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MR BMZE AR, fFREARKE V21 (el LS — R EH e ER), WA E ik EE B K S AR L
J% POD. SOD Hl CAT HfiE Pk & 7 T.Eg s . [ 455 1 SrCl, Zb#H W K G AR (P<0.05), FFFlHkE
T I VE 3R . 0.00~10.00 mmol/L YL Py SrCl, AP K E rp POD BS MEIVE T ME, MR TS,
POD Rl i B Wik K, SrCl, AL EEf SOD 1 CAT Fif i 4 L. 7+ & (P<0.05), JfHAE 5.00 mmol/L ik E| i K ;
WS, BEWE T, BESPERR. SrCl 43K G SOD/POD. SOD/CAT il SOD/(POD+CAT) HAE#5 i 3
fi% (P<0.05), POD [f] T-EE 1.00 1 5.00 mmol/L SrCl, ZbFHRF BT 1 45387 A R T/, 1H 5.00 mmol/L L)
e EE AL POD [R] TR 2. SOD Ml CAT 7E SrCl, AbFERFAS M BL T 1 SB[ 458 ] KRG
{388 3k 1y e 7 ST Tl I PR R 22 % StCLy 3 U B, SR SOD WIS M s AL/, S A BRI 2
SrCl, AbHRAEIE 52 M [F) R (i pT 4 Ak R] TR ek
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Effects of Stronium Stress on the Antioxidative System of
Soybean (Glycine max)

HE Qingyuan', XIANG Shihua’, ZHANG Chao', TONG Yixin', SUN Liping',
BAO Liyun', WU Ting', HUANG Shoucheng'
(1. Life Science College, Anhui Science and Technology University, Fengyang 233100, China;
2. Zigong Institute of Agricultural Sciences, Zigong 643000, China)

Abstract: [ Purpose] In order to study the effect of strontium on soybean antioxidant system.

[ Method ] The soybean seedlings of Vc period were deal with using different concentration (0.00,
1.00, 5.00, 10.00, 20.00 and 40.00 mmol/L) SrCl, with 1/2-strength Hoagland nutrient solution. The
effects on the growth, enzyme activities and isoenzymes of POD, SOD and CAT were analyzed by
different treatments until soybean grow to V2 period. [ Result] The growth of soybean was signific-
antly inhibited by SrCl, treatments (P<0.05). The inhibition of soybean growth was greater with in-
creasing SrCl, concentration. The POD activity rapidly increased from 0.00 to 10.00 mmol/L SrCl,
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concentrations and decreased with increasing of SrCl, concentration when SrCl, concentration ex-
ceeded 10.00 mmol/L. Activities of SOD and CAT of addition SrCl, treatment were significantly
higher than no addition (P<0.05). Two enzyme activities were the highest 5.00 mmol/L SrCl, concen-
tration. The activities decreased with increasing SrCl, concentration when SrCl, concentration ex-
ceeded 5.00 mmol/L. The ratio of SOD/POD, SOD/CAT and SOD/(POD+CAT) were significantly di-
minished in addition SrCl, treatment (P<0.05). There was one new band of POD isoenzyme in 1.00
and 5.00 mmol/L SrCl, treatments. The bands of POD isenozyme were reduced more than 5.00
mmol/L SrCl, concentrations. There was one new band of SOD and CAT isenozyme in SrCl, treat-
ments, respectively. [ Conclusion ] The activities of soybean antioxidative enzyme were enhanced to
alleviate the stronium stress in SrCl, treatment. It is limiting factor of alleviation stress that SOD

activity enhanced relatively low. SrCl, treatment could affect the expression of antioxidant isoen-
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zymes.

Keywords: soybean; stronium; antioxidant enzyme; isoenzyme
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B, 0B R A0 B S R A AT i A e T S T
AU, SRR AT DURRAE B A 2T IR R 2 AR
P A FFEE ot SR A SRS B iR NUAZ . 121
Y, MR IhEE . O ThAE . s ThREkE
0, MR N T AR . W, Mk
A PR DL ROR S EIR Y A Tl S Tk 2z v,
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P, K4 O R T OB AT VB 1 )/
Fite; AA &SN RN N OGEE AR 4k, v 2D
TEWOGIERT AR s 7, 20 5 A U %) AR A
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W) THEHL YK 3 P IR T BEAR R FH Tris-HCI1 2%
WIRZR, WARIRE R 4%, BN 1%, S

FH 80V HiJk 1h, #RJ5H 110V # POD £ SOD H
VKB IREWE BRI A 1, CAT R 5 2 B
JEYKSEHTK 1 he POD [R) T B R MY 75 |
SOD [w] T fiff FH 4 fb A 2L DU (0 e ¥ (NBT) 1512,
CAT [F) T-Bi i R ARG (ke (o
1.4 H¥EnHr

48 FH Excel 2007 F1 SPSS 13.0 #4748 114)
B, SR E Ty 225081 (ANOVA) K 55 i 3 1
/MR EEE (LSD) 72 E A,

2 RS0

2.1 K EAK R

M LRI B SrCL M PETHR, KEH
Ko ZBK . REEEMTE, K6 AT EAAHN
W, EERA SICL AR, AR, L
B SrCL, W 2 TH iy M AH R G R, 58 SrCl, ka3
BT, WAERKEAD/ NN &5 2500
Bra& . KEW 74 EREHRAZBIAR ScCl,
WeBE AR A 5 . /M 25 (LSD) 2 L
s R HATE 5.00 Al 10.00 mmol/L SrCl,
WAL PR 25 SR 2, HA AR B 2 (B #AE A
F#ES, ERKHEATE 1.00 F1 5.00 mmol/L SrCl,
W RE AL PRI 22 S 03, HA AL R 2 () A7 7R
FHES, AREEEAE 1.00 A1 5.00 mmol/L L& 10.00
1 20.00 mmol/L SrCL¥ & 4b B 2 [B] AN A7 7E i) 3
25, HAWkbER A 2 22 5. EEFE A
SrCl, A ¥H 5 1.00 mmol/L SrCl, Ab R 3% A & # 2%
S, B EETEI 5.00 mmol/L & LA | ¥ iy
SrCl, A3, T EFEAIN SrCl, AbFR P 25 T H
SrClL, AbFRRIME -5, FfH 5.00 mmol/L f& VA I
FEANEZ A B 2SS . 22T E R A 5.00
F1 10.0 mmol/L 2 [H] LA & 20.00 I 40.00 mmol/L

R 1 FREHRE SrClL, BT XERFIZE KRR

Tab. 1 Characteristics of soybean’s root and stem growth treated with different concentrations of SrCl,
o(SrCly)/ RA/em ZK/em HRAFHE /g ENCocvi RTHi/g ES R e
(mmol-L™") length of root  length of shoot fresh weight of root fresh weight of shoot dry weight of root dry weight of shoot root/shoot ratio
0.00 23.25+0.69 a 26.78+1.78 a 0.83+0.035 a 1.42+0.079 a 0.057+0.004 a 0.157+0.008 a 0.37+0.006 ¢
1.00 20.45+1.06 b 21.63t1.11b 0.67+0.045 b 1.35+0.069 ab 0.054+0.004 b 0.135+0.008 b 0.42+0.008 b
5.00 18.50+0.60 ¢ 20.10+1.36 b 0.63£0.055 b 1.28+0.049 b 0.052+0.003 bc ~ 0.120+0.007 ¢ 0.43+0.002 b
10.00 17.77+0.35 ¢ 17.98+0.38 ¢ 0.59+0.024 ¢ 0.92+0.013 ¢ 0.051+0.002 ¢ 0.117+0.012 ¢ 0.44+0.025 b
20.00 15.45+£0.99 d 7.77+0.15d 0.56+0.018 ¢ 0.78+0.053 d 0.048+0.002 ¢ 0.096+0.007 d 0.53+0.017 a
40.00 13.03+0.68 ¢ 1.42+0.08 ¢ 0.48+0.015 d 0.75+0.019 d 0.047+0.001 ¢ 0.086+0.004 d 0.54+0.019 a

e FSIAE R R AL 2 R B (P<0.05); R,

Note: Different letters in the same column indicate significant difference among different treatments at 0.05 level; the same as below.
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SrCl, e A B 2 [ 3 A7l % 25 55, Hifiab R
[EERAEAE 5 25 5 . MGE FLZEAS N SrCl, AbHRR i
Z/NTHABALFE, 1.00, 5.00 F110.0 mmol/L SrCl,
AhEE R W 22 5, 20.00 A1 40.00 mmol/L
AP [A)AT 2 25 5
2.2 BN R S0 AR A A PR 5

FE 2 AT IO SICl, J5, AW AL FE Y
POD. SOD #I CAT i {if 1 ¥ 45 A~ [] 72 F 1) 7
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TR, 3 H 10.00 5 20.00 mmol/L 4b 34 27 &) 5 A
2R, SHAIEZ MAAAAE R E 2R, M
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55 5.00 mmol/L SrCl, ZbBR 2 [al B A B E#E 5 .

SOD i % 4 M 0.00 #] 5.00 mmol/L SrCl, 4b
i TH 7, 0.00, 1.00 AT 5.00 mmol/L 3
SrCl, ¥ JEE A B A4 TG 1 A 7R 22 B R A7 7 2
%5, 5.00 F] 40.00 mmol/L SrCl, kb B 7% 1 2%
TR/, JFH 5.00. 10.00 F1 20.00 mmol/L SrCl,
Ab R 2 [A) S MR B PR 2 S, 1 10.00,
20.00 F1 40.00 mmol/L SrCl, Ab ¥ 2 ] fiff i 4 th. 1%
AWEER
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SrCly Ve J A 3 1 T 175 14 T 79 2z (i) S A 7 o 2
Z5 . MM 5.00 F] 40.00 mmol/L SrCl, 4b 3 ) fiff
TR AT BT S8, 10.00 5 20.00 mmol/L SrCl,
AhEE R 225, 20.00 55 40.00 mmol/L

SrCl, AP (R AT i 2 25 5 .

SOD/POD K L #E 0, 1 Fil 5 mmol/L SrCl,
WA PR B EES, HHBFEXT 10,
20 il 40mmol/L SrCl, ¥ B AL 3L, 5 3 A~/ Mk
SrCl, Ab 3 2 [ % A7 b 35 22 5+ . SOD/CAT Y Lk
{HAEAREIN SrCl, AbPRAT B KT SrCl, AbEf
BFAOME, [HENIN SrCl, AbBR)S , MR Msr, {Ht
A, M 1.00 3 20.00 mmol/L Ay SrCl, AbFHE [l
WA BE2ZS, 5.00 3] 40.00 SrCl, ZbHEEH N
WA BEER ., SOD/(POD+CAT) HfaEH, K
SN SrCly Ab BRI 35 KT8 SrCl, A B AY{E
WINT SrCl, bR A Z (B A B 2R

3G ANE A AT R B . AIRVE B SeCl, b BE
REfS TR R A TG M, sRPT A kR ), 1AE
S SrCL i I E R, Bk EE AR —E R EE
J&, Bifi SrClL WREEFH R, B IEMEZEEAL, DU
ke 132 B —E A
2.3 ARRESTK S PR EE R R

MIE 1A% A8 SeCL A R, KRG
ek T 9 MR A Y POD A . Hidh, 1. 2.
4. 6 F1 7 RUZ 6 MALHRIAT BB, B SrCl, ¥k
FERBGIN, (6 TR RS n, 7% IRAE B
KEd, BT 9% POD 6] T.EEAFEI, H
A 8 FhZik; 78 1 F1 5 mmol/L SrCl, Ab i K &
POD [A] T-fFh R Fik {2, 9 FF POD M [n] T fif
WFE A, S mmol/L &b M5, FE Mk E T &,
POD [r] T_fiff #2508/, 10 Fl 20 mmol/L A&
PR Z 8 F1 9 M POD [W] TR ARk, Hpik
i5, 40 mmol/L SrCl, &b ¥ 3% ik Bif§ 25 &l 7 /D,
55 5. 8 F1 9 &3 A POD [a] T.EEA 3k, Uik
StCL, YR FE T, #4327 1Y POD [m] T-Jg A
FIRAZ BN

*z 2 AFE SrCl, A IBAX SIS WERMEELE

Tab.2 Activities and ratio of anti-oxidative enzyme of soybean under different SrCl, treatments

i P4/(OD-min ') activities of anti-oxidative enzyme

¢(SrCl,)/(mmol-L™) SOD/POD SOD/CAT SOD/(POD+CAT)
POD SOD CAT
0.00 14.66+1.18 d 9.42+1.29d 30.98+3.29d 0.64+0.04 a 0.30+0.02 a 0.21£0.01 a
1.00 20.02+1.81 ¢ 11.66+1.44 ¢ 56.35+2.86 bc 0.59+0.12 a 0.21£0.02 ¢ 0.15+0.02 b
5.00 24.44+1.94 ¢ 15.70+1.37 a 69.77+£5.19 a 0.65+0.05 a 0.23+0.04 be 0.17+0.02 b
10.00 54.82+2.66 a 14.93+1.16 ab 60.09+6.44 b 0.27+0.02 b 0.25+0.03 be 0.13+0.01 ¢
20.00 49.50+4.97 ab 14.46+0.86 ab 58.40+3.04 be 0.30+0.05 b 0.25+0.03 be 0.13+0.02 ¢
40.00 45.3844.25b 13.56+0.65 be 51.80+3.97 ¢ 0.30+0.02 b 0.26+0.01 b 0.14+0.01 ¢
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Note: The transverse numbers represent the concentrations of SrCl,, and
the vertical numbers represent the patterns of POD isoenzymes.
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Fig. 1 Effects of SrCl, treatments on the POD isoenzyme
patterns of soybean
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Fig. 2 Effects of SrCl, treatments on the SOD isoenzyme
patterns of soybean
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Fig. 3 Effects of SrCl, treatments on the CAT isoenzyme
patterns of soybean

3 Wit

CAFFE R RV SR RE A L i T =
KRR, REDEAROR, = R
A2 BRI R G IR WA SERE . AT
FEFI AR B AL R T4l iy, a5 . K
T 3] e A B () ARAL R R A KR — E T
WFEH, Bl R B3, SsIVE R, Bk —
Rz AN A 2 NS R ) D DN Sy UK L7k
HEra, SRR EE RN, KRE 4K Z 3
fad, P RS Y™ L X G ANE A K SRR

FEYIAE BT 0 R REUE AT
Y ROS Wi fg it . RS AY T, S5
ENTAILRE, BTG, YA ERR, B
ARG RS RE A SO BRAE ) T R A i S 7 R
Hyad & ROS™, K AEFRAL I EE T, 3 Fhbis
{L B (POD. SOD Fil CAT) it #} B #& T, I
L i e JBE 15 R PR AR, Hirh POD il 1
TE 10 mmol/L SrCl, 4b B i 14 fin 2 £ K, SOD
CAT i 1% PE7E 5 mmol/L SrCl, Ab BRI A 35 K .
S, B SrCl, KPRV BESE R, 3 Pt A Ak Bl 1)
TEPEYA R TR B A, (H AR B AR T e T
FAMTHE R, XAl RE RN S T,
KPR b AL R Ge i ) 2 ik /D ER I aa
ARG R RUR A BT AR Man R i 45
BAE R BRI 25 N, RO AL R G Tk
N XK BALRY ROS, 20T XY B4 E

CA AR . 7R3 BR ROS W12,
SOD fifi 1 54 O, 14k A H,0,, POD Fll CAT i
FTTERR H,0,%, WIRFE LR Y R R RE A AN



622 Py I )y N = 22

9533 %

FE BRI R EEF RN . AR BR
3 P LBET A AR TR, ST SOD/POD
{EAE T 5.00 mmol/L 1Y SrCl, AbFE T & &M% .
Il SOD/CAT L 78 ¥ Il SrCl, &b $H 5t 2% 30 B
i, SOD/(POD+CAT) A4 LU {EL ¥ Jin SrCl, 4b P 5if;
IR W E TR, MEIARRE StClL, AbHZ
WA 2 22 55 . BLBHIE BR SrCl, Wi i = A=
ROS XJ K 54753 1 B il R 25 J2& SOD B ICiA ¥ Oy
A Hy050

7] T B BefE AL (R i fhs s g, R ER o
GrFaity . PRALTE BTSRRI B 25 . MR AR
K BB AN FERBE 0 I B A LIRS 1
A, [ TR 2 AR AR AR . e e A
T, MY R SR A AR R S
il () 55 Ak A2, Ik B R A] T RS AR AT
FAMERIREA 1138-2 &L RIS LA 1R, A
AF 5% v [R] T ) 5 R 36 3k 25 57 0k — R R F AN [R)
SrClL, #b¥E . MNP EALEEAY IR T RS T L. POD
Foft 5 ¢ s 4% Z AR PERESEAE 1 A 5 mmol/L SrCl,
AbFERT R G POD [F] TR %, SrCl, AbFHiF
FREGEIRTHAFETE, 5Smmol/L LI LR SrCl,
W FH =, POD [A] TR p b, RikzZ M
il o 1M SOD F1 CAT [a] LB 7E A SrCl, 4b FRAT
BT 1A, UL SrClL, AbFEVE S TR TR
FHRFRE, [RG T —F Y R TR

4 #Eip

SrClL /E A T kG R AEK, IR E T+
e L AE B . K S Pk &R G POD.,
SOD Fl CAT i} i B SrClL, ¥ B Tk, KN
SeTtE Ak, Hd POD 7E 10 mmol/L. SOD Al
CAT 7£ 5 mmol/L SrCl, 4b BB 1% M fe K. I H
SOD/POD ., SOD/CAT HISOD/(POD+CAT) 7£SrCl,
AEBER FLIE R, SOD E§ % M2 1 BR SrCl, ffi K
GreA s ROS MFREIFE . 1.00 1 5.00 mmol/
LSrCl, b BT K 5 7= A4 1 4587 1Y PODE % 7 |
5 mmol/L P |- SrClL, MR BEALFR, Bl B 38 in A &8
43 POD %47 % . SOD Fil CAT [n] T 7E SrCl,
ARFRRF=AE T 1 28 AT o

[ &% 3K ]
(1] £, @ te, S N A8 18 78 o8 40 S S AN s i oy

(2]

(3]

(4]

3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

IR, MRS PR 27245, 2010, 35(4): 420.
i, 5K P, AR, BF. SR SR KO A ILAE A R 4
8 SRR D RE R RZ R 0], v B AR, 2013, 25
(2): 136.
COHEN-SOLAL M. Strontium overload and toxicity:
impact on renal osteodystrophy[J]. Nephrology, Dialysis,
Transplantation: Official Publication of the European
Dialysis and Transplant Association-European Renal As-
sociation, 2002, 17(S2): 30.
CHEN M, TANG Y L, AO J, et al. Effects of strontium
on photosynthetic characteristics of oilseed rape seed-
lings[J]. Russian Journal of Plant Physiology, 2012,
59(6): 772. DOL: 10.1134/S1021443712060052.
JA S, REIEk, BRER, & AR SR ghE Ao e EH
QSIR[T]. FEY) AR, 2013, 48(3): 313. DOI: 10.3724/SP.
J.1259.2013.00313.
deu, XY, M, S5 SR a0 A O 5 AR ) B
m[J]. BRI E R, 2015, 38(10): 32.
DEIN U, STEPHAN A B, HORIE T, et al. Plant salt-tol-
erance mechanism[J]. Trends in Plant Science, 2014,
19(6): 371. DOI: 10.1016/j.tplants.2014.02.001.
TIRTE, AL, SR, &5 AL S e 5 N RE
PUELEE IS M R B2 [7]. KB R, 2015, 34(3): 427.
DOI: 10.11861/5.issn.1000-9841.2015.03.0427.
FOYER C H, DESCOURVIERES P, KUNERT K J. Pro-
tection against oxygen radicals: an important defence
mechanism studied in transgenic plants[J]. Plant, Cell
and Environment, 1994, 17: 507. DOIL: 10.1111/5.1365-
3040.1994.tb00146.x.
BOWLER C, MONTAGU M V, INZE D. Superoxide
dismutase and stress tolerance[J]. Annual Review of
Plant Physiology and Plant Molecular Biology, 1992, 43:
83. DOI: 10.1146/annurev.pp.43.060192.000503.
VAN BREUSEGEM F, VRANOVA E, DAT J F, et al.
The role of active oxygen species in plant signal trans-
duction[J]. Plant Science, 2001, 161(3): 405. DOI: 10.10
16/S0168-9452(01)00452-6.
ZEGERE, XU, H4, & PR S R
e IO ST DR (D). 88 42 - W5 A2 - R AR, 2014, 26(6): 463.
DOI: 10.3969/j.issn.1004-616x.2014.06.014.
LAMHM, XU X, LIU X, et al. Resequencing of 31 wild
and cultivated soybean genomes identifies patterns of ge-
netic diversity and selection[J]. Nature Genetics, 2010,
42(12): 1053. DOI: 10.1038/ng.715.
WOICIAK-KOSIOR M, SOWA I, BLICHARSKI T, et
al. The stimulatory effect of strontium ions on phytoes-
trogens content in Glycine max (L.) Merr[J]. Molecules,
2016, 21(1): 90. DOTI: 10.3390/molecules21010090.
sz, Ik, BRME, . Sr Mt g 4w P R
FREZIA AT 7E[T]. AR 254K, 2010, 24(1): 166.
e, BRI, SR v it 4 o) B8 B 08 T BRIRURT AR K 2 AR
HEAE A K 5 R D], B R 244k, 2015, 29(2): 405. DOL:
10.11869/j.issn.100-8551.2015.02.0405.
RE &4, BRXHIES, BB E. PR RS A O SR Ay
[T, ER LR, 2008, 41(9): 2589. DOL: 10.3864/j.
issn.0578-1752.2008.09.004.


http://dx.doi.org/10.1134/S1021443712060052
http://dx.doi.org/10.3724/SP.%3Clinebreak/%3EJ.1259.2013.00313
http://dx.doi.org/10.3724/SP.%3Clinebreak/%3EJ.1259.2013.00313
http://dx.doi.org/10.1016/j.tplants.2014.02.001
http://dx.doi.org/10.11861/j.issn.1000-9841.2015.03.0427
http://dx.doi.org/10.1111/j.1365-%3Clinebreak/%3E3040.1994.tb00146.x
http://dx.doi.org/10.1111/j.1365-%3Clinebreak/%3E3040.1994.tb00146.x
http://dx.doi.org/10.1146/annurev.pp.43.060192.000503
http://dx.doi.org/10.10%3Clinebreak/%3E16/S0168-9452(01)00452-6
http://dx.doi.org/10.10%3Clinebreak/%3E16/S0168-9452(01)00452-6
http://dx.doi.org/10.3969/j.issn.1004-616x.2014.06.014
http://dx.doi.org/10.1038/ng.715
http://dx.doi.org/10.3390/molecules21010090
http://dx.doi.org/10.11869/j.issn.100-8551.2015.02.0405
http://dx.doi.org/10.3864/j.%3Clinebreak/%3Eissn.0578-1752.2008.09.004
http://dx.doi.org/10.3864/j.%3Clinebreak/%3Eissn.0578-1752.2008.09.004
http://dx.doi.org/10.1134/S1021443712060052
http://dx.doi.org/10.3724/SP.%3Clinebreak/%3EJ.1259.2013.00313
http://dx.doi.org/10.3724/SP.%3Clinebreak/%3EJ.1259.2013.00313
http://dx.doi.org/10.1016/j.tplants.2014.02.001
http://dx.doi.org/10.11861/j.issn.1000-9841.2015.03.0427
http://dx.doi.org/10.1111/j.1365-%3Clinebreak/%3E3040.1994.tb00146.x
http://dx.doi.org/10.1111/j.1365-%3Clinebreak/%3E3040.1994.tb00146.x
http://dx.doi.org/10.1146/annurev.pp.43.060192.000503
http://dx.doi.org/10.10%3Clinebreak/%3E16/S0168-9452(01)00452-6
http://dx.doi.org/10.10%3Clinebreak/%3E16/S0168-9452(01)00452-6
http://dx.doi.org/10.3969/j.issn.1004-616x.2014.06.014
http://dx.doi.org/10.1038/ng.715
http://dx.doi.org/10.3390/molecules21010090
http://dx.doi.org/10.11869/j.issn.100-8551.2015.02.0405
http://dx.doi.org/10.3864/j.%3Clinebreak/%3Eissn.0578-1752.2008.09.004
http://dx.doi.org/10.3864/j.%3Clinebreak/%3Eissn.0578-1752.2008.09.004

543

fIERIE, A% FRMREXT R EHT A R G R

623

(18]

[19]

(20]

(21]

(22]

(23]

220, JR . ) A B 2R A MR T S I R
FEIM]. B0 SRR H i, 2014,

B4, RS, F R AR =y B A ALVENE SR
b 35 1 1) 7 VR T[], R E ER %, 2009, 207(6): 155.
DOI: 10.3969/.issn.0254-5071.2009.06.050.

Ttk skt B0, % i R ZHAE RS
SZNR[J]. B AR 523, 2008, 19(6): 1355.

Wt FEE. Y SOD Y kR HL Uk K s T8
ZR[T]. R BRAEIEI, 1983, 6: 44. DOI: 10.13592/j.cnki.
Ppi.1983.06.024.

HOM G, X B Fy . — % g i A S M R gt
VL[] AW SR R I, 1996, 23(1): 86.
CHOI Y H, KANG H S, JUN I, et al. Transfer of *Sr to
rice plants after its acute deposition onto flooded paddy

[24]

(23]

[26]

soils[J]. Journal of Environmental Radioactivity, 2007,
93(3): 157. DOL: 10.1016/j.jenvrad.2006.12.008.
SHARMA S S, DIETZ K J. The relationship between
metal toxicity and cellular redox imbalance[J]. Trends in
Plant Science, 2009, 14(1): 43. DOI: 10.1016/j.tplants.
2008.10.007.
MITTLER R. Oxidative stress, antioxidants and stress
tolerance[J]. Trends in Plant Science, 2002, 7(9): 405. DOL:
10.1016/S1360-1385(02)02312-9.
T, SR, AR TT. i X SR T8 B A8 A bt
FARGZ I [T]. B AESFR, 2011, 22(9): 2285.
WAL TR


http://dx.doi.org/10.3969/j.issn.0254-5071.2009.06.050
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.1016/j.jenvrad.2006.12.008
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/%3Clinebreak/%3E10.1016/S1360-1385(02)02312-9
http://dx.doi.org/10.3969/j.issn.0254-5071.2009.06.050
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.3969/j.issn.0254-5071.2009.06.050
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.13592/j.cnki.%3Clinebreak/%3Eppj.1983.06.024
http://dx.doi.org/10.1016/j.jenvrad.2006.12.008
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/%3Clinebreak/%3E10.1016/S1360-1385(02)02312-9
http://dx.doi.org/10.1016/j.jenvrad.2006.12.008
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/10.1016/j.tplants.%3Clinebreak/%3E2008.10.007
http://dx.doi.org/%3Clinebreak/%3E10.1016/S1360-1385(02)02312-9

