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Se Z&fi# Cd HjjjﬂXﬂL@%ﬁg( Cucurbita pepo 1.) FEM
FAOCHT ST SEATH T8 PUHH M 1 g —Fh AT 9% 1 B
S, TEFR E A Hl 4 AR S AT R R AES B . ARBF ST LAV
BT SR R R VD B R SN TR R B Se
A Cd 2 B AR IS P57 2y i AR T A A B 1 &
Cd 1 Se & f Ay, W] Se 5 Cd 22 HAFHZ [H] Y
SRCFR N B RN, TROR A Cd W38 i) B A AP IR Se
W DU A AEY h Cd B8 5F 19 IR 42 85 Se &
i AYBEFE R ISR .

1 MR5AE

1.1 iXgesry

HEIPERE A o B G A v R B
LR SRR 285 K cd™ DLE LR (cdcl, -
2. 5H,0) JEEINA , Se* LA i £ ( Na,SeO, - 5H,0)
FEAIA ¥ M43 Hr4l
1.2 RIwigit

SHESCHR[ 27 ] 95 ANk BE 3T, Bk 16 B
IARYS T T FE v 130°C =il K e 24 h 2R 1 1Y
VI 2H BB IC R 404 CACL, YIS Na,SeO, TR 433
W 40V b RWIHEFE R 2 AR S VR A5,
S A AR CCL, F1 Na,SeO, [RIZRTD/3 5% T3
BHEFRER (10 emx 10 em) H, A 18], RS E 40—
I PEER R T, 0. 1% HgCl, % IE T 10 min, i
Bl H Rk g 2RI K R 2 vk 5 W R T IRRLE
IRk AEERIEFP 20 RFP T I IS 12 SRR
JEHE B E 3 RERE R 2REILIXHAES,
SRIG A HP-2808 B IERE FE4 (W /R E AR IR AT
FRA 7)) FEAT IR IR G IR 3% R 25+ 1°C AR
1 60% ~T5% ., X5 3 IA] R FHAREE 6 25 B8 1 /K St
TR Y, B SRR AN AD b Ca™ A Se™ Vi B AR FF
e, LR35 15 d 556 — A B SR IR B RAEFE R AT
FHOCHE AR A I E
1.3 JMEMBESAH*

T A FRBEALSEEL 10 PR —Badk, M ER
7 407 V8 PR I 1 5 SR T 4 22— FRL - ROF X6 T B A
FREE, WO A o bk o (o), SRS T HEAE
105C A7 0.5 h,70°CHt T 2 fE R R 15
EALY I AL ( superoxide dismutase , SOD ) 36 PE I 7€ .
PR PG W 2 4l i et R oR R & B PO W ( nitro-blue
tetrazolium, NBT) Yt 1k i Uk I &7 5 1 4 1k ¥y ity
( peroxidase , POD) 7% 14 I %2 . 1% B PG & 7 41 ¥ i >k
FAABIA B 20052 7 5 Cd A1 Se & f i %2 . BUPG

LrETHL bR TRE 1,00 g 2R IR (IR AN SR ) TH %
K H AA240Z A S5 I 1 W 536 G BE T ( Varina, 3
B E Cd &8, R AFS-230E 5156 6 it
(LA A BRI R M E Se k™,
®1 FRERE Ca”#1Se" A&
Table 1 Different concentration combinations of
Cd* and Se*'

Cd* + Se* Cd* + Se* Cd** + Se* Cd* + Se*
0.2+0 0.2+0.5 0.2+2.0 0.2+4.0
0.4+0 0.4+0.5 0.4+2.0 0.4+4.0
0.6+0 0.6+0.5 0.6+2.0 0.6+4.0

1 Cd ¥R JE AN mg-kg™!, Se e JF BN N mg- L7,

Note: The unit of Cd concentration is mg+kg™', and the unit of Se

concentration is mg-L™".

1.4 HiEAE

AR AR 3 WEE WY HE, A
Microsoft Excel 2010 47 £ 4% 4b 3 5l 1€, i H SPSS
19. 0 e A XA B 1 788 7087, >R A Duncan
B ZEEHAT BE VT, 19% M 5%KF T LSD £
LA 50 45 Ak V- Y 22 [A) 1) 22 S 5

2 ZEREHSMH

2.1 ARRENEERTEERANEHASEESH
=]

FHIEL T A, B— Cd e R, B Cd VR B Y 3
X PEE gh B AE KA — e AR HEE R AN TRV
J# Se(0.5.2.0 f14.0 mg- L") 5K E Cd(0.2,
0.4 mg kg™ ) 38 HAE M PE & 2 4y i i S IR Se
W BRGNS SE T IS BRI 0 A 4, HL Y T AR R —
Cd JH38 T v i o v, ELRHE 2 A 3 ) 25 S5 i
2.0 mg-L'Se 55 0.2.0. 4 mg-kg ' Cd A HAE FH X} 75 #i
PR T AR R A R P a5 BSAH B B — Cd
AN T 17. 70% F1 39. 90% , A [F)HJE Se 5 ik
J Cd(0.6 mg-kg™" ) R BAEH N, VH#i 4l i i = 3
W S A F AN B — Cd Wil , 43 5 R RE T 19, 72% |
15. 01%F11 25. 06% AH4I 1 1 = 5 Se ¥ B IR 22 8™
K& AR SCHE . RIIANRIHR B Se SRR EE Cd (1)
2 HAEFHRBIRHE VG # gl i i AR, B Se MR BCR,
PEUEVE FHBEE s (HAN YR JE Se SHmIRIE Cd 2 HAE
FHIIH T 40 8942 K, HL Se #eJ3E MR 001 4 FH ik
5, R Se 5 Cd PHRIFEF L, AT L Se 5 Cd 52 H.
VAR VG &  ) A o Ak 443 WU U
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B O0mgL"'Se 0.5mg-L'Se B82.0mgL"'SeFd40mgL'Se

Seedling height/cm

=

S = 0 W s LN O
— T T T T T T — T

Cd¥kE Cd concentration/(mg-kg™)

TE: REFRRVNG FRED IFORTEAR R e BE Cd BhE A [l 2
Se ZI[AI7E 0. 01 F1 0. 05 /K AWM BEMBERESR, T,
Note: Different capital and lowercase letters mean significant difference
between different concentrations of Se at 0. 01 and 0. 05 level under
the Cd stress with the same concentration respectively.

The same as following.

E1 ARRENEREZEEANEHSYEHESHNZE
Fig.1 Interactive effects of selenium and cadmium

on the seedling height in zucchini seedlings

2.2 ARREMNBRETEEAMAFHEASEEDE
ap-A1)

H 1 2 R AN (] e 3 0 5 52 B A WS 94 5 7 &)y
B AW AR Y B e 5 R S R AR AL, B — Cd B
BT BEE Cd W EE ARG I, VHEH P 4y i i) e AT
EIEESE ANFEREE Se 5 Cd 22 BAEH T PI# 4]
T A i R R = T B — Cd i, HoX
AR T T8 iR 138 BAE IS 5012
Cd0. 2+Se2. 0,CdO. 4+Se2. 0 Fl Cd0. 6+Se0. 5, 5 H—
Cd B A b IRV B Cd(0.2.,0.4 mg-kg™") 5 A
W Se 28 HAFE G fif B (0 AR AL IR B 25 57, = iR
Cd(0.6 mg-kg™") AR Se 28 HAF 5 fif 5 1 A8
25 SRR i 3 K s AR EE Cd 58 [k JEE Se
LHAEMETENZAEA R E, ] W ARk
£ Cd e N AR Pk B2 Se W) R 3 2R Cd 755 X7
B AR AR R A AR T A AR ) e R
W 25T, VR BE Se 1 22 ff A AN B I 5 (HLAE = v
JE Cd W, AR BE Se X678 & 7 &) 1 A= ) 1 A 12
HEVE I/ R 43 Ak B P 5 7 o) v A ) it ) AR 3R I
KRBT, R,
2.3 AREKEMWERZEERAXNAHASE SOD iF
E3:0EA

SOD R AR R Ge 1) — > FE 2 R4, fig
A 40T B Ah S B 38 R TR AR W) AR N 7 A BT M AR
(reactive oxygen species, ROS) , Jal 4% i it i 4801k =2 i
JT2HE 4 40 B 55 1 56 B P, LS PR mT DL AR ) X Cd

B30 mgL'Se 0.5mg-L"'Se BE2.0mg-L"'Se Fd 40mgL"'Se
6 .

#FE Fresh weight/g

Cd#BE Cd concentration/(mg-kg™")
E2 FAERENBREZEERNEHS
HEEMEMR I

Fig.2 Interactive effects of selenium and cadmium on

the fresh weight and dry weight in zucchini seedlings

Jor3ETE N E SR /N, B3 R H— Cd hE T,
Bl Cd W RGN, VU5 2 4l i SOD i 14 bl 2 2 &
NS Se HEAE Cd(0.2 mg-kg )X HEAEHT
VEHI 4l 1 SOD 16 M K T A R H— Cd i, -kl
F Se Vi FE (Y 1 0 £ R — 8 IR A G, H
SOD 1% 4 43 51l J& AH B B — Cd Wi i 1,01, 1.25 Al
1.86 ffi, AW Se Hrhm Mk EE Cd (0.4,0.6
mg-kg ') L HEAEHT, PH#I 41 T SOD IE LT
A B — Cd 1M ,0. 4 mg-kg ™' Cd 5R[AIMEE Se 52 H.
YERTR, VE# ™ 40 SOD Jif PR B AR I B — Cd Blhad 4
TREAK T 13. 80% ,15. 38% Al 11. 56% ,{H2E 3R 2 ;
0.6 mg-kg™'Cd SRR Se ZZHAEH T, FU#i 4
Wi SOD i P &5 A1 W 8 — Cd W38 40 51 B 3 AR T
32.22% 21. 96%H1 23. 34% ,

25 LR AR Cd W T, AME— W Se 1]
FH 4 B v P P 4 SOD 1 1, I Vs i i % it E 4
J& Cd XFP#E = 2 i AR R R BB F . HREE Cd
W RE B3E N, AMIR Se XFEE 42 JE Cd Wi ™ PH A
SOD 17 M ) 52 M 2802 Mok B 55, v] e & R oM B 4 Cd
WEE RGN Se X Cd P45 PUAE I BOR B 55 , A7 7] fig
5 Se Al Cd By RIFEFVEFA C,
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Fig.3 Interactive effects of selenium and cadmium

on the SOD activity in zucchini seedlings
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P, 40 M fe 2 s Cd B

EH— Cd Phia A e, AS TR e B Se mT IR vk B2
Cd(0.2 mg-kg™) Wrift N PUH A 4 POD TG 3G,
T e Cd(0.4.0.6 mg-kg™") B8 F i POD
TEPEREAR, AR Se SR E Cd S HAER
VU A4 POD 3G R BN CdO. 2+Se0. 5>Cd0. 2+
Se2. 0>Cd0. 2+Se4. 0, Cd0. 2+Se0. 5 5 — Cd A
(CdO. 2) FIH AL A AH b 22 S0 8 3, Hh 2 A 540
NiE— Cd BB 22 R 2, ANRVEEE Se 5k iz
Cd(Cdo. 4) 52 HAEF R PE#I = 4 POD 1ML T
H— Cd WraE A2 4 A 5 A N H— Cd Wil 45
HERERFARE, AR Se 5&KE Cd 2 H
VAT A 2 B AR PG 3 7 41 POD Tk . v Wk B2
Cd Wit~ B Se W (W38 in, V98 7 4h 15 POD i
PERFEAR S, (HY Se ¥ B A 22 B ™ #% (19 7 A1

x,
2.5 ARKENBABEZEEEAXNABESSE Cd
1 Se E=EMF I

HIPEL 5 IRD, B — Cd WHE T, BEE Cd W B3
PEB A P Cd & B W N, Se & BB W FEAR,
SN Se REAZFRAR PG #H ™ 2 4 Cd B9, Tt A [

BEOmgL'Se F§05mgL!Se B2.0mgL"'Se¥]4.0mglL"!Se

[
W
=3

Aa

—_ —_ )
=) 9 S
S S S

POD{EH: POD activity/(U-g" FW)
wn
f=1
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(=]
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B4 ARERREHTRZEIERXEEHES
418 POD R #
Fig.4 Interactive effects of selenium and cadmium

on the POD activity in zucchini seedlings

WIE Se(0.5.2.0 F14.0 mg-kg™ ") [ PH#H 2 4l i v Cd
i 5 AN B — Cd Wra A o B R T 10.87%
18.91% 1 9. 45% ( Cd B ¥ B 435124 0.2.0. 4 F1 0. 6
mg kg, TR, 12. 14% . 18. 77% Fl 4. 29% ,25. 56% .
24.28% M1 3. 54% , BLAL, SMIE Se $& 5 T VE i 2 4h
1 Se S i fIRHREE Cd (0.2 mg kg™ ) ST, B Se
W PRI, VEER T S T Se & SR BT R A
ANEHRE Se(0.5.2.0 F14.0 mg-kg™" ) 5ARIME Cd
L HAEF T PO P 4 E Se £ 02 R AH N B — Cd i
Y 1.5.2.0 Ff12.5 % (Cd Ak 43500 0.2.0. 4
0.6 mg-kg', FIA),1.7.2.5 2. 44%,1.7.2.5F
235 BRI Cd Ab P 22 % AR B % (P>
0.05),

3 i

R Cd TEAT T BA BRI INTE VA
BRI R I F5 1, © 8k A5 32 56 1 1) 2 25 G
Yz —"", Cd RERCAE A K R X Cd W B
BB TR bR S v e R E AT Y (Al R &
KT Cd RERS IR UERE I A K AW 9T A5 5
TRMUNEEE, BRI E Cd e BE 38N, VG 31 4 i
o T S S, M)A Cd W E TR RS
AL ROS, M1 () ROS TRE 4RI H B E AL iR )5
T, o FEOR P A S R AR . T R Cd
FAAbEE A B B s RS Cd BB AERT R AR
AN TR BRI 30 43 ( ArVARS 0 440 e A b7 A7 ), AT
HEA Cd 175 % 1 SR AL 38, 3% 26 40 03 22 0 00 45 il 41 A1
EBHE PR L R4, SOD 1 POD 2 i i Ak R 4t
o2 ASSCHEER BT AL PG, BB LB 4L B B 3t H,0,
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Fig.5 Interactive effects of selenium and cadmium

on Cd and Se concentration in zucchini seedlings
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Y EEE

18 f Se BEASHE = AE Y BT AL A0 1 DA T 38 58 K 180
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R, Se 5 Cd 38 BAE H RE RS hnax 2 il i) 0%
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Interactive Effects of Selenium and Cadmium on the Growth and
Antioxidative Enzymes in Zucchini Seedling

GUO Feng® WU Weifeng FENG Yu XU Jianmin MA Xiang'ai

(College of Resources and Environment, Shanxi Agricultural University, Taigu, Shanxi 030801)

Abstract: The selenium (Se) can alleviate the toxicity of cadmium (Cd) on plants. In order to investigate the effects of
the interaction between Se and Cd on plants, a sand culture experiment was conducted to study the interactive effects of
different concentration of selenium (0.5, 2.0 and 4. 0mg-L™") and cadmium (0.2, 0.4 and 0.6mg-kg™") on the
growth, antioxidative enzymes, Cd and Se content in pumpkin seedlings. The results indicated that exposure to
increasing Cd concentrations promoted the growth and the activity of antioxidant enzymes of pumpkin seedlings. The
interactive effect of Se and Cd on growth and the activity of antioxidative enzymes for pumpkin seedlings mainly
depended on the concentration of Se and Cd. When Cd treatment level was 0. 2 and 0. 4 0. 4mg-kg™", Se (0.5, 2.0 and
4.0mg-L™") could significantly increase seedling height, fresh weight and dry weight of pumpkin seedlings. However,
with Cd level reaching 0. 6 mg-kg™"', the addition of Se resulted in decreasing biomass of pumpkin seedlings. Compared
with single Cd stress, the combination treatment of Se (0.5, 2.0 and 4.0mg-L™") and Cd level at 0.2 mg - kg™
significantly enhanced, the activity of SOD and POD; Se (0.5, 2.0 and 4. Omg-L™") inhibited the activity of SOD and
POD when Cd levels were 0.4 and 0.6 mg-kg™", furthermore, the higher the concentration of Cd was the more serious
the inhibition was. There were the inhibitory effects of Se-Cd interaction on growth and activity of antioxidant enzyme in
pumpkin seedlings under stress of Cd with 0. 6 mg-kg™". The exogenous Se reduced Cd concentration and increased the
Se concentration in zucchini seedlings under Cd stress. Se with lower levels could effectively alleviate Cd toxicity in
zucchini seedlings. The optimum Se concentration is 2.0 mg+ L™ for Se-Cd interactions to promote the growth and
antioxidant enzyme activity under Cd stress with low concentration. This study suggested that the Cd pollution degree and
concentration of exogenous Se should be considered when Se is used to alleviate Cd toxicity on plant, which provided a
certain reference for Cd pollution control.

Keywords : selenium, cadmium, interactive effect, pumpkin seedlings





