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Abstract: To investigate the alleviation of selenium (Se) on the chromium (Cr) toxicity in eggplant, the
effects of different concentration of Se on the growth, physiological characteristics and Cr uptake by eggplant
under different Cr stress levels were studied by pot experiments. The results showed that with the treatment
of single Cr, the plant growth was significantly inhibited with the increase of Cr concentration. The Cr toxicity
showed that the plant height, root length, shoot and dry weight and chlorophyll content were inhibited. With
the increase of Cr concentrations, the chlorophyll and soluble protein in leaves showed a downward trend,
and the content of malondialdehyde (MDA) increased, the activities of superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) increased first and then decreased. The results of Cr-Se mixed
treatment showed that Se could alleviate the Cr toxicity of eggplant. Under different concentrations of Cr
stress, Se applied with different concentrations showed different alleviation effects. Studies showed that under the
treatment of 10, 20, 40 and 80 mg/kg Cr, the good alleviation effects could be obtained when applied with 12, 24,
48 and 48 mg/kg Se respectively. The plant height, root length and biomass of eggplant increased, chlorophyll
and soluble protein contents increased significantly, MDA and Cr accumulation in plant decreased.

Keywords: Cr stress; Se; eggplant; Cr uptake; physiological characteristics

5 B #:2019-03-05

FEITE 1l v S S R R 0 R AR S X sl all T Y S Y S B R F Y 5 AR AR TE 7 (201603D21110-1-2) 5 L1 PG 44 4E BLEE
T 9 5 4 300 < K TI 39 Ml ORI 20 T 4 i BCIR O A R L B XU DA 7 (201601D202071) 5 1L PG 4 5 5 0 & T E R Rk 4 & T 46
WOWE V5 HEAR T I E SR od TR LR R HPLEATF5T 7 (201803D31209-1)

F—EFE XIBEE (1992—) . & R W oE 4k, FENFE SR KWEB IS . E-mail:352098189@qq.com

BEEE BRI (1963—) , 2 WFSE 51 P98 28 S0, RN F R F2 24158 . E-mail: chengbin0709@163.com



358 K PR 2R R

%33 &

B&JE VI-B R — Rl 0 R A AR AP — ik
PLE AL, EZLL CrdD A Cr(VD2 R 25
FROERAE. AR ESRE, HEEEA R, Cr (DR 5
B A e A W B B8 BTV R A 25, AN B B L Xt
T 75 M AR X R /N, A RN K AR BREE A o R L L
RANRAER BTN HMEITTERT . Cr(VD HH WIE
KON IR £ (CrO, ) MHE R L (Cr, 0,7 ), 7E—E
10 (L P o H L b4 0 ik B8 v K A ) g R
FLREA 5 1l A W WA 5 R A, B TE AR AR N B8R B
XA A B O O O B EE R AR N
B RERR AN SR BUE Y 2 — Y, BiE NJEE
S H RE 0] 0% A R DR M RN T K P K
FEAHRE SR RS H S E, AR R
P, IR EAE AR O 16 07 ¢ BEAE B HEUK 4 60
Ti ot AR BRHETE R M 600 Tt 4% 2 E 5 e i
ik 1250 £ t,

1 (Se) 2 B 9 AL AARAS W] /0 ) it e R L e 2
R AR e 95 Ty 16 R e A S o KU RS T AR 2 R 2 AR
Rl (Se) B R AR A K AT T L (02
AT AE ) 0 AR KR A R Y B R 2
E RGPPSR S ELSREER T,
AR 5 (Se) 8% T O 47 32 3 43 Ja 5% il 1 A, (AL 3L
TERIMLHI AR e 2R . BN L RKEILE Se 5ES
JE A VR R OF T K & BT, K E i
GEH R AR N Y Se AT LLUE 5 4 R
T AW HIKG S I Se— e B—O M HKESY
(% 20K 5 4 HE RS . AT B R Y Se 18 1] LA
T 5 A 9 R AR A B AR T (SOD) | i Ak ) B
(POD) I 1 F il 22 IR = ok 27 i 1 4 J& X 4 ) 1) 1
LRI Se WX AR A A K AT R AR R

¥ (Solanummelongena L.) )& i F Fk. hn F
J& b — A AR . T T LT AR E R MR
BAGRY: I X E RN R R —. &K
W LA 3 % 4, R A A 55 2R O =0 R 1Tl
Xt 4% S A0 1 RN 2 g A LB, O Se S8 i 45 D XF
W 1 7 BB 5% 2 1R B K 0
1 BRHS5i%
1.1 356 A1

KT 20184 4 H 7 HE 8 H 28 HEE L Pi A&
MrBE2E BE Al PR 58 5 B IR BT B i AT, DAL &
FH 3B X a9 48 = Rl H £ IR 2 (020 enD 19 £
B CREEREE] R 2017 4R 9 H ., R A T (Solanum-
melongena L.) i Bk BEA TN 8] 7367, H Ll PY 5 5 = A
o A BR A AL, 3K Se H Na, SeO,. Cr
K, CrO, , 35 b i H1GR 120 2 43 A 4l

1.2 R H*E

PR 1 AR T L B 415 3L 2 mm 0 L 5 23
A 2.5 kg T+ ARG — K, Cr, O; \Na, SeO, i &
VAW AR AR A . iR 4 > CroK
-, 43 1A 10,20,40,80 mg/kg (45l 7w R Crlo,
Cr20.Cr40,Cr80) ;4 4~ Se /K-, ¥ 43 J 0,12,
24,48 mg/kg (4| 3R Se0.Sel2 . Se24.Sed8) 1
AN AT AT 35 5 1 25 1 A B 5 36 17 AN Kb, 44 b 2R
WAWRELE ., SO IEEE N 40 X5 H Tk
5. B KRR i A0 2201 NaClO % 0TH
B 10 min 5, HZE K Wik T, 20 S8 0 108 3% 1
WHEATE T AR B = 0 — 0 B, 20 5 4 4 [ 1 4
Wi ARE A B & 3 bk Z2 v J BB 2 Bk, 70
K5 WA 7 AR DGR Fn . WK S 43 S H R KR &
B K R PR RS A AR R FH U8 AR 2 AE R K A3, BR A R
PRt AR5 B AR L 25 R A O B B L 7E 105
CTFAH 30 min,50 CHET 2 1H T & , o7 RFFR
ARy i . HETFE SR AR AL 0.2 mm 0, B F
EESRH S,
1.3 MEHLREFE

M4 2 1Ok A SPAD {40 5 s ARk
1B AR (SOD) 1 P4 2R FH il 56 DU 260w i (NBT) 3 Ji 2%
W 5 3 48 fk A B (CAT) 36 M R 58 40 43 6 6 B 1
W5E 5 1 S Ak P 1 (POD) T P R FH A A1 A B 325 I A
AR R R % D2 G—250 Qe @k e
P (MDA) & 5 R B ALK Z 1R (TBA) In#4 1
A s Cr & R T 9O I .
1.4 HEBSH

%] SPSS 16.0 Fl Excel 2016 % 4F 347 B4 43
BrAngeit40 87, i Excel 2016 2K,
2 HRSHH
2.1 Sext Cr B8 T o FERKBIF M

26 1 a1, B— ) Cr Kb B8 00 7 A9 ko AR
KRR i A VR T . L R 0 TR TR
F(P<0.05), FIM N Cr10,Cr20,Crd0,Cr80 4k
T Bk 5 43 0 ke % BE AR 38.37 %, 53.97%,66.23%,
75.03 % 5 MK 43 ) H X BRI 24,5506, 55.20%
84.79%0,71.38 %6 ; AR T 43 il Lk Xf BRREAR 42,72,
72.82%,65.62% ,92.23 % ; 25 1 5 43 ) b X BR AR
35.25%,67.24 % ,85.44%,92.19 % 5 I+ 5 43 1) He Xt
MR R 36.35%,64.21%,81.75%,92.64 %, £ Cr N
80 mg/kg AbFRT L 5T 1A K 52 B 0 B E T,
T R,

TS ) e BE (4 Se J& » XF Cr JiR 30 A4 28 1% SOR A
[6, Crl0 b ,Cr10Sel2 &b BH X5 T 1Y 22 e 2 S
e FOM YRR AR B =R AR T A 2



5 4

S 1% 45 45 < G X 6 PO 38 T 3 7 2 B AR e A A i ) 2 359

Cr10 AbHf 1.20,1.25,1.35,1.39, 1.47 %5 Cr20 At
PR, Cr20Se24 A FEH #R ey AR 28 i (AR T H 4
5 & Cr20 Ay 1.10, 1.19, 1. 38, 1. 23, 1. 34 f&;
Crd0Sed8 AbH T #k & AR B 25 it AR T 43 0l 2
Cr40 ) 1.13,1.14,1.16,1.24,1.24 %5 ;Cr80Se4 8 4bHH

TR R R 2R R A Cr80 1Y 1,25,
1.09,1.34,1.20,1.15 4%, T80 Cr 32 B3 i 5 i HAR
FAK PRI RE R A K B B Y R AGL GE B Y Se
I V2 R S O A = 48 R B Cor o AT D 48 %oF L e I 35S
(1075 5 2 A A R 8 T

1 ENEHETHFRS RRKEEMENZI

Crikiz/ Se kL b5 /om K /em BT/ ET /g n T /g
(mg kg™ ) (mg kg™ ")
0 0 25.1040.55° 12.6740.68" 0.7740.05° 1.3040.23" 1.7740.05°
0 15.474+0.32¢ 9.5640.07¢ 0.4440.02¢ 0.8040.01¢ 1.1320.03¢
12 18.6240.70" 11.974£0.30° 0.65+0.04" 1.10£0.06" 1.57+0.06"
10 24 17.894-0.29" 11.7240.37" 0.6140.02" 1.0740.06% 1.5240.04"
48 17.4140.10° 10.60+0.36¢ 0.5140.02°¢ 0.9040.03¢ 1.3340.03¢
0 11.5540.46¢ 5.681+0.31¢ 0.214-0.02¢ 0.430.02¢ 0.63£0.04%
12 13.2840.71% 6.1340.13" 0.2740.01" 0.5740.01" 0.7540.02!
20 24 14.59+0.22¢ 7.2940.25¢ 0.3740.02° 0.7840.01° 0.9340.03¢
48 14.0340.50" 6.68+0.18° 0.31£0.02° 0.6940.01° 0.8840.05¢
0 8.4840.49" 4.3640.16" 0.1240.01" 0.1940.01" 0.3140.01!
12 9.17+0.13# 5.1240.09" 0.14+0.01" 0.21+0.03" 0.4040.02"
10 24 11.0440.33% 5.5470.20" 0.1840.02¢" 0.3240.02¢ 0.4640.03"
48 12.5140.32 6.3340.19¢ 0.2240.02¢ 0.36£0.01g 0.5740.04%
0 6.2740.42) 3.6340.12! 0.0640.01 0.0940.01 0.13£0.01*
12 6.6940.241 4.364+0.17 0.0870.02' 0.1170.01 0.16+0.03"
80 24 7.9340.13 5.0140.141 0.124-0.02" 0.1520.01" 0.2540.04
48 9.9140.63g" 5.4540.20" 0.1340.01" 0.2140.02" 0.2940.01%

TE 2 8O T 2 (B R 22 5 ) 80 B30 5 A ] 5 ik 3 R R TR] Ak B ) 22 57 A 35 (P <C0.05)

2.2 Se ¥} Cr BB T FAEEH M IE

2.21 Sest Cr i@ FTa#HFHE&ZTAEETNH R H
B arH, f— Cr AR FER 0 7 ik B i e R i
Bl Cr e 5 038 i imi B AIG L T2 S Bk k24 B B i A8 4k
FEI I R AR /0N AE R B AR i e AR IR K B R
%, TEFA— Cr 10,20,40,80 mg/kg AbFE T , 442 & it
A3 B X BE AR 9.1%6,25.1%,31.9%,41.5% ., Cr40,
Cr80 AbFRF , HE MR A % A2 B i A8 b, i B AR /N, A
7 L HRTE 80 mg/kg b FER L if R BE™ A
fEIE . TEIMA KRR EE Y Se J& %t Cr W if i) 2% fig
MR AR, HH— Cr10,Cr20,Crd0,Cr80 kb3 AH
L, il A 12.24,48,48 mg/kg 1 Se, fHif5 M F
B4 X S 7.3%0,18.5%,8.0%,35.6 %, it
B Cr JP0 300 B3R 1 50 1 i S (AR 5 4, i 2 38 4 ok B
I, A 1R RS L 1& & 1Y Se BEMEE Cr hia T 4%
Z AL M Cr X E 0%,

2.2.2 Se 3t Cr Mri& T # T MDA & ¢ %A
MDA FH 2 15 11 1 K 52 e 40 i i 2o S A0 A T 1 e 55
—EFEE F WA E R, B 2 T R —
Cr ZbBRIF L BEE Cr WREE R3S, i it e MDA &
S CAEE TP B 3 1, Cr ¥R BT, 24 Cr 4 80 mg/
kg I}IAIIEAE L R X FEAR R A 2.54 4% . U6 I = ¥R B R bk

TN G o S AR B . IR AL (10,20 mg/kg)
T Se BFEAK MDA it R i) MDA &5, 23 5l i A
12,24 mg/kg BY Se B ek, 58— Cr AL BEAH L,
MDA & & 8 # FFE(P<<0.05) , e KRR 510 21.9% .,
33.3% s i HR AL (40,80 mg/kg) T i H i) MDA & &
B Se BT FEE AN 48 mg/kg Se i}, MDA & i5%
BARAE 3 W R 20.4%,24.5% . H M A 12 mg/kg
[ Se Z Ji MDA 1) & 5 Al ) MDA & & 76 &
FHZEH(P>>0.05), XUt Cr {40 g 1% i i 4 1k
TEEH RN Se — & R L AREZE M Cr Wria T 40 i B
FRURE =R AAIUE LN

50 r

O se0 sel2

El se48

T R ]

]

—

<
T

it

|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|H_|
L

H 4% ZSPAD
~ w iy
< (== <o <
T T T
) T T o ey ey I | I g
[T <
DTN I )

Cr20
i =

PR E NG F R R R — Cr KE T AR A Se 4k B8 22 ] By
BEHEZER(P<0.05) ., FH.
1 Sext CripiB TFHFHABIMHERESENTI

Cr0 Crl0 Cr40



360 KRR R %33 %

7
(=]

g O se0 sel2 2
= B se24 El se48 a gp B b
70040 r fj‘;ﬁb b b c
. [ H] 5
— I . ] ]
=) - a [ -] 1] -] -}
=l 30 b 5 %: ] ;:j
13 ) [ ] 4
] 15 ==& HEER :::
mﬁzo - R [ = :,- H ;.g B g,-
| = 1 ] = iy -]
4 2= S Y EER
10 2= [ Ll %
<10 = H HEE B
a8 EE o S S o
= 0 L LI SIS o, - ]

Cr20 Cr40 Cr80
i B

2 SeXf Cr i@ TH#iFH A MDA &M
2.2.3  Se &f Cr Mri& F 46 F 3 #F 30 RALBE & 409 %
W AR FECT AR NTEE R A R EER
74, SODPODLCAT J2& 48 ¥ 14 P Bt A AL i R 48
F1%) B A S A A — o Y TR PN TR B ek 2 0 P AL
FH 3, DR 4 40 i fe sz 7 5 0

E 3 Al LLE H, — Cr b B 71 A by
SOD.POD #1 CAT &5 QYL E I FiE Cr WE M
BN B St 5 B AR By # . Crdo AR FET 5+
iRy SOD.POD.CAT 7 & 35 B 5 KAH , 53 7 Lb XF
ML 25.0%,81.0%,51.6 % ; 1fif Cr80 AL ¥ T i T
A Y SOD.POD,CAT & ik 8 f AR AH . 4 51 b
X B 13.1%,27.5%,13.5% , #iH] 80 mg/kg At
N % a8 T R A2 BE O 3 B0 A2 2
P35, DT B8 SR T 481 i 5 1Y i AL R

TER R ¥R BE Cr Braft T AEBEF, #h F iF J b
SOD.POD #1 CAT ) & Gt Fi & Se ¥ JE (19 3 iy 5
ANTR A B B, <40 mg/kg ) Cr &3 T, SOD,
POD ., CAT i i 14 Fifi 2 A Ab 3 vk B 110 38 o 2 56 R AIK
Jata i, Hrp, Cr I E N 40 mg/kg B, JIMA
48 mg/kg ) Se ZM R B E. 5 40 mg/kg
9 Cr b BEAH 1, i ] 48 mg/kg 9 Se, SOD, POD,
CAT % MBS AR 149%6,22%,13% ., {HAE Cr80 4L B
T it R SOD.POD 1 CAT B fERfiE Se WeFE
A28 i fn, FeA A 48 mg/kg Se 5 SOD,POD il
CAT &5 14%6,60%,13.5% ., 0 Se Z&fi# Cr
Xof At A A B AR A R 4 P i (SODL CAT FiI
POD) (il MR B i
2.24 Sex Cr M TFTHTTHEREOSZHH A
I 4 7T LA W, HE 4 T P38 52 AR A A Y B 2R R
R, S EEARN G RZM. W& Cr ok Er
P AR E RS E B WAL, Cr80
VUL N o TN ES o S Rl 1 v (A R R A B
AR 34.5% . 7F Cr80Se48 AbHR T, Al M E A & &
REBRAE L& Cr80 1Y 1.15 /%, Wi ER Cr &
FRUT Al N (240 D 5 g 38 3 i OR ,  BomT s Mk 2R

Cr0

Q
=]

juA
o

FUTT Bt T B3l 5t 19 Se R USRI 25 1 5T 0 49 i

O sel sel2 B se24 El se48
700 . a
_ 600 Fb b [
500 k 7 - -
- - ]
2 400 5 - I:%
S - - ¢
= 300 B ] s
b3 - - )
8 200 a i K
2 2 &
©n 2 2 &
100 5 5 o
- - )
0 1 = =]
Cr20 Cr40 Cr80
o
8 se0 sel2 B se24 El sed48
300 a
s a
8250 HE b
=l 2
2200 | 5
6o ]
* 150 | [
2 H
~ | A
# 100 g
e 2
g 30 r -
Q A
(=¥ O 1 1 1 I ]
Cr0
H se0 sel2 B se24 Fl se48
p 27 [
=24 |
g
21} ab 8
B - == k] ] &
‘s bl & bl P 1
ot & g &
s 12 ! & B &
2 6} ot & ot &
N b & b &
] - ] -
J o ! B, [ ! &
Cr0 Crl0 Cr20 Cr40 Cr80

o H
B 3 Se 3t Cr B8 T 7 F 0t & & SOD.

POD.CAT & E 8%

;10 r
= = 3 sel sel2
" 9 FE B se24 Bl se48
a0 [ b a
8 8 H B %
[ | 4
ﬂlﬁ [ ::: ::: a
7 FH & 1 ==
4o B o o £
5 4! * i
g - sl 0 W
- st e -
B 6 [ ) 4! <]
2 [ b4 &
el ] [ b] &
< I & % %
% 5 L] I i % *
5 Cr0 Cr20 Cr40 Cr80

B4 Sext CriplETHFHAHIARIEESRIENEN
g5 TR, U6 — MR BE 1Y Se fig 38 1 4 4 1 IR
PR P il A 5 M SR 2% i Cr X AR AR (ROS AR D)
oE- AT
2.3 Se Xt A F IR Cr B30T
i &5 Al B S AR A TN R A E T R E A
], HAR W AR > 28>, 1 W] Cr B2 ) TE i H AT
R, PR ZE g Cr &8I TFHRERID Y Cr



5 4

S 1% 45 45 < G X 6 PO 38 T 3 7 2 B AR e A A i ) 2 361

R E B 8 T L 7E Cr80 ALBER L TR V2K i
(10 4% 5 3k B fe R (H .

—E Cr¥RE T AR ZE i Cr & i RH Se
JE BRI SRR . BARRIEN 7E Cr<<20 mg/
kg 4R 25 B BB Se YR RGBS N L B RR AR S
BN B AR Cr10Sel 2, Cr20Se24 4b B R 24 5 e
£ Cr=40 mg/kg I, AL 25 o g 2 i Bl Se Wk B 114 186
I 2 T AR 1) A 3, Cra0Sed8 Ab 3843 51 H Cra0 Ab B
WA 55.6 %, 22.4% ,47.1% ; Cr80Se48 b 43 51l 1t Cr80
AbFRIEAR 16.3%,22.5%,39.4 % . 6 B 3 B VR JEE 4 Se
XFAR 25 X Cr B 0 CAE AR S SO AR A, ELRE 0 A 5
TR % 1) b R R

160
. =
120 F B Crio Cr20 e
"on 140 B Cr40 E Cr80 1 T
%100 | e
g 80 | ]
I <
B ]
I 60 &
]
& 8
40 = ]
20 F :.% :.3
0 X Bl b
se sel2 se24 se48
P
B Crio Cr20 B Cr40 El Cr80
100
= -
‘N :::: S ] £
. 80 F b ke k3
&0 b b b
4 & [ [ &
B & < < b
60 | e ] ] ]
-~ | = bl b4 [
i 40 o < o K
& b < [
- -] . = = =l
. [ - [+ - %
. 4 H L BER L BJEE
se24 se48
g
60 r
_ 5o L mt @ cr1o Cr20
“un = B Cr40 El Cr80
f
. 40 | k2 T
b4 wa
&0 e &
g B o &
S 30 b b
o~ e &
i e &
20 o &
& 72| 7l=ls
¥ <} <]
S | =B 7IS|e .
- < " <]
o LEAERL FVEE B
se sel2 se24 se48
i

B5 Sext CripETHFR.ZMHHY CrEENFMN
3 W

Cr J2 A W HEHE IR 1 T 2 J8 22—, M b ki Cr
5 A B L o A R 0 e S B T A
WIE A K TR 00 R bR 5 S 2 ik 7 A
A T B2 S W H R IR Cr BT L 7 36 2 00 90 3
52, Se 2 GG & FIT UL AR 1 L A ALY 1K
FO 97 e P e R £ — 5 70 ik 4 T L % F

B BRI X AR B AR AVE ] . ARWEE A SRR
— Cr 75 B il ARG Bk & A A= ) A kI VR L O
ELAM AR T Bt 5 5 4 J8 Cr Y BE A3 I i 8 55 . in A
TEH R Se Ji . AP RART bR AN A ) 2 T
— Cr B8 . U8B BRI Se w] LA 8K 2% i L 4
J& Cr X+ r 30l /5 H . B 4 )8 Cr 1k E A,
Se X fifi F 19 2% fif 9 70 AN [

e R B IO EENN EEAR S &
18 728 Ak B S A ) O A VR T R 5 55 L i 48 R VR S A
Yool P PEAN AR & rb R W A 38 Ak 3R X Ah S
A 71 AR 2 I R R 3 117 N IS 37N
(I ZE R B S 2R . AT R — Cr bR
i R SR R S B A Cr R AR T 2
TR, X FB Cr X h T 19 i S 0 45 4 1 A% 15
F L FEAY A VE S, A R AR A2 BB B
Lo A YRR R TR, Ff— Cr b
FHEG B INAMIE Se B4 F 2 2 19 & &, 7T BB 2 Hh
T Se WU I HTIE A T 40 R G, o 4 ) 4K 0
T EYI R B E Y,

LER7 R il =N I S R NN W= B =R A 7
% BB NG 0o A AR B . 2905 2R W Y 45 4 R
TIRE 5% Wi A= 9 JBE 1 o8 B M B IE R K, Se
B EACYE T, BR 08 27 it 1 4 @ X AE 9 09 i 3A
MDA 24 Y g i B E R EL W Yz —,
MDA 5 £ Sz B A ook 40 A0 A T 00 5 55, D) Ok o5 K
LA Ay 1 1t AT ) B i 2ot AR T0 R B ) EE B A A . AR F
FE L F I MDA & i ¥R i — Cr A B E
(18 38 R S 2 B, BB 4 R Cr X 7 3 T R
Bt A A E . SOD W& M T S B T 38 58 e R
PR N W& PR S A R Y 2, 40 B B AR o Ak
R, fE— R Y A B SOD 1 MR K
TEVEE 4 JE A W30 o VAR B I 4 R W38 R A O
FH R BERA RUEBR . POD 3 M e TR 4
2157 3 5 5 4540 MR, POD Al CAT 2 [F]4E H
i SOD L™= %) H, O, 4L H, 0, 1T 43 2L
B 1k O-F1 H,0, AL RS ABF5EH . Cr 2k 10,20,
40 mg/kg B, SOD,POD,CAT K i B 8 Jin , 1M 7€ 80
mg/kg Zb B SR B UL A DL A A R R
I Hy 3, 3020 M4 B T AR R i 9 SODL POD
L CATT, 4 Jblh 380 68 i 14 it 52 68 1 » AT 5 308 7
ZFE, CrH10,20,40 mg/kg I, it in— & i BE
) Se ZLFR 5, i F it b SOD.POD 1 CAT 4
AN TR B 1 8 I O D B T BB R TR AR Se J S Se
AR e 2 v i 1 o7 B B A SR A A e R, B



362 K PR 2R R

%33 &

GPx BYIGPEHLL 3E T GPx RIS, A2 b H K
(GSHO i 8 19 A Ak Wi J5 o T F 9 B2 b &
Wl SR A i TS BR A B IR B R S TR
YERRAN MR IE R 25 R A ) eSS B0 T SOD.,
POD il CAT M8 — Cr A ¥R, Al A MDA &8 F
K. i4b.Se AIREME NS S WG Shid bt A ik R G &
KU R sz E A . Cr b 80 mg/kg B, it
hn—E W EE 1Y Se &L S, A1 A SODL, POD Al
CAT HE N, 7] B & Se Z& i Cr X i T4 K Y ™=
AN E L A5 LR B (SODLCAT # POD) 1Y
HHESRINGE., TIEHEARZEMAYENS 5K
U A il 2 T B AT L e A A 0 B AR
LT, Cr BAF T D, (01 40 i 245 40 8 2 R
FEATEPER AT R, G A Se 40 40 M R
087 TR i A N SR i 24 S S DN

R 7 22 (0 BIF SR B L AV U B 1 S X 4 ) 1 R
PR FEHUVE AT L A 8 T B 0 A ) i 4 i ) B R
A PRREF I A % 4 T 44 B 1 P R DR D
BRIGVER H R TR R . TGRS R R
PR TG £ R R KRB 40 i A 1 mg/L AR BRIk . HOBE &
M (Se) e BE A9 38 M0, 7I e iy 350 AR 350 4 A I £ 40 4K
T T LM b S 0 R I R AR, T2 R A R
3 SRRRTE KRR TS 5 S5 S0 AR 8 3R T R IRl ok B2 11 Se
A DA RUZE A Cd e XF 38 5 3 i 1 % %, 0.5, 2 mg/
kg 1) Cd W38 T, AN Se BB R Bk Cd Jbham X 3%
K EEMRMNRAEERE S ZE 2,4 mg/L; X FH
TR 5 K B Se BEAT AL P W aa Xt/ 22
Pl 1 88 F AE A, fE AR TR MR EE Pb (600,800, 1 000
mg/kg) T, i& B 1Y Se Z&fift W £ 43 9 h 12.5, 25,50
mg/kg. AL AR Cr T i ik
WY Se Jo AP Cr B W 35 B ARG 5 it Jon e vk &8
(1 Se J& A% Cr MWL IS K, F— 2R B &
HIKER Se B85 Cr A5 H0/EH % Cr Xk +
5%, W Se GBS Cr = A PMRIVET .
4 45

i 3 AR IR 86 A5 L Cr Wi m] DU 7 39 A K
7 R I T A R R R B AR
. ANFEHRBE R Cr BhE T 38 BRI N Se 1]
PIA SR A Cr 3B xhih 71 M % . Y Cr Wk E
#1110 mg/kg B} . Se B FAELE R IE N 12 mg/kg; 24
Cri)E Jy 20 mg/kg B}, Se WM AEZ MW IE R 24
mg/kg; 4 Cr ¥ ¥ H 40,80 mg/kg I, Se i) 1F 5%
fift MR R 48 me/kg, FAEGMAANTET MR S .
MK A Y G Frson b R S i AR A

N R P S T R 3 P A R
N B B B RREAR . PR, AT DL PR HTA (Se) 1 45
% F 4 Jm ) A AT o AT I AR o 46 J 1) B ) B e

B o AELXF T 02 10 il e B 1) 4 o XM AT B AR L AR

ARt — L HTIE .

B % 30K

(1] ERCVriE, kA, 45, 4 pH 1 Eh X & 4 )8 4% (VD
AT % B Fe A B s ma [T, 3R 58 AR 24 4, 2016, 10
(10) :6035-6041.

(2] Tr4E, F 48X 305 4 R 5% 78 /K P14 b 19 1 B e 1k AL 7
BTG R B ia L] . Al 5 52K ,2010,30(5) - 47-49.

(3] #m . 2= A . BRiF =, 55 DIRAY VR B W B SRR
S B B AL A I BIF ST R SR [T ). A AL AR 24 4. 2015, 30
(P 1):511-517.

[4] Rayman M P. The importance of selenium to human
health[J].Lancet,2000,356(9225) :233-241.

[5] Jinhyeong L, Jae-Hyun K, Keunsu C, et al. Investiga-
tion of the mechanism of chromium removal in (3-amin-
opropyl) trimethoxysilane functionalized mesoporous
silical ] ].Scientific Reports,2018,8(1):12078-12089.

[6] Hugo V L. Contribution of local analysis techniques for
the characterization of iron and alloying elements in ni-
trides: Consequences on the precipitation process in Fe-
Si and Fe-Cr nitridealloys [ ] ]. Materials, 2018, 11 (8) ;
1409-1428.

(7] SRFHRAO B BEEAEN KB E R ] AW HE AR
B4,2013(8) :71.

(8] M SCHR. /M 8% 0F A 2t 58 M a3 IR [T ] BE
25 AL ,2016(7) 131,

(9] BT .HEE BV LE MY RE DR FET R
Be H AP A [J ). A BERE,2009,30(11) : 3432-3440.

[10] Stambulska U Y, Bayliak M M, Lushchak V 1. Chro-
mium ( VI) toxicity in legume plants: Modulation
effects of rhizobial symbiosis[ J].BioMed Research In-
ternational,2018(3) :1-13.

[11] Monu A, Bala K, Shweta R, et al. Heavy metal accu-
mulation in vegetables irrigated with water from differ-
ent sources[ ] ].Food Chemistry,2008,111(4):811-815.

[12]  FEZz B EEE AR NIAR, 5555 B0 %) 5T 358 AL i 3 A B A
PEANHE SR R [ ] 3R BERL 2 . 2011,32(6) : 1717-1725.

[13] Ismael M A, Elyamine A M, Zhao Y Y., et al. Can se-
lenium and molybdenum restrain cadmium toxicity to
pollen grains in Brassica napus? [ J]. International
Journal of Molecular Sciences,2018,19(8) :2163-2188.

[14] Hasanuzzaman M, Anwar H M, Fuyjita M. Selenium in
higher plants: Physiological role, antioxidant metabo-
lism and abiotic stress tolerance[ ] ].Journal of Plant

Sciences,2010,5(4) ;:354-375.



%54 1 X 158 G A5 < A T 4% J 381 5 A R T R R I A ) R 363
[15] =ER 4. 0TS . %M%My E 48 P 2R ence health-promoting phytochemicals and molecular-

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

AL L)ALk BE IR -5 PR 85 241 . 2014, 31(6) : 545-550.

EE BT BN A AT X I S AR 2 4 W 30 1Y 22 AR
MLT]. BR324 4], 2015, 35(8) : 2597-2604.

X T 0, R, R 2L SRR X A AR — TS Y T A
SR BT Mg AR KR R e [ ] b [ A
2017,33(23) :51-58.

Shanker K, Mishra S, Srivastava S, et al. Study of
mercury-selenium (Hg-Se) interactions and their im-
pact on Hg uptake by the radish (Raphanussativus)
plant[J].Food and Chemical Toxicology,1996,34(9)
883-886.

It Sk S8, 2 AR, A5 A X I SE 0 S e A Y
1% 5t B [ ] L AR L B2, 2003, 16/(2) :45-47.
Isamu A, Anwar H, Macus T K. Elevated GSH level
increases cadmium resistance through down regulation of
Spl-dependent expression of the cadmium transporter ZIP8
[J].Molecular pharmacology,2008,74(3) :823-833.

BB EA IR 2RI, S A AN R BE R A 6 AR W IR B AR
FHHUER B2 A8 %05 12225 4 435 B/ 0 B9 52 ok J L) 1. 1 1] 26
$5,2002,21(2) :21-24.

Wu Z L, Yin X B, Banuelos G S, et al. Indications of
selenium protection against cadmium and lead toxicity
in oilseed rape (Brassica napus L.) [ ]J]. Frontiers in
Plant Science,2016,15(7):1875-1885.

Qing X J, Zhao X H, Hu C X, et al. Selenium allevi-
ates chromium toxicity by preventing oxidative stress
in cabbage (Brassica cam pestris L. ssp. Pekinensis)
leaves [ ] ]. Ecotoxicology and Environmental Safety,
2015,114.:179-189.

KA R A A B SRR S M2 R AL R E
H AR A 1990 297-320.

XS VR AR B, S A ) A b Y R E T
B BCHE L) ] A 2R B2 T8 AR, 1994,30(3) £ 207-210.

B ENTTRE AN S7  EAIE N I e B 3 = SR O Y S
4 A B N[ ARl BR R 2 22 4R 2015, 34 (12)
2252-2260.

Muthu T. Selenium, putrescine, and cadmium influ-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

level effects on turnip (Brassica rapa ssp. rapa)[]].
Food Chemistry,2015,173:185-193.

Feng R W, Wei C Y, Tu S X, et al. Detoxification of
antimony by selenium and their interaction in paddy
rice under hydroponic conditions [ ] ]. Microchemical
Journal,2011,97(1) :57-61.

X 75 W, K BIR  REE L SEBINS R 38 T N B S A R
BRI S R L] ] R 2724412, 2017, 37(9) : 3583-3589.
B, i ER AT AR R R A TS X R A R
B9EE F 5 [T ], g 500 A 4 CAARBR 2 D, 2001, 24
(3):75-79.

WRF- o 5 75 0, o A, 45 G X 4 bk 3 TR K RS 4N e
TER A EAE W )] E A SR A ], 2006, 14(3)
114-117.

SR, BE A T L AT NS4 B AR O SR A B
P TCE S W R A2 1 R ) IR B R A 2
2014,34(2) :524-531.

Wang R G, Chen S L, Ma H Y, et al. Genotypic
differences in antioxidative stress and salt tolerance of
three poplars under salt stress[ J].Frontiers of Forestry
in China,2006,1(1) :82-88.

BB B B L SFRK B X 3 R A A K
BB AR R B2 e L) IR, 2012, 33(6) : 2028-2037.

Ma P, Yan B, Zeng Q, et al. Oral exposure of Kun-
ming mice to disononylphthalate induces hepatic and
renal tissue injury through the accumulation of ROS.
Protective effect of melatonin[ ] ]. Food and Chemical
Toxicology,2014,68(6) :247-256..

Mrittunja S, Lena Q M, Bala R, et al. Effects of sele-
nium on arsenic uptake in arsenic hyper accumulator
Pterisvittata L.[]J].Bioresource Technology, 2009, 100
(3):1115-1121.

EGH = LI - SR R R R E
A BT PR ATL 1) B A EORS T 149 28 A kg LT ] AR ok FR B )
22247 ,2007,26(2) :487-493,

TUCER SR ok, SO S X K A 4Ty i R LR 1 R )
(PG 224 AR R0 5 2013,35(9) : 17-22,



