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Effects of Selenium(Se) on Cadmium(Cd) Accumulation, Photosynthetic Characteristics and Activities of An—
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Abstract: A hydroponic experiment was performed to investigate the mechanisms of Se mitigation of Cd toxicity in oilseed rapes. The effects
of 0.3 mg-L™" Se on Cd accumulation, photosynthetic characteristics and activities of antioxidant enzymes in two genotypes of rape (WH-19
and WH-95) under 0.5 mg-L™" Cd stress were studied. The results showed that: Se application significantly decreased Cd contents in roots,
stems and leaves in WH-95 with the decrease rates of 8.51%, 34.61% and 46.14% respectively compared with only Cd treatment, while no
significant differences were observed in WH-19. Se greatly increased the net photosynthetic rate and the transpiration rate by 18.96% and
22.77% respectively, and significantly decreased the intercellular CO, concentrations to 72.61% in WH-19 compared with only Cd treatment.
As for WH-95, only the intercellular CO, concentrations were significantly decreased to 85.96% under Se application, while other three pho—
tosynthetic characteristics showed no greatly changed; Se significantly decreased SOD activity in WH-19 by 29.03%, while no significant
differences were observed in the activities of CAT and POD; For WH-95, 9% increase was found in CAT activity, while no marked differ—
ences were found in the activities of SOD and POD compared with only Cd treatment. Overall, Se alleviated Cd toxicities in the two oilseed
rapes by enhancement of the photosynthetic system. However, the Cd accumulation and the antioxidative system showed differenct responses
to Cd stress.
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Table 1 Effect of selenium on contents of selenium and cadmium in organs of different genotypes of rape

P CK Cd ab3d Se fb#H Cd+Se #b3f
WH-19  WH-95 WH-19 WH-95 WH-19 WH-95 WH-19 WH-95
KEMBETERSRE B ND ND 662.19+£21.87  685.15+7.46%* ND ND 721.14+44.78#  626.85+4.25
mg g (DW) E3 ND ND 37.95+£2.95 44.64+5.24%* ND ND 47.15£5.27#F  29.19+£2.55
- ND ND 109.79+9.73  149.48+16.66#** ND ND 112.51+8.37##  80.51+5.24
BMvETEMESE W ND ND ND ND 134.14+11.97 174.49+£14.87# 109.62+13.13 172.12+13.25##
mg-g (DW) E3 ND ND ND ND 12.07£0.73%* 18.36+2.51#** 9.11+0.35 8.45+1.01
I ND ND ND ND 12.69+0.87* 26.04+1.52##**  9.90+1.17 18.72+1.944##
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Figure 1 Effect of selenium on photosynthetic characteristics in different genotypes of rape under cadmium stress

http://www.aed.org.cn

—493—



RAUFBRERSMEFR-F 325558

T AS R 2 T BR A e 4 WH-19" CAT 1 1 (1 5
S0 S UCIRI, B ok A B S REAR T WH-957 11
CAT &k, BEARFE A 11.73% ; S 5% B Ab BRAH L,
WA INAE—ERERE F 3R T “WH-95"CAT H& 1k
i B A B “WH=-95" 1) CAT 36 $4: 7K - 5 % i —
B RWIBINTGLE % T 56038 X WH-95" CAT 1 1
ARIFEEAR o
2.3.3 i X5 38 T A ) B DR R il 3 5 4 A )
(POD )V £ A5

WE 2C Frs , G b R G 2 RN T “WH-197
{1 POD ¥, FEARFLRE 35 34.14% Al i R N9 oK 2
SRS LIS T 5 (AR B Ab R “WH-19” 1) POD

200 ¢
180 F
160 + T T -
o 140 F : P
1200 b'b
100 §. | -
80 |

o' FW

60 |
40 ¢
20 |

SOD activity/U

B
E | a
= 1 a
T 8 F 2 b e ab
Mo 6 " P }3-
o | e b1
> 4t A
= | 1
< H 1
&) i 1
O | S ... N S . S S . S S -
CK Se Cd+Se
Ab R
Z 14000 a
5 12000
F 10000+ .| |
L I
2
=
E
B
a
o |
Cd+Se
Ab R
EAWH-19 CIWH-95

2 ffx $RAE T A B E E 2 il S | LB E AR
Figure 2 Effect of selenium on activities of antioxidant enzymes

in different genotypes of rape under cadmium stress

—494—

PR R, 5 2= m T B A, X RR Y 1.06
o FIERTE H - Al AN 2 LAY X “WH=19"POD
TR B RRAR o 4 “WH-95" 1) POD JG k111 = , 5 %t B A
Fb, 5 A L B+ i A B 2 B 2 B AIG T “WH-95”POD
W6 (RO =3 22 1) 9 0t 22 5, 4 B ok e BE Y
51.79% 46.57%7F0 55.31% , F WA SN i 68 ) 7776 230
il 7 “WH=95"POD [k , A I/ i S 2 31 o 4 J
X “WH-95"POD {5 VL7 -

MIHSRPT E AT T A S EC R I 7
T “WH-19" 48 W38 T Bt 404k Bl 16 M 19 5% i AS 2
2 WK T “WH-95"CAT (35 ; ifi i /5 FH A
B P4 “WH-19"S0D .
3 iFig

il 2 T SRR P 4 I Rt S A it ( GSH-Px ) 11
A RCER A, R b AU At 1 T BB 2 4 b SR AR
GSH-Px iRz — GSH A &3, 1 GSH & &
AL, ST SRS A AL AN b R DT REARAR
AIRES B FAE A, RN AR ] S s
G- - R IR AR, TR aaHE s AR,
Az S WH-95" 25 WA J5 , I8 AR R
R TS B TR Y S 1, T RE R A o S A AR
S A8 B SMERTE M- -E O RE A
A, (A o i R AR 5t 9 B9 3 I AR A R A
8 FEACAE A 588 (RS2 573 o, ARSI 36t A5 A )
FEAEXT 2 /35 PRI 7R 3l S R SR A 41 o 1 R 3 5 ) g
SN TR R B2 (IR T 15 mg-L™)F A5 5% 22 IR 45
PUERMZSE IR —E0 . ARSEE 540 s b B
AL, SR G “WH-19" £ 28 B Hh 56 5 5 KF 6 s
M, B T “WH-95" %48 B W & i 5 5 e[l
B AR B, “WH-957 45 7% B XA (1) W IS RE 71598 T
“WH-19", ] HESE R A x 2 Ak PR 75 25 % i i 18
WCRE AN ) T SO A T S I 4 4 SR AN ] o 45
G l7E GSH-Px HAg/ERT , HEWTI A BegE “WH-19" 4
RO, AT AS BB AR B MR AIR “WH-19” 45 2% B P 4
T

B IE 5 | EAE I R v A R (Po) BRI A
PR AL ZEFAESFLIN R . Y A ik
JE(COFTAL T (Gs) RIS T RERT, AL R 2 2
9524 Ci FHm Tl Gs RS, AL R R EE R,
P A ST 5% 45 5 mT 0, 4R TP A8 BRI T “WH-197 1
Fe g Po, [RIBHE “WH-19" 1 B Ci FFE5 .Gs [5A,
AT DAHEWT “WH-19" )64 3 3 T [ E 2R R IER

http://www.aed.org.cn



Je A , S5 XTSRS T AN [ RE R R SRR R OB R S TR T P

2015 % 10 A

LHZE . ALBH, WMEMEANRRE ST
“WH-19" A 19 Pn Tr F1 Gs, FFAK T “WH-19" 1
i) Ci, ZR A X 4R W38 5 | 2 1 “WH-197 Y6536 PR 1
TREEA —EMERIER, AR S mnET
“WH-19"I {6 A e T o X 5 5 B ATl )
BRIEE T 2 DR B G R e i B S 2 R
A—2, IR, BARE FE RS T “WH=-95”
B A IR A RS I iR R T CWH=95" B b A
T (HAR SRR R, “WH-95" & Rt 2n 1k
FFIC“WH-19" B &, Al gt T4 P ia & “WH-95" i
G A R B A AL A S AL IR R A AR 24
AL P A AEATT , “WH-197(1%) Pn 485, Tr
Fl Gs B#AK, Ci ACEICAE AL s [A]EHWH-957 ) Pn K-
TeAEAk, Tr A1 Gs $2157, Ci FEAIK. 2 FIEERI RS2 1Y) Po
5 Tr Gs 5% Ci AW BIXTN KRR, TREEF A
7] 358 51 781 198 Yo =3 % ) A I ATL LA (] i 38, A R F —
HIRABGE

R0 235 AR A AR R R AR A R TITAR )
AN SOD ,CAT K& POD 540 W4t Ll R 4 AT
RO BRAA B B U A R ) T g,
SOD F1 POD 1 3[R /F F REHE 1A Py LV AE fa 1 0,
I H0, 74k ToHE 1 HyO 1 O, FF-REW/D 72 H HR 5
(-OH)KIE AL ; POD 1 CAT L[/ ik H,0, TE AT
7K 5 3 Fi P A B A L R L AT R BE 1 O,
H,O, TEAYI AR N SR8, py o] UL, i AR 4
N SOD CAT 1 POD H: [ HLAH 5% 5 5 5 | i 4Tk 43
o ASZE AR SR R i 1A [R] 3 R B S 1)
SOD &4, AT B2 fh TAEYIALESR e T IE 3 A &5
MRS, EHEE SOD MG RS T A K
A A B CWH-19"HU A AL R 4 b SOD % M F%
I, AT RESE F U AR A R 1 =2k N B TE PR
B 5L, NIRRTV FR AR B 5L B (SOD) I& T
R AEBIR PN A TE M SR A B A0 7 A S T BRAE
B - A7 7 AR AP IS S /N3~ 0 AR 3 T 2 0 5 1) 1)
0 AT BRIE S B T AEY) A S BT R S M R
B ELAE DA it P R PR 7 2 S A6 DR 8 AL [l F A
S, B INAIG X HRA B T AN [F) 56 PR By et Ak
ARG R A — SRR A R R —
AZ P, A RRRABFGE o LA, FE A0 20 6L P9 1)
Al S SO s U T SRS A, IR BRI N4
JBE AT OE (85 BE BT R, S8y
KA F G UL BREPE R Mh TR k=, T
21 1 2 AR AR 3t T BE R PR A E L

http://www.aed.org.cn

Bl R AL[R AT, A R 2 D R =R S A il R e
CAT F1 POD T PERFAR A — N

4 ZEig

(DWEELRFHIB Y05 mg- L), A (0.3 mg-
L) REFRAR ISR “WH-95" £ 2% B vh 5 & i, 4} “WH-
197 &40 B S B A 2 . TS WH-95" %
FE R E R E R T CWH=-197, 2 I RIS
H R AR R IS BUER . “WH-19" Rl fE>
R & AR ARl , “WH-95" ] fig AR A8 & il i b

(LA 4 P ES ML IR E 2 43
DRI AR SIS 22 4 SR b3 T S R 7 S RRAR, TR e mT
STIBUE T IEAE 5 ret gy e ¥ 11 P e 3v 8 1 9 o] o7 ey
PRRBVR B SR AR T PR SO B4R i AR LA
RIS 5L .

(3 A AT AR N0 TR 2 /435 R 0 252 1) 5 i)
AN B T “WH=-19"SOD M, #2785 T “WH-95"
CAT 364, % 2 AR A A b A Bl s 4 1)
M) AN S8 3 o B B Pl 2 AN [) 35 PR TR e AU TR il 3R
G 22 5 5 A Rt — 2B ST o

Sk

[1] Arora M, Kiran B, Rani S, et al. Heavy metal accumulation in vegetables
irrigated with water from different sources[J]. Food Chemistry, 2008, 111
(4):811-815.

21X ¥, sk kb, e, & RO K R 225 KIS0k
B ARV AR IG5, 2014, 31(5): 450-455.
LIU Yang, ZHANG Yu-zhu, FANG Bao-hua, et al. Relationship be—
tween cadmium uptake characteristics and photosynthetic physiology
under different cultivation models of rice[]]. Journal of A gricultural Re—
sources and Environment, 2014, 31(5): 450-455.(in Chinese)

(3] SRARHE, 7% A9, AT AR, 45 REXHIRER TS YAk T KR i A K
W R RS2 Al BRBERNF2E 4], 2007, 26(2): 494-499.
ZHANG Li-na, ZONG Liang—gang, REN Cai, et al. Effects of Si on rice
seedling growth and uptake of Cd in the low level of Cd pollution|[J]].
Journal of A gro—Environment Science, 2007, 26(2): 494-499.(in Chi-
nese )

[4] JH e, KB iEE IR MK AL R Cd, Cr 355 (AR RO A(D). B

JH SR A=), 1999, 5(1): 11-15.
ZHOU Jian—hua, WANG Yong-rui. Physiological studies on poisoning
effects of Cd and Cr on rice (Oryza sativa L.) seedlings through inhibi-
tion of Si nutrition[J]. Chin JAppl Environ Biol, 1999, 5(1): 11-15.(in
Chinese )

(5] J5titeate, TR Ee, 9 R, SE BEXERMA T g A K AR S A B
PR MALT. B AE A4, 2007, 18(9): 2111-2116.

YUAN Hai-yan, HUANG Su-zhen, GUO Zhi, et al. Effects of Zn on the

growth, Cd accumulation and physiological resistance of Iris lactea var.

—495—



RAUFBRERSMEFR-F 325558

chinensis under Cd stress[J]. Chinese Journal of Applied Ecology, 2007,
18(9):2111-2116.(in Chinese)

[6]12 G, THAE, REM. Cd, Fe KA A 75 Ye st MuEnt i JLI A4 3

TRARIEIRILI. A2 725241, 1992, 12(2): 147-154.
LI Yuan, WANG Huan-xiao, WU Yu-shu. Effects of cadmium and iron
on the some physiological indicators in leaves of tobacco[J]. Acta Eco-
logica Sinica, 1992, 12(2): 147-154.(in Chinese )
(713E  ub, J UL AR B ESXTERINA T FOK A K R A BRI Y 5
WALT]. AR E TR S AR AR, 2001, 7(1): 78-87.
WANG Hong, ZHOU Wei, LIN Bao. Effects of Ca on growth and physio-
logical characteristics of maize under Cd stress[J]. Plant Nuirition and
Fertilizer Science, 2001, 7(1): 78=87.(in Chinese )

(8] DX HLF-, MR, XM, 45 ARl X -3 - oK RGE P s AE
WA R E ). AR S FRIE 24, 2013, 22(7): 1220-1225.
QU Hui-ping, ZHOU Liu-qiang, LIU Xi-hui, et al. Effects of phospho—
rus fertilization on cadmium bioavailability in soil maize system[J]. E-
cology and Environmental Sciences, 2013, 22(7): 1220-1225.(in Chi-
nese )

(9] 5KJE A, EHAN. AT XS AR I B B 7 A S HLERL). T B4k

TRt H, 2009, 23(1): 4-8.

ZHANG Qi-wei, WANG Gui—xian. Adsorption behavior and mechanism
of the bamboo—charcoal for Cd ( Il ) in aqueous solution[J]. Journal of
Shenyang University of Chemical Technology, 2009, 23(1): 4-8.(in Chi-
nese)

(101 B P, A& Loc, BREH, 45, B XS G e T K Feglh i A= K R A= 3
FRPERISENRLL TP, 2002, 22(3): 277-282.

CHEN Ping, YU Tu-yuan, CHEN Hui-yang, et al. Effects of Se on the
growth and some physiological characteristics of rice seedlings under
Cd stress[J]. Guihaia, 2002, 22(3): 277-282.(in Chinese )

[11] Yadava S K, Dhotea M, Kumarb P, et al. Differential antioxidative en—
zyme responses of Jatropha curcas L. to chromium stress[J]. Journal of
Harzardous Materials, 2010, 180: 609-615.

[12] Shanker K, Mishra S, Srivastava S, et al. Effect of selenite and selenate
on plant uptake of cadmium by maize (Zea mays )[J]. Bullrtin of Envi—
ronmental Contamination and Toxicology, 1996, 56(3): 419-424.

[13] %, B3 1, B . 6 (Se) X F&R /KRG T 42 )8 Pb.Cd .Cr 75
LERIFFEI]. IR ITTE KA A AR 2440, 2000, 23(3 ): 80-83.
TAN Zhou—ci, CHEN Jia—qin, XUE Hai—xia. Studies on the pole of se—
lenium (Se) in decreasing Pb, Cd and Cr pollution to rice[]]. Journal of
Natural Science of Hunan Normal University, 2000, 23(3): 80-83.(in
Chinese )

[14] Bk, B4, B 5. I IR S s 0 A SR R B R A
FRFSE[T]. 138254, 2006, 43(5): 868-870.

LU Xuan-zhong, GONG Xiang-lei, TANG Yong. Antagonistic effect of
foliar application of Se or Zn on absorption of Cd in lettuce[]]. Acta
Pedologica Sinica, 2006, 43(5 ): 868—870.(in Chinese )

[15] X4, WARTT, 28 b, 55 S A BRIl 3 A= KRBt LG R 52
FASZHRL]. O AR 2R, 2006, 17(1): 102-106.

WANG Xing—ming, TU Jun—fang, LI Jing, et al. Effect of Cd on rape
growth and antioxidant enzyme system|[J]. Chinese Journal of Applied
Ecology, 2006, 17(1): 102-106.(in Chinese )

—496—

[16] X1 3He, WL rR. AXT4R By AL & 15 e T ISR G Jm ik s ().
RO R, 2010, 38(21): 11096-11098.

LIU Yan, JIANG Guang-xia. Effects of Se on heavy metal-resistance of
Brassica napus under compound pollution of Cd and Pb[J]. Journal of
Anhui Agri Sci, 2010, 38(21): 11096-11098.(in Chinese )

(17132 3,58 25, H/NE, 45 0% SR S b 18 i 22 i 1 F ).
SRl 2R 4], 2014, 35(8): 2597-2604.

PENG Ling, JIA Fen, TIAN Xiao-ping, et al. The role of selenium in
alleviating cadmium stress on root tip of rape seedlings|J]. Acta Scien—
tiae Circumstantiae, 2014, 35(8): 2597-2604.(in Chinese )

[18] Wu Zhi—chao, Zhao Xiao—hu, Sun Xue-cheng, et al. Xylem transport
and gene expression play decisive roles in cadmium accumulation in
shoots of two oilseed rape cultivars (Brassica napus )[J]. Chemosphere,
2015, 119: 1217-1223.

[19] AR A A4 A P2 S s (M. bt W A5 0 Hh At 2006:
210-228.

GAO Jun—feng. Experimental guide of physiology of plant[M]. Beijing:
Higher Education Press, 2006: 210-228.(in Chinese )

[20] 2555, MW, TURAR, S5 SRR A AL BEX K R s SR AR S I

S BT 38R, 2004, 41(5): 728-733.
AN Zhi-zhuang, WANG Xiao—chang, YAN Wei-dong, et al. Effects of
sulfate and cadmium interaction on cadmium accumulation and content
of nonprotein thiols in rice seeding|J]. A cta Pedologica Sinica, 2004, 41
(5): 728-733.(in Chinese)

[21] JElehe, F O, SRiE . 55 DX KRR 2 1 5 mi B FEATLT f it
FE] R BRI 2E4], 2014, 33(9): 1679-1685.

PANG Xiao—chen, WANG Hui, WU Ze-ying, et al. Alleviation by sele—
nium of cadmium toxicity to rice and its mechanisms[J]. Journal of A -
gro—Environment Science, 2014, 33(9): 1679-1685.(in Chinese )

[22] TrdkeF, BUKER, SR, 55, CHALPER B 0 A= R 1o B L 4

32 FII 20 0 437 R s 5E)]. AR S IR BE 24, 2014, 23(10): 1677
1682.
FANG Ji-yu, JIA Yong-xia, ZHANG Chun-mei, et al. Effects of cad-
mium on growth response of Lantana camara L. and its accumulation,
translocation and subcellular distribution of Cd[J]. Ecology and Envi-
ronmental Sciences, 2014, 23(10): 1677-1682.(in Chinese )

[23] Feng R W, Wei C Y, Tu S X. The roles of selenium in protecting plants
against abiotic stresses[J]. Environmental and Experimental Botany,
2013, 87: 58-68.

[24] Lin L, Zhou W H, Dai H X, et al. Selenium reduces cadmium uptake
and mitigates cadmium toxicity in rice[J]. Journal of Hazardous Materi—
als, 2012: 235-236, 343-351.

[25] Farquhar C D, Sharkey T D. Stomatal conductance and photosynthesis
[J]. Ann Rev Plant Physiol, 1982, 33: 317-345.

[26] A 5 ., BOHERN, EI5 0T, 55, fB A N xS DORA R L AR

GESIRI. PR, 2013, 33(4): 435-438.
SHI Gui-yu, HUANG Ya-li, WANG Qiao-zhen, et al. Effects of Se on
photosynthetic characteristics of Siraitia grosvenorii seedling under Cd*
stress[J]. Guihaia, 2013, 33(4): 435-438.(in Chinese )

[27] SRS, XU IR, ¥R TLAL, S5, BEXT N RIS AR BUR L3S
T A B RS2 D). BRBE R, 2011, 32(4): 1171-1176.

http://www.aed.org.cn



Je A , S5« XTSRS T AN [ RE R LSRR R OB R S U R T P Y 20155108

ZHANG Xiao—-jing, LIU Ji-zhen, XU Wei-hong, et al. Effect of phos— cumstantiae, 2014, 34(2): 524-531.(in Chinese)

phor on accumulation and chemical forms of cadmium and physiologi- [30] & b, X1 £, TR 4L, S5, AN AS 5] 35 5 b A b A AL B G
cal characterization in different varieties of Capsicum annuum L.[]]. P R R R AL S )], s Rl 2E 224, 2014, 34(6):
Environmental Science, 2011, 32(4): 1171-1176.(in Chinese ) 1592-1599.

(28] fF Uik, ER0HE, AR HE, S5 A YX 13 G AR PO BT ZHOU Kun, LIU Jun, XU Wei-hong, et al. Effect of exogenous zinc on
JE[J]. A SIREE 4R, 2014, 23(3): 528-534. activity of antioxidant enzyme, accumulation and chemical forms of
XUE Yong, WANG Yuan—yuan, YAO Quan—hong, et al. Research pro— cadmium in different varieties of tomato[J]. Acta Scientiae Circumstan—
gress of plants resistance to heavy metal Cd in soil[J]. Ecology and En— tiae, 2014, 34(6): 1592—1599.(in Chinese )
vironmental Sciences, 2014, 23(3): 528-534.(in Chinese) BIERE, 5 . HHAFRARBX FK CT38 A K KA AL HEE

(201 36 &, BESCAE, MR, S5, A X ARG T S A A OO R PERIFZMAL]. AR FREE AR, 2014, 23(5): 884-889.

i SRR ISCES 1B RRZ R T]. SRR RL2E 24 4], 2014, 34(2): 524-531. HUI Jun—-ai, DANG Zhi. Effects of different cadmium concentrations in
GUO Feng, FAN Wen-hua, FENG Liang-rui, et al. Effects of selenium soil on growth and antioxidant enzyme activities of maize CT38[J]. Ecol—
(Se) on the physiological characteristics, element contents, uptake and ogy and Environmental Sciences, 2014, 23(5): 884-889.(in Chinese )

transportation of Cd in spinach under Cd stress[J]. Acta Scientiae Cir—

( BYRNE Y2015 FIRT B3

WIS ¢ WRITIR >« WBFET &

(ROP R ) 1984 AEQIT, o [ BFE R R Phos 145 | b [ RS2 2o 22 M2 B AR B 2 B 270, e T ) [ N AT A 7
AIZEE PERFEI T . AT SOOI P ERHEAZ G0 ) CSCD A0 PR IS0 ), 48 C b A0 301 T G e ) K50k ) |
Hh R 3 R SCHR B €] CABL (o [0 (P A AR I OBRERSO ) FERHS U PR e L (o B AR 2 S ) An v )
A= SCHRES P WS [ E TR T - 2015 AECEDV A2 ) A RESE PUIH (2015-2017 ) v [ R} B i BT T LR 27 R B i 4R Tt
Fo U4, CROPRL A )AARSIAS 4 [ 7 P B B A 5 W1 Tl — 55527 75 AR ISC A2 0 v DR Wl BB 1) " o . 4l
2014 A REAHECHR v R 5 BT (b R 5 IEH S ) , SRS IR I DR 55351 2 294 Fi 0.775 , 7E RS2 Pl th 25 5 4k
P 20

QR A ) 32 B4 N AR Bl A B HOAR ST, A3 0y AR Dl o LR b BRBE TR SRk (2 T FIAE B
ARG R BB BB WIS BRI R R RS S5 5 TS SC L5 | AR A BT sl 455 AR TIES & Rl B2 oA B R A
FHA TR AL, H AT 2804 L8 B2 AR 2 S 2 R R A= R M O RE B E L AU
TR MR B T A SRS B [T B SRR B SR SRR L2 o T3 A0 AT 45 i 55 L 91 6 A 2 OB L
P25 50 AR B USRI (RSB0 % R RO A AT 5555

CEMPRREY A H T, K16 FEAS, SIS ARENR , % (A A, [ N AMATERAT iR A5 54-51, B0 E #r 20 T, 424 240 JC.
A [E A HUR R S P T ], A P B e S g R R T T

FRAETF]S . ISSN 1001-0629  CN 62-1069/S HRZ S :54-51
Hiudk : 22 M ATIBOC X AU SC VG B 768 5 (LBl ) 4 : 730020
EE1E:0931-8912486 1£E:0931-8912486

E-mail: cykx@lzu.edu.cn PILIE : http://cykx.lzu.edu.cn

http://www.aed.org.cn —497—



