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Comparative studies on strontium tolerance of four Avena sativa varieties
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Abstract: Strontium (Sr) is a common fission product of U-235 and Pu-239. Radioactive isotopes are toxic be-
cause they are heavy metals and also because of their radioactivity. The fate of radio nuclides in the environ-
ment is similar to that of stable elements therefore the behavior of stable Sr-88 in the environment should be re-
garded as a useful analogue for predicting the long-term fate of Sr-90. Phytoremediation is an emerging alterna-
tive technology which utilizes plants to remove metals from the environment. To investigate the ability of oats
to accumulate strontium four oat varieties (Bende, Baiyan No. 2, Baiyan No. 7 and Dingyou No. 6) were ex-
posed to five strontium levels (0, 25, 100, 500 and 1000 mg/kg). Plants were cultivated for 30 days. Stronti-
um accumulation and distribution in plants, growth, MDA content, as well as POD, SOD and CAT activity
were measured. The results showed that the root and shoot biomass of oat seedlings were increased early and

decreased later with increased strontium concentration. Strontium accumulation increased with increased stron-
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tium levels; ranked leaf™ root>>stem. Translocation decreased with increasing strontium concentration. The
high strontium treatments increased the MDA content and inhibited POD activity whereas SOD activity in-
creased. The root, stem and leaf of oats could accumulate strontium but most was accumulated in the leaf. All
four varieties were able to be classified as hyper accumulators of strontium. Low strontium concentration in-
creased the activities of antioxidant enzymes. Under high strontium concentrations SOD and CAT played an im-
portant role in scavenging active oxygen. Oats were able to accumulate and tolerate high concentrations of
strontium and could be used for phytoremediation of strontium polluted soils.

Key words: oat (Avena sativa); strontium; accumulation; antioxidant enzyme activity
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B F e S 1A B 58 MR R 5, S K HE R Sr Uk B B T R ARRUR IR IR L O R I A
5y WA Y R A A ) R T R AP 3 ek B AR . S iR B S A L DB T RS A AL Sy —Fh
SR SEE M IC R L AT UUBUEE & 55 00 B L 20 IR B 2248 6 AR I fa AR RS o B T I T R ) S PR A% R
b IS YR TE R Sr 5 Y B IB I A b E . UM EAZ R TS Y R B B — R AT A R R B
FUF B J7 3. Negri 25570 [ TAEWIE E° H .2 U 2 Pu " Cs F1% Sr {5 4% - 08500 L 45 R R w3 R
RE ) SRR G, AR VEY & 5% Sr ik BE R 22 2 ~4 %, T A FVE B 1 22 0 5k 31 27 519 AR B
YR ZEA LT RS D2 A EESE ;2O i mEa DA REEIGOAYERHRRAR. 1*
FEEC RGBT B A b A T AR AN b m AR MR Y L R, — SR AR S AR T AR AR W R R T
WYIMEE . KRG (Oryza sativa) . E K (Zea mays) FliE 5 (Sorghum bicolor) [ 35y fE 0% & S48 . AL O
(Amaranthus retroflexus) i I #8453 & 4% Sr B9k FEAR T B EEJT 38 (Brassica juncea) M58 M 3 & (Phaseolus acu-
tifolius) AR F RS A A )i 4 ot b3 2w A 9™ Sr ik & T EN IR SR e S 5
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PR R . 1 e PR R AL A - 28 0. 20 R GHBR AN R IH IS 75 20 min, FIZKRFH 10 min, L L BRFDF 3R K
EEEE T B, SRR IR O AK b T st AW TR E RS, R 3% HCL I 2 i
R ARG Kk R T CU 37 T4 H
1.2 M#ErrLR

I T 2016 4F 4 5 HE S5 H 28 HAEH M Z M ity A kg o i A7 . #% 20 ik, 1k, E G 7R L
SRR .10 d JEBAR S BHAR 10 em & 12 em MR GERE) A 1.5 kg(UL THEIDH ., BE 2+
o e E bR R 12tk M EANLIREP R EAKM N BERIRE N 25 C/18 T, A X &
(45/60+5) %0, SRR LR 150~170 pmol/(m® « s) 1 d G HRIFE] A 12 h,

A SrClL « 6H, O $#4E Sr** L drali, B 3 d 5 i S (¥ SrCL) .5 A HE K40 51 K :0.25,100,
500,1000 mg/kg fbHE .0 Jyxf B (CKD L BEREMEINA . BN AC B 6 YE & . 768 > S50 300 (] L 5% 3% 1) ) 5 5 Fx =
LU INZEAE K s DA TIE 0 B2 ) 7K S B
1.3 MEF/AFE 7%k
1.3.1 fEWAERKER RS FEF S 30 d SRR AU 6 bR, AE R T 28 TR K i vk PR 4RI T 5 #AR
25 O3 AN [F) B4 B A FEAS ARG TE 105 “C A4 T A4 30 min, 55 “C 40 T ML T ZAE 5 . F 43 B K1 Fr ECH:
THE . HBET AR AR 2R I3 R R AR E AR 2. 0 gL FE 250 C SRR K AL L SR )G TR BE 2 v in
% 500 C AL 2 h, JRALBYEE S 95 “C 44k F 7 HCl—HNO, —H, O, BIEA W1 1 h(l. 0 g MK AL EE 5t
i 6 mL f§ HCl—HNO, —H, O, fiE&Y AR R 11 1. KA ICP/AES Fl MS 1 J7 i I 5 58 5 2,
I 7 50 v B2 BE 2% M Ak 2 ) BRBIE 5 T

D #%38 Z % (translocation factor, fFR A TLE) M e %42 Z 50, BV 9 00 M 1 58 & SR vk B 5 AR IR 5 4 vk
EZ . fEEEMY P TLF % KT 180, fede & Y+, TLE %/ F 19,

TLF: Qshoot
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I s oo T oo 73 ) AL ) 1) L 130 0 55 AR AR SR e L
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1.3.2  PUAALEES MERUE B AL A g BOT SRR 7 sl HGHS B A 6 Bk . AT MDA & Al
YA MBS VLA I E o 15 B A K (VD AD 05 SR FH AR AR B LU 2 R (CTBAD % 8 AL 1 B AR Al (SOD) 3 1 0
E K AL A 2 DU s (NBT) ik 5 i S AL W it (POD) 3 40 72 R i 8 G A 8 32 5 i 801k S0l CCAT) 3 1 0 7 >R
PR AP IR 2
1.4 ZdEu

ARS8 oAy 6] TR 3R CH 2 ) W Ok BT A 2 80 DR 2 ) AT B IR R 7 28 70 Mo Ak B 22 o) Y 22 5 W 35 PR A
P<20. 05 HEA K- DU/ B 25 PR 22 5 (LSDY EAT HE o BT AT et o0 i 02 Fl SPSS #1fF (version 13. 03 SPSS In-
stitute Chicago, L. USA)RBEAT . 4 KR P BRI 6 DL MFIE.

2 HZREHH

2.1 ERBEIELHGEKG A
HHR 1 iR .4 A3 o A i A ) o Bt SR VR R 0 T v S S BN e B AR B 34 . JHE 3 1 b 35 0 AR 3 X
BRI N — B AR A W B A R P R R R 0 T S A S BRI A Ea  B s (E H BLAE 100 mg/ kg AbBE(P<<
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0.05),7E 500 mg/kg AL PRI T [ BR T ML 6 5 AR E Y TE 1000 mg/kg Ab B AR T X5 B (P<<0. 05) , HoAfl 3
A A AR AR W BETE 1000 mg/ ke A0 PRI S 1L (H 55 0 BEAH LU 22 S A8 .35 (P=>0. 05) . b b A= Wy i IRt + 38
PR T R ST R FEAR A . fE 100 mg/ kg AL BRI IR F fi 5 (P<<0. 05) . 7E 500 mg/kg A& B F
{5508 IR0 B 2 PR 22 57 (P=>0. 05) 4 AN f B9 3t B AR W74 A 1000 mg/kg 4b BRI 5 fIK, H 5 %0 BRAR e 25 57t (2%
(P<C0.05),

F1 EAEXNHRZHIEVENMRENENH N

Table 1 Effects of Sr treatment on shoot biomass and root biomass of oats mg/Fk Plant
H# fi U Sr concentrations

Factors Varieties 0 mg/kg 25 mg/kg 100 mg/kg 500 mg/kg 1000 mg/kg

MR AE ¥ it A f# Bende 21.34+1.2Ch 24.2+1.4Ba 24.8+1.5Aa 22,442, 2Ca 20.7+1.4Ca
Root biomass [17E 2 2 Baiyan No. 2 22.2+0. 8Ca 23.340. 9Ba 24.1+1.9Aa 22.840. 4Ca 20.6+1.0Ch
7 7 5 Baiyan No. 7 22.34+0.5Ca 23.6+1.4Ba 24.6+1.2Aa 22.6+1.1Ba 21.0%£0. 6Ca

E Mk 6 5 Dingyou No. 6 21.0+3.1BCb 22.7+1.3Bb 24.6+0.9Ab 19.94+1.1Cb 17.6+1.2Db

Mo 1A Z<{% Bende 82.6+3.1Ca 86.4+1.5Bb 97.6+2.5Aa 85.44+1.7BCa  71.2+1.2Da
Shoot biomass [ 2 5 Baiyan No. 2 77.8+1.1Cb 82.4-2.7Ba 94.2+1.5Aa 81.242.4BCb  68.0+2.8Db
47 7 %5 Baiyan No. 7 75.6+1.6Cb 80.8+1.5Bb 93.2+1.8Ab 81.0+2. 7BCa 69.4+1.4Da

SEf& 6 5 Dingyou No. 6 78.0+2.3Ca 81.641.9Bb 92.0+2.4Ab 82.4+1.3BCa 69.2+1.8Da

W FFIAS R /NG 56 3w [R] — 4 R A AS 5] & R 22 7] 25 53 0 35 (P<<0. 05) s AT AN R K5 5B 6w [7] — Bl i AS [R) Ak B 2 7] 22 57 . 3% (P<<0. 05)
T,

Note: Means with different lower letters in the same column are significantly different at the 0. 05 level in different varieties of the same treatment;
Means with different capital letters in the same row are significantly different at the 0. 05 level in different treatments of the same variety, the same

below.

2.2 BARTAIARERAR E i L350 E E5E

WL 2 ffoR e AP AE 4 DAL FETE S R B A A B35 22 S o AR v, P AT HE S R N AR VR
HB R A AL B b R B B T T RS . AE 25 mg/kg B, e b AR A R I {385 ~875 mg/kg. 7E 100
mg/kg I, M PR W EEIE B Dy 1076 ~ 2801 mg/kg. 7E 500 mg/kg W, e b B8 Y w AL IS HL
2866~7270 mg/kg. £ 1000 mg/kg I}, MEF H HEL A B B2 vk B2 ]y 4886 ~16970 mg/kg. AN[A] i MEZ i Fl A
Fo S T A O ARAL b, JE i 6 5 B V2R R b AR MR s ROV A T S M 2 SR ATEN R
BRI A% . TR R E 1000 mg/kg B, AS 7 A AR L i LMl D Y B AR R B AIG L, 20 e A 6 S 50% . AN
AT L U E R KR A R AR 2R R T ARER L b b AR R B AR AN [ Y e 7 S R A A
25, ATELERTA LA M bR R S TR E R, QM2 5 AM 7 S MK 6 578 25,100 Fl 500
mg/kghb BN 3 T8 ARV 2 & TARER L T AE 1000 mg/kg A BRI Y 4 1w 4R vk FE AR T AR ER .
2.3 BT AANARLBAGHIE R

W1 R ARTEFRI I 7 5 5% 08 REBEE AL BERMR FE i THm R, A 2 5 R ik 6 5 1Y 3% is RAL
B G Ak AR B 00 T 2 BRI E B AR A . ARTEM L s BB 1. 656~2. 026, 13 2 5 15 R
JEE R 0. 865~1. 632, (1 7 S %55 REEEI N 1. 013~1. 663, 1K 6 5 5% iz RETEHE M 0. 939~1. 296,
AREEFEAME 7 S RGBT 1. MEHM2 5 HER 6 515 iE 28R 1T & &EWE 1000 mg/kg B /N T

1A 3 AR BE AP ELR T 1, 7EA I H A FETE 25 mg/keg B 4% 8 REUR . R 2. 026,

2.4 BABETAANEREENE SClL, £HhFE

WE 2 PR 4 AW R SrCL 25 R 28 bl 25 Ak PR PR B2 A sy MR AR . ASFEFI 6 2 5 1Y SrCl, R
Wit 5 < A Tk B 1 I v T R AT ELAS [] 1 Ak 3 22 PR A A 3 1 22 57 (P<<0..05) . H#E 7 5 FE ik 6 511 SrCl, K BR
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ZAE 25 me/kg B . 100 mg/keg 4 A B Z4% T 25 mg/kg(P<C0. 05) ,7E 500 1 1000 mg/kg B F 15 » ifi ¥ 4~
A PR [A] 22 5N 2 (P>>0. 05) . ARfEE) SrClL EBRIEEI N 0. 0496 ~0.20% . (13 2 5 SrCl, LBRFIEH K
0.05%~0.18%, 13 7 21 SrCl, LBRZIEE M 0. 06% ~0. 19% , %E 1k 6 1Y SrClL, LRI M 0. 09% ~
0.18%.

F2 EHLETIANAHREMIMRE M EBSHNERFE

Table 2 The accumulation characteristics in roots, stems, leaves and shoots of

four oat varieties at four Sr treatments mg/kg
SES oy ik % Sr concentrations
Factors Varieties 25 mg/kg 100 mg/kg 500 mg/kg 1000 mg/kg
Hoh Y 808 Wk F Sroaccumulating A Bende 385+ 22Dd 13724+112Cc 2926+136Bc 4886+ 234Ad
concentration in roots 47 2 5 Baiyan No. 2 523+25Db 14114175Ch 4069+188Bb 10090+ 119Ab
14 7 5 Baiyan No. 7 460+ 24Dc 1153+134Cd 4102+145Bb 9140+167Ac
SE & 6 5 Dingyou No. 6 600+ 25Da 19694154Ca 4238+ 138Ba 15834 +234Aa
ZE R 48 4E W Sr accumulating A f#E Bende 570+58Da 1923+136Ca 4086+ 162Bb 64734+176Ab
concentration in stems 7 2 5 Baiyan No. 2 530+£69Db 1499+141Ch 39554+ 125Bc 5431+ 185Ad
7 7 5 Baiyan No. 7 5334+ 68Db 10764+134Cc 2866+ 157Bd 5728178 Ac
SE & 6 5 Dingyou No. 6 501470Dc 1486+197Chb 4503+124Ba 10860+191Aa
- AR E 4R W B Sroaccumulating 7K 78 Bende 875+61Da 2801+88Ca 6192+211Bc 8804+ 168Ad
concentration in leaves [ 7% 2 5 Baiyan No. 2 803+ 75Dc 2734+78Ca 6855+ 159Bb 10530+ 184 Ac
[93% 7 5 Baiyan No. 7 853+ 75Db 1718+122Cb 4987 +139Bd 12059+ 168Ab
Efik 6 5 Dingyou No. 6 7754+ 94Dc 2621+134Ca 7270+233Ba 16970+ 135Aa
M F A AR R 4E Wk Sroaccumulating A1 Bende 780+ 60Da 2586+ 144Ca 5608+ 112Bc 8093+ 256Ad
concentration in shoots 47 2 5 Baiyan No. 2 697 4+73Dc 2303+121Chb 5807+161Bb 8729+ 155Ac¢
13 7 5 Baiyan No. 7 765+ 73Db 1547+125Cc 4341+152Bd 10169+147Ab
Efik 6 5 Dingyou No. 6 690+ 68Dc 2291+132Ch 6338+ 147Ba 14872+159Aa
. [25 mg/kg 100 mg/kg S 25 mg/kg E100mg/ke
o Fed i 0500 mg/kg E11000mg/ke - 0.25 0500 mg/ 1\3 B 1000 mg/kg
S s a a
2 2.0 =1 w2 020 b
B ™"
s Z; c 3
WS 1.5 5; He 015 f
19 8 i # 2
2 1.0 ;; 85 010}
= ;: >
= :f =z 3]
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; 0 i : o o 0 e . - .
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Fig. 1 Translocation factors of four oat Fig. 2 SrCl, clearance rate of four oat
varieties in four Sr treatments varieties under Sr treatments

RFENG FhFR R AR AT Z 6] 2% 7 5 3% (P<<0.05), F[A. Different letters are significantly different at the 0. 05 level. The same below.
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3 iFig
3.1 A ANERE AP LS R Z M E ST

G e AR 20 A 22 b 7 I L ARRIZE AT R T AR R B R O R OR B T & A AR
TR A SR ZL R A IR o AR ST b S B e 1 S 4 v AR G L JHEEE A A b b RAR A ) e S B A A 3
Fh RV B Y T R ST NS B AR . X — 305 Y IR T R O B A AR W e A B AR 3 A XA A A
FrtaR i B0 TR EEERYY . R AR A AR SR Al M AT 22 0y 242 PHL AL HE DNA S 1 BT 2L B R
Yet ik B B EAIR G P 4 FhaeEE S AN 0 b b AR R AR A= ) BEAE 100 mg/kg Ab BB 5 2 0, Wi FE 500
mg/kg AbFEHF TR, 1000 mg/kg 4b P 5 %5 BEAH HL 2908020 T 10%0, X — &5 5 3% B e 22 AR A% It A2 S8 b 38, 500
mg/ kg hy &7 it 32 SR 38 1 (B, 75 1000 mg/kg FH AL P A 52 21 1 35 0] . A 1 36 22 1 A W o 78 T A A B v A
2 T A 3 S R 3 WA A S AE SRB A0 B BB AE 7 AE RS AR R

T ) & 00 4 S & i S A RN S MR ISR A A DG . BRAE KRR L ORI e S AR 2 B VE W N ) AR A B A
MEYZE S R AR 4 Rh e SR A E B M BE IR O R > AR > 2R 7E IRk B A AL FE
(25 1 100 mg/kg) o ASTE (1) & A B8 J7 8o . I v A 1 & AR Wk 2 A v T At 3 A R . K 6 5 7E e vk B AR
AR FE (500 F1 1000 mg/kg) H i) & 4 BE 77 fie o o A L 25 L R0 b S 4 ) B A vk AR R T LAl 3 A SRR, X — &5
UL A8 e 6 575 = W B2 R 1 AR RE T B
3.2 A A E AR AR AT WA 6 B e B

20 it B e 5 — A 32 B 4 J A5 ) DX I 00 R 5 ) 1 R R M R T BT T A R . iR T A
AR B AU ) MDA B i T S T S A KT . FEARRF SR L4 A M 1 MDA & R BB A
A SR A BE 8 T e T HEIN. AE g WK 1000 mg/kg B, 4 A GHEEE AP R MDA & &5 0 BEAR P 2 B T
50% . MEZE )T EARA H BUNE F Je G RS AR L I v VR R A BOUE M R R AR SRR DTN T i
J ol AT

SOD i 1 Fifi 45 b 2 AR B 79 T 3 . AEde = W 1000 mg/ kg I 4 6 G AP SOD § 4 29 2 ) iR
2 A . ARERFN A o i) SOD I PE Bl % FE AL BRI B2 /9 35 i 4 m . SOD 3% ¥ 5 35 I mT G822 B T ROS 7KF- 11
PR T T R 3 N SN . R R AE e TR P AR AL A, i ) AR A B POD TEMEES R E T . POD I 7 W3 b
(0 S R AT R T A Rz B s HL O, 51 M R, CAT R A E  H, O, K P48 &, CAT 2
— AN TR H, O, WA L., ARSI b CAT 35 M 78 Fr A5 S0 b 38 rp 35 25 F % 8, 9F L6 25 Ak 38 v 4
W BE BB R . ZEFR MM At POD GRS 2 T DL B iy CAT §& MEHCI » LU BR 88 Bk 38 7 £ 1 H, O,
SOD 1 CAT W] fe A i e B $8 b 38 B 38 B 2o 404k 7= W e #5 SC AR A
3.3 AAEESANGRE ERSD

FE ) BB 3 AR R 4 R Gk B R A s S RPAT A E R Y. B R X e A R R
Baker #1 Brooks #2048 (CD A3 100 mg/kg, 5 (Co) 4l (Cw) Vi (ND F14% (Pd) i5 %] 1000 mg/kg,
i (Mn) FTEE (Zn) 35 3] 10000 mg/kg™ . & 5 AH W) HE 55 (Alyssum bertolonii) W Ji & 4 8 (N ik ] 7900
mg/kg"™ . AMEFE H, 100,500 F1 1000 mg/kg H8 Ak H A, HE 27 1Y b BB R AR vk S 14 0 R 1076 ~ 2801
mg/kg.2866~7270 mg/kg Fl 4886~16970 mg/kg, A KA HME & EAEY M HE AL ORI HRmL
e R

WO 5% 32 ZETLE) FoR Y AR m i BB S E e, 2N EY s ES BRI EEZR R, #E
LAY TLE KT 199, 3 #h- X8 & MY B K8 (Euphorbia macroclada) . B (Verbascum cheiran-
thifolium) F1# & (Astragalus gummifer) () TLF 2350k 2. 08,1, 47 F1 1. 18U | YEARWFsEp , Al | (7 2 2,
[ 7 S 6 51 TLF 35 E 4810 1. 656~2. 026.,0. 865~1.632.1. 013~1. 663 F1 0. 939~1. 296, 7 fii Fl
H#E 7 51 TLF & m T 1. MM 2 SHERK 6 51 TLE BR7E & W E 1000 mg/kg B/ T 1, HoAth fH 40 3
KT 1., AfEALE 25 mg/kg BF ) TLF 55, 2. 026, 78632 7] LA SR W 6 09 5 Rl R 18 & 5005 e 3ib X 19 +
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e P ATER AR B 1 B I RE T sk . BEAX R W RS . M2 g TLF R PR s . X — RN —
0 THT R TR AR AR 01 B TR S T O R T A e A B DR S BO A RE ) TR R 5 53— Ty T 4 SR AR AR )
P P 328 7 B R A 00 A N T S [l e L o DR B T SR TR X BRI T B2 S . 4 AR A R
SrCly 25 B % it B8 W JBE 1) 385 i i B K i P9 386 7 5 FE 4K 6 5 E 500 Al 1000 mg/kg AL BRI ) SrCly 25 BR 5 1 4%
SERRARME P B 2 E T R E 2R . BT S HUE AL 6 5 7 e W R AR (1000 mg/ke) B B AR A SrCL
ZERBEA BE TR X — 25 R U 8 7 5 AUE L 6 5 AT DUTE SR E I e DX 4 R A n SRR AR BE T .

4+ i

TEAMIFTE o AR o JEE AR AR e 22 1) A K 388 i D SR AL B 1R - BOMEL A 500 mg/ kg BBAL . oy e 12 441D 1) e
AR H - SOD Rl CAT Wl BEAEZHE A T 32 48 Ml Ao B G BV . i it R SR BRI RE ) Je otk . AT FR iz
ABAE T A AR B AP EOR T 1, B B0 W SR IO ARAE . e Ak 6 5 7 v R R BRI R SR AR T A, T TE AR AR
HITRHMIX .
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