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Effects of Mn and Cd and Their Combination on Growth and Physiological and Biochemical Characteristics of

Elodea nutttallii

LONG Rui, ZHANG Ming, ZHANG Guang-sheng, CHENG Xiao-ying"

(School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China )

Abstract: Elodea nutitallii, an aquatic plant, has showed potential for ecological restoration of polluted water. Here, we examined chloro—
phyll, soluble protein, malondialdehyde (MDA ), hydrogen peroxide (H,0,), and superoxide anion(O; * )contents, and superoxide dismutase
(SOD), peroxidase (POD )and catalase (CAT ) )activities in Elodea nutttallii under different Mn** and Cd** stresses for 7 days. Low concen—
trations of Mn?* promoted contents of chlorophyll, soluble protein, MDA, H,0, and O; +, and stimulated activities of antioxidant enzymes.
Under high concentrations of Mn?**, the chlorophyll and soluble protein contents and POD and CAT activities decreased, while MDA, H,0,
and O3+ contents and SOD activity increased. Under Cd** stresses, the chlorophyll and soluble protein contents decreased, showing a dose—
response relationship; whereas MDA, H,0, and O; - significantly increased the activities of antioxidant enzymes at low Cd** stresses but de—
creased at high Cd** concentrations. The CAT activity was greatest at 0.01 mg Cd - L™, while the activities of SOD and POD were highest at 1
mg Cd-L™". Compared with POD and CAT, SOD played greater protection under high concentrations of heavy metals. The combined effects
of Mn* and Cd* on the plant were greater than their single. The synergy effects of Mn** and Cd** were observed under the high Mn** concen—
trations. In conclusion, Cd has greater stresses than Mn?* on the physiological and biochemical characteristics of the plant. Elodea nutttallii
shows poorer resistance to Cd** than Mn?* stresses.
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hy 13 2H X IEZH (CK) A 1/10 Hoaglands & #2135 5%,
Higx 12 & A A [FHREE 9 Mo 5/ Cd* % 1/10
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Y B SAR O SCIR M, R 25 G P e 45
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# 1 Mn Cd BRESAMHEHRER T (mg L)

Table 1 Concentrations of Mn and Cd used in the experiment

HmaE pOsLig| Jb 3 2 AbHE 3 AL 4
Mn 0.1 1 10 20
Cd 0.001 0.01 1 10

Mn+Cd 0.1+0.001 1+0.01 10+1 20+10

1.2 MEFHE

-2 25 5 R HR A S 25 i) s 2
O 2k H Bradford %5 5 52 #E G-250 I 5 N
T R A ARACEL F 2R L (TBA 125)M 72 o Hy0,
0; + &1 SOD . POD . CAT 15 R M b 385100 52
B = A PR FIRAEY) Elisa AR &l 2
1.3 BIES

T BE Y SR 3 YR N S5 (1) S YA (B A o 22
(MeanSD ), Jf-H] SPSS 17.0 #4775 2500 , &3 W
BB (P<0.05) 4T LSD Z 8 /AT Huis .
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HE 1 AT AR (< T mg- L) B — Mn® i)
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Figure 1 Effects of Mn* and Cd* and their combination on contents

of chlorophyll and soluble protein in leaves of Elodea nutttallit
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T, 20 mg- L MR IR R B R SOD T AR fLbfiAk
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REOmAN EIAN, AR A RE T, R



2014 & 6 H JE - Fit, 55 Mn Cd B— K A2 e nf 7 SR e AR 4 K A BRAE AR 5 1115
&2 Mo CI*B—RHE SHHEXH R REM F MDA H,0,,0; - & 2% SOD . POD ,CAT & HHI#0
Table 2 Effects of Mn** and Cd* and their combination on contents of MDA , H,0,, and O; - and activities of SOD,POD ,and CAT
in leaves of Elodea nutttallii
fhF/mg-1" MDA/mmol-g’ FW  H.OJ/ng-g” FW 0: +/ng-g” FW SOD/U-g" FW POD/U-g" FW CAT/U-g" FW
CK 13.28+0.83a 1.53£0.07a 1.17+£0.02a 157.58+4.46a 154591+42.11b 758.97£12.96¢
(100) (100) (100) (100) (100) (100)
Mn, 14.89+0.79a 1.84+0.05b 1.34+0.02b 181.57+£7.67b 1 805.23+44.51d 842.24 +13.56d
0.1 (112) (120) (114) (115) (117) (111)
Mn, 17.96+0.60b 2.07+0.06¢ 1.43+0.03¢ 217.37£7.22¢ 1 959.17£56.70ef 981.46+16.471g
1 (135) (135) (122) (138) (127) (129)
Mn; 19.13£0.51bc 2.88+0.11f 1.73£0.01e 259.61x4.12d 2 870.11£63.92h 1 295.35+13.4%h
10 (144) (188) (148) (165) (186) (171)
Mn, 22.73+1.75de 3.32+0.05¢g 2.13+0.04g 351.15+8.19f 1 731.07+56.70cd 939.08+52.62ef
20 (171) (217) (182) (223) (112) (124)
Cd, 21.02+1.01cd 2.23+0.08d 1.54+0.03d 205.95+4.10c¢ 1 693.64+40.65¢ 976.90+13.42fg
0.001 (158) (146) (131) (131) (110) (129)
Cd, 24.22+1.05e 2.91+0.09f 1.89+0.08f 307.77+6.46e 2 543.41+44.40¢g 1 248.79+£52.41i
0.01 (182) (190) (162) (195) (165) (165)
Cd; 31.21+1.25f 3.57+0.04h 2.48+0.04i 344.96+6.84f 2 880.42+46.80h 891.02+15.99de
1 (235) (233) (212) (219) (186) (117)
Cd, 36.55+1.34¢g 4.12+0.10j 2.96+0.05k 266.37+5.89d 1 997.92+73.06f 678.52+47.43b
10 (275) (269) (253) (169) (129) (89)
Mn,+Cd, 17.93+1.05b 2.46+0.12e 1.80+0.08e 312.93+8.31e 1702.21+4491c 947.43+36.87ef
0.1+0.001 (135) (161) (154) (199) (110) (125)
Mn,+Cd, 22.80+0.79de 3.29+0.06g 2.28+0.09h 472.42+8.55¢ 3 188.35+42.87i 1 503.54+44.76j
1+0.01 (172) (215) (195) (300) (206) (198)
Mn;+Cd; 38.56+0.79h 3.83+0.111 2.83+0.05j 345.23+9.76f 1 900.16+45.03e 1 031.39+41.10g
10+1 (290) (250) (242) (219) (123) (136)
Mn,+Cd, 43.55+2.17i 4.77+0.03k 3.33+0.041 213.67£891c¢ 1 152.97+55.54a 506.31+£14.48a
20+10 (328) (312) (284) (136) (75) (67)

T R A P IR ELE (n=3) , 355 P g A EL s AN ) 5= B2 AN [ A0 280 ) 22 55 1. 25 (P<0.05)

Note: Data in table are mean value + standard deviation (n=3),data in bracket are the relative value. Different letters indicate significant difference be—

tween different treatments( P<0.05 ).
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