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Effects of Simulated Acid Rain on Growth and Antioxidant System in French Marigold

(Tagetes patula L.)

Hak Yoon Kim™ and Jeung Bea Kim (Faculty of Environmental Studies, Keimyung University, Daegu 704-701,

Korea)

ABSTRACT: This study was conducted to investigate the effect of simulated acid rain (SAR) on growth
and antioxidant system in french marigold (Zagetes patula L.). Plants were subjected to four levels of SAR
(pH 5.6, 4.0, 3.0, 2.0) in the growth chambers for 2 weeks. SAR decreased both plant height and plant dry
weight of french marigold. As the pH levels decreased from 5.6 to 2.0, the content of MDA highly
increased linearly. The ratios of dehydroascorbate/ascorbate and oxidized glutathione/reduced glutathione
were significantly increased with decreasing pH levels. The enzyme (superoxide dismutase, ascorbate
peroxidase etc.) activities of the plant affected by SAR were increased as the pH decreased. Based on the
results, SAR caused oxidative stress in french marigold and resulted in significant reduction in plant growth.
Biochemical protection responses might be activated to prevent the plant from damaging effects of oxidative

stress generated in SAR.
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Fig. 1. Effect of simulated acid rain on the growth of
french marigold.
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Fig. 2. Effects of simulated acid rain on contents of
MDA and carotenoid of french marigold. Each value is
mean+SE of 6 plants.

* represents significant difference at p <0.05.

Table 1. Effects of simulated acid rain with different pH levels on the growth parameters of french marigold

Control Simulated acid rain, pH
Parameters

(pH 5.6) 4.0 3.0 2.0
Plant height, cm 17.8+0.8 16.8+0.9 14.3+0.7* 9.6+0.4*
Root length, cm 254+1.3 25.8+2.1 23.3+1.8 16.2+0.5*
Leaf area, cm’ 99.0+7.6 88.319.2 77.7+5.8* 17.0+1.3*
Leaf dry weight, g 0.40+0.03 0.37+0.02 0.34+0.02* 0.10+0.01*
Stem dry weight, g 0.16+0.01 0.14+0.01 0.13+0.01* 0.03+0.01*
Root dry weight, g 0.23+0.01 0.23+0.02 0.22+0.01 0.05+0.01*
Total dry weight, g 0.80+0.05 0.74+0.04 0.69+0.04* 0.18+0.03*

*

represents significant difference at p <0.05.
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Table 2. Effects of simulated acid rain on contents of ascorbate and glutathione in leaves of french marigold

pH Ascorbic acid (ug cm?) Glutathione (ug cm?)

levels AsA+DHA AsA DHA/AsA GSH+GSSG GSH GSSG/GSH
5.6 9.6+0.5 4.6+0.5 1.1+0.1 8.3x0.5 42103 1.0£02
4.0 10.4+0.6 4.8+0.3 1.2+0.1 8.2+0.4 3.9+0.4 1.1+0.2
3.0 12.5+1.1* 5.1+0.5 1.5+0.1* 11.0+1.2* 4.3+05 1.6+0.1*
2.0 12.7£0.9* 5.0+0.4 1.5+0.1% 10.5+0.7% 4.2+04 1.5+0.2*

Each value is mean+SE of 6 plants. * represents significant difference at p <0.05. AsA, ascorbic acid; DHA,
dehydroascorbic acid; GSH, reduced glutathione; GSSG, oxidized glutathione.

40 0.8 0.20
SOD AP DHAR *
30 - 06 &
o § g
£ - -
S 20 £ 04 £
= £ £
5 TE) 5
10} 3 02 E
0 : 0.0
0.20 0.10
GR
% 015 o 0087 & 0.00
£ £ £
Q (5]
- 006+ O
% 0.10 E £ 006
3 = 004 E
& & Q
3 005 % ol € o3t
0.00 0.00 0.00

3.0 20

56 4.0

56 40

56 40 30 20

3.0 20

Simulated acid rain, pH

Fig. 3. Effects of simulated acid rain on activities of ascorbate peroxidase (AP), dehydroascorbate reductase (DHAR),
monodehydroascotbate reductase (MDHAR), glutathione reductase (GR), superoxide dismutase (SOD), guaiacol
peroxidase (GP) in leaves of french marigold. Each value is the mean of 6 plants. Statistically significant differences

between the means are indicated by ““*”” (p<0.05).
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