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Effect of Exogenous Selenium on Accumulation and Chemical Forms of

Cadmium in Cucumber ( Cucumis satiuus L. )

XIONG Shi-juan', LIU Jun', XU Wei-hong'*, XIE Wen-wen', CHEN Rong', ZHANG Jin-zhong' , XIONG Zhi-
ting”, WANG Zheng-yin' , XIE De-ti'

(1. College of Resources and Environment, Southwest University, Chongqing 400716, China; 2. College of Resources and
Environmental Sciences, Wuhan University, Wuhan 430079 , China)

Abstract: Pot experiments were carried out to investigate the influence of different selenium(Se)levels(0, 0.5 and 1.0 mg-L™") on
the plant growth, concentration of malonaldehyde ( MDA ), activities of antioxidant enzymes, accumulation and chemical forms of
cadmium( Cd) in cucumber when exposed to Cd (20 mg-kg™'). The results showed that dry weights of leaf, stem, root, fruit and
plant, and concentrations and accumulation of Cd significantly differed between two varieties of cucumber Yanbai and Jinyou 1. With
increasing levels of Se, the contents of MDA in the leaves of Yanbai increased, but the contents of MDA in the leaves of Jinyou 1
decreased. The contents of MDA in the roots of Yanbai first increased and then decreased, while the contents of MDA in Jinyou 1 first
decreased and then increased. The variation trends of CAT, SOD and POD in the leaves and roots of both varieties were different with
increasing levels of Se. The concentrations of different chemical forms of Cd in the fruit decreased after spraying of Se, compared with
the control. Cadmium concentrations in the leaves, stem, roots and fruit of both varieties decreased by 3.2%-17.9% , 14.6% -
28.2% , 5.1%-18.5% and 60. 6% -75.8% in the presence of Se when exposed to Cd. Accumulation of Cd in the plant of both
varieties was in order of Jinyou 1 > Yanbai in the presence or absence of Na,SeO,.
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Table 1  Influences of different Se levels on the growth of cucumber
THE/g pot ™!
Se S ;
/mg-L~! i — - i —
EidE] 15 Eids] 15 s A1
0 12.77 +0.33b 10.997 +0.27b 7.767 =0. 21b 6.947 +0.21b 1.017 0. 13¢ 2.477 0. 09b
0.5 13.797 +0. 48a 12.717 0. 29ab 8.347 +0. 16a 8.757 £0. 19a 1.327 0. 25b 3.117 =0. 12a
1.0 13.857 +0.31a 13.547 £0. 46a 8.507 +0.24a 8.767 +0. 32a 1. 667 +0. 10a 3.277 £0. 08a
qr‘ﬁ/g-pot’l
P ] [E ‘ | LBk ‘
#HeH e HeH w15
0 20. 197 +0. 23b 19.917 £0. 52¢ 41.737 +0.78¢ 40.317 +£0. 40c
0.5 23.067 +0.23a 22.077 0. 61b 46.517 +0. 69b 46. 647 0. 35b
1.0 23.297 +0.23a 25.437 0. 38a 47.307 +0.61a 51.007 +0. 79a

1) ARV FRARRIF — A SRR Se #eBE =22 ] (422 57 . % 14 (P <0. 05) , T[]

2 AR TTCRR (4 P 3 S Bl Se ¥R A 3 i s
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mg- L™ BT A E & 0. 59 wmol - L™ X R B8 i
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22.7% ; B 1 SARAY MDA &5 &8 W) Jed a5 14, 18
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Fig. 1 Effect of Se levels on MDA concentration in leaf of cucumber
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Fig. 2 Effect of Se levels on MDA concentration in root of cucumber
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Fig. 3 Effect of Se levels on CAT activity in leaf of cucumber
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BER 0.5 mg- LB AR 1 5 S A TR (1)
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TGP B a1 5 2R Y SOD 1
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Fig. 4 Effect of Se levels on CAT activity in root of cucumber
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mg- L~ SOD i P4 Hu X FEFEAR T 66. 9% 5 HAL 1
5 # IV SOD iﬁmﬁ Se Vi FE )38 fin 5 G AR S T
T Y AR AL R A G 3 Y R (H 5 % BRA
., Se WM 0.5 mg- L.~ " 1.0 mg-L~ Hﬂ’, Iy}
SOD WM I FEAK T 74.9% F1 31.9% . Wi jifii A~ [
(1) Se & B X PR A it Ft ¥ VAR AT [ POD 16 M3
HH B s (167 FEL 8 ). it Se A F FHEH #5 K
POD i PERIFE R, Se MeE M 0.5 mg L' HY, T FIAR
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e
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Fig. 5 Effect of Se levels on SOD activity in lesf of cucumber
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Fig. 6 Effect of Se levels on SOD activity in root of cucumber
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Fig. 7 Effect of Se levels on POD activity in lesf of cucumber
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Fig. 8 Effect of Se levels on POD activity in root of cucumber
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1.0 mg-L_IBﬂ‘ﬁﬁjEEij(ﬁ 7.12 U+ (g-min) -l , Xt
PEHETN T 513. 8% . LR/ BE I SL R 706 1 2 L
ARSI = TR 1
2.4 R CES

FH 2R 2 AN, BOTUR SEh R TE AR & it A Cd 44
HUS B AE BN SRPTE] | Se W E R (1) 22 S 03K 8] T i
FHIKE. AR Se W EETR L2 A il Al B IR 52 4%
B Cd & 8 WA AR Xt 30 A 5 A I, BR Se
WEE 1.0 mg- LB, LIRS o 5 1 ol R T A4
(Fp) > FACNEE IS (Fya) > RIS
(Fyuo) > B PR (Fy ) > CEERBUS R
(Fy) >/KIBBUSH (Fy ) 5b, AL B R S48
A& Cd FHHEN: Fyp > Fyo > Fyg > Fyye > Fy > Fg;
ML 158 TR &IPS Cd &3 7E Se REE N
0.0.5F11.0 mg-L "B RIRI N . Fy > Fyy >
FlIAc >FHC1 >FW >FE\ FR >FNaC1 >FlIAc >FHC1 > FE
>Fy. Fyo >Fy>Fuo > Fuy > Fy > Fy. [HHEE
(2 , AT 1 S A S AP B Fy 3o
4394 0. 689 mg-kg ' H10.526 mg-kg ', ¥ T H
BIEAR Cd & &, 500 di Cd $EBUE &Y 43. 7% FI
39.3%. Fyo & BOORT Fy ISR SR Fy o F

P EoN 0.380 mg-kg ', i Cd PRI R 1) TR
H26.1%. TEFTA CdIBET, Fy Al F o R,
P24 5 22 FI2h 0. 988 mg-kg ™', i Cd 2R
(S ECH 68.5% . TETERE Y Fo Al Fy 1973
RN 0.038 mg-kg ', i Cd FREUE )T
H2.6% , Wi T35 5 i 22 R (0. 076 mg-kg™')
Cd FEBUE B T 500 5. 2% . ILAM, BFFE KR,
BRTHAL 1 S0 Foo BB Se ¥ BE MRS I, w5
Jiti Se Y ATFEAG 2 A AP R P & IERS Cd &, Hirp
Fy. Fyo Fo SR 5000 F S RBEE Se WREEY
Hehn i AT BEAR, 2 ) E X IRBE AR T 56.0% ~
95.1% . 48.0% ~75.2% . 10.3% ~33.2% K 24.0%
~66.7% ; 2 BRI Fy o Fuo XHEH TN
Fy S RIYTE Se WIE ] 0.5 mg- L~ IFE AR, 435
FEXEIRFEAR T 22.2% | 16.2% K 42.7% , Bt Se He
FERHE TN, Cd & 5 A B 3G, AE AT Lo X BB AG T
17.1% | 2.7% J% 20. 4% . FF58i8 & B, Bl 25 W8t Se
WP 3, PSS AR I Cd R BURS R B
TEEARAL, Se W H 1.0 mg- L~ I FEFTFIHAL 1 5
A AN Cd 48 BR800 B B T 20. 7% A
46.4% .

F2 AR Se REMENRE Cd BEESENZNE"

Table 2 Influences of different Se levels on the chemical forms of Cd in cucumber

Se F\x/mg'kgil Fg/mg'kgil FHA.:/mg'kgil Fm(:l/mg'kgil
/mg-1.”"! e ik e 1S e i1 5 eI i1 5
0 0.075£0.009a  0.102+£0.017a  0.025 +0.006a  0.101 £0.012a  0.145£0.019a  0.226 +0.023a 0.424 £0.035a 0.452 +0.047a

0.5 0.033 £0.005b <0.005 +0.000b  0.015+0.005b  0.048 £0.008b  0.130 £0.017b  0.179 £0.012b 0.350 £0.029¢ 0.330 +£0. 021¢
1.0 <0.005 0. 000c <0.005 £0.000b  0.013 £0.002b  0.025 £0.004c  0.122 £0.010c 0. 151 £0.010c 0.373 £0. 020b 0. 352 +0. 028h
Se Fyo/mg kg™ F/mg kg™ SRR /mg kg !
/mg-1.~! e "1 = e 15 MeH w15
0 0.224 £0.015a 0. 151 £0.012b 0. 873 £0.059a 0.754 £0. 045a 1.771 £0. 087a 1.785 £0. 073a
0.5 0.150 £0.011¢ 0. 152 £0.019b 0.500 £0. 064c¢ 0.573 £0.022b 1.558 £0. 063b 1.272 £0. 045b

1.0 0.199 +0.017b 0.176 0. 020a

0. 695 0. 077b

0.251 0. 015¢ 1. 404 £0.057c 0.956 +0. 028¢

D Fy. Fy. Fune s Fyr s Fruo ™ Fp o BRFKIBES Cd, CEEHREGE Cd, BERRIZHE Cd, SULBHRIGE Cd, #hIERIREUE Cd FIERIED Cd

2.5 W) Cd B RH

BN Cd & &M Cd RERLE 2 D E | Se
WL 22 Sk B W K- (R 3). BR T Se ¥
Eoho M 1.0 mg-L”Bﬂ‘,?ﬂﬁE\Eﬁfﬁ& Cd &8N >
> 28 > o HAKEIE cd &R > 1 > 2%
>R BRTHEEFHEIARTE 0.5 mg-L™" Se AbHi}
Cd Fr i 555 (19. 67 mg-kg ™) , S50 BEAR L, Wit
Se BITEARFIFREE LREAR T 2N | 25 MR AR SEHY
Cd #it, Cd SRR 25 3.2% ~17.9% |
14.6% ~ 28.2% . 5.1% ~ 18.5% M 60.6% ~
75.8% . {EAFIE RIS, BR T HEH AL 1 525,

HEAH cd HHILL Se #FE 1.0 mg-L ™" I HAK.
T Cd FLR T BR T Se ¥RIE 4 0.5 mg- L~ i
HJN Cd FUE R R > 25 > B > M, HAavab By
A SZE SR > R (F4). Cd EHA R E R
R R R AR, 2RI, 43l Cd AR 60. 4%
M23.0%. HWARIM Cd FLERH D UL Cd 4
Y 10. 1% F16. 6% . Wit Se FEAK T 2 Al Fh I
R Cd R R AL, X BRFEAR T 55.6% ~69.5% ,
HE#E Se He R34 N, cd FR 20, BT e
H7E Se ¥ 0.5 mg-L ™"} Cd FH B /A% (0. 253
mg-pot ~") Wi Se YJ7EAS [FIFEBE L3N T ¥ TAR
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K3 FE Se i REMER Cd REM I

Table 3 Influences of different Se levels on the accumulation of Cd in cucumber

Cd #H/mg-kg !

Se

e w15 M 15

i1 e

/gL nt ES Gics o
e w15 e w15 e i1 5 T Bk 5
0 21.75£0.56a 24.44 £0.7la 15.04 £0.37a 14.31+0.25 17.72+0.38ab 25.08 £0.53 a 2.21 £0.30a  2.97 +0.41
0.5 18.35+0.43b 21.90 +0.60b 12.84 £0.23b  10.27 £0.20 19.67 +0.45a 23.59 +0.47b  0.87 +0.067b 0. 84 £0. 09b
1.0 21.05+0.40 a 20.07 £0.48¢c 12.49 £0.17b 12.11+0.14 16.81 +£0.50b 20.44 £0.25¢  0.79+0.08b 0.72 +0.05¢
Se Cd FRZ 4/ mg- pot ! Cd 4= H/mg-pot ™!
/gL i = # 5 Fer
ﬁﬁl}l% Hb L1l =

0 0.278 +0.013b 0.269 £0.015a 0. 117 +0.009 0a 0.099 +0.0050b 0.018 £0.0020b 0.062 0. 005 0a 0. 045 £0.007 0a 0. 059 £0. 006 0a 0.457 +0.019 a 0.489 +0.023a
0.5 0.253 +0.018¢ 0.278 £0.020a 0.107 +0.0050a 0.090 +0.008 0b 0.026 £0.004 0a 0.073 £0.0080a 0.020 +0.020b 0.019 +0.004b 0.406 +0.013b 0.460 +0.015h
1.0 0.292+0.12a  0.272£0.016a 0.106+0.0080a 0.11£0.0070a 0.028 £0.0010a 0.067 £0.0030a 0.019 +0.030b 0.018 +0.002b 0.444 £0.009a 0.463 +0.023b

Aty Cd R R, MHBRZEWR Cd MR EME
Se ¥ JIE 1R 38 I FAAIG , 7 Se WEE R 1.0 mg- L'}
Cd FRE R f A%, 5 0.106 mg-pot ", MHAL 1 52
(1) Cd B SR Bl Se ¥R 52 A 14 N 22 S REALC S T 1 A%
1k, DL Se YRR 0.5 mg- L™ B[4 & B AL AH 0. 090
mg-pot ' ,Se W JE K 1.0 mg-L™" A 5 2 & &
0.106 mg-pot . A 2 MK E R Fp, AE R A
3t Se, Cd 2RI LAEFH/NTEAE 1 5.

3 it

ARHFFER 7 20 mg-kg ™' (1) 3 Cd J5 YL 5
T, W5 Se B F N T 2 AR 25 MR
TS KAAMET T, WG ANE HE T HNA AR (R 1).
Ding %' I Zembala %) (B 55 LKW, 7E — %
IR E T, T80 — 2 2 P ] el 4 X A
MR AR A . R AR EFW
Ao, IS H5EARMNA AT ) b i
AT SGEAEY) S B, fEHERE X P K, Ca, Mg, Zn
ETCR MR, T S A i SR R a4y
SEIGCAVER, PR HE T # R A K 35 98 B W P
PR WS IE KB, B IS Rl R B Se
I, e R ST B AR R T BT 1 S, U
HE X T8 Cd 15 L AT 32 METE O TS Se 5,
o1 SR EMAEAR T B m T, o W
15X Se 11 5 A R, RIIL AR 1 53R A T
B 7

— IO A AR A R B SR A S
BRAL T 8h 5 F IR 2, Cd il SR X —sh 5 F
iy, PP AERERAY 0, L -OH™ | H,0, . 0, %5, BRI 5
GiHy e sk i d CAT. SOD ., POD %54 i 4 Ak
RGENE bR 2 [ i BL A e, SOD Tf
B O°" 4l H,0, A1 O, , i BRIGPEA S —iE

BiiZk , POD HA ¥ H,0, #E1 78k 2 g (D ik, 7e A
Py 1A AR 4 396 15 Fofpam RS 25 B EEAE A, CAT
(VR 6 B0 B p G 5 7= A 9 H,0,7% . Al
Yk B i S0 B R0 E SIS BR B SR B 1 T
o, VAR [ R SR B0 . eI BR T
eI FIAR 9 POD J6-PE BAT AR AR fh e 34 | [R]—
A P EE TR A (%) CAT . SOD i POD 316 4 14 & i
ORI AL (K 3 ~8). MK, Wit Se 76—
FERRRE B3I T WA A BN FITAR Y CAT ., SOD
F1 POD 1M | 33 5 W55 it G 12 12 26 TS 1) A ) o R o
IGINEEAARST. BAHIRIE A S 4 T K& H
B PG R S DI BR e AR A A R X T
REJEM TS g L L AMIRMG B = T BByt 2
HR SRS KA bR ST A AR AL 2 —. BeAh, B
A WEH BRI E ALY ( GSH-Px) (1) 51520 W6 4,
12 -, P T B 0 3 T 7 A ) K )RR DR B
P35 & 0 BE A 1 S Ak 5 e A 40 e RS 82 45 2.
BT FIAR 2 SOD S I | il 56, R BN
A AP I FIAR 2 2L SOD 1% P 5, CAT A1 POD
TEMERAIK. Saidi &1 AR 18] H 3£ 401 AOBF 9T h th 2
IR ZE R, B LL AR A BT S AL Tl G A
RIL, B AEIN CAT, SOD J POD i M35 LIAR
= P XA AR RN B Cd LR R, 3
il T R B A A

P (MDA ) SRR AR  3 S Ab =4, B 3 4R
b 2 R 0 Ty B8 AR 235 4 1) 5 S P 188 ke 4 o
(32 | VR e IO B s ARk A ORIV
L AN RS A7 B AR B A — N AR AR ARG
o OTE Cd VPSRN et Se PRI T HAL 1 5119
PN i U B I — A VA R T T A
M 15 I 0 4 4 . i T AT I g 3R
W, 7E—7E Se W VLRI ( <5.0 mg-L™") , BN
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B 36 4

N A G Se W AY BN T R (H
O 1 AR AT S R e s R N, HE NS Y
T S TR B BAAIGAR (0. 5 mg- 17" Se)
FTREARAR i ik AR T, DT DR B A 240 AR RE 17T v
fifi (1.0 mg-L~" Se) XF & I\ A= T 8 F A, i T
AR 22 A VR, 38 T AR 200 i 5 1 2ot 41 451
50 S F I A DA AT A £ G i
T, AR U SE B fE ek AR D N AT
T U0 FF M it A 0T A Y AR 2 R 1
PR BT R A A AR A . R R T R
SR FHE PR S MIEATG LGB AU BT S B N B R . SR
R0 X B T | AR AL 1 S AR A A A B
{EL I e AP A S S B N T 2 S SRR R 25 AR
SRS R AA MR 5, 3R WA IS B LAk 0 B G R
TR A AR A EEEHIE R TR TN
PS8 TS S0 A PR P 1 3 S A 5. AR R
BN, Wit Se X PSS AN BN | AR A TY 1 & i
3 S RIS AR 1) A8 Ak 5, T DR X6 AN [t A
JRIFAR 3 ALV E FHSE AN ], eAh 76 Se VB
1.0 mg-L™'B, BIAS SRR B TR T S i 5
PR 2= O B 3, RTE Cd Bria R, B 1.0
mg- L' Se X B AR i S8 AL A 2 AN K. A
RIS, P S RPN RS B DA R TR X 3
BT R T BTN AR R K T AR S E A T
# N A CAT . SOD 1 POD I %, K I, B4 #8
BB AT Z i AR N A T 2 T R
4 R AR N 2B 280 s PSR EE
TEPERS ISR KBRS | B iS5, ek
SHEMME, RS, RS, REEE.
AR TR Cd BB L F A7, HOF Y &
70.608 mg-kg ™', 5 Cd #EBURER 41.5% . X5
JEI A R R S R A R — L S B
e AR R P DY RS R AR Fyo
HIRZ EY &R 0.380 mg-kg ™', i Cd $2HU
Y 26.1%. Fy il Fyo MIEHERAGH Cd B, i
W Z I Cd BRI 67. 6% , 72 i R 5L h
Cd B EEAEIRR. Py M F, M H
JIRSZ R I Z A AT 0,038 mg-kg ™', i Cd $2HL
SRR 2. 6% . BEHTETIR ST Cd A9 A2 BRI
WP T Cd XA E . W RN R B, B T A
1 51 F, B Se 7EA RS FREL T &IEA Cd
) E A Cd B EEHCE. A UL Se X Cd HA #5HifE
FH, AT BEATCAR P00 B (A WL, 3% 55 i A R A 45 SR AR
—5 HARIGE L F BRI . Se Xt Cd Y

FEUVE LA AT RE A0 m] 5 I 200 M A Ts M A |
SR ANSRIIE 75 A AR 1 A 3 LA Se T 7
A BB, A FEA YA AR Cd, TR
Cd M A R """, A5 0.5 mg-L™" A 1, 1.0
mg- L™ Se ST G T WA SRR B Fyq
N F o MFEAR) Fy &, U Se (1.0 mg-L™")
XF Cd AFAE—E R BEINEI. ORI, oK
M AT N, SRS PR SR IR N < FEO 1 5,
TR, B S O D e > JME 1 5. X AT RE R
HI TN 4 i 1 8 A BT A B TG S T
F1 SRS SR AT, el SR S0 4 1 I WA 7 i
Jl. Feng 55 MBFFT 25 LW, Cd 7E/K ARG h 22
R TRE. (A4 I, WA B R ed &
BERR T 22 ARFER SRR D i K
Cd S EDMRFMER L MR EER D (£3).
X R Cd 7EW A B T b B BRI 575
AEJs, H Cd F =4 T8 3. 2 IR Cd
HEHNO0.72 ~2.97 mg-kg ', IS (R PTE
ge gy PR B ) X B K R R BR & bR ME (0.05
mg-kg ™)L AL IR Cd A7 4858 1 i B e
1,70 HAE ] BT Cd AR &4 /E .
e, 78 Cd {5 YR5GS T Rl 8 I, HOR SCnT RBAF1EZ
Cd 75 4L i fa . BF ¢ [8) I B, B T IRl (0.5
mg-L™" Se) AbHUIE N T MR Cd #1115
it Se AR BE MR AEG T BN | 25 AR KRS
1) Cd &6, HACR Z b sirpit | 25 AR AR SE Cd
FEYH 1.0 mg-kg™' <0.5 mg-kg™'. XHK[7,8,
11 ] RIS R R B TR E T, B3 A J5UAm m
REARAE AR N (50 5. AT DL A J5UAR W] AT AR )
XGRS, BE— 2D UL T A A AR S PO .
FEA A BTG Rl RIS Se I, 86 RSP Cd &
AR S cd R & AL 1 5K 0. 76
mg-pot "1 0.014 mg-pot ™", YL EHEEAL 1 55
) Cd Feiz =] AR AL (RS2 R BE ) BE i Bt o
Z , HE X IRE R, B Se 5,2 DR AR
T2 Cd 8 Cd B i1 2 AR, e 1 2R 52 Cd
A Cd AR B THAC 1 5, VLR WA R A
L1 SN Cd &R RBCRIET A, 5k &
B, WA 57, Cd AN M E <31 5.
JEL PR AT R A R R R T N T 1 S5 K

4 i

(D TEES)E Cd 1594 (20 mg-kg™") T, 1ot
iti Se A FFARE 4 )8 Cd X8 INAE K 185, AR 2
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JEREIN T RN 25 MR RS AR T, ELBE Se
S o o
(2) W Jit A4 42 = 1 PR il A BT AR Y

CAT, SOD F1 POD HLAa AL BT 1, Zefif 14 xT 2R

AORER . TR 5 BT AR T A BTG P T i ] RE

S B TON SR DT 1 S AR AR ST EE 1S A% A= AL )

Z—.

(3) BNIRA Cd FZB R T ZEMA . Bt

B ] A A PR B I | 25 0 AR SRS 5 B AR

HREm AR, BRI Cd EZLIEHEEARW F,

Fr o JESAETE. Wi Se /b T 8 IR LA LS Cd

3 BN Cd S BRI, SR SR G A IR 5 4

A > AL 1 S A SRR T S R AR B

T RS ORBON

SE
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