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Abstract 

The rain forest belt in Southern Nigeria is potentially susceptible to problems related to acid rain because of the increase in 
the consumption of petroleum oil products, such as diesel, gasoline and coal, used to produce energy for different sectors of 
the economy. The effect of simulated acid rain on the plant growth component of cowpea, Vigna unguiculata was studied. 
A greenhouse experiment was conducted at the Federal University of Technology, Akure, Ondo state, Nigeria. Simulated 
acid rain was prepared with a mixed concentrated sulphuric acid (H2SO4) and concentrated nitric acid (HNO3) in a ratio 
2:1 to get the desired pH using a Deluxe pH meter. The plant was exposed to simulated acid rain of pH 2.0, 3.0, 4.0, 5.0, 
6.0 and 7.0 which was the control. Simulated acid rain induced morphological changes including chlorosis, early leaf 
senescence, necrosis, leaf abscission, leaf folding and death. Plant height, leaf area, fresh weight, relative growth rate, 
chlorophyll content of the leaf and harvest index were highest at 7.0 (control) but significantly (p<0.05) decreased with 
increasing the acidity levels. V. unguiculata was seriously affected by the simulated acid rain. 
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1. Introduction 

Acid rain is a wet deposition that has been acidified 
when pollutants, such as oxides of sulphur and nitrogen, 
contained in power plant emission, factory smoke and car 
exhaust, react with the moisture in the atmosphere (Kita et 
al., 2004). In natural conditions atmospheric precipitation 
is slightly acidic due to the dissolution of atmospheric 
carbon dioxide (Nduka et al., 2008).  Rain that presents a 
concentration of H+ ions greater than 2.5µeq-1 and pH 
values lower than 5.6 is considered acid. Acid deposition 
may cause a decline in the health and growth of plants 
(Wyrwicha and Sklodowska, 2006; Liu et al., 2010). 
Several experiments have been carried out in the field and 
in greenhouses to investigate the effect of acid rain on 
plants. Acid rain exposure of plants result in a 
characteristic of foliar injury symptoms, modified leaf 
anatomy (Stoynora and Velikova, 1998; Park and Yanai, 
2009), structural changes in the photosynthetic pigment 
apparatus and a decrease in the chlorophyll concentrations 
(Sant’ Anna-Santos et al., 2006; Wang, 2010). Also, a 
reduction in plant growth and a yield of field corn 
(Banwart, et al.,1988), green pepper (Shripal et al., 2000),  
tomato (Dursun  et al., 2002) were reported.  

 Cowpea, Vigna  unguiculata (L.)Walp, is a 
leguminous plant belonging to the family Fabaceae. It is 
of immense benefit to mankind because it is useful as a 
rotational cover crop. It is also used to control erosion and 
to improve soil properties. Cowpea also suppresses weeds 

and can encourage populations of beneficial insects to 
defend cash crops from insect pests. It can also be used 
for the production of high quality hay or silage, when 
mixed with crops, such as corn or sorghum. Cowpea, 
being a stable food in Nigeria for millions of Nigerians, 
can potentially be affected by acid rain, and so, there is a 
need to examine the potential effects of acidic 
precipitation on cowpea. Acid rain is an issue in the study 
site and this experiment has been done on test species. 
With the increasing rate of population in Nigeria which is 
leading to the high demand for automobiles, it is evident 
that acidic rain is a reality in Nigeria. In view of the 
importance of this plant in human diet and the adverse 
effect of acid rain, the present study is carried out to 
assess the effect of simulated acid rain on this plant. 

2. Materials and Methods 

2.1. Planting Procedure 

 A greenhouse experiment was conducted in the 
Department of Biology of the Federal University of 
Technology, Akure, Ondo State, Nigeria. Disease free 
seeds were collected from the International Institute of 
Tropical Agriculture (IITA) Ibadan in Oyo State of 
Nigeria. The plants were not provided with nutrient 
solution.  

The seeds were tested for viability before planting. Six 
seeds were planted in each experimental plastic pots. Each 
pH treatment had four replicates and was arranged in a 
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Completely Randomized Design (CRD). The plants were 
watered every other day and grown for a week before the 
application of the simulated acid rain treatment. The 
plants were sprayed with 10ml of acidic solution 
according to their pH values of 2.0, 3.0, 4.0, 5.0, 6.0 and 
the control (7.0). The solutions were applied every three 
days using a medium size pressurized sprayer on the 
plants. The plants were grown for fifteen weeks before the 
termination of the experiment.   
2.2. Preparation of Simulated Acid Rain   

The simulated acid rain was formed from a mixture of 
concentrated sulphuric acid (H2SO4) and concentrated 
nitric acid (HNO3) in a ratio 2:1. The acidic solution was 
then calibrated using distilled water with a Deluxe pH 
meter to get the desired pH (2.0, 3.0. 4.0, 5.0 and 6.0) and 
cross checked with pH pen. The control pH (7.0) had 
distilled water.   

 Several parameters were used in assessing the growth 
of the plant. The height of the shoots was measured using 
a tape rule in (cm) from the soil level to the terminal bud. 
The measurements were taken in an interval of 2 weeks 
from the day the acid rain treatment commenced to the 
day of harvest. Leaf area was determined by the 
proportional method of weighing a cut-out of traced area 
of the leaves on graph paper with standard paper of 
known weight to area ratio. The fresh weights and the 
Relative Growth Rate (RGR) were calculated following 
the methods of Hunt (1990) and the fresh weight of the 
whole plant was used to determine the relative growth 
rate: 

RGR =   (log W2 –log W1)/ (T2-T1) 
Where: W2 = final weight  

             W1 =initial weight  

             T2   =final time  

             T1   = initial time. 

The chlorophyll content of the leaves was determined 
by the method of Arnon (1949) and it is expressed on the 
fresh weight: 
Chlorophyll a =12.7D663-2.69D645 X Vmg/1000W (mgg -

1). 
Chlorophyll b=22.9D645- 4.68D663 X Vmg/1000W (mgg -

1). 
Total chlorophyll (chlorophyll a & b) = 20.2D645- 8.02D663 
X V/1000W. 
Where Dx = absorbance of the extract at the wavelength X nm. 

V = total volume of the chlorophyll solution (ml). 

W = weight of the tissue extracted (g).    

The harvest index was determined by the method of 
Ekanayake (1994). 
2.3. Statistical Analysis 

Data obtained were subjected to analysis using the 
Statistical Package for Social Sciences, Version 15.0 
(SPSS, 2003). Treatment means were separated using the 
Duncan Multiple Range Test (Zar, 1984). 

3. Results and Discussion 

Morphological changes were observed through the 15 
weeks after simulated acid rain treatment. The effects of 

simulated acid rain on the morphology shows that the 
leaves turned brownish, with red with 70% leaf 
abscission. The dropping and eventual collapse of leaves 
stretched over a period of 12-15 weeks at pH 4.0 to pH 
2.0. Leaf abscission started with the leaves at the base of 
the shoot droppings with long petiole at pH 4.0 treatment. 
Leaves were chlorotic and necrotic.  At 2.0 pH treatment, 
plants died from the base of the shoot. Leaves had 60% 
leaf abscission. 
Table 1. Effect of simulated acid rain (SAR) on the plant height 
(cm), leaf area (cm), fresh weight (g) of V. unguiculata 

pH of 
SAR 

Plant height 
(cm) 

Leaf area 
(cm) 

Fresh weight 
(g) 

7.0 
(Control) 

54.74 ± 2.34 a  38.14  ± 
2.27 a 

192.11 ± 0.56 a 

    6.0 46.12  ± 2.06 b  26.08  ± 
1.17 b 

130.34 ± 0.44 b 

    5.0 40.10  ± 1.60 b  20.54  ± 
1.08 b 

122.12 ± 0.20 c 

    4.0 30.33  ± 1.48 b  15.20  ± 
0.20b 

94.21 ± 0.12 d 

    3.0 22.34  ± 0.31 c  11.26  ± 
0.18c 

64 .10 ± 0.07e 

    2.0 10.01  ± 0.10 d  06.32  ± 
0.04c 

42.23 ± 0.04 f 

Each value is a mean of ± standard error of four replicates. 
Means within the same column followed by the same letter are 
not significantly different at (p>0.05) from each other using New 
Duncan Multiple Range Test.  

The plant had the highest plant height, leaf area and 
fresh weight significantly higher (p< 0.05) at the control 
(pH 7.0) compared to the other acidity treatments. 
Table 2. Effect of simulated acid rain (SAR) on the relative 
growth rate (gg-1d-1), chlorophyll content (mg/g) and harvest 
index of V. unguiculata 

pH of SAR 

 

Relative 
growth rate 

Chlorophyll 
content 

Harvest 
index 

7.0 (Control)  2.6 ± 0.22 a 3.8  ± 0.20 a 0.5  

6.0 2.0  ± 0.16 a 3.0  ± 0.16 a 0.4  

5.0 1.6  ± 0.12 b 2.2  ± 0.12 b 0.3  

4.0 1.2  ± 0.08 b 1.7   ± 0.10 b  0.2  

3.0 0.8   ± 0.05 b  0.6   ± 0.05 c 0.1  

2.0  0.4   ± 0.02 c  0.2   ± 0.01 c 0.1  

Each value is a mean of ± standard error of four replicates. 
Means within the same column followed by the same letter are 
not significantly different at (p>0.05) from each other using New 
Duncan Multiple Range Test.  

The effect of simulated acid rain on the Relative 
Growth Rate (RGR), the chlorophyll content and the 
harvest index of V. unguiculata are presented in Table 2. 
The plant had a relative growth rate, a chlorophyll content 
and a harvest index significantly higher (p< 0.05) at pH 
7.0 compared to other acidity treatments. There was a 
significant reduction in relative growth rate, chlorophyll 
content and harvest index with decreasing pH level. 

Symptoms of plants polluted with simulated acid rain 
include chlorosis, necrosis, stunted growth, lesion, 
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suppression of leaf production, leaf curling, withering of 
leaves, leaf abscission and even death of plants. Silva et 
al. (2006) and Wang (2010) found that plants exposed to 
low pH rain (pH 3.0) are generally retarded with leaf 
chlorosis, necrotic spot coupled with dehydration of the 
plants. Simulated acid rain exposure caused chlorosis, 
necrotic lesions and leaf tip injuries at the different pH 
levels of V. unguiculata. Marked chlorotic and marginal 
necrotic symptoms were observed at pH 4.0 and 5.0. 
However, this was less pronounced in comparison to pH 
3.0 and pH 2.0. Similar symptoms were also observed by 
Johnston and Shriner (1985) on wheat at pH 4.3 and 2.3.  

All the plant growth parameters that studied the plant 
height, leaf area and fresh weight of V. unguiculata were 
decreased significantly at all acidity levels with respect to 
the control set; the highest reductions were observed at 
pH 2.0 level (Table 1). The adverse effects of simulated 
acid rain on plant growth parameters on several crops 
were also observed by Evans et al. (1997), Banwart et al. 
(1990), Chevone et al. (1984) and Liu et al. (2010).    

Photosynthetic pigments were also inhibited with 
respect to acidity levels. Chlorophyll content was 
significantly reduced by simulated acid rain treatment 
compared to the control at pH 2.0 and pH 3.0 (Table 2). 
The reduction was due to the removal of Mg+ from the 
tetrapyrol ring of the chlorophyll molecules by H+ (Foster, 
1990) or due to the increase of transpiration by acid rain 
(Evans et al., 1997). Recently similar results have also 
been observed on many crops like mustard, radish, potato 
(Agrawal et al., 2005; Kausar et al., 2005; Khan and 
Devpura 2005; Varshney et al., 2005; Park and Yanai , 
2009). 

Relative growth rate and harvest index were lowest at 
pH 2.0 and pH 3.0 of V. unguiculata compared to the 
control plants (Table 2), and this have been reported by 
Seinfield et al. ( 1998). According to Iglesias et al. 
(1994), harvest index of 0.5- 0.6 is the optimum level for 
crops because at higher values of harvest index, root 
production decreases due to a reduced leaf area, light 
interception and photosynthesis. The present paper shows 
that all the levels of simulated acid rain have a negative 
effect on the growth and the yield component of cowpea 
V. unguiculata  due to the reduction of photosynthesis as 
a result of chlorosis, necrosis and leaf abscission.  
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