5508 B8 T B H A 2 # Vol.28,No.7
2008 £ 7 H ACTA ECOLOGICA SINICA Jul. ,2008

ARKEmBARSDE X (As) BRI K 5
A EF A AR

(L. RIR%EIFFERES TEER, M 510275; 2. BRI SREEE, IR 252059;3. Pl EmPlEs, M 510275)

WE AR EFEEEKRBERVREAIR IR T As MARKRBER RBEERKNZHUR As TEEAENNH B R %E8E
o GRERH, ARVER (0 ~4.0mg/L) iy As WK RE R RBBTYRHEBELBER W (P >0.05) , B ERBHH -
T YRR BREER T As IRERIINZ BN ESE, BEFIERN As(0.5mg/L)EHFFE MBI ER . K AR As R EKE
R A IWEN AR BAYERINES . KBRRMN As EABERMRI S BEEE . KRBHRET As HHRE N 156.31 ~
504. 03mg/kg, i B As B 63.40 ~81.90% , #Lim® THM EF As W REE., ML THERIMSR BRVEYERRR,
T PR BB, AR AR Bt B &R As R RERK, B EESFETE As SR+,

KRR (As) ; Je3CHE ; B IR IR AR

STEHS 11000-0933(2008)07-3228-08 FHE4IKE Q143 STHKIFIRAG:A

Arsenic tolerance, uptake and translocation by seedlings of three rice cultivars
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Abstract; In agar nutrient solutions as simulating the anaerobic conditions, effect of arsenic { As) on the growth and As
uptake by hybrid, conventional and glutinous rice cultivars were studied. It showed that the root dry weights of three rice
cultivars insignificant effect when treated by different As concentrations. The shoot dry weights of hybrid and glutinous
decreased with the increasing As concentrations , while low concentrations of As (0.5 mg L™") could enhance the growth of
conventional rice. Generally, As concentrations in root and shoot increased as the increasing As concentrations of treatment
solutions. The root system had a strong ability to uptake and accumulate As. The root As concentrations ranged from 156 to
504 mg kg ™', representing 63.40% ~81.90% of total As concentrations in rice, which were much higher than shoot As
concentrations. The fact that the glutinous rice had higher biomasses, higher tolerance, lower As concentrations in its root

and shoot than the other two rice cultivars proved the glutinous more applicable to As polluted soils.
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R EFEHT SN RERAE X, KEERRENRYRE" . KBHERREAE— XL
ZRENHRE . BT ARES, KB (As) S THEFY . B, R A 24 E R T
TAZE As FRBEEY , ARESRLEF R, 1% As SELRELTE, S0E, 7 KHEREL
b As F R 344, 1lmg/ kg STITB TG e TP As § 8 1 ~40mg/kg™ , KREFIAATE As 1532 T3
L As ISYUKIRIEEG , KB H As 2T R B[R RASRPRES ", 2 As BRESBEATIERE
STENRNER, B As BLETHE-FH- MK WEUERBAEALEBRE,

ARG RKBHPIR EEE D THRHAZ S eSS FEE " . RREKR AR
B EIR F W SR AT SRR SRR AR . REATIRRUARAR R (ZE
) %t As BT STRERBEARR Y, WA FARS GRS As BRI 55 RIR B AR HA L
Mo AICEF RALEH X As FSYEBONTE KRS, A R R EETH X B0 H W 24358 B LR AR
3AKREM AR, B BAR AE B AUK RS R SR IR, > B KR K R SEFREF g NTBF SR
[FIKRS R AN As Tk BB AR B, 3 IR B BTk AS & R (R R I B R BB KR
1 #RmE%

1.1 seikbk

KRN X LR . AIE I 2 3SR M R - 0O 998 AT FL A 2168 5 W54~ H HUAE 5 b -
EEHMEL G FERES R CW METR.

1.2 SHHF

(1) ¥ KRBT 30% H,0,32 0 15min, FHEB TR kG B 5 BBNBTRA 5T 21d,

(2)FBARIF As W B 0. 1% B BENE 7 W ( Hogland % %) "', KEILZE (mmol/L) A #E: NH,NO,,
5.0; K,S0,, 2.0; CaCl,, 4.0; MgSO,-7H,0, 1.5; KH,PO,, 1.3, #EITE (pmol/L) 43#5:Fe( I )-EDTA,
50; H,BO,, 10; ZnSO,+7H,0, 1.0; CuSO, -5H,0, 1.0; MnSO, -5H,0, 5.0; Na,MoO,2H,0, 0.5; CoSO,-7H,0,
0.25, ¥ KEILE CFEHE MgS0,7H,0 55 KH,PO, ) VAW I AZRAEH , ¥ BEH 0. 1% , & ¥ 1h, KB FH#E S
PEPEES AN WRE R,/ 2 = IR AT FINA MgS0,-7H,0.KH,PO, 5T & 50 E , 34 0. 1M fy KOH 5 HC1 K¢ H pH
5.5, LB R RIS IIA Na,HAsO,-7TH, O, B As ¥ (LL4E As 1) B5E % 0.5,1.0,2.0,4.0
mg/L BBRIRYEM, A3C LA As0.5,As1.0,A82. 0, As4. 0 FOREWREE , FFR B AN As B%HIE (CK) , DA AsO FoR,
KRBT BB RE T PVC £ ( 4 10cm, 5 13cm) #1, 4% 500ml,

(3) BB K —B L EP R KRB S 1, 8 R T A M B IR B 2 W (B SN O A E IR HAR
R),BHE K, SMMHINER; B 7d Bk | WEFK,S FBBER, WE KB R RERIES R HE
g KPR Y R S BT 65 CHR T ZEE, F#r.

1.3 8k e

1.3.1 AKIERENE
TEKTBAE B LR 2 5N 282K BERKBHNKE  ITREREKE,
FRERI R EIETE,

1.3.2 As GEHIE

Bt T B RRE R BTRE , R B S A EALE H , A Sml YRRSER GBS 4L , B s R B F+ 2 80°C 1l
1h,$RJG7E 120 ~ 130°C {H % 24h; A G B 4K E 5 R B IR FHOEEE T (AFS-820, b FRINEA IR
AT MEHBAER As KIRE . W THTHREEESR, NN ES AMREY R GBW(0763) (35"
YIRS o
1.4 HdRaba

(1) TitEF8% (tolerance index, TI)

TI WK FEXT As BITHERERE . FIID As SRR FAHE P ABERKBRYEK E 53 B HKBRKRKE
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KERHERR"

77 = growth in solution + As
" growth in solution — As

(2) ¥:%% & B (translocation factor, TF)
TF kR B3 As BB SR As R, 3R As H/KRER AR S E2M 808 H 7,

(3)SAU
IKFEHREXT As BT UK BE S , i specific arsenic uptake( SAU) FR" .
SAU = Cm‘“‘As X ROOtbiﬂmﬂSs + Cshoot—As X ShOOtbiumass
ROOtbiumnss

A, CREAMET As F &,
SERHIER FH SASS. 0 J Excel AFHATSIT 38T o

2 BREHH

2.1 R As VEEERARRAT B K RO

211 B KRR R L W I
FrEAIHTERE, A As Y BEAL TR 25 e Comenion

W TEEFARE(P>0.05) Bk Asl. 0 ALFH A 238 0,006 |- . a

FHRAT 0 0. 036 Sh AN 0.04 ~0.05 i 2200 g 5 o3 g N2y

M. T A kg FRESTEZRFBE 200 | M| &1 | ¥

(P>0.05), =M &KFE M ABMAEWRBIFEH A = § 0002 §§ \ \ §§ §§

wmseEAne(E D BoaTeaFemme 0 (N M\

S IR VT RAEUNITE, 75 As 0 ~4.0 AT 23T L R NAS (i)

mi&i%ﬁ:‘:ﬁi@% 3 /l\ FIIZI!I ?\ EP %/‘l\ E(Jo E ASO \2. 0 N As concentrations in agar nutrient solutions
4 0 ALHFRRAREYIE LT EI B, HE As WEH B1 KA As WERRERERAGHTERRAREHZARTL
0, 23R T BB M (P >0.05) 0 B gy
TE As0.5 b3 AsO AbFEIBTIE NN, Z J5FE As VEBERY  Fig. 1 Root biomass of rice cultivars growing in solutions with
FHETIB NP <0.05) , WERSRUH 1 25T As V¥ difoent As concontrations
HIFHEET B2 (P <0.05) (B 2) . Bl REL IR SE; FRAPELZBLRER, FRARE
2.1.2 Klﬁjlﬁzgﬂiﬁﬁf As E‘Jﬂﬁ‘ﬁﬂ)ﬁ FRERBF,P<0.05); F[E Error bars mean standard errors;
Different letters in the same group indicate significant difference at P <

WE As ¥ BE HOIE I , B WL 5500 A5 B0 T (R T e
T840 TI 32 ) YIBE As BRI I EAR BZ WD (P <
0.01), Z3ZREHY TI{ETE As0.5 ~2. 0 AbFEIIEE As ¥R TR MR/ , A TTE Asd. O ALFHRTLE As2. 0 ALFR MY
H¥n(P<0.05), 7& As0.5 ~2. 0 AbF PR TT BER/ THEW MR, K/DNRFH N R > BHE
> Z3ET o TE Asd. 0 R AR TIHEF O : 253008 > 1618 > HAAE (B 3) .
2.2 REWE As KR M RIEN R ER
2.2.1  As 7K RS IRER Kot B AR AR 2R

76 As0.5 ~2.0 AbH , As ZER MM TR RRBN BEB THEW MM R 7E A4, 0 LHEFHRREIMR
B As SRES, ACBNRMK, X5 HABRE As MR REYFERFFER D As ¥R E K T2 88 0
(P<0.01), fRHETE As0.5 ~2.0 =AMEHPRER As FEKNTUMUFIFANE, 7 A4 0 DA ZHEE
(P<0.01) (B 4), 78 As0.5 F1 1.0 4bFrp 31 B As S EMHEF I HAACHE > B MR > B8 7 A2.0 /1
4.0 AbEPHERE 4 A8  FHLRS > 23CHE > RAE, 23T > R > A, 3 KT R LA As SR YRE
BFRERT As WENFA BB BZENRM(P <0.01) (B 5), BEER, ZHEIHREIRSH LI As R ERK
R A

0.05 according to the Duncan’s multiple range tests; the same below
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0.025 - #4321 Hybrid 251 Z25H5 Hybrid
’ a a B #HHG Conventional a @ B Conventional
0.020 | { O #&ff Glutinous 20 O #&#5 Glutinous
e Ci aa . ab a, . 5
§§ 0.015 a a:l: ﬁg]j— b a a
ey L el b b
S =1
52 oo0t 25,0 b "
Q o L.
Bz < ¢ b a
&
“0.005 b
0.5
0 i
0 0.5 1.0 2.0 0 . . ‘
0.5 1.0 2.0 4.0

DG B FF B P ASIRE (mg/L)

As concentrations in agar nutrient solutions

DG B FF B P ASIRE (mg/L)

As concentrations in agar nutrient solutions

B2 AR As IERIREFER AT HEAKB LR ERE B3 A As R EBUL R R R &M T RRARED R W6

e ¥
Fig. 2 Shoot biomass of rice cultivars growing in solutions with Fig.3 Tolerance indexes of rice cultivars growing in solutions with
different As concentrations different As concentrations

700.00

e 25F5 Hybrid
600.00 |- B HHAG Conventional

90.00 - 1 g0 etg e
NP Hybrid
O #:#5 Glutinous N Z438%8 Hybri

80.00 |- HHLAG Conventional

= -
B2 50000 - 25 :
22 % 7000 - O ¥ES Glutinous £}
2y E £ 60.00 7
= £ 40000 w5 <
gﬂ £ a I .S 50.00
T E 300.00 |- b G E 000
%5 b 2 %
b c £ 2 3000
B S 20000 |- =5
: o o 2000
i z
100.00 10.00
0 I ! ! I 0 0.5 1.0 2.0 40
0.5 1.0 20 ' - - -

BUREFRREFT P I AsHE (mg/L)

As concentrations in agar nutrient solutions

iR FR BB A ASTR B (mg/L)
As concentrations in agar nutrient solutions

B4 F As Wk B IE F 5 & 0 T R KBS 5 BARER As 5 KR As WREFIREFEREET ERARER R L As
&g a8

Fig.4 As concentrations in root of rice cultivars growing in solutions Fig.5 As concentrations in shoot of rice cultivars growing in solutions

with different As concentrations with different As concentrations

2.2.2 HHEKRERAXT As KIRIKEE S

Kl 6 RHATE As0.5 5 1.0 4b# A, XM H) SAU EHI BE R T HABIRHNE, ¥ABSHREERAR
Fo TE As2.0 0B FHAEH) SAU HE K, SAXWEFARE, " HEBERTHMB. 16 Asd. 0 L3P 4R
BMEBERTHAXBEFAME. MEFERT As WERTHR, Ak & R 8 SAU EHHRBERK(P <
0.01),
2.3 As HEHE/KREARAR 1 3 bR

KRR R (M) As YR RS 23 EIARE ) (EBRETF 22) , AR As WEALHL,3 4K
R & TF BR/NVEHE LT AR . FE As WIERIIEIN,3 KRB M AR TF A BE-BARHER, /%
RETE As0.5,1.0 f12.0 =A4bEF TF HAEWA KR, BR(E(As2. 0 403 {U LB /ME(Asl. 0 403 % 0. 022,
£ As4. 0 it TF BEIAR(P <0.01) o HHREE TF 7EAF As WA BN ZRARE (P >0.05), FHMEE TF
WE As W B FHR T2 /(P <0.01) (B 7)),
2.4 EYE, BRI A FE, M LMW As T8, T, TF, SAU BRREIT

B2 1 JAVKAERA T E S50 B TRIEMCHEE , WARSEYEOHEN T EMAEYEHHRER
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BRREESEVE A T BT E SRE MM 3 As FEHERBFAMRKCR, R T REAH_EI As
B RBCTEYE T B, KBRERE TWHEM. R As TE25M M As TR TF HERD
FIEMRKR, Ui As R RRUE rd BB HES RA G, RAN As RERBBR/NE TF R/pRIBR
ERT, B FHPGE T H B As (AR RE . ALEUKME TF 5 SAU 53 EREYEHEAMRXKR, FHK

BLT As XAV HME T HTYWREHER,

1200.00 A2 HG Hybrid

%‘j £ 1000.00 - @ % MFS Conventional a
é‘g. 80000 |- O ¥=F Glutinous

R g a b b
$£ 5 60000 a a

<3 b FT7 b N
2o 40000 ap b b N7

=g

W o

m wn

%
200.00 WV §

0

0.5 1.0 2.0 4.0
BRE R IR R T Y ASIRIE (mg/L)

As concentrations in agar nutrient solutions

El6 A As WETIREFERRMAE T HAKBRRRAEI As
LT ]

Fig.6 Specific arsenic uptake of rice cultivars growing in solutions

030 - [ A2 Hybrid
5 0251 5] 'ﬁ%"#}'ﬁ%’ C(?nventional . a
g 020 I m= o Glutmo;s b
:@%E - b NE
#¥2 om0 b I g
o
= 005 /
: . N
0.5 1.0 20 40

BUREFREFT P I ASHE (mg/L)

As concentrations in agar nutrient solutions
B7 AR AsEERREREZRTEGTHREAABLROED
E3 /4

Fig.7 Translocation factor of rice cultivars growing in solutions with

different As concentrations

with different As concentrations

F1 #HEAKBRHEYE, RBS5H LB As EBR 71, TF, SAU WHRREHEX R (n=30)
Table 1 Person product-moment correlation matrix for biomass, As concentrations in root and shoot, and 71, TF, SAU of rice varieties (n =

30)

S o WERTE  BHAAGE AEWAAR  WENK  BBRK RRGKA
Shoot DW Root-As Shoot-As TI TF gk F1 SAU
REPTE Root DW 0.415* -0.014 -0.068 0.232 -0.008 -0.145
b FTH Shoot DW - -0.6397F -0.603** -0.032 -0.445% -0.688**
HREP As &7 & Root-As - 0.827°** 0.238 0.532°** 0.963 **
b E B As A& Shoot-As - 0.036 0.774 %% 0.868 **
it % TI - 0.318 0.194
RBRE TR - 0.641°°

#* 7£0.05 AKE EARRMEBE; + «7£0.01 KFLAXHEREZE correlation is significant at the 0. 05 levels; * * correlation is significant at the
0.01 levels

3 itig
3.1 As XKFEAE KK

BHRARR R BRI E YR ED As WEAEFAARBE, R BEIRE(Asl.0 ~4. 0mg/L) B, As X3
FEFYRGRERE T —EWMEERE ESRRBE, MRRERN As IR —E XK S, R A B
TR R KRG R (W RP) R K . SRR B HASTE As0. 5 2R P I s it i 13069 T3t AsO BN,
X335 B 20mol/L ) As( V) Fld As( 1) \As( V) & 10M (B 53, Xt 6 FhA [ 5 B B KRB (6 i)
AT 2 MR, BTSRRI KRS RS 5 ARSI A MR, FHS KRS BB A
KRBHED B R MT0Z RN A ST REKHRE TG, e T LR EFEK, X548
LB —EMMZ AL, AL BB 5 XSO ZE 0 1 5 LI 4 S, U0 Abedin 57 As B
% 0.2 ~8.0mg/L f] Na, HAsO,-7H, O VMR UMK RS, 445 PR WE As YREEFHES, AR EG 5 B 2 B4 44, 1 25 -
B IR BB Toutsumi ¥ As[ V 1A L3 BSR4+ As S BETF 125mg/kg B, K
RAERKKEEAS BEWM, B2 As &8 N 312.5 mg/kg Wt BB BN T 63% ., FEHIRE As IR

hitp : //www. ecologica. cn
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—ENHYIE A E, X T AR S As ABRBLESMA X, BT As SBERFKRITE™ , As BB R/ T LU
RS S BRI, AT ARBEA L 55— T As MM T LR FESN G A EE YIRS,
T HA G, AR TR AR ™ B As kRN A= AR EER,

TRV FE As 3 HRE T YRR BR BE/E R A AR, 8 As IERET,3 MKBEHREA
HIAEKHZ RN B EWH . RREXT As BTHE (T &R, X & S, EHRBEY. WERSEVERREER
— B HERE > HHAE > 0. HHIRAREKMNESH S TYRNHEXRET ., REAZHAAE™ B,
BN U0 R  (BA S R B ZACHEXT As I e B R ARAE S, HAB KA K 2 As WP HIFE AR
HEWIMRAREBE,

3.2 KX As AR B itk

KRR RN S R As WA B EREIEAER T As IREN TR B L2, AL
As YR AL FRET UM R B BRAR , X VT BB E B AR As VR AL HRAT , As MARFR p 3b L EREO R REL TF A
[FATE. BIARERFNH 3F As R BER T 535 As ¥k B B VAR50, KSR & 1 L3R5 02 As 1968
F1(TF) WS T AT ZREEH,

SRFEN KB EH SR As WHERERBEIEMHRRLR, HRRHK0.827(F1) . AR, #hlk
i AR As TR B (156.31 ~504.03mg/kg, KRG B As H R 63.40% ~81.90% ) ,iLim i T Hi b
B As IR B (10.52 ~73. 14mg/kg, 5KRE.E As 5B 18.10% ~36.60% ), £ /KFEHARK TF EHB /)
(0.043 ~0.275) , X REH TREAFES As &K HUTR TR b, AR MM B3, Hit, RE
BRI As BARIRKRIK SR ERR S B RECRK As BHEEM EHY. XS RS,
HREF As B 7E 447 ~ 1010 mg/kg L EPY, ML H As & 87F 21.3 ~42. 0mg/kg FEEI, 1R As S BRINE
R As FRBBEN 1052, BTSSR KNS L. e As BKERKRBR, 2
MK RERERE £ As 5 & (163.96mg/kg) thifi EF AR L, BRI As FEHSHM As FE B
1 96. 5% .

As TEAKTERAREH—RMAE IR R > 2 > 85 > a4, CAMRRVREKBMIETZER As
BRI HRERAR X As W EHR, #ilin Abedin U5 BT R As VERIEE F 8mg/L B IR ER
As F B4 107. Smg/kg, AR As FEALN 0. 15 ~ 0. 22mg/kg, IR W KA W& AR 1.0
mg/kg"® , ALEXTE" [+ AN A Na,HAsO4 -7H, 0, As AFHIRIE N O ~ 200mg/kg X /K REJEAT + 4858
B, GRRPREK As FEFELIED As WREFE G0, (B30 18 ER /N, &Ry 0. 4mg/kg, K it H it
REM R DAEREO. Tmg/kg, AIRMEIAN, XY As SLMHEMGEEE B AFERE, =2&0UK 10% £4;
FEHUNF As IS RE B E B, T e V5 A8 HAEBLA B ad, As 15 e LM A KB =8 w3
",

BN, SHEREWH I, KT As BRI SR BRAHMEE, BEFENERE memiBt b
A 10 ~500mg/kg( Lk As i) 9 Na,HAsO,-7H,O 1 Na,AsO, , BT As XHKRE F/NE EHXK T TSI,
HRENE MW As FECEBHERE R AR, B/ As FEREHER &S TAERE, 7
ZE0EXF As R B EE BN, KREREN As WHEREEER THEJUEY , BHEFR S As 82
R/, BB 0. 55mg/kg, Williams 28 N M0 R 8L, 78 As BY =R MTAHLE , KRESR P As T BAE
0.18 ~0.31mg/kg FEE A , AR 23 As ZRRIEV PR AFEKE 1.0 mg/kg, THEFE, 5T, B8R, HTF
N, =% + 5, K5/, % M, 3EL BRI As B ESES51.93,1.59,1.17,1.06,0.98,0.89,0. 87,
0.79,0.69,0. 69mg/kg, BB 2 As B 5 PAE AR AR FIERZE 8838 0. 79 mg/kg, RLHKFH3E 0. 56mg/
kg, - FE3K 0. 39mg/ kg,

S LR, AR KREA As R B R FGERHE T IH S5 0 AR B A (1) 1RERXT As R BB 1854,
(2) As BB RZRBUS K E € TRE, RARDEgFEEh L0, SHMAREWHLL, 729 K As
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R EES KERREMEKEY . BTN, TR LM BT As )R RE/D, Ttk (71 EH
7)) BEGZ RS/ (TF {H/D) BIKRE M R (RF) o BIARSCERT S, EA R As WEIEFFEET P R
ERBEHEWAN AR, KA EE00, R A B3 As BRREE/D, B¥E RE(TF) XXt As B9
W RES) (SAU) 398U, BB, 7E As SRR I L3R RS L E WA 8 REOKRE EINE & 2EATHE) R,
HEXREB, REZZERAIUR JUEUR, B Far= etk (Bl THXT As RABERARECRRRES,
DL RUAT RERESRAE B As YR BIR BOR B R R A
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