosphere soil and Cd concentration in rice

TR Cd £ Cd K Cd FEMR Fe £t Fe FEK Fe
+Hee S 0. 661 0.389 0.997 * -0.575 -0.514 -0.995*
RS 0.812 0. 549 0.990 * -0.742 -0.706 -0.993*

1) = FARMFKEHEAKT- 0. 05

B(R) ALY - e mE A A Y, B
B3 AR A TN GG A AN [ AR 23 5% ) 35 4 I 1) A
PRBE ST KRR A TR At 2 R i Ak I 25
R Cd B EEET . XF IR 3 AR 4 R, AR
HRPR - HEFRBE T Fe 1 B BA & AR KAE L (HRE
& K S RAOBIN, K REAR | 2L FIFERL D Fe
FrE AN X Cd Yo R HE A AR, B
TMIHK R, ERAI KT E Fe Ml Cd & i
WM, Qi3 5 i | 25 SRR 2 2 Al A7 7
HH S A G A C R B 4 X HE I 7E 0.8 DL
i Fe #1 Cd & 875 0.01 /KF A, KA
FFRLAY Fe F1 Cd 7% & B9 AHC R ELFE 0. 05 K ik
FT 1.000, %45 B 48 H K FEXT Fe Al Cd 19 W A7
FEFSPUVE. Fe MARE L HErP R EICE BT
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MEGS , AN Ty BAE Y A, 76 DR AR B Rt 48 v, —
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Table 5 Pearson’s correlation coefficient table of

Cd and Fe concentrations in rice

PR Cd 22 Cd ik Cd
TR Fe —-0.994 * * -0.948 -0.924
2L Fe ~0.974* -0.898 -0. 831
FiK Fe -0.943 -0.979 —-1.000*

1) * FRAAEMEAF 0.05; * = FoRAKEMEAKT 0.01
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3 i
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