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ABSTRACT   

 
The study was carried to evaluate the impact of simulated acid rain (SAR) of different acids (HCl, H2SO4 and 

HNO3) pH-levels 5.0 and 3.0 on green leafy vegetable spinach (Spinacia oleracea L.) of the Family 

Chenopodiaceae. Plants treated with HCl showed damaging effects at pH 3.0 which was least damage as 

compared to H2SO4 and HNO3.  Both acids (H2SO4 and HNO3) showed remarkable significant damage in 

terms of decrease in fresh and dry weight, number of leaves/plant, chlorophyll, protein content.  

Keywords:  Simulated acid rain, Spinach, Chlorophyll, Protein content etc. 

 
INTRODUCTION  

Acid rain is an unseen plague of the industrial age. In 

Asia, India and China are mostly affected mainly 

because of the large numbers of factories. The term 

acid rain was first used by Robert Angus Smith, a 

scientist working in Manchester in the 1870s. Rain 

water in its natural state is slightly acidic with a pH 

value ranging from 5.6–7.0 due to the presence of 

carbon dioxide in the atmosphere which dissolves in 

the rain as it falls (Zabawi et al., 2008).  Acid rain is 

infact the mixture of H2SO4 and HNO3, where the 

ratio of these two may vary according to the relative 

quantity of oxides of sulphur and nitrogen present in 

the atmosphere. Plant or any other material that is 

exposed to acid rain for a long time ends up 

damaged or changed in some way. Vegetation and 

soils are also affected by acid rain. As its direct 

interaction with vegetation affects its morphological, 

biochemical and physiological activities while 

indirect interaction through soil interferes with 

nutrient availability to plants. Plants need soil 

nutrients and minerals, such as calcium, magnesium 

and potassium, to grow. When sulphuric and nitric 

acids fall onto the earth they dissolve certain 

nutrients and minerals thus wash them out and 

make them unavailable to trees and plants. The leaf 

is the most sensitive organ to pollution and has been 

the target of many studies. The anatomical analysis 

of injuries caused by pollutants on the leaf blade of 

plant species have been used in various studies to 

assess the real damage caused by pollutants (Silva et 

al., 2000; Chaves et al., 2002). Various authors 

showed the leaf responses to acid rain by means of 

anatomical studies of the injuries (Percy and Baker, 

1987) Acid rain exposure of plants results in 

characteristic foliar injury symptoms, modified leaf 

anatomy, structural changes in the photosynthetic 

pigment apparatus and a decrease in chlorophyll a 

and b contents (Shaukat and Khan, 2008). 

The present study was carried out to assess 

the impact of simulated acid rain (SAR) of different 
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acids on fresh and dry weight of plants, number of 

leaves/plant, chlorophyll and protein content of 

green leafy vegetable spinach. 

MATERIAL AND METHOD 

For this experiment the simulated acid rain (SAR) 

was prepared in the laboratory by diluting acids (HCl, 

H2SO4 and HNO3) to develop a different acidic level 

(pH 3.0 and 5.0) with the help of the pH meter. Each 

level was prepared freshly for each spray. Plastic 

pots which were filled with 2 kg garden soil, properly 

mixed with compost were used for the experiments. 

The experiment was performed under glass house 

conditions. Spinach was selected for the experiment 

because it is a leafy vegetable having enough leaf 

area to get exposed. Plants were grown in ambient 

conditions for four weeks and then the pots were 

exposed to simulated acid rains with pH 5 and pH 3. 

Control plants were separated and required space 

was maintained between the different treatments to 

avoid any kind of disturbance. The treatment was 

properly sprayed as rainfalls on plants on alternate 

days for four weeks. 

Fresh weight of plant was taken with the 

help of an electronic balance. For dry weight plant 

was dried in pre-heated oven set at 700C for 48 

hours. After that it was cooled in a dry environment 

(desicator) and then weight was taken with the help 

of an electronic balance. It was expressed in grams 

(g). Number of leaves was counted after completion 

of the treatment period of four weeks. Chlorophyll 

(Chl) and carotenoids (Car) in leaves were extracted 

in 80% acetone by the method of Arnon (1949). 

Protein was assayed according to the method of 

Lowry et al., (1951).  

Data were analyzed statistically. Average 

mean and standard error (Mean ± SE) was 

calculated. Least significant difference LSD (*) at P ≤ 

0.05 and highly significant (**) P ≤ 0.01 levels to 

determine the significant differences and percentage 

decrease over control were also calculated. 

 

 

RESULTS 

Visible symptoms such as chlorosis, necrosis and 

inward curling of leaves were also observed during 

the treatment period. After four weeks the leaves 

were collected to analyze the toxic responses, 

morphological and biochemical changes in the 

plants.  

Fresh and dry weight plant-1 was found to 

be decreased with the increasing pH (pH 5 and pH 3) 

of SAR. FW was recorded as 28.2 g in control plants. 

Maximum significant decrease in fresh weight of 

plants was observed by 23.40, 24.82 and 26.59 % at 

pH 3 SAR treatments of HCl, H2SO4 and HNO3 

respectively over control.  Dry weight of plants was 

found to be decreased with the increasing pH of SAR 

treatments. It was recorded as 10.0 g in control 

plants. Maximum significant decrease in DW of 

plants was observed by 8.0, 23.0 and 28.0 % at pH 3 

SAR treatments of HCl, H2SO4 and HNO3 respectively 

over control.   

Number of leaves plant-1 was also found to 

be decreased with the increasing pH of SAR 

treatment. It was recorded as 13.25 in control 

plants. The maximum significant reduction in 

number of leaves plant-1 was observed as 32.57, 

45.45 and 47.73% at pH 3 SAR treatments of HCl, 

H2SO4 and HNO3 respectively over control.    

Photosynthetic pigments were found to be 

reduced when exposed to the SAR treatments of pH 

5 and 3. Chl ‘a’ was recorded as 1.90 mg g-1FW in 

control plants. The maximum significant reduction in 

chl ‘a’ was observed to be 8.42, 8.42 and 10.52 % at 

pH3 SAR treatments of HCl, H2SO4 and HNO3 

respectively over control. Chlorophyll ‘b’ was 

recorded as 1.78 mg g-1FW in control plants. The 

maximum significant reduction in chlorophyll ‘b’ was 

observed as 24.72, 26.40 and 37.07 % at pH3 SAR 

treatments of HCl, H2SO4 and HNO3 respectively over 

control. Total chlorophyll content was recorded as 

3.77 mg g-1FW in control plants. The maximum 

significant reduction in total chl content was 

observed as 28.38, 31.83 and 35.54 % at pH3 SAR 

treatments of HCl, H2SO4and HNO3 respectively over 
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control. Carotenoids content was recorded as 0.83 

mg g-1FW in control plants. The maximum significant 

reduction in carotenoids content was observed to be 

20.48, 30.12 and 36.14 % at pH3 SAR treatments of 

HCl, H2SO4 and HNO3 respectively over control.  

Protein content under SAR exposure was 

found to be decreased with the increasing pH of SAR 

treatment. It was recorded as 2.68 mg g-1FW in 

control plants. Significant decrease in protein 

content was recorded as 11.58, 11.94 and 13.80 % at 

pH 3 SAR treatments of HCl, H2SO4 and HNO3 

respectively over control.  

DISCUSSION 

Acidic pollutants lowered the leaf pH which declined 

the physiological balance of sensitive plant species 

and under stress conditions plants exhibited certain 

morphological and biochemical alterations. Acid rain 

exposure to plant results in a characteristic of foliar 

injury symptoms, modified leaf anatomy (Park and 

Yanai, 2009) and also, a reduction in plant growth 

and yield (Dursun et al., 2002). 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 different pH levels of V. 

unguiculata. Present study showed remarkable 

reductions in all the growth parameters studied. 

Meerabai, et al., (2012) reported that leaves were 

very susceptible to the gaseous pollutants and these 

pollutants entered into the leaves via stomata and 

reacted with the surface of mesophyll cells. The 

reduction in biomass accumulation due to SAR may 

also be a consequence of reduced photosynthesis 

(Singh and Agrawal, 1996). Fresh and dry weight of 

crop plants was reduced with SAR in case of lower 

pH if the acidity was more than pH-3.0 it exceeded 

damage to the crops (Jiro Harada, 1992). 

Lower pH causes severe damage to the 

photosynthetic pigments as observed in the present 

study. The photosynthetic efficiency is strongly 

dependent on leaf pH (Liu and Ding, 2008). 

Photosynthetic pigments were also inhibited with 

respect to acidity levels. Decrease of photosynthetic 

rate with acid rain was mainly related to the 

decreased chlorophyll content of leaves. Chlorophyll 

‘a’, chlorophyll ‘b’ and total chlorophyll showed a 

decreasing trend. The reduction might be 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). Carotenoid is being tougher than 

chlorophyll but much less efficient in light 

absorption helps the valuable but much fragile 

chlorophyll and protects it from photo-oxidative 

destruction (Siefermann-Harms, 1987). Carotenoids 

content decreased on exposure to sulfur dioxide 

(Irshad et al., 2011 ) and short term treatment of SO2 

damaged pigment system-II, decreased the fluidity 

of thylakoid membrane and affected the process of 

electron transport (Liu et al., 2007). Spraying with 

simulated acid solution reduced the amount of 

carotenoids which was also reported by Odiyi
 

and 

Eniola, (2015). Decrease in protein content was 

observed in the present study. Reduction in total 

protein content under stress conditions might be 

due to damage caused by reactive oxygen species 

(ROS) to proteins. Reduction in protein content 

might be due to the enhanced rate of protein 

denaturation and breakdown of existing protein to 

amino acid is the main cause of reduction in protein 

content. Agarwal and Deepak (2003) determined 

that SO2 enrichment results in diminished leaf 

protein levels by 13% and the decrease is attributed 

by breakdown of existing protein and reduction in 

synthesis. Meng He et al., 2011 have also reported a 

decrease in soluble protein content after being 

sprayed with SAR. 

CONCLUSIONS  

Effects of simulated acid rain (SAR) were also 

observed on spinach (Spinacia oleracea). Higher the 

acidity of the SAR more significant was the 

inhibitions. Under the treatment of weak or neutral 

acid rain, nutritional substance contents lead to an 

increase in level compared to that of the control. 

Study of SAR of different acids namely HCl, H2SO4 

and HNO3 of pH 3.0 and 5.0 reveals the damaging 
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effects of acidic pH on green leafy vegetable spinach. 

Simulated acid rain of pH 3.0 of all three acids 

showed damaging effects on spinach but SAR 

treatment of H2SO4 and HNO3 acid showed severe 

damages at pH 3.0. The study clearly indicates that 

there is an urgent need to monitor and reduce such 

kind of emissions that acidify the atmosphere and 

awareness among local and international 

communities on the negative impacts of burning 

fossil fuel must be created. Industries should devise 

a means of safely collecting the gases emitted from 

their plants so that it does not contaminate the 

atmosphere; vehicles that do not emit oxides of 

sulphur and nitrogen should be produced in 

commercial quantities and made relatively 

affordable. 
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Fig1. Effect of simulated acid rain (SAR) of different pH on fresh & dry weight of spinach (Spinacia 
oleracea) 
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Fig2. Effect of simulated acid rain (SAR) of different pH on number of leaves per plant of spinach (Spinacia 
oleracea) 

 

 

 

Fig3. Effect of simulated acid rain (SAR) of different pH on photosynthetic pigments of spinach (Spinacia oleracea) 
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Fig4. Effect of simulated acid rain (SAR) of different pH on protein content of spinach (Spinacia oleracea) 
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