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Abstract Two Elsholizia haichouensis Sun populations one from Cu mine sites Tonglushan and the other from
uncontaminated sites Hong’an in Hubei province were investigated in hydroponic experiments for the differences of Cu

accumulation and ecophysiological responses to Cu under Cu treatment. The results showed that a significant increase of
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8 Elsholtzia haichouensis Sun Cu 3173

malondialdehyde MDA concentration in roots was observed in Hong’an population whereas no significant change was
observed in Tonglushan population. The root pressure exudates ml decreased significantly in Hong’an population but
increased significantly in Tonglushan population at high Cu concentration =20 pmol/L treatment. Cu concentration in
roots of Hong’an population was significantly higher than that in Tonglushan population. For example Cu concentration in
Hong’an population was 3 times and 4 times higher than that in Tonglushan population after 20 wmol/L Cu treatment for one
day and three days respectively. Cu concentration in Hong’an population was 20 times and 5 times higher than that in
Tonglushan population after 80 wmol/L Cu treatment for one day and three days respectively. The intracellular and
secreted acid phosphatase activities APase in roots were significantly higher in Tonglushan population than in Hong’an
one. The intracellular APase activities in Tonglushan population were 3 times higher than that in Hong’an population after
80 wmol/L Cu treatment for three days and five days The root secreted APase activities in Tonglushan population were 1.
6 times and 1.8 times higher than that in Hong’an population after 80 wmol/L Cu treatment for three days and five days. In
conclusion excess Cu caused serious oxidative damage in roots of Hong’an population but not in Tonglushan population.
The high activities of intracellular and root-excreted APases in Tonglushan population might play an important role in

reducing Cu accumulation in roots and maintaining normal phosphorus physiology metabolism in root cells under Cu stress.
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6cm

1 0.3% 20 min
25 C/16 h 20 C/8 h
6 ~8 1/2 Hoagland 1/2HS
cm HS mmol/L. 5 KNO; 5 Ca NO, ,- H,0 2 MgSO,- 7H,0 1 KH,PO,

0.02 FeSO,- 7 H,0 0.02 Na,-EDTA 0.045 H,BO, 0.01 MnCl,- 4H,0
0.3 CuSO,- 5 H,0 and 0.1 NaMoO,- 2 H,0

0.3 25 C/12 h

1

pmol/L 0.8 ZnSO,
pH 0.1 mol/L NaOH 0.1 mol/L HCI 5.5 +
20 C/12 h 45% ~65% 10 000 Ix
0~10 cm

Table 1 Coordinates of two sites and characters in the local soils supporting the two natural populations of E. haichowensis 0 ~10 cm depth

Curpyal Cugpra pH
Population Coordinate Corg % mg kg~ mg kg~ H,0
Tonglushan 114°53'E 30°05'N 1.02 = 0.06 7789.8 + 542.7 1704.8 + 382.6 5.81 +0.24
Hong’an 114°37'E 31°18'N 2.46 = 0.09 52.6 + 2.8 8.7 £ 3.4 5.47 £ 0.15
3 + n =3  Data in the table are means + SD n = 3
1.2 Cu*”
1 1 Cu®* 1/2HS Cu®*
CK 20 pmol/L 80 pmol/L CuSO,- 5H,0 9 9
4 1d 3 Cu
2 9 6 1d
3 APase
3 3 4 MDA
4 3 Cu®" Cu®" CK 5 10 20 wmol/L
100 pmol/L  CuSO,- 5H,0 4 8
1.3
1.3.1 MDA
Heath *° TBA MDA 0.3 ¢ 3ml 10 %
4 000 g 10 min 2 ml 2ml 16 % TBA 15 min
4000 ¢ 15 min 450 532 nm 600 nm MDA
1.3.2
Llugany ¥ 2 cm
24
h ml
1.3.3
2 3
20 ml 0.1 mol/L pH 5.0NaAc 5 mmol/L pNPP 37 C
30 min 1 mol/L NaOH GB 11893-89 700 nm
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1.3.4
0.5g 0.1 mol/L Hepes pH 7.0 1:3 6 000 g 4°C 30
min
1.3.5 Cu
13d 5d 5 mmol/ L. Ca NO; , 30 min
70 C 48 h HNO;HCIO, 3:1
200 C SB-4
0.5 mol/L 25 ml p AA240FS Cu
1.4
SSR p < 0.05 Statistic 6.0
2.1 Cu
2
80 wmol/L 1
50 3 5 100 70
80 pmol/L 1 10 3 5
40 15
2 Cu
Table 2 Cu concentration in roots of two E. haichowensis populations
Cu Cu Cu concentration
Population Cu treatment pmol/L 1 Day 3 Days 5 Days
CK 46.60 £13.41 e 46.51 £9.90 e 93.01 £22.34 f
Hong’an population 20 515.45 +41.6 ¢ 663.87 £93.08 ¢ 968. 18 +136.56 d
80 2390.35 +338.69 a 4053.87 +482.98 a 6135.84 +687.94 a
CK 53.85+5.16 e 39.73£1.98 e 92.55 +18.85 f
Tonglushan population 20 170.13 £16.61 d 340.97 £23.25 d 238.44 +48.09 e
80 598.39 +19.39 b 1862.90 +142.01 b 1364.08 +38.36 b

SSR

column indicate significant difference according to SSR test P < 0.05

P < 0.05 3

+ SE  Different letters in same vertical

. Data in the table are means + SD of three values n = 3

2.2 MDA
CuSO0, 7d MDA CuSO, MDA
6.04 nmot g~ 'FW 20 pmol/L 27.11 nmot g~ 'FW 80 pmol/L 38.93 nmot g 'FW
MDA CuSO0, CuSO0, MDA
P > 0.05 Cu MDA P < 0.05
Cu** 20 pmol/L MDA 3.4 Cu** 80 wmol/L
MDA 5.2 1
2.3
ml 2 <10 pmol/L Cu
24 h P < 0.05 20 pmol/L Cu
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Fig.3 Effect of Cu on intracellular acid phosphatase APase in roots of two E. haichowensis populations

n=3

5d Cu Cu 80 pmol/L

P < 0.05 Figure A and Figure B indicate APase activities of roots after different Cu concentration

treatments for 5 days and after 80 pwmol/L Cu treatment for different time respectively Different small letters in Figures indicate significant difference

of means values n=3
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4 Effect of Cu on excreted acid Phosphatase APase of roots in two E. haichowensis populations

n=3

5d Cu Cu 80 pmol/L

P < 0.05 Figure A and Figure B indicate APase activities of roots after different Cu concentration

treatments for 5 days and after 80 pmol/L Cu treatment for different time d  respectively. Different small letters in Figures indicate significant

n=3 P <0.05

difference of means values
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