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KR B PSS BER L  ER R

N EHS:1000-0933(2009)04-2027-08 HESFES:X131.3,X171.5,X53 CEk#RiRAG:A

Effects of exogenous phosphorus on arsenic fractions in the rhizosphere and their

bioavailability to rice and wheat seedlings
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Abstract: A compartmented rhizo-bag culture system was used to study the effects of exogenous phosphorus on arsenic
fractions in the rhizosphere and their bioavailability to rice ( Oryza sativa L. ) and wheat ( Triticum aestivum L. ) seedlings
growing in arsenic-contaminated soil from Chenzhou in Hunan province. The proportions of arsenic fractions in rhizosphere
and non-rhizosphere soils for rice and wheat growth followed the order; well-crystallized hydrous oxides of Fe and Al (45%
—52% ) > amorphous and poorly-crystalline hydrous oxides of Fe and Al (26% —34% ) > specifically-sorbed (12% —
14% ) > residual phases (4% —7% ) > non-specifically sorbed (0.09% —0.25% ). P100( added P concentration 100
mg-kg ') increased the shoot biomasses of rice when compared to PO(no added P)treatment. As for the wheat, P100 not
only significantly increased the shoot biomasses but also inhibited the translocation of As from root to shoot. The results also
showed that the SPU( Specific P Uptake) and SAU( Specific As Uptake) of rice as well as its TF-As( Translocation factor)
and TF-P were higher than those of wheat at all P treatments. As a result, the best method would be to plant wheat in low-
medium arsenic contaminated soils. During the period of rice growing, P50 treatment would be the best choice for

decreasing arsenic risks in rice plants.
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TSR EEOR A T XIT & U KIGRARESE AR RN R R, B 39 il LOE S /A
AR BB BEANIR, BRI e E B/ AR, X — 5 R E 5 R AN R E R E
WY o BE(P) FIB(As) BIFITER LA PERRAR ML, 78 H B h B E E U TR, EAB
R, 76+ P BRI AR AR ERAR T LAMIEL 35 5 S ek 1 MR 42, I EL R R AR R 38 1o Nl BR AR 2k
FRYH R b % @ A I Y , P FEAR R WO T AR AE RS HOROR ™ o R, BB RIF 5 I Tt
BRAL AP A A 5 e 4 o AR, A7 LB 5 I3 Bt e 2 398 398 v 4 ) 2 08 20, AT o 2 e A
MitfaE"" o B, R VR B B2 G R — BT

3P BB S E LATCALSAEE , T ELRR B A7 7T AU AT LSRR XA T A e Aade i) 5 Rt S0 o ) [ S
(BB AE A B YRR FACE Y o 3 TR =, RR EBAE TEORR BRI+
e, Tk SRS A BRAR M ZE M K B < 3 S5 AKREIE N — B AL, R T MK - 39305% , +
R EE LR RS M M B R T EM ORBAR . Wenzel ™! [ AL A R IR BUR T K
B LR B S S ML SRS & R A LN B RRAR A AR5R A SR T LM K
S JELPR A - Sk A A BOR S R T [ S R N B — R AR, AR
BAE R R 8, M7E IR NE RGP TR AL A YA R S SROK R R R LU BB P A2
5, RHREEARPR X — B AR IR R L2 AP R X R HRT, 3 TR AR AN X PIAAR PR A )
MY R A S As MR 255 A S HAEARPR- AR AR B ) 40 i AL R B T 32 B ) 3 P b i A AL Ak Y
5577 W BT TEA BA o

BT, AR MR PR A A B A BE R, BT9T R A4 R A 0 Z R B /EWI KRS /DA [R] AR PR
X2 g R e AN AR AR B X TR 285 4 A AL R A0 A 0 2 PR R AL, o D ey 3R 7
T [ AL 1 P9 PR e R TE AR AR A — i O B8 S %

1 #R5HE
L1 ff1 %
HEk 1 39% B BRI AR B YS 3 Ak RS B CREFRIE N 0 ~20 em)  HBEAMRR R 1,

F1 HRATEOEFER
Table 1 The properties of the As-contaminated soil

T pH B FHLER Rk L
Soil (H,0 &4, Available phosphorus Organic matter Total iron Total arsenic
ol
KEHH2.5:1) (mg-kg™") (g'kg™") (mg-g™) (mg-kg™")
7K AE 1 As-contaminated soil 7.7 11.4 33.0 18.8 58.4

1.2 Y +-HREREFAR
1.2.1 KFEHMREE SR

IKFE  IKAE(Oryza sativa L., FHFhR 90-68-2) i o [E B} 2 B W $ty 4 b A 25 55 i I 28 SR AT 5% 1 48
fit, AT H 30% H,0,H%F 15 min J5 , KB T/KUEEE & T A €0 & 2E, fK R = H b B 2
{RCE O o Lo L

/N /NEE (Triticum aestivum L. , 5 Fh Ry 822) gy Jb Rk K2R 2#Be ik, #F F 10% H,0,7H% 10
min J5 F 2B Tk R 2h, BUH B B %, — KB 2F, SR E TR LS, B8%fH 4
b, — G R EE 42 ¥R
1.2.2 MRS FE

REH LREXT BRI T 2 mm G, EHEA LR IR AR R EESNEDE(Ca(H,PO,),) , %1l P,05H)
B4 5100, 50, 100 mg-kg ™' (4351 PO,P50,P100 i, AFIH]) , 440 HiE N(CO(NH,),) #1 K,0(KCl) %
0.2 g-kg ™', M4 400 HERL M AHI(EHAZ T em, 5 10 em, — MRS FIFRET) , N3 150 g £, B4R
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SSHOKA 600g £ ELHLH 75 16 o, 13 om MR , 55— MIAS. F5FRHE 3d BEETAISIR kTR
UKL LR 1 ~2 em kSR o K 5 JEEHCHE , HADRE 5 J8 28 Tk it T4, 85°C 47 30 min
JG, T T0CHTR=IEE, WERRFM EMETHE, BFEEEH. HAGEN PERERH2 ~3 mm N+
Bl R AR ERE R HIRBERET , OAMR PR 1 (Rhizosphere, R4 R, AT [R]) , BEARAR 1 em Z M) 4%
AEMRBR £ ( Nonrhizosphere, 5 5 24 NR, AR [F]) , T fifE . B0 4 KEE

TP A K 55 14 25°C 14h B BR A1 20°C | 10h SR B, AH X538 BE 2 60% ~ 70% , ot H& 5% B Oy 240
pmol-m s~
1.2.3  WEmE K7k

AR R R AL R AT I E o R K- R A Y R RS R 1Y
AQ, a5 FURIBRE R B, DU DRI 2 % LA U R vERf B2, o AR i GBW 07401 ( 4% ) GBW 07605 (#E
YIRE) W T E RARER R PG o HIRRIE A 40 GO 2 H Wenzel 5001434 1) 3% SEAR BT B g miok '), B
RIrE R 2,

R2 MPEESRRBGSR

Table 2 Sequential extraction procedures of As in soil

RS BREH PRI SSR* VEdA IR
As fractions  Extractant Extraction conditions Washing step
BA1 NH, (S0, ), (0.05M) 20°C, ¥5% 4h 1:40
B2 NH, H,PO, (0.05M) B2 — &4k 20°C, ¥ 16h 1:25
. -1 .
W 3 B0, 2mol- L-1) :pH3.25 bk 20C , s 4h 125 AEREE (0. 2mol - L7T); pH3. 25

SSR:1:12. 5 ;364 % 10min
B % (0. 2mol - L™1) + Hi IR I &
(0. Tmol - L) 2% pp¥fk . pH3. 25

SSR: B 5 R R 1 L {E Volume ratio of sample and extractant

ELRR #% (0. 2mol + L1) ; pH3. 25

90 £3)°C , WAk 30mi 1:25
(90 £3)C, JLA7K i 30min SSR:1:12. 5 ; WEYEHES 10min

HApBa 1 AR RS, B 2 HEHERIE B 3 BT TE M4 Rk sk KL a4
BRES 4 NS RERRKRBEKLELYESE D, REES S) H-EK-HRARIE &, H ICP-OES
(Inductively Coupled Plasma Optical Emission Spectrometer, Optima 2000 DV, Perkin Elmer, USA) & 775t
JEIGEETH(AFS 2202E, LT ATALAR 2 B ) WU 58 Fr v h e B KR
1.2.4 BEESHr

P 5% As By UK HE ST (specific P uptake or specific arsenic uptake, SPU Bf, SAU) : FK/RB R X P.As HIR ke
91, AR & P B As I BRRIZAT YRR T ERER

¥ ¥ Z B (translocation factor, FjFR TF) :/E¥)H EAR SARH A F1 P YR EER LLAEL, R As Al P AR R Bl
BEZEMEES .

K ARG i SPSS13. 0 XHRIRBE 17 Iy 20 Hr LA R 2 A
2 HRESW
2.1 SMEBHERT /NERUKREHE R AE R

NERBREYEBERTKME(p<0.01) B EH EHTYWEERABE (K3) . ARWKERIMNERE
PR/ FK AR R A A, (B RESMINBEAR BE B3 fn, B AR E s BT E X 2 B E s (p <
0.05).,

@ X3CE. ARG KRR B B LRI B ST, PR30 Jbat. v BB B 5 e, 2005,7: 53 ~65. Liu W J. Effects of Iron
Plaque on Arsenic Uptake by and Translocation within Rice Plants ( Oryza sativa L. ). Beijing: Chinese Academy of Sciences, 2005, 7:53 —65
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Table 3 Biomass of roots and shoots of rice and wheat seedlings (means +SE, n=3)

BFEY T4 Root biomass(g-pot ') Hb, b3 T4 Shoot biomass(g+pot ~!)

Two crops PO P50 P100 PO P50 P100
/NZ Wheat 0.05 +0.02b 0.05 +0.02b 0.06 +0.01b 0.06 +0.03b 0.07 £0.02b 0.10 +0.01a
JK#H Rice 0.02 +0.01b 0.03 +0.01b 0.03 +0.01b 0.06 +0.01b 0.08 +0.02b 0.11 £0.02a

ARFHRELEHRBGER, TR —HEEIEE AR FRRREF B3 (p<0.05) The different letters within the same column indicated

the results of multiple comparisons according to LSD test; Within each column, values followed by the same letter are not significantly different at 0. 05 level

2.2 HNEBEXT/NZE UK AR BR-ARAR PR - e AR 25 A R e

HIZ% 4 AT, TR /N8 KA , AR - AR B 1 33 & BB 25 T o FL 3 R/IMR I - 45 R Bk B
BEKIANDEE G (45% ~52% ) > TR MBS mBRE SR K LAY S 55 (26% ~34% ) > ik
WA (12% ~14% ) > 5 (4% ~T% ) > FLPER MR (0.09% ~0.25% ) , HorA F iS4 & 24500 1%
R EERAES . EEIUREE T /NEAYAE SR MRS S B (RS RS e
BEEE) UREHES RN BEER TR (p<0.05) HABEIEIZR A RE . FESNRBEEEZ R,
PIFPEYIRRAE R PR S As W BE W (p <0.05) , HERSH T B EL L. /N7 PSO L3 TARFRA
JEARER LA As FEAWRBEANER (73510 77.0 mg-kg ™' 1 74.2 mg-kg ™) , MK AELE PSO LI T AR PRAIEAR P
+ As FEAWRBEABAR (731 61.6 mg-kg ™' H163.4 mg-kg™') o PIFHEMMRER L AIEARPR 14 As TR

R4 RE-EREFELHEPEMESRERES BRI

Table 4 The concentrations and distributions of different arsenic fractions in rhizosphere and non-rhizosphere soil ( means +SE, n =3)

J/NFE Wheat JKFE Rice
PO P50 P100 PO P50 P100
T B i5 37 A1 0.07+0.01b  0.11 £0.00a  0.13 £0.02a 0.08 £0.01b  0.11 +0.0la 0.16 £0.07a
(mg-kg™!) R A2 11.74£0.23a 11.45+0.43a 11.12+0.49a 9.74+0.10b  9.25+0.72b  9.83 £0.41b
Arsenic JEA3  22.65+0.97a 22.98+0.8la 23.18 +0.23a 17.63 £0.87b 18.54 +0.46b 19.23 +0.88b
concentrations JBA4  37.48+0.97a 38.02x0.12a 36.64 +0.16a 32.53 £0.71b 29.96 +1.05b 30.93 +0.59b
A5 4.49+0.8la 4.46+0.85a 3.38+£0.66a 5.26+0.80a 3.70+0.87a 5.21 +0.45a
Bt 76.43a 77.02a 74.02a 65.24b 61.59b 65.36b
JEWPrtE AL 0.08+0.0la  0.11+£0.0la  0.15+0.02a 0.09 +0.0la 0.13£0.0la  0.14 £0.07a
NR A2 11.97£0.71a 11.88+0.19a 11.03 +0.49a 9.49+0.19b  9.36 +0.54b  8.38 £0.39b
A3 22.56+£0.80a 23.58+0.63a 21.79+0.87a 19.54 £0.65b 18.79 +1.21b 22.15 +0.32a
A4 31.19+0.41a 35.31+1.04a 34.95+0.64a 31.51 £0.50a 33.34 +2.56a 29.47 +0.12b
A5 3.92+0.31a  3.33+0.58a 2.55+1.06a 4.73+0.47a 3.75+0.85a 4.53 +£0.83a
Bt 69.73a 74.21a 70.47a 65.40b 63.38b 64.67b
BESHEER Rt A1 0.10 0.14 0.17 0.11 0.18 0.25
Percentages of each R A2 15.36 14.37 15.08 14.93 15.02 15.04
arsenic fractions(% ) A3 29.63 28.85 31.43 27.03 30.12 29.42
A4 49.04 47.73 49.68 49. 86 48.67 47.32
A5 5.8 5.60 4.00 8.06 6.02 7.98
EREEE EESL 0.12 0.15 0.21 0.14 0.21 0.22
NR A2 17.18 15.93 15.34 14.52 14.76 12.96
&3 32.35 31.63 30.28 29.90 26.50 34.25
A4 44.73 47.34 48.56 48.21 52.61 45.57
JE&S 5.62 4.47 3.55 7.23 5.92 7.01

AEFRRELZARZ T 2ZHBNER, FTEREEAR FREREFRBFH (p<0.05) The different letters within the same column indicated

the results of multiple comparisons according to two-way ANOVA Within each column, values followed by the same letter are not significantly different at

0105 level
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JE [ 25 R RIB B E K (p>0.05)
2.3 SRR /NZE KRR A AR AR R R

o, AKRER/NZER P As ESA T i BB 4) o /NEAR As WRIE R TOKAE, (HERA B, i
B3R As YR BEN B 2ER T KA (p <0.01) o SMNEBEEEZ BN BERE T/NEMRH As ¥BE (p <0.01) , {Hih
LB As FRAFAEHBESR (p>0.05) o SAMBEABAHEREEAR L, BER WK E SN 50 mg-kg ' B,
IKFEAR T As YR BB AR T3t B3 As ¥R BEfRmi (p <0.01) o

O Wheat Rice-submerged

ERT

PO P50 P100 PO P50 P100
AL B P treatment WAL P treatment

1

w

(=]
1

b

NN
S W
I I

- = NN W
—_
W
|

S wn o wn o
T

TRHASHE (mgkg™)
=
T

As concentrations in root

e
()
T

i EEBASHKE (mg-kg™)
As concentrations in shoot

S W

(=}

BT KRR/ 1 (a) FIAR (D) As HREE

Fig. 1 As concentrations in shoot (a) and root (b)of rice and wheat( mg-kg ')

2.4 BRE/PNEFUKFEARANRTRR
H1 2 "L, P e/ N R A IR AR R B B E & TR R RE(p <0.01) , X —RIEF SHER
HYEN BB . DERPPRRE R E S TR (p <0.01) , HAMNEBEHIHEA B XS /N AR Bk B
Tomi (& 2b) o 7E PO F1 PSO AbFH, /NFE i b FRWEE BE 39 2 g K A HY) 174, {5 P100 ZREE, /NFE 3t 1 SR vk
SURIHEN , oK R b b ERBEVRBE R 2 45 (1B 2a) o X FKAET S  BERINVREE )9 50 mg-ke ™" B, HAR VK 2
LN 1.4 45, BLEERER B RS IR P BRIV BE AR (A K o A IR B R 3 b SRR E 2 RA B2 (p
>0.05),

O Wheat Rice-submerged
— 30 —

§§(§

P50 P100 PO P50 P100
BE4bPE P treatment BE4bPE P treatment

[
(=}

—_—
(=)

—
(S
T

P concentrations in root

M PYEE (mgg™)

M EFEPYRE (mg-g ™)
P concentrations in shoot

S A~
T

B2 KEERIVNZEHS B (a) FIAR (D) P HeBE (mg-g™")

Fig.2 P concentration in shoot (a) and root (b) of rice and wheat(mg-g~!)

2.5 SNEBEXT/NZE KRS IR ORI e 12 B ) R
2.5.1  SNEBES/INEE K REBEFIRR IR RE T1 R0
Bl s , BB E T /MR R R As #1 P Y RE T 391 B35 R T 7K A5 (p < 0. 01) , P100 AL B ERAH (&

3) o SMEBER BRI H AT (100 mg-kg ™ ) B BE IR T T/NEAR R0 BEABH B UCAE S (p <0.01) , SMERE
P BE g 50 mg-kg ™' B, /NZEAR R XA A IR SCRE D AR . PO ABFHZK AR 2R X Bl A ) IR A B D S BR , T PSO
ALk B 7K RE AR 28 X B ) A B 73 5 553 , U BAOE B S NIR B I AT AR PV E AR AR X B AR IR M RE T
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X

PO P50 P100

O Wheat Rice-submerged

25—b

w0 N
S o O

7

NS
N\

S
S

20
10

PRI AE ) SPU (mgkg™)
8

Astymz ey SAU (mg-kg™)
=
T

PO P50 P100
WAL BE P treatment BEAL B P treatment

K3 KFEF/NEXIA B P(a) Fl As(b) I ICRE Ty
Fig.3 SPU (a) and SAU (b) of rice and wheat

2.5.2 HMNEBEX/INE KRR As P B3 IR

Hi & 4a AT UL, /NEFERRIRIN As $688 RETEALIBRAL B T SR TOKFE , H/NE As [ EARH5E R RE ) Bl

BEAS N E A I B R (p <0.01) . PO I P100 AbBE T /K FEAARIK N As B RECH/NER) 2 ~3 £5,P50 4k

BT MEIX 6.5 %, BREMEY) PP s R SFAEE ] B PSO ALBET/KAS b P R RBURAR, /N2

i P R RBUE B B 8K T /KRS (p <0.01) , (HEZEBANNE Y 100 mg-kg ™' B, BEHEAE R B
FEI IR TR, HRFEY R 22 574 B3 (& 4b) o

—— Wheat —O— Rice-submerged
04 12 -

a b

03 9 r

l D/\
01|

0 | | 1 0 1 1 1
PO P50 P100 PO P50 P100

BE4bPE P treatment WAL B P treatment

6

3+

AsEER R
Translocation factor of As
PEERL R B
Translocation factor of P

B4 KRER/NESF As, PR R

Fig. 4 Translocation factors of As, P in seedlings of rice and wheat

3 itig

TN KRG ARPR-E IR B LB TR BB A G As MG RBREMMEES As SETE
BRIER 60% ~80% , TiAE% 1M f AT AT o5 Hofil e b, R 0.09% ~0.25% (£ 4) . X5 Wenzel " Fl
Maria """ 356/ ffikl Nephrolepis exaltata L. ARFR +3RIIDF IG5 AN — 2. FESNEBEHE A B K938 hn, Bift e
HRFR-FEAR B 3 b A W8 R B AR R I I AR R B S 3 . X ULBABR A — e FEE R T £
b As A RE, X 55K R P AR R 10 As EEAMAZL, XA AERET P A As JBF
IR A2 PEFRAR L, 76 IR P A Y E B LA F I FTE, P A As 76 HIRE ALY I Ik 354
MR AL ) B A B B P — e AR K T IR P R R

INFERUKRERIARPR SRR PR L AH L, B TE S S BB A B2 7, I B R B A SME B H
WA B S, AT R B TR R3S SRS E] R 5 8, AL T, BB 28 & AR 28 10 AR BRASU, A B 2 38 AR
Ho B, 74T MBS P R ERAEW A BT . B Y BIIE S AR PR A B3, (B A A 3
PERASE BESMNEBEUR BE 3T & A T B B AR AL

X RAVEY/NETT S ,P100 AbFRE o 3wk & & SRR I, ¢ ELAR R 38 i R RE ) Bk, B AR R
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[ 3ty_E FRFR S H R R BUROK , MU /NZE i B3R A M) BOR B iR R o AR, SR BRI A5 Xk Bt 4 A W0 A bk
B E AR RN : P100 bBR /N AR Aok B2 A 17 , AR 2R o ot A4 R AL R ) 5 5 408 T i ./ 22 1 P9 B i 3R
BORAR, T2 30 & & 5 %3 PO AbFHAR L T WAL (P 1) o X UEHA 100 mg-kg ™" SMNEBEAIHEA S HE
T/NFAR R X BRI, I ELARZE T TR/ N AR N a2 (E R R BE A S NIR R RN ] T R e a2 (B 4) o
BRI, X — G516 S5 0 78 T A A BE (A S I 25 SRS — B BR R %5 R 9 R FE R A B e, B S5
TEAEWIIR IS , 3 Z B R FFAERE SR A ZE VR I R B Bl (755 T 400 mg-kg ™) $£ R I B 8 AP ]
RO, 3t A S AR BE g P 2 L B SR . X — TR B 2R R X I 2
R R B RIS — B4 AT R TR SR o T 138 B ML S A B AR N R AR
KREFRITE . REATIFRY, BH/NELERIN 100 mg kg ™ SMRBEET , A {URSE T 1E97 4 4 T ELI0 I i 3t
EEREERS  HRER P EE As {5t BRI/ R A AT E e P R B R A SR PR X B ) RAE A i — 2P
W,

H/NZAMEL, {2 PO 1 P50 AbBEKREXS P Al As BWRHCRE 7 LA K BAR AR 1 b b SREE RS BE 1 3 T/ A2 X
VEIATERE A MRIR BEBRIT , o TARRAFVEA R, KA 5 5 ol 3 b o EL 5y 1o 3 B3R A8 , R, R P As {5
Bt b GE HAE/NE S E FAEEY , HHAE P A TR — 25T, PSO Al P100 ZbBHKFEAR KA As
A RE I R T A MwAL B, B PS5O AbTH/KREAR R X As B W BE 1 ¥ AR (181 3) , X UL BAS MR8 (PSO 11
P100) il FHREAR T 7K FEXF As BRI, SRTT, PSO KBRS 1F T B FE K R 1A N BB B R B K, 3t b 8 R ARG
Py BE LB, X UEH 50 mg-ke ™ SMIEBERE I TR AR R PEA ML EARHOHLIR . P100 Kb A4 T BE K R 4
N EIFE S R BRI, b b SRRk B B 22T PSO AREE, [, fhy LB AT LLBSE Y - FE AR 284 T, 100
mg-kg ™ g FEAROK RE AR AR 1A A SRARBASE EL AN R B P R o 3y EL AR 4l I P 42 DA AR IR o 452 BE S e A H
HhK R AR PR A RBUR AL TR
4 #Hit
(1) B/ FKREPIEDIAR PR AR PR 7P As IES S BEA BEER
(2) B3/ NEAETS N 100 mg-kg ™ SMEBERT , AAUAEHE T 1R A KT ELIGIAR shpfi i st b FR %412
(3) 3% BE As V54 +308 b3E BAME/INE ;s TIAE/K A FIAE 2 , ROV J3&E BEBAE (100 mg-kg ™" ) SR REAR M 7EK FH
b bR R
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