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Effects of Arsenic from Soil and Irrigation-Water on As Accumulation on the Root

Surfaces and in Mature Rice Plants ( Oryza sativa L.)

LIU Wen-ju"*, ZHU Yong-guan®> HU Ying’» ZHAO Quan-li’

(1. College of Recourses and Environmental Sciences, Agricultural University of Hebei> Baoding 071000, China; 2.Research Center for Eco-
Environmental Sciences; Chinese Academy of Sciences, Beijing 100085, China)

Abstract: A compartmented soil-glass bead culture system was used to investigate characteristics of arsenic accumulation in iron plaque and in
mature rice plants irrigated using water with arsenic in greenhouse. Arsenic was supplied as a solution of Na; AsO, *12H, 0 at the following
stages: tillering, stem elongation, booting, flowering and grain filling. The whole plant was separated into four parts and As concentrations
were analyzed in DCB ( dithionite-citrate-bicarbonate )-extraction, rtoot, straws rice husk and grain respectively. The results show that
irrigation-water with arsenic has no significant effect on biomass of straw and grain. Arsenic concentrations are distributed in different
components of mature rice with the ranking of iron plaque > root > straw > husk > grain. Arsenic in straw and grain just derive from soil in
control, and derive from soil and irrigation-water in arsenic treatment. About 76.5% and 71.0% of total arsenic in rice straw are from soil for
lines of YY-1 and 94D-64 respectively. There is no significant difference between two lines. Howevers about 33.6% of total arsenic in grain
of YY-1 comes from irrigation-water with arsenic, and only 15.2% of total arsenic in grain of 94D-64 is from irrigation-water with arsenic.
There is a significant difference between YY-1 and 94D-64. Arsenic concentrations in rice grain are lower than the food safety limitation in
China (0.7 mg*kg™' ).
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350 ol * (m* #) =", AR B 60% ~ 70% » TR Bk
K 6 .

1.2 ARSEA IR R
1.2.1  fEal -5

TG I E W VLA W B M X CRL R 2 75 K
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Table 1~ Physi-chemical properties of the soil used in the pot experiment

g e i
pHE (H,0) 6.49
HHLR OM/g kg ™! 22.6
KL 4/ % 13.2
BB F AL e 7 CEC/cmol kg ™! 10.0
el Fey 05/% 18.7
WiEs Al O3/ % 1.85
2 MnO,/ % 0.74
k% A /mge kg ™! 35.8
T /mge kg ™! 14.3
T /mg kg ™! 137
‘U\ﬁﬁﬂ{ﬁ\%/mg'kg_] 13.8
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TREFAERA BT pH A BIAEE TE

R H AR A AT T 5 AR FH IR 7K 23 7 B AR e 928
REZE 7K (LESE TR P i 2 em 2247 7K ED, 1
WS PR R BT A 2 IR D RS
(R AR R T8 A it = v, ek P 45 ) A 22 ~ 35°C,
DG SRS 500 ~ 1 100 pmol* (m®*s) ™"
1.3 FEMIRE & 500

FE SRS 45 A KL 6 A A Ja, /KR RL
JSER 43 NBCER KRS R PR TR AS [R5 47 1 o, R A
ANEBAN IR B T8 L BT R ION JE R M I RE S A4S 4R
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T IE N = 20°C [P UKFE P 6 e H

MRF B DCB 12 32 55 0 58 « A8 bk 3k
JG, K B8 AR R B 2 E A dithionite-citrate-
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[ A1) Na, S, 0, G — WV B BR B, 18 FR R B KD . I3k
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KI5 JE, EEH R (20 ~ 25°C) R 2 1 h, R 5 K iz 2
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Table 2 Biomass of straw and grain for two genotypes of rice plants/g

G- I q; El: Mz, \4Lﬁ; El:
il 3 FEFF/ %Eﬂ ki %EH
YY-1 94D-64 YY-1 94D-64
CK 13.0+2.9a 10.0+0.4a 11.1+x1.7a 9.9+2.0a
As 10.4+0.7a 8.9+0.7a 8.7+0.9a 10.7+2.1a

D RZEEE 5w B R &R 2R A B E(p >0.05)

2.2 AS[ARIE B A6 FEAE KR AN ) A AR R
{1 5% )

A Ge v 25 0 A0 o i, R KRB RS AT AE )
it SO R B 1A 52 BN [R) SR D5 1) S8 35 52 1
(3 20, F 2 JE L 75 A 7K R A 0 7K R AR 2R 2 1 1)
EREK BN RIRAE B ER R 3
*4).

K3 MR 4 4620 B e ge vk 45 R, 5XF
WRAH L, 7E7KFE 5 ANAS R (1 A2 6 300 W 25 A ok 3
N T A K REAR 2R 3R 10 A AR AN [R)EBA H
£E(94D-64 HIFFRLH AR5 B BRI A i 3R 1 £ R oK
I3HT, To v 2 ) HEGE A2 Al AR 3, YY-1 MR A i) A
WRE W25 = T 94D-64, AR TT, MEN YY-1 ZKAEAR (1)
T 21 B WAK T 94D-64 HiLrh AR B2 R Al 3E AR o 1) A
TEZKREAR N [ My b 838 2 2 o, il 32 4, el ARG
PRI 2 3 9 b A 2 R TR P 2K R A ) S8 8 A
RS 1A G FH AR 24 D00 b 78 Bodls . &5 Rk —
WY, WAR-FEFF-F05%, BEME 5 T K 1) 94D-64 %36
AL FE 38 R T YY-1, AH A MK AR 78 74 3
FERE (367 PR R B VR AR T AR 4K, B 21 YY-1 6
R ) 2 R T 94D-64, IX —E5 5 B L &
IKFERFRL B0 22 ARV &

F3 MERBKEREREATEBNEE mgkg!

Table 3 Arsenic accumulation in iron plaque and in different

parts of mature rice plants/mg®kg ™!

B YY-1 94D-64
HH?\
CK As CK As

DCB-As 36254 515+ 68 182+ 34 317 + 66
Root-As ~ 70.9%5.4  98.0£2.9 89.6+3.8  119£8.5
Straw-As  11.4x1.1  18.1x0.8 12.5x1.3  19.3%3.0
Husk-As ~ 1.74£0.3  2.3420.03 1.51£0.2 2.40+0.4
Grain-As  0.27+£0.05  0.52+0.04 0.22+0.01 _0.24x0.01

1)DCB-As: 7K AR AT AL % v Tl 1) 9 JBE 5 Root-As: 7K FB AR P 1)
WRIE 5 Straw-As: 7K T8 A5 FF o i (1) 9 B 5 Husk-As: 7K T8 #5050 A (1) 3k
J5£ 3 Grain-As: K FEFFRLH il 19, T )

*4 WMERPKEREREAACEBUEENHTESHER
Table 4 ANOVA results for As concentrations

in iron plaque and in rice plants

iH DCB-As Root-As Straw-As Husk-As Grain-As
As p=0.035 p=0.001 p=0.005 p=0.034 p=0.001
Line(G)  p=0.011 p=0.008 NS NS p=0.003
Asx L NS NS NS NS p=0.010

2.3 AN[E]RUS R AT 7K ORE A e R P R At 56 R 1
R

IR AWM RGERCERY, YY-1 IREE
BRI B2 225 5 T 94D-64, AR T, HEN YY-1 /KA
R P R A 20 B AIK T 94D-64 AR A R A iX — &5
R 5K R 2K 100 n] LU BCR S DT A %

B 1 SR, R A K Ak B TR B R OK AR AR R
FM A A UUR 1) £ 55 0] IR B AT i 389 o, (R
S R 0 R A 3 3 k3 T KT L X A W AN [ R
(RIS 7 e A 2 Sk A A0 0 ) T AT — o R FE 1 58
Wil , B E 2 K 7E — e R BARE T B 1
IKFEMR I B A . DK ARE AR 2 36 T 2k S8 A DT A
H AR ZE SR, JO R At O K HE BE AL BEAL 2 0T
HEL YY-1 MR BRI I DT 12 25 5 T 94D-64
(KD . CH TR, KRR R TR A Y
Xof JHG i L ) A A B 25 A AR SR IR SR R ) L A KR
5 ANANTR R AR 7 S RE R 5 it 7K A0 3 B 1 e oE KR
WARFIEA D P EECGE 3R 4 JF HAE
X L R Ak B 0T AR SRR A A ) il S R 22 T
AFAE IEAH 99 2 (Pearson correlation ) 42 25 PG 06 45
RH:r=0.8112, p=0.000CE 20 \ifit—25%
iE T3 3 1 DCB-As 45 3L

TEVe 2 SRR T g8 v (1 s 2 Sk R TR K
FRIA, 5 E SRR R AR TR 5 FHe s R T 14 3

250
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200 175A 8 0 94D-64
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Fig.1 Effect of irrigation-water with arsenate on the

formation of iron oxides on the root surface of rice
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Fig.2  Relationship between iron and arsenic accumulated

in iron oxides on the root surface of rice

200 [
o
";n 150 .
i
o
B
/M
O 100 - ,=-0.8169
A p=0.047
YY-1 oh
50 |
| 1 | 1 * | 1
65 70 75 80 8 90

Root-As/mg-kg'!

FH TR RS A K R S A N AR BRI & 4R
% S KRR S B 2 M A G OC R 0T
YY-l, =3 Z M A7 AE W WO M Cr =
~0.8169, p<0.05), X T 94D-64, & Z A1 &
FEHAR KR >0.05) . JRF AT GELE T 5 B R K B
IR AR I B D, TR B TE AR R 3R
TG AR R WS () 22 e gl /)

g5 LT, MEWE SRR IR YY-1 KRG i RARE G
B BRI B 22, AR AR s B X it e vy, (H 2 30F
N KB AR P IR B A B A T R K AL BE )
94D-64.
2.4 SR K rP o) K R AR FE AR R rp
FARTE) TR 2 704

220 [
200 [~
180 [~

7, =-0.626 73
p=01830

94D-64

DCB-Fe/g-kg!
®» © o & o
< < < < <
T T T T I

I ! | ! L L L
95 100 11)5 110 115 120 125 130

Root-As/mg-kg!

3 MBRSWHACERZGTRRGEMMTRKESKERPHIEZ BB XED T

. , . . Lo .
Fig.3 Pearson’ s correlation between DCB-Fe and arsenic concentrations in the rice roots

IKREREFT BARANE FLAEN ) & i oy, (E2
FCAE D RORE VR (R DRE LR N TG 7 b 1) A
TG A2 > 5 DT A5 il o ) i sl A
{1 FCA B8 A ) 2 E AR AL R PR 2R [ W] 6 78 2
FERLH Al K SR AR S B R AR B AR AR e, A, 23
BT S AR A AT AR PR PR A 1) 2 SR Y- F L

KRB ORI 5 A8 AN R B PR G A AR A2 4 8 4
DE L3R, ATy DA S5 RS FFARFRL 22 B (1
HE (3R 5 AN 60 . BAT HEBE 5 i 7K (1R x5 JEARS FT AN
FERLrb SRR KA A 5T 38, il Ak BE ) K R A AT
AIUEF L 5 4 PR AR Y SR HE BE 10 25 il K LR

H Ay G DI VT BH A - S v Bl 0 AR AN 13.8
mg* kg™ Ci SR 81.29% ), BERERE /K I 1 28 v fi
IMSE R 3.2 mgekg™" (v AlK) 18.8% ). M
KA, LN YY-1 A 94D-64 FE5FT & £ Al (1)
DTHRZE A3 76.5% Rl 71.0% » BEBE /K (1 DT R 2
MR 23.5%F1 29.0% , hh F& Z A EIR A B8 2% R
YY-UFFRLH (A0 66.49% KU T 138, 33 .69% KI5 T
R K, HE T KOG 12 i ZFFE b A ) s 4 DT R
FECT . T i &R 94D-64 KRl 84.89% KU T+
9%, 15.29% t REBEZK UMK, FEME K X 1 FOFF R B2 A
T ¥ DT R R LA

F5 RIFETLIEFERKBMAKEREIFNTRDRAKESHT
Table 5 Amounts of arsenic accumulated in straw and grain for control and As treatment
YY-1 94D-64
i R CK As CK As
mgkg ! pg” mg kg~ 1g mgkg ! 1g mgkg ! vg
Straw-As 11.4+1.1 143 18.1+0.8 187 12.5+1.3 125 19.3+3.0 176
Grain-As 0.27+0.05 3.00 0.52+0.04 4.52 0.22+0.01 2.18 0.24+0.01 2.57

1) pug 73 %0 R 25 ik 7K JREE P KR RS AT R E R o S e ) 5
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Table 6  Percentage of As in straw and grain from soil

and irrigation-water with Arsenic

YY-1 94D-64
it b 74 TR EMKTTER RETTER WEMK STk
/% 1% 1% 1%
Straw-As 76.5 23.5 71.0 29.0
Grain-As 66.4 33.6 84.8 15.2
3 iTit

R0 25 RR W, KAE RS AT AR 5 FUFF R 2 A
A7 W S 1) b 2R 2 s R 5 Bt 7K B AR PR AIR T A
IKFEREAT FUOFERL (0 7 5, H 3% A7 1K 21 2 35 K1 (R
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