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Effects of Copper Stresses and Intercropping on Antioxidant Enzyme Activities and Malondialdehyde Contents
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Abstract: With industrial development, the area of arable land contaminated by heavy metals is steadily increasing around the world, espe—
cially in developing countries. Intercropping has shown the potential to phytoremediate heavy metal polluted soils. A pot experiment was

conducted to explore the antioxidant responses of maize to copper( Cu) pollution in red soil under maize —pea intercropping. Five Cu

concentrations (0, 100, 200, 400, 600 mg-kg™") and two cropping patterns ( maize monoculture and maize—pea intercropping) were de—
signed. Plant biomass, Cu contents, antioxidant enzyme activities(SOD, CAT, POD ) and MDA contents of maize were measured. Com—

pared with those in the monoculture, the aboveground and underground dry biomass of maize in high Cu** concentration (600 mg-kg™") were

increased by 20% and 36.6%, respectively, under the intercropping system. However, Cu contents in the aboveground were reduced by

86.81%, 44.57%, 22.01% and 86.81%, but root Cu increased by 78.89%, 24.79%, 35.29% and 24.79% in 100, 200, 400 mg-kg™" and 600
mg-kg™' treatments, respectively, under the intercropping system, compared with the maize monoculture. Significant difference in plant Cu

was present between intercropping and monoculture. The SOD, POD, CAT activities and MDA content in leaves and roots of maize all in—
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creased with increasing Cu** concentrations. But Cu** addition at 600 mg-kg™ caused CAT activity decrease. Compared to the monoculture,

SOD activity under maize—pea intercropping increased by 48.07%~117.27% in roots and 11.30%~46.90% in leaves. Cropping patterns had

no significant effect on POD activity under the same Cu** stress. In 0~400 mg-kg™ Cu stresses, CAT activities in maize leaves were signifi—

cantly increased by 71.37%, 140.40%, 229.80% and 161.75% respectively under the intercropping over the monoculture, whereas no sig—

nificant difference in the CAT activities in roots was observed between two cropping systems. The intercropping practice reduced MDA con—

tents in maize roots by 26.13%~64.53%; while intercropping caused left MDA decline only at 100 mg Cu-kg™ and 200 mg Cu-kg™ but in—

creased at 400 mg Cu-kg™ and 600 mg Cu-kg™, as compared with the monoculture. In summary, intercropping could improve antioxidant

enzymatic system in maize roots and leaves and thus alleviate Cu toxicity under Cu®" stresses.

Keywords: copper; antioxidases; malondialdehyde; intercropping
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Table 1 Pot experiment design for copper pollution

4b3 it )7 3 S U /g kg
Treatments Cropping patterns Copper ion concentration

SCu0 LIPS 0

SCul Maize monoculture cropping 100

SCu2 200

SCu3 400 BACHLIBER 470 nm FJE% .

SCu4 600

ICu0 K- A 0

ICul Maize—pea intercropping 100

ICu2 200

ICu3 400

ICu4 600
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PR RRAFE i, D7 WS o3 D6 B 12 0 7 A v A 2%
.
1.3 MEmMBE R A&
1.3.1 AL BER F  2

53 BT IR AL P OKAR R AN | (BRI )0.3 g
BT RHE T, A 50 mmol - L™ pH7.8 A EHR 2%
M 5 mL(N S 2% 2R 29 L e i A BS 51 9%, 4 <C
10 000 rmin™ 8.0 0.5 h, b3 BRI A B IR
1.3.2 ALY AL B (Super oxide dismutase, SOD)
TR R

FIFH SOD Xt &% PYme (NBT ) g 5 30 i V6 i fe i
FEWL AR A SIS RHAFR 0.05 mol - L™
1% 2% vh i (pH7.8) .0.13 mol - L-'Met 5 ¥ .0.75
mmol - L' f) NBT 73 .0.1 mmol-L" 1) EDTA—Na, J&
¥ .0.02 mmol - L™ AAZ B VA I KLV R ZE 18K L TR
SRR — SO B DG, HAb S W T
4000 Ix 9 H SGAT R 2z 20 min, AR B Fi A &
1R o LA G BRAEAE s 1R, 7E 560 nm ¢
KN E &E RO
1.3.3 58 ALY (Peroxidase , POD)TE VLAY &

I A A A B3 3200 22 ) BROR A 0.5 mL FiliE
t, A 0.05 mol - L™ (2 22 vl ik (pH7.8)1.5 mL,
25 mmol - L™ A8 A B 0.5 mL,0.2 mol-L"'H,0, 0.5 mL,
FEAIS BT 3 min, £FE 1 min 35280—, L4 0.5 mL

P28 s o
1.3.6 FE PR & 5 E

R it R IR R — R AR TH A, KA it
W3 R B E ™
1.4 ¥ESIT

JH Microsoft Excel 2010 #4748 #g A0 B, SPSS 17.0
Gt AT T 2200

2 FERE5SH

2.1 $EBMEFNEMEXT EXRFNTH S FERIZ

MR 2 KF, AR T EK T RIS
e B R SRR, YRR R IR B Cud B T FE ik 2]
/N, S0 BT A i 2 5, A A vk B A LYY
550 BTG I 3 25 5 A 8 e i T R R I K
T3, MU BE A B Cu2 B, 5% BN AR 7E I %

5 ,Cu3 1 Cud bR EHI S X AR R E 2 5,

il BE iR %) Cud B, Bl T /b, H Cu2 5 Cud 2
(50 T A B 25 R

S RAEARLL , (VD 305 R R T4 it R AR
TIN5 CuO~Cu2 M i I VE F K M -3 T
AT AR A MR T 22.32% .16.37% .26.03% , Tfii
OV 7 STEN ] 61K B8 1 1 s LU R R 6 S e ) S|
KE| Cud BF, [EFE B KM 3T R AR S T
16.67% ,{H 2= 54 A 8 3] B Ko £ CuO~Cu2 Jifa
T AR K MR BB A AR 4 Bl BEAR T 23.65% .
11.13% 4.22% , Cu3 P8 T~ [A] 45 350 F1 00 5 B qe
o Y v B A A F Cud B, AIE E oKL 3T
HBPAVESR S T 24.47% (B 22 R AR B 8 E K-
XU R FE A e T, B ER O FRAE R A —
(RS E T, FLG T 3B 4 A2 1 FH b 35

MR CR SmA ( 2), S5 BEM L, AR



B - MO R 0 TR MG B P — o

E=qiopA| 1893

x2 MBS EEXNERRBEE FER ERFESENZIT

Table 2 Effects of copper stress and intercropping on dry weight of maize and peas and maize Cu content

TR
Maize monoculture cropping

b3

Fok-BiE IR

Maize—pea intercropping

FORAAE S TR B LR & 220
Copper content differences between maize
monoculture and maize—peas intercropping

WiE T/

Treatment gy | #T &/ o FET E/g

Dry biomass of

o R g

Dry biomass of Dry biomass of

R BT
Dry biomass of

Dry biomass of peas

b F#f/mg kg™ H R #/mg - kg™

aboveground part underground part aboveground part underground part Aboveground Underground
Cu0 0.57+0.06a 0.38+0.03a 0.46+0.02a 0.31+0.06a 0.03+0.00e -0.03+0.00d 6.14+0.56a
Cul 0.45+0.14ab 0.27+0.09ab 0.39+0.05ab 0.24+0.01ab 0.30+0.00a -0.23+0.00¢ 4.79+0.13ab
Cu2 0.40+0.12ab 0.25+0.10ab 0.32+0.04ab 0.24+0.03ab 0.21+0.00b -0.28+0.00 b 3.98+0.66bc
Cu3 0.26+0.04ab 0.20+0.04ab 0.26+0.06ab 0.20+0.08ab 0.09+0.00¢ -0.37+0.00a 2.77+0.20cd
Cu4 0.20+0.10b 0.11+0.03b 0.24+0.08b 0.15+0.02b 0.06+0.00d -0.27+0.00b 1.94+0.49d

T : FFUA NG RS % A PR 22 53 2 3 (P<0.05)

Note: Values with different small letters within a column indicate significant differences( P<0.05).
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Figure 1 Effects of copper stresses and intercropping on SOD

activity in leaves and roots of maize

T FOKHLAY SOD 1 VE A AFAAE B 52 .

FEAHIRIHR BE 1) Cu™ il T, AR R AR R 9 &
K SOD JEPE R T—E R 255 76 Cu0 1, [A] /AR
3 B KRR SOD Tk i 25 5 T3 FOKRMR, T
P& 1 167.36%, {HE/ERCR F oK SOD Gk
PRI B S . Cul FI Cu2 L5 H I —
i, BAE T KRR SOD i 134 18 3 1 B KR,
AAERE T 97.61%F1 117.27%, [4/EE KNt SOD 1%



1894

RAIMERF 217 EIRRE T R

PR AR — 2 s it S (A E B %225 . Cu3
A Cud A0, [AIVE T KM FIAR Y SOD JEPEY) & F 5
VET K (HZES AR E . Co*ba T, VR E—
FEFRE LRI T BOKRMAIR A SOD 11k, & T X
KX Cu 36 (435 IV BE T
2.3 $EAMBFNEEXT E K POD & MRS

POD J2 i 4% PN il 12 977 60 2R 496 1) — ol R 7 ity
REA R AL I A A A K, DT 24 BH L 2 484k
DAY AR, HE SR A4 2 LB 25 48 e v
TEGE, W 2 FTLUE ), o2 R 2 A 4R £
KARFN; ) POD 3G PR R BN — 8 ta s, bl
Cu Wk FE Tt , £oK POD V& PEZ #4546 Cud B
K POD JE MR B S (E . AERERMT, 5 Cu0 A
., Cul B FE Kt POD i Mo i # 22 5%, {H Cu2,
Cu3.Cu4 [ F K POD JEPEIA BEHR R, 04
T 341.48% .380.92% F1 411.85%; £ KARAY POD
M, I Cud B 5 CuO FHELER S T 120.03%, 25 573K
FREAE . BBAESMT, 5 CuO A H, FOKIFIR
i) POD 1E RS Cu™ VR ETH RIS, X Cud B
KB EKE, B T 94.45%F1 105.35%

FEAHIAIR BE ) Cu™ il T, K B E A fERE
T POD {EHAFAE—E 225 7E Cu0 H A EL F oK
FAAE, RIVERL R 2 FRAR T FoRI % POD 364, B
T 158.77%, HE/VER T A9 £ KAR SOD 161 JC .
XS AEA Cu™ AR, AH H R BAE , VERECTR
FoKIF POD JEPER — BB, PEREUT £
KARE POD JEMEAE Cul F1 Cu2 WA FEAR A HY, H
1E Cu3 Fll Cud BHGHE KA TE Cud BHA S| HR K.
PR CAE Cu™ il () 2548~ X £k POD 1 & A
R A Coha i /R B E R T &

500 | e g
o] Caimfent IV
[ @t Aa T LAa

o 400F SR
g 350 g5 e fii

2 300

2500y
EoaBb

POD J5i1E/U-¢'FW - min™

Cu® ¥ /mg - kg™
Cu* concentration
B 2 fRkME S EEX EK POD iR R200
Figure 2 Effects of copper stresses and intercropping on POD

activity in leaves and roots of maize
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Figure 3 Effects of copper stresses and intercropping on CAT

activity in leaves and roots of maize



2014 £ 10 A

E e, 2« HR B0 A VE XS R OKRDT A B P T — % B S 1895

2.5 fRABMBFNEMEXTEXK MDA & 28N

MDA 25t AL o=, raAm
it 5 3 SR AR AR B (R AR, L i T DL S A i =7
WO AR, T RS R, UL WA A A0 A
R AR B R, AR A7 B 1 T . DAL 4 T
DIEH, [ FRVER R MDA & & RfiE Co Wk
)BT T BT A AL B A B R T
R FE B (CuO0,Cul ), BRAE FOK I MDA 5 it bl &
Cu ¥k B (1 FH i M 3G h , Cu2 .Cu3 B MDA & hE %
Cu™ ¥ £ 1) L THIM T B, Cud B MDA & i3k 8 i K
(B, (HAS AP 2 (] UG i 3 22 5%

FEAHRIR B2 ) Cu il T, K SR AN ] AR X
T MDA 5 & R A — SR . 7E Cu0~Cu2
Bf, i MDA & B 3 R Bk B & F IR, 1 Cu3~
Cud B, DI B0y ()4 8 T B0 (PRI L, &
K MDA SR #2255 . R MDA SR
AR TE 6 CuO~Cul B, B AR R T
KA MDA & o i 3 25 57, 1 Cu2~Cué B3R
PR FLPE FOKAR MDA 5 i 8 2 T EE £k, 43 51
P T 181.93% .120.50%F1 142.27%.

3 g

ALY A KT IR IR AT Z Rt G
B, FOAE AL M BT A RSB AR5 Sy o 25
i BR B W 2 XA A I e A
A P A A A A, B )32 Sl o
(R AR, S BUBR R R 28200 o A H)
JRATE i R MR o BT A Al 1 A5y SOk R
7o E B R HRTRE ™ £R G KR, TORIEBE %
A TR, TR E] 58 4, EARHE Cu™ Pl T

100
CHiE et Aa
80;. 2 A |
| S
60; B R

The activity of MDA

MDA j&:/mmol - g FW
~
e
o

0 100 200
Cu™ ¥ /mg kg™
Cu® concentration
4 $EEMB 5 EMERT EK MDA & 28I
Figure 4 Effects of copper stresses and intercropping on MDA

content in leaves and roots of maize
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