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EE . RASMERNTS YK AE 1 3T K R AR S50, WS AN [RITE 25 BRI (R J5T 6 AN 7 ) T 7R Res R A el 4 A 80P B LA 3
WRAFTE AR, G55 R TR A EA T HIN, W pH SF(EIE N 7.38 ~7.45, H AsS, T AsS, AbFRAY =T AsS,
AbEE 3R AR JEHLA Eh (A8 LTE 200 mV 7647, H AsS, ZbBEEE T AsS, F1 AsS, AbFH, MOR[FEAE B HIKFERZ | # b
HRZEM BATR TP ERTE  H A S IB (PR A ) REHE i /KR I T4 J3 o, PR B LA B AL B 25 50 3 KR AR
WEHELL Fe Bl 3, & 2355 10 ~30 g-kg ™', Mn BEAHXE S BAUHN 0.1 ~ 1.3 g-kg ™' MR RWM ARSI S B 2EF F
FRIAE S BEW] , B A AL PR GE LU A B AL R A B AL K RS AR R R T A R MR AT 1l 5 KRR AR 2 I I BT As 43 B 583
~719 mg-kg ™", Z2HEHI M 466 ~621 mg-kg ™", AL A I 310 ~ 384 mg-kg ™', iX 584G UL BB E —2; MEH S IERE
W1 FEAROR AR R | M 3B 2E 0 DLRORPRL R As (98 i, HLt A A B SRR T AT X AT B 5 22 B R4 I RE I B As G AR
I P IRAEE A AR M IS AL M S As SR I A W MY, FE AT BRI AsS, I ETZ ME EMLT AsS, AbHEMY As
i 2,85 mg-kg ! MZEHHIEI AsS, ZbFE As, + As, ZHIE T AsS, ZbFRMY As FHE0.77 mg-kg ™', A HEZ M As BHT
SHERW T AR T AsS, HEPIA IR TARHE AsS,.

KR AN KFE; MBS SRR A

FESES. X53 XEIRIZE. A XEHS . 0250-3301(2014)09-3553-11  DOI: 10. 13227/j. hjkx. 2014. 09. 043

Influence of Sulfur on the Bioavailability of Arsenic Uptake by Rice ( Oryza.

sativa L. ) and Its Speciation in Soil

YANG Shi-jie, TANG Bing-pei, WANG Dai-chang, RAO Wei, ZHANG Ya-nan, WANG Dan, ZHU Yun-ji
(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract.; Pot experiments using exogenous arsenic-polluted paddy soils were carried out to investigate the influence of different forms
of sulfur fertilizers (sulfur and gypsum) on As uptake by rice and its chemical speciation. Soil solution pH value ranged 7. 38-7. 45 in
different growth period of rice, and the pH value of AsS; and AsS; treatments was higher than that of AsS, treatment. Variation of Eh
value in soil solution was about 200 mV and the Eh of AsS; was higher than those of AsS, and AsS, treatments. From dry matter weight
of root and stem and grain of rice, S-fertilizer applied by sulfur and gypsum could improve the amounts of dry matter in rice, while the
effects of sulfur treatments and gypsum treatments were not significant. Concentrations of Fe and Mn in iron-manganese plaque on rice

"and 0.1-1.3 g-kg™", respectively. Contents of Fe-Mn plaque were mainly different in the tiller stage.

roots were 10-30 g-kg~
Elemental S treatment could more greatly promote the formation of Fe-Mn plaque of rice root than gypsum treatment. Concentrations of

" in tiller stage, 466-621 mg-kg™' in boot stage, and 310- 384

mg-kg ™" in flower and matur stage. And it was consistent with the thickness of Fe-Mn plaque on rice root surface. Concentrations of As

As adsorbed by rice roots surface plaque were 583-719 mg-kg~

uptake in roots and stem and leaf and grain were significantly reduced by the application of S fertilizer, and it may be related to the
amount of As adsorbed by Fe-Mn plaque at boot stage. According to chemical speciation of soil arsenic, As of non-specific and specific
adsorption was most active, and their amounts of As adsorbed in AsS, treatment were significantly lower by 2. 85 mg-kg ™' than that in
AsS, treatment in tiller stage, and was 0. 77 mg-kg ™' higher than that in AsS, treatment in the flower stage. Perhaps soil arsenic was
easily dissolved in the soil solution and the bioavailability of AsS, treatment was better than that of AsS, treatment.

Key words: sulfur fertilizer; rice ( Oryza. sativa L. ) ; arsenic speciation; Fe/Mn oxide plaque; bioavailability
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TR AR R L TR IR | A AL IE R
HL (O AR B S A ) 4 26 1 S35 R ) TR L A1
T RN € 2251 B3 pH | Eh 25 B9 250U%, #E T
RS A S IR A R DOBE- A T Ak
-t P 25 A B A 0 o R A A ) S 532 M) K i 2
i, S B O 1 K A TR

FI RS T A R 2530 3 R KRS AR R 1Y
SN EA RTINS T B 30 5
et L IEIRAE A Wl BUERG 23 A1 5 W B AT
G5 ABAE R R A R 2580 28 0 o - 38K e 1k 2
HRR 31 5 e B 1) 52 0 5 T8I 3 D50k W 14 25
R ABEFENIE AN B 25 B8R BEBUK R i )5
P AT, TR IR B A A 1 ALK RS X B R A
oA K A SErR A AR AL, SRUEZK RS 3277 X 22 42
A HA HE AR S E X

1 #RE5FE

1.1 MK

HEIRHFZ KRS L AT R 48 15 FH TR EL e T5 ok
FEt, AR IS N RCT TR AT SRR, 45
I A B A M T 4 3R pH 6. 65, A HLE 20. 29
g-kg™ ,2ENO0.78 g-kg ™', 4 S364. 7 mg-kg ™', WAL
P 25.67 mg-kg ™', MR K 125.07 mg-kg .

FIH 3R A5 Y KA T e AR 25, 8 IR
¥R @29 em x H 22 cm 38K, B 23 56K £
7.5 kg. BEAHIERIMIREJEIE 50% , 53 BENE 30% ,
L 209% 5 W — 285 FA AL B OICIE 70% |, 75 AE

30% ; HifErali N 0.4 g kg™, 4l P 0.2 g-kg™', 4l
KO0.16 g-kg ' +. FrA 4b P+ HEH T ISR As
(Na,HAsO, - 12H,0) , jii A As ¥4 60 mg-kg™'.
WEAMFAL L, i0 AsS, ; iR ASH, iC AsS, , i
AmPrai S & 0.3 g-kg™'; Jifi A1 (CaSO, -
2H,0) ,ic AsS, i AEHT4E S 585 0.3 g kg™, 1R
SRR K  IRHKZE 3 om, P47 20 d. 52
Wit 3 AN H RS EEA 6 ANTEE FEALHE
Gl JKARESFRFEFI 15 KRR R &R 2013
£S5 AS H, BRI e A 17 H,&EF W N 144 d.
F B HAERRIE , BB R 5 S5 IR MEIAR R 0 ~ 5
em I N 3T pH R4 fL IR JEHL 37 Eh 257K 5
SR, I 40 9T 4 BE (2013-07-20) . A2 A
(2013-08-14) . # 4L H (2013-08-29) . Al M
(2013-09-27 ) RAE AT MRAE S RN 3B AE 0 FEATAH G
1253 .
1.2 5tk
1.2.1 3SR B M T

AT RS RSk 18 ], 38 it DZS-707 Bl %
FOK B BT (i) e B B pH F1 A A0 i H o7
(Eh) ZE7K R ;7K A8 AR 2 2 1 Bk A e oS FH 0 3R
MFER + AR AN + SRR TT I (ACA, B4R A 45
0.3 mol-L ™ "F BN . 10% ZBRENAIPLIR MR ) 12
U TG EE i ( ZEEnit-700 ) #EAT I E
Fe I Mn f9 1 12, [7] B 0 2 70 R A 2 M Vg e 57
i, HR IR I IR 3 DB T v AR T R AL
SRR I 2 BOCHER[ 20 ], Al AR T As SRR
JRACTEIE A, B2 3 06 BE T (AFS 2202E) il
FE IR As MR,
1.2.2  TIEMRAAIE SR S B2 HAR RO

HEBIFRE L3 1. 000 g, As 2L SR BOE TR N
T(FE ). H—HRBUGEBORIATES 000 remin ' T
B0 20 min, 0. 45 pwm JEREEEIE SRRV As HH T
BN (AFS 2202E ) HEA TN 5E.

®1 As BEESRIRI

Table 1  Sequential extraction procedure for As

As WAFIERS PEHUAF] PEEURAT R B

B PE S (As,,, ) 10 mL(NH, ),S0, (0.05 mol-L~") 20C 4K 4 h

LA (As,,) 10 mL NH,H, PO, (0. 05 mol-L. ") 20°C,¥k¥ 16 h

T YA AW G 10 mL B4 (0.2 mol - L") . . 5 mL B (0.2 mol-L=") . pH 3.25 ZEmifk,
(As,,) pH 3.25 ZE i 20T, B 4 h 20°C , # AR 10 min

i R A ALY S A T 10 mL HERH (0.2 mol-L™") + HLIRIM
(As,,) (0. 1 mol-L~") S0P : pH 3.25
BRI (As,) 4 mL F7K HCl + HNO, (3:1)

5 mL BERH (0.2 mol-L~"'): pH 3.25 ZEmhifi,

96°C +3°C ,30 min 20 7&#)[{4%% 10 min

70°C,1 h

1) H1SCHR[ 21 & Sk
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1.3 HdEgitobr

% H Microsoft Excel 2003 . GraphPad Prism 5.0
I SPSS 19. 0 X Fr #5204 st A1 Ab #4553, J5 22 9%
PR RIS 22 1.

2 HRE5HM

2.1 KAEAF N W pH 122 a5

KRBT WIRAEAR K 0 ~5 om YU AT
pH Akt 1. 2013 4F6 H27 H ~8 H8 H,
TR pH (E N 7. 8 FFER I RESN 7.0 A£47,8 H 8
HIGHW pH X PR EFH 2 7.5 24, pH FH{ETE
il ok 7.38 ~7.45.

HRYE KA A K A A AR B W pH A A8 1k (%
2) A BE] - eV W pH AR AR R B R AR > K ife
W > AR, B = EAE 7.5 247 AR E ) 22
FARE . TR W pH (B o BEI 0 A
TR it A A B R K, ST Y AR 0. 29,
Jiti FH B 5 B Ab B Y REAIR 0. 26, A il Bt 4b B pH
oAV R 2 /DS, SR AR 0. 17 ZE 3 A WA [ 4b
PRV pH B8RRI A BT LT it A B R
() b TR e K P Y T 0. 30, Jit FH BRL BT A Y
ST 0. 26, A it % Ab B E T R R fe o, 2
Fhies 0. 185 78 BUA M, 45 1~ 4b ¥ pH {H H 8% A
FHi.

: Jil :
i Hofa %é
%Tzi ? : §i §§ : éﬁ : { }ﬁ § g
z t $ 3 @
£ 70p J (I
- 6.8 - ! y
: Oﬁl';i;i;:i;; OT-I]S 07123 (}7:31:&@(::-';6;;31]0 USI-I‘;‘ 03121;‘3::;: (}Q-IUS 09I-U’9h‘£:;6 (}9120
HMI(H-H)

H 414 2013-06-27 ~2013-09-22, Rl
1 REO0~5cm RELTEERMKpH T

Fig. 1 Changes in pH of soil solution at 0-5 ¢m depth of root surface

R2 RFO~5 cm RETFERK pH THHFHSH

Table 2 Frequency distribution of soil solution pH change at 0-5 cm depth of root surface

KFEEFY(H-H) Jb B W moME S 25% EAMEC T 75% AR moRfE PRI b 22
AsS, 10 7.03 7.35 7.43 7.70 7.91 7.48 0.25
SYBESR I
ITSEPCH
AsS
06.27 ~ 07-20 sS; 10 7.30 7.35 7.52 7. 64 7.83 7.52 0.18
AsS, 10 7.12 7.30 7.43 7.64 7.76 7.46 0.20
AsS, 14 6.97 7.16 7.30 7.53 7.58 7.31 0.21
AsS
07-22 ~ 0819 sS; 14 6.97 7.15 7.29 7.35 7.54 7.26 0.17
AsS, 14 6. 86 6.99 7.18 7.31 7.43 7.17 0.18
AsS, 9 7.23 7.37 7.52 7.57 7.72 7.49 0.15
e
AsS
08-22 ~ 09-05 sS; 9 7.36 7.41 7.57 7.59 7.69 7.52 0.11
AsS, 9 7.22 7.26 7.52 7. 60 7.72 7.47 0.18
i AsS, 11 7.37 7.45 7.52 7.67 7.83 7.56 0.14
A Y
0" AsS
09-6 ~09-22 sS; 11 7.32 7.41 7.47 7.69 7.82 7.54 0.16
AsS, 11 7.33 7.35 7.48 7.59 7.78 7.50 0.15
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2.2 KBEAETHNLEE R AL FE AL Eh {5 H-¥ERW Eh (BB TE,7 A 25 HIFH W Eh

AL
IKFEAE T MEIARER 0 ~5 cm JHHN 1+ HEE W
Eh 28 4b & 2. M 3013 4E6 H 29 H ~7 H 23

HXIFE EF,8 H 8 ~23 HEW FI%,8 H 24
H G 45 7E 200 mV £ 4, Eh {5 K Z HEAE 100
~300 mV.

400

300 -4

I igg

I []
%i 1 1§ 3 §5§ :

t
%a LA
COREE

+ W ERE AL
g

tie e i
R
[ ]

o}
]

|

0 ! 1 1 ! L

HO— e

A AsSy
O AsS)
® AsS,

1 1 1 1 1 1 1

06-30

1 1
07-09 07-22 07-30 08-04 08-08 08-12 08-24 08-29 09-04 09-07 09-13 09-19 09-22

Hi(H-H)

B2 HREO0~5 cmRELTIEREEN T
Fig. 2 Changes in Eh of soil solution at 0-5 cm depth of root surface

MRYEAKARE LR AR AT Eh B2 (3R 3)
TER 5 73 BER ORI R B (R bR v A 4G, T
W EIS SRR E AR AL BEAY A Eh
(B R, IRt A0 5 Ak BERI ] PR B AR AL LAY
PIFEZESE AN FE i RE 22BN i T IR K (7 ~ 10
em) $, Eh o3 BEI A R IR B (0., S A ) P I
i B f K, S YRR 65 mV it FH A3 8 19 7 B REAIK

37 mV, Jifi B AL Eh BRAR 08 B iz /), - AR
24 mV. TEJFAEIMR R K)Z (4 ~6 em) | Al I
T A8 (AL B Eh AR [RVRR BE ) B T (R A R
JECR A4 A S35 B 4R S2RR AR 78 LYK 43 5 B
SESEKAN WK, Eh Y (E AR ZE F T, il FH 5051 A
() b T R e K, S BT 33 mV, it AR Y
FH LT 17 mV, AHEER A S mV.

®3 RRO-~5cm RELERE Eh TUHBSH

Table 3 Frequency distribution of soil solution Eh change at 0-5 cm depth of root surface

KFEEEM(A-H) Qb B WA BME S 25% E ik TE S%ESE BRKRE TFIE Frife 2
AsS, 7 180.3 203.8 251.2 296.2 304 250.5 47.18
Jr A1 AsS 7 151.3 158.2 240.7 254.3 269 219.6 47.93
06-27 ~07-20 ! ) ) ) ) : :
AsS, 7 150. 8 216.3 236.8 240.3 247.3 222.4 33.08
AsS, 14 62.5 158.6 184.9 227.4 262.3 185.1 51.18
Ll AsS, 14 88.5 167.2 200. 9 227.4 275.5 195.8 47.06
07-22 ~08-19
AsS, 14 67.33 167.5 195.5 215. 4 254 185.7 46. 94
AsS, 9 112.3 170. 1 193.3 241 284.2  201.4 50.79
e AsS, 9 112.5 177. 4 188.2 215.6 250. 5 192 38.27
08-22 ~09-05 )
AsS, 9 147.7 170.9 192.5 225 261.2 198.7 34. 88
N AsS, 11 164.3 179 203 233.2 289 206. 6 38.85
TN S
AsS
09-6 ~00.2 sS, 11 174.2 198. 8 219.5 253.3 270.7  224.9 32.15
AsS, 11 175.2 184 219.2 247.5 282.3 215.6 36. 09

2.3 KRR AR TR R Rt b T AR AL

AL BT A E T KRR AR | e B zEnt
LRIy UL 3. KRR 28 | i b 3 B A Y]
(S A, A A P55 AN it A Ak B T A 22 5 1

F(P<0.05) , Horp B g A B AR S b, R it
A EANEE ANt A AL B AR e 2. AN F N K
FEA IR, TCIR R R R | IS b5 SOk it i Ak

FH(AsS, | AsS,) BT I (AsS, ) Ab3AT — 2 1 2
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1, S X BN FRAR , AsS, AbHR S AsS, ZbFR/KFEAR R
YRR T 14% ~26% F1 24% ~42% ; Hb
AR AR IR T 48% ~ 66% 1 32% ~
42% ; EE?%EH*%ﬁT“%EﬁJ\%U%%T 308% i
252% ; AW RS T 37% ~49% 1 37% ~

(a) M 7 =En}

mm AsSy 3
AsSy
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Fig. 3 Dry matter weight of different parts in rice growth stage
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