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Characteristics of arsenic ( As) tolerance and accumulation in rice ( Oryza sativa

L.) genotypes with different radial oxygen loss
WU Chuan, MO Jingyu, XUE Shengguo ™, LUO Chaorui

School of Metallurgy and Environment, National Engineering Research Center for Control and Treatment of Heavy-Metal Pollution ,Central South University,

Changsha 410083, China

Abstract; Rice is currently one of the most important foods in the world (especially Southeast Asia), but arsenic ( As)
contamination of rice is one of the main pollution pathways into the human food chain. Arsenic contamination of rice not only
affects its yield and quality, but also threatens human health. There is an urgent requirement to understand the mechanisms
of As tolerance and uptake by rice. In roots, oxygen is required for respiration in order to provide sufficient energy for
growth, maintenance and nutrient uptake. However, significant amounts of oxygen loss through the root apex, (with up to
30%—40% of the oxygen being supplied via the root aerenchyma) to the soil is a process termed as radial oxygen loss
(ROL). ROL occurs in the aerated rhizosphere of plant roots growing in waterlogged soil and results in significant changes
in soil chemistry within the rhizosphere. Previous studies have shown that ROL was related to As accumulation and
speciation, with total ROL from the root system being positively correlated with metal tolerance and negatively correlated
with total and inorganic As in rice grains from 20 different genotypes. This paper assesses As tolerance and accumulation in
three genotypes namely, CNT 87059-3, IAPAR9 and Yuxiangyouzhan; each possessing different ROL under different As
treatments.

Experimental results showed that: (1) Root length was significantly different between the three genotypes (<0.05),

E&TH  FREA VAR Ml BHIFE B H (201109056 3 FEISK H A4 3L 4 ¥ I H (41201493 )
s B #1:2013-06-12; 1&1T B #3:2013-10-25
# WIRAER Corresponding author. E-mail ; sgxue@ csu.edu.cn
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(2) Yuxiangyouzhan had the highest ROL and the greatest tolerance index (0.71) when exposed to 2 mg/L As, (3) the

tolerance indices of the three genotypes decreased with increasing As concentration, (4) shoot and root biomass were

significantly different between the three genotypes and treatments ( P<0.05) and (5) arsenic concentrations in roots were
significantly different between the three genotypes (P<0.01) (IAPAR with higher ROL, 336 mg/kg, CNT 87059-3 with
lower ROL, 660 mg/kg) , but not significantly different in shoots (P>0.05). It is concluded that ROL is significantly

correlated with As tolerance and accumulation. Rice cultivars with higher ROL have greater As tolerance and lower

accumulation. Therefore, ROL can be a potential selection criterion for selecting suitable rice cultivars to grow in areas of

high As contamination. This study provides significant findings regarding As tolerance in rice related to ROL and provides

potential strategies to mitigate the health risk posed by As contamination. However, the mechanism for As tolerance and

accumulation, as well as field application for mitigating As accumulation in rice grains needs further investigation.

Key Words: arsenic; rice; radial oxygen loss; tolerance; accumulation

T ARG Qe Rl RO AE R B & T BN ANEHE T
VER BT B DGR P B AR 22 7K e ol e X R
WP R AR, B R8T KR LW As 15
Yt KR ( Oryza sativa L.) JE M5 — FREH—
TAREAEY), &t BT 30 [ AN R ZER EEY, 38
FEl K AFFR AR TR 3200 3 hm® , ATAF KRGS Y 35
AR S e P 7 2 9 R 1 I G O A 3 5 R
TR ZRSEEDY ) Liao %2 & BUAE 1] A1
PN YL AR F b AR A R R B 5 d =3k 7.5 me/kg,
TG TR ROK B & i DA ARME (0.2 mg/kg) , X
DASOK Ry 2 i AR UF, KR (As) 15 44 )2
MNRRFZR N EE &S,

THRRSZ 15 G A FH A A 9 20 R4 i) 7K A i ) AR
SR NP v K R A A A ) R H £ A2 BT Y R
o EEX R TR A Fh IS Gu ok A, 03 A nd
652 J7 AR AR TR A (L H: AR vy, M A KRR ASE iy
FH 5 A YME 2 R AE B AE 25 N R )R Y B B
3 3 O NG BN R PR 2R A KRR A DA
IREF R e 2 B g o 2 B AT &5
AR RIIEREZ —, ENANEAN ] (B A ) KA
s PR WSCRR R SR AR T R A5, e IS [R] K
TR o 2 TR X B A IR SRR R B 22 57T

IKFEAR R B JE K (A% ) PR ZR e s T
AL, AT B K A PRS0 5l S R s
HRETE BT FI T O, a2k 2 AR, 3 S0 40 1 i A2 AR
BRI ST Z A, Forp ) — 3R 4 25 8 BIAR B 1 1
o, REITIE B A (ROL) |, AS[R] (R 7K A i i ] 1) 15 4%
FAERHENER D BYR R B A 5H
XiF 4 T AR PR AR B2 5T KR By

TR SRR ARG 1998 S B8 ) B LE , 7K 48 R JE AL
(AL N He A WU AR R i # k)
PSR BROK R A9 8 SRE s Le T R, s
S MK AEB ARE T, A SR e A AR A SR A K R
AR SCHABERE CNT 87059-3 K 75 31 o A1 2 PG i A 45 3
FhKAG , FF AN [R] 315 S8 RE 1 /K ARG R %) s 2 A AR
FRHESEATRIFGY , LI I BE A IR 52 (0 7K R it ol %
B35 A FH 7 AR 0 e 55 T B XU

1 #R57EE

1.1 SEEp R

AT R KR S A 3 Al CNT 87059- 3
Ck A EKREOFFERT) | B A R L v R Ok
A AKFERFGE ) 31X 3 FUKFE B REE T 22 548
KU ERVHIHT 3 FloKRES A S B,
1.2 JREIRE

FEME R ] Hoagland & FR IR AE N Tl % N i#E 471G
¥, EREKRERN T 20% 89 H,0,321 20 20805
FHEBFKBEG, SR #F T A K v v ik
JE 4R 2 Hoagland R FLIE 57 15 d, 5540
B A 10—20 em fmBFEE R /N —B0W 2 i : 47 &
fifl Hoagland 5 R IRALBE , 1) Na,HAsO, - 7TH,0 Y
FERAMAZEE I (H 0.1 moL/L NaOH F10.1 mol/
L HCL 5 pH {2 5.8) MU &8 37 U rh gk
JEN0,2,4,8 mg/L, REFPARIR 2/ DM 3 IKE K,

IREREFRAEE N 1K 25°C W | 20°C , AT
B 70%—75% , 618 14 b SEREER A 3000 Ix, H 7
WAR R RS LLE S 12 h, I TR ZE R 23 53
BRI D | B R L 2R IR K AT A | R4 K
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Table 1 The characteristics of three different rice genotypes!'®!

A A Fp Al e Hb FLBEE B % ROL
Genotypes Subspecies Types Origin Porosity/ % /(pmolO, « B~ + d7h)
CNT 87059-3 bl K AE eS| 18.88+1.5 7.0+0.05
FEFM Y Yuxiangyouzhan GillkE K AE CHE 28.21+3.8 17.5+3.1
L PG Bli i TAPAR9 R A i) 19.07£5.0 14.7+0.6
1 WEFRH 36 ¢
K537 30 d JaWOoRAEY) . WOR ROAR AR S e TR 2t %{%?3
Bl A SR K Mk 10 min, PR 28 FK vk 3 W, H g B + [ BPREFAIAPARY
WK AR TR FR T 1 K 5 KK R LR 3 o 1 e
A FBIRRSY . SERBRRALIN K R, PR 520
14 30 min (BRI THE 105°C ), RJF1E7SCIREET z
Mt 48 h R HE, W BE T 5 A AE P R 25 B 4 1 BT ®
i, FHAP LAY R BT 60 H i85 %
1.3 FHPIE PR L E : %

MR Ye S5 (AR SCHR I , A B 58 Hh /K e ff

PEFEEOTHE AT
. i Ak B A K R AR K
SIS = vt vees K LR

1.4 YRS SHT

PRECHE T AP FE 5 (29 0.1 ), SR IL I 1L
(10 mL #& HNO,,120°C ) 47 Fib 3, FH HL S8 5 55
BRI ( Elan9000; PerkinElmer, 3¢ ) &l &
T ARG A 7K R AR LA B b L3583 10 S i 5 1 207
1.5 Hdlniab e

SR K Microsoft Excel 2007 #1 SPSS13.0
30T o

2 ERES

2.1 A[ERBERE SRR S R 0 i

3 Tl A it o 4 AR R A R i e A2 39 82 199 1
AR (1) AN TR KRR it B ) AR A A 7 B 3 1
5 (P<0.05) , A B, PG Rl RS A9 AR R A
K, Al'3k 28.58 ¢m, CNT 87059-3 X, N 14.75 cm,
FAFM G /MR 13.37 em, MALEE 30 d 5,3 A
PR 7K R AR A BE A AN R AR BE 08/ . 7E 2 mg/L
FYRALFRAAE T, EL PG BERE AR R BE R 4.95 em,
CNT 87059- 3 1 £ 7 ¥ 5 M #2443 51 k8. 07,
9.45 cm,

Wi 2 i Ak B 1) A0k 5 T v B G R AR K
WA, AR TR R 8 me/L B, K FEAR

x 100%

b Bk g

As concentrations in solutions/(mg/L)

E1 AEAEAKEEREREMLETHRKIT
Fig.1 Root growth of three different genotypes of rice under

different arsenic treatments

Z KN 1.33 em, 1] CNT 87059-3 Fl £ 7l 5 AU M
K53 514 0.65 em 0.73 em,, FEAPALEEA N O FF
B E 8 mg/L AR VG i R AR 2R K R U )N
JFE R R, T B AT AR R K AR AR TR/

AR ) o A e B2 AR B, 5 T o A R 1
B, YA BRI R 2 mg/L i, R 45 HoaT
15 0.7065 , T AH [) &b 3T B 9 i e ) s 4 i B0 A1
HA 0.1732,CNT 87059-3 Wk 0.5475( % 2) , i
it b FEE VA B 3 n , 3 o K A it P e i 1 R A
BT R B, Ytk B ik 3] 8 mg/L I, 7 i1 o5 10 i 1
F& % M 0. 05483, CNT 87059- 3 Ay iif M 45 3
0. 04409 , E PG RS U 2 0.0466, LA Fifi 25 il vk B2 184
i, 3 oK R A BRI M B8 T B H A

F2 FEKESMERERK A TR S

Table 2 Arsenic tolerance index of three rice genotypes exposed to

different arsenic concentrations

R AL IR As treatments/ ( mg/L)
Genotypes 2 4 8
CNT 87059-3 0.5475 0.3458 0.0441
FEAFMH 5 Yuxiangyouzhan 0.7065 0.4019 0.0548
UL PR A IAPAR9 0.1732 0.0653 0.0467
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FE 3 FhAS R A e B2 b T 0 4 4 0 L L& A i
b7 K, 33X 1t B K ARG A i i T i 5 /K R o A AR
SPERA K,
2.2 AR[ENBERE SR S i L

fifi b 38 30 d J5, 3 PR R b AR A AR R R L
R AR (R 3) o NI A A BV FE H K R A
Y W& (P<0.05) , A [a] 7K e b b i 2 ) £
WARTE B ENELE F (P<0.05) o 7EX IR 4 A% (ATt
fifl) T, CNT 87059-3 [t I &8 7 AR 5 2L 4 i e
e, VARG Z , BRI o B/, Bl T A BV
BFEE 3 FUKF A A 2 NS, M4
KA i R 8 mg/L B, 6 7 il o A 3t R 38 4 A=
Wy s, } 0.022 mg/kg , N HRREAG 48.84% ; CNT

87059-3 i T # A= Wit ek, o 0.014 mg/kg, B
iR T 73.08% ; [ VG fili 75 W) /2 0.015 mg/kg, & ik
70.00% , AEY) 0 H 353 Az se o B R, 32
MR KA CNT 87059-3 , HiHl [ 35850 A= 4y = Biti i
Ab PR A B 1G0T S 2 e 2D M e A Mk R T
4 mg/ LI, H M B350 A= ) i AR 98.64% , Tl £ A&
TRV B RE Y A i ) R IR 46. 089% il
56.36%

FERIAL AR T, 3 AN KR b A A= 1 it a2 E 451
FKANF - 715 <L PG i i <CNT 87059-3, %
W32 SRR i A KR Sl R (il o ) e A PR A
5, B BE TS B K AR L AP (CNT 87059-3) fif 1 T
PERL2E

R3 FRKERMERARMRELETHENE

Table 3 Shoot and root biomass of three rice genotypes exposed to different arsenic concentrations for 30 days

HITF B4 v Hu B3R v
s e e
0 0.052+0.007 0.043£0.005 0.050+0.009 0.110£0.014 0.102+0.015 0.110£0.020
2 0.033+0.003 0.031£0.007 0.016+0.001 0.061+0.008 0.075+0.014 0.040+0.005
4 0.029+0.060 0.026+0.003 0.020£0.007 0.002£0.007 0.055+0.004 0.048+0.019
8 0.014+0.001 0.022+0.004 0.015+0.001 0.001:£0.003 0.014+0.001 0.043+0.003
J5 22453 HT Analysis of variance
KFEEF (G) P<0.05 P<0.001
AL B (A) P<0.001 P<0.01
GXA P<0.05 P<0.001

RPBUE NI = bR 22 (n=3)

2.3 ANFBERES KRGS S

HH 3R 2 FIZ 3 AT, 1B S0 RE 7 B0 1Y K R i b
XTI R . T 2 AriB A RE ) S
WS O 22, 456 KRR R (RS RIS ) 2878 e B
B PG RS LA K CNT 87059-3 -4 & i 8 K A 47
RN AR A R, S5 R (3R 4) £, K
R b 5 43 R M1 3 A3 e A AN [ e e B A 3R
P M 25 5 (P<0.001) , ] Fl i i JBE b 3R R
(] AR i ) 1T BB A A AR TR 2 R
(P<0.01) AEAN[R] 7K A it b A [R) it v B35 Ah 38R 1
b A B 22 S (P>0.05) TR
THEIATE 8 mg/L I B RE SRR CNT 87059-
3 B R AR AT K 660 me/kg, BE R TB A
fE I BER A L PY G RE Y 336 me/ke.

3 iig

M ST K B, B b B R0 T OK RS B AR
2—8 mg/L ift e JBE Kb B K A (R AR K R AR 4 A 4o
WA AR L B AR (P<0.05) o [RIREAY PR 4 78 HoAb AT
FEd A R, 11 0.8 me/L ffALFEY FI 1—8 me/L
Ff AR G S IR T KR B AR R R R R R
IRTT, KRR EE 461 BF 9T 7 A oxd 7K R i B 4 i A K|
SO, R PRIV BE (0—4 me/L) FA A X Atk 5 5
FARTRA Wy T 2 50 (P>0.05) , HAK R & 1
(0.5 mg/L) i ifF T b3 5 MRS A AR K, 53X 1T e 5 i
Aab P B AR R SRR OE

XiF R — i P KRR, R [ 28 B i R 2R 2
SRR, R DR AR R AR T ok, H— M DIAR > 25>
> HPRL (OREK ) O s 12 XA 2 2 U
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Table 4 Arsenic concentrations of shoots and roots of three rice genotypes exposed to different arsenic concentrations for 30 days

Hu ARSI/ (mg/kg)

As concentrations in roots

A A BRI 5/ (mg/ L)

Hb b E (mg/kg)

As concentrations in shoots

As treatments

CNT 87059-3 L PR TAPAR9 CNT 87059-3 L PG Bl A IAPAR9
0 1.84+1.39 3.7520.55 0.36+0.17 0.32+0.17
2 279+43.0 88.4224.4 3.38+1.65 2.4320.67
4 229+57.9 218+34.3 7.16+2.83 7.70+2.26
8 660233 336135 18.1+8.85 23.8+7.17
J7 45381 Analysis of variance
KM (G) P<0.01 NS
hAbEL (A) P<0.001 P<0.001
GXA P<0.05 NS

FPEUE I £ AT (n=3); NS REE R BEMRBE P=0.05 KF

FER PR b 5B 53 (0 e B 3R S i e o v e S22 1Y
T G R 52 18 3, K RS AR AR A A AR Ol
156.31—504.03 mg/kg, i G Al & & A 63. 40%—
81.90% , Lty T H L B A R i, XS54
BIFFEAKRE M T 350 0 e B SR 4 (88.4—660 mg/kg) 1
T F(3.43—23.8 mg/kg) LS A,
B M i 2 2R R AR 52 NS
XN [) (BRI AL ) 7K R it e it AT R R A 50 A B
BVl A A T () — A5 G S E T A [) KRS o e ) i
WS B B 2 5 AW R = Fh
ANTR)E SARE T KRS il b ¥ o0 % G AR R AT
EVEZESE(P<0.01) , HB S RE 1 805 1K A fh BT
i W ISR AR, 2 Y T e Y00 7K S 92 AU RE ) oK
i e Y K e o AR AR A K I AR R i

D MR X0 T /K B A5 1 335 7 -5 R R )l U RE )
AT IR N R IE i R G —— LU
R R SR i R H Y XA B 8 — 7 T 4R AR P
B O — TR S R R AR BRI
BRM AL SFAE K R AR, 3 BUR
Pr A e I B A2 AL, S EUR PR R oT
FAUTRE 5 0 4 E 3R i R A R
Liu 251 % 90 3 Fp 20 W A8 9 (Aegiceras corniculatum ,
Avicennia marina Fl Bruguiera gymnorrhiza) ) 43 J&
i P 5 H 08 SRR ) #7410 35 IE AR DG M. Deng %5
W2 AE 10 Fh i Ho A5 4 1935 A B 5 X Fe/Zn 1Y
Mif bk B ARG, Wu Fl Mei 2607 BFSE T 2 Ri0K RS
ar A, R B H b ER 3 i AR R 5 A R AR OC
B Z TR TR AR ih e B — SR SR 2R AR, AR F
FER IS A RE ) R B K R LB AU RE T 55 YUK

RS ot oA A v PO RS A 0, L TS S 0 X e AR R
WK, 2t — PR T 8 A -5 1Y) 5 4 e i 4 A1
Kbk,

B Sad ] LA i MR AR BRIBAE M A SR A R
SRR TR AL ATRE S TR A (2
FEIKAE ) AR FR B E 7 A2 LA SR PR Wi i 3 35
FEARPRIAGE Y Fe® A AL Fe™ | I mZL AR
A S0 S B RS 7 AR 2R IR B - B )
THT , KX L B A B IR 2 S R R
KA AR 2 AR PR R IR I8 B0 B A B A I3
P22 5, R AT LA S k) 7K R 4 e R SR R R
AR IBIE S MR N R AR L AR &
B R pH {H . CO, | e E 1k L K+ 3 Y
Fe Mn Al &8 LK — RIVHUEYE o) %5 R AR B A
BN S 4 1 RO 1 1 e T 0 AR A R
B S AR B R A F) 52 ) £ S AT T R PR R
JRFE AR

4 ZHit

(D) AFBERE S (B &G >E RS> CNT
87059-3) WY 7K F5 i B (¥ i 14 48 BUAS (7], 18 46U E )
S8 A R I AR A (2 mg/ L AL ) B,
3 0.71;CNT 87059-3 J3 0.55, EL PG FE A4 0.17, Bl
T Ab B B 0 T L 3 ROKRE S R R TR R A
FF R

(2) Fp4b 3 30 d J5 , A [EKAS A AR Y i A7 A
3522 5 (P<0.05) , {HB SURE 1 & /K A i b 12
SECRE T 5 A1 1 o o it e Ak R e B 045 o A g e ) ARG
B B A A B R R 0, 3 KRS R A B
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