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Effects of simulated acid rain on mineral elements content in leaves of Cinnamo-

mum camphora seedling in artificial potted environment
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Abstract It is well-known that acid rain are widespread contaminants in the environment. Many researches about acid rain
focused on physiological characteristic while much more information is required concerning mineral elements changes of
plants. Through potted planting experiment Cinnamomum camphora seedling which were planted in pots were treated with
three different pH values 3.0 4.0 5.0 of simulated acid rain. The results showed that the mineral element content varied
to a certain extent. The content of Nitrogen Phosphorus Calcium Magnesium Iron Aluminum Copper Manganese and
Nickel was relatively higher in the treated plants than those without treatment but the content of Carbon Potassium and
Zinc was lower. The content change of Sulphur Cadmium and Lead trends as follows Increasing for Sulphur Cadmium
and decreasing for Lead under pH3. 0 treatment. For pH4. 0 treatment the content of Sulphur Cadmium and Lead fell
down. Under treatment of pHS5. 0 content of Sulphur Cadmium ascended while content of Lead descended. Analysis
showed that a negative one between pH concentration and content of Nitrogen. Manganese was significant. This study can

offer basic theory for choosing the greening tree species in Southern cities.
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Al K Ca Mg Fe Zn Cu Mn Ni Cd Pb  HP-3510

1 1971 ~2000
Table 1 The mean monthly temperature and rainfall in Changsha City 1971 ~2000
Month
Ttem

1 2 3 4 5 6 7 8 9 10 11 12
C 4.8 6.2 10.9 16.9 22.0 25.6 29.1 28.7 24.0 18.4 12.5 6.8

Mean temperature

mm

Mean rainfall

60.6 91.8 139.4  208.4 191.7 202.5 107.2 104.8 63.0

85.9 75.4 45.9

2

Table 2 Watering quantity and times of simulated acid rain in a year

Month
Item
1 2 3 4 5 6 7 8 9 10 11 12
Watering times 4 4 4 4 4 4 4 4 4 4 4 4
ml
Watering quantity at 267.75 405.5 615.75 920.5 846.75 894.5 473.5 463 278.25 379.5 333 202.75
every time
ml
Watering quantity of 1071 1622 2463 3682 3387 3578 1894 1852 1113 1518 1332 811
simulated acid rain
1.5
2.1
3
N K Ca S Al Mg P C
3 g kg
Table 3 Content of macroelement in leaves of of Cin m camphora Seedling under different acid rain treatment
pH . . . s . . .
Nitrogen Carbon Phosphorus Potassium Calcium Magnesium Sulphur Aluminum
3.0 9.34+0.05 540.30+15.76 0.26+0.03 3.46+0.07 12.18£0.40 2.66+0.06 2.21+0.13 0.35+0.03
4.0 8.93+0.14 541.10+16.78 0.27 +0.03 3.15+0.06 10.39+0.29 2.71+0.13 1.41 +0.04 0.95 +0.04
5.0 7.91+£0.19 533.22+12.93 0.28 £0.01 3.69+0.10 9.93+0.54 2.40+0.24 1.22=+0.10 0.72 +£0.05
CK 7.29 £0.19 557.51 £3.68 0.22+0.02 3.69 +0.01 9.36 +0.05 2.26+0.02 1.42+0.11 0.36 +0.02
F  Fvalue 30.52"* 1.05 4.80" 42.90 " 33.31"" 6.76" 55.74" 207 **
* w ok + Foos 38 =4.07 Fy, 38 =7.59

% Difference is significant at 0. 05 level # s Difference is significant at 0. 01 level Figures in the table represent means = standard error the same below

8.52%

p

K

4

N pH3.0 pH4.0 pHS. 0 28.16% 22.55%
pH3.0 pH4.0 pHS.0 C pH3.0 pH4.0 pHS.0
3.09% 2.94% 4.36% 3 C
pH3.0 pH4.0 pHS.0 26.44% 28.37% 33.17% pH5.0
pH3.0 pH4.0 K pH3.0 pH4.0 pHS.0
6.29% 14.55% 0.14% pH5.0 K pH3.0
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pH4.0 K Ca
Ca pH3.0 pH4.0 pHS5.0 30. 13% 11.06% 6.11%
pH3.0 pH4.0 pH5.0 Mg pH3.0 pH4.0 pHS5.0
17.70% 19.74% 6.10% pH3.0 pH4.0 pHS5.0
S pH4.0 pHS5.0 0.93% 14.08% pH3.0 S
55.44% S
Al pH3.0 Al pH4.0 pH5.0 Al

170.26% 105.5%

4 g kg™
Table 4  Effect of simulated acid rain on content g kg~' of macroelements
pH3.0 pH4.0 pH5.0
Element % % % £5D0.0s L5000
Difference Different extent Difference Different extent Difference Different extent
C 17.21 -3.09 16.41 -2.94 24.28 -4.36 — —
N 2.05" +28.16 1.64"" +22.55 0.62" +8.52 0.554 0. 806
P 0.048 " +22.13 0.052* +24.01 0.062 " +28.73 0.041 0. 060
K 0.23*" -6.29 0.54 " —-14.55 0.005 -0.14 0.126 0.183
Ca 2.82" +30.13 1.04 " +11.06 0.57 +6.11 0.688 1.001
Mg 0.40*" +17.7 0.45 " +19.74 0.14 +6.1 0.267 0.389
Al 0.005 -1.40 0.59 " +166.57 0.37*" +102.52 0. 066 0.097
S 0.79 ** +55.44 0.01 -0.93 0.20 = -14.08 0.192 0.279
* 0.05 * % 0.01 CK LSD, os 0.05 LSDy
0.01 # Difference is significant at 0. 05 level # #* Difference is significant at 0. 01 level Difference and different extent

percentage are compared to control LSD,, (s means least significant difference at 0. 05 level LSD, o, means least significant difference at 0. 01 level the

same below

2.2
5 Fe Cu Zn Mn Ni Cd Pb
5 mg kg ™!
Table 5 Content of mg kg™' metal element in leaves of Cin m camphora Seedling Under different acid rain treatment
pH Tron Copper Zine Manganese Nickel Cadmium Lead
3.0 220.9 +13.52 9.35+0.20 17.31 £0.57 35.79 £0.42 3.51+0.21 0.18 +0.03 9.78 +0.54
4.0 762.9 £12.38  13.57 +0.57 15.09 +0.37 31.53 +0.60 3.67 +0.11 0.07 £0.02 10.09 +0.94
5.0 512.6 £29.58 9.77 +£0.17 17.78 £0.35 25.83 +£0.43 3.10+0.10 0.07 £0.02 12.45 £0.27
CK 219.6 £16.10 5.98 £0.15 26.34 +0.29 22.83 £0.11 3.05+0.06 0.11 £0.02 11.77 £0.46
F F value 559 ** 275" 437 " 541" 15.99 " 14.39 " 13.73 "
6 Fe pH3.0 pH4.0 pHS.0 0.59% 247.40%
133.42% pH3.0 pH4.0 pH5.0 Cu 3
pH4. 0 126.82% pH3.0 pH5.0
56.35%  63.42% Zn Zn pH3. 0
pH4.0 pHS5.0 34.31% 42.73% 32.51% Mn Mn

pH Mn pH3.0 pH4.0 pH5.0
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56.81% 38.13% 13.19% 3 Ni Ni
pH3.0 pH4.0 pH5.0 14.85% 20.15% 1.65% pH5.0
pH3.0 pH4.0 Cd pH3.0 57.66% pH4.0
pH5.0 Cd 42.08% 42.79% 3 Pb pH5.0
5.78%  pH3.0 pH4.0 16.92% 14.25% pH3.0 pH4.0
pHS5.0
6 mg kg !
Table 6 Effects of simulated acid rain on content of mg kg~' metal elements
pH3.0 pH4.0 pH5.0
Element % % % LSDy, s LSDy, oy
Difference  Different extent Difference  Different extent Difference Different extent
Fe 1.3 +0.59 543.3 " +247.40 293.0"" +133.42 36.096 52.516
Cu 3.37* +56.35 7.56*" +126.82 3.79 " +63.42 0.610 0.888
Zn 9.04™" -34.31 11.26"" -42.73 8.56"" -32.51 0.772 1.123
Mn 12.97* +56.81 8.70 " +38.13 3.01*" +13.19 0.812 1.181
Ni 0.45*" +14.85 0.62"" +20.15 0.05 +1.65 0.246 0.358
Cd 0.07** +57.66 0.05 * -42.08 0.05" -42.79 0.046 0.067
Pb 1.99** -16.92 1.68"" -14.25 0.68 +5.78 1.138 1.655
2.3
7 pH N P S Al Ca Mg Fe Cu Mn Ni Cd
C K Zn Pb Al Cd Fe pH
N Mn P < 0.01 -0.971 -0.959 pH
N Mn
N Mg 0. 964 Mn
0.991 Al Fe 0.996 Mg Ni
0.955 K N
0.955 C P 0.983
7

Table 7 Correlation analysis among mineral content of in leaves of Cinnamomum camphora seedling after different acid rain treatment

pH N C P S Al K Ca Mg Fe Cu Zn Mn Ni Cd
N -0.971* 1.000C  0.690 -0.514 1.000
P -0.774  0.631 -0.98 1.000
S -0.630 0.689 -0.012 0.060 1.000

Al -0.230  0.196 -0.524 0.599 -0.575  1.000

K 0.622 -0.738 0.220  -0.397 -0.190 -0.602  1.000

Ca  -0.891 0.804 -0.407 0.467 0.909 -0.230 -0.383  1.000

Mg -0.917  0.964 % -0.502 0.645 0.501  0.417 -0.882  0.744  1.000

Fe  -0.251 0.235 -0.859 0.574 -0.537  0.996 **-0.662 -0.204  0.461  1.000

Cu  -0.667 0.664 -0.638 0.759 -0.082  0.863 -0.856  0.278 0.818  0.833  1.000

Zn 0.871 -0.805 0.855 -0.936 -0.169 -0.663  0.691 -0.556 -0.859 -0.667 -0.91 1.000

Mn  -0.959* 0.991 " -0.458 0.565 0.780  0.061 -0.664  0.943  0.923 0.101  0.556 -0.730  1.000

Ni  -0.803 0.901 -0.314 0.480 0.448 0.43 -0.955* 0.639 0.97° 0.486 0.802 -0.754  0.854  1.000

Cd  -0.330 0.391 0.236  -0.231 0.937 -0.820 0.115 0.721  0.170 -0.795 -0.425 0.175  0.511  0.135 1..000
Pb 0.742 -0.879 0.050  -0.206 -0.736 -0.019  0.796 -0.773 -0.868 -0.088 -0.483  0.494 -0.888  0.904 -0.510
To.05 =0.930
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3 N P Ca Mg Fe Al Cu
Mn Ni N Ca Mn Mg pH Al Cu Fe
pH4.0 Ni pH5.0
3 C K Zn K Zn
pH4.0 14.55%  42.73% pH3. 0 pH5. 0
C 3
3 S Cd Pb pH4.0 pHS. 0 S cd
pH3.0 54.44%  57.66% pHS5.0 Pb 5.78% pH
3.0 pH4.0
pH N Mn N Mg
Mn ¢ P Al Fe K Ni
Mg Ni
N P Ca
Mg Fe Al Cu Mn Ni
Zn 2 Zn
K S
S S
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