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Abstract： The wet and dry deposition of acidic substance in environment results due to human, automobile and 

industrial activities. Acid deposition is worldwide environmental problems. As a results these acidic materials are 

increasingly in the environment both in developed and developing countries, including Pakistan. In addition, acid mist 

found responsible for producing negative effect on loss in crop yield and vegetation growth. Albizia lebbeck (L.) Benth. 

(Fabaceae: Mimosoideae) has significant importance to human beings for its multipurpose use. This study aim to 

record the seedling growth performances of A. lebbeck  raised in different media of pH in pot trials. To test for the 

effects that precipitation pH may have upon the growth and development of plants, A. lebbeck  seedlings were exposed, 

for 3 weeks, to artificial acid mists ranging in pH from 2.82, 3.45, 4.46 and 5.55 marked four level as T1, T2, T3, T4, 

respectively. It has been examined that the foliar spray of acid mist in a small amount pH 2.82-5.55 affected the 

seedling growth of A. lebbeck as compared to other treatment. Decline was notice in the shoot and root growth at 5.55 

pH as compared to other treatment. An increase was recorded in root, shoot, and plant length and total plant dry weight 

of A. lebbeck at 3.45 pH as compared to other treatments. 
Short title: Effects of acid rain on A. lebbeck. 
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Introduction 

The rapid growth of population, industrial and 

automobile activities has given rise to many common 

problems, such as air, water, soil pollution and 

environmental degradation. Sources of pollution can 

vary according to specific industrial, geographical, 

geological, urban environment, contamination, climatic 

and sociological conditions important ones and it 

influences all parts of the environments (Sanka et al., 

1995). The release of sulfur dioxide and nitrogen oxide 

into the atmosphere and reaction with water forms acid 

rain. This problem is especially serious in acidic soils 

with low buffering capacity. 

During the past two decades increased amounts 

of strong inorganic acids have appeared in the 

precipitation over much of northern Europe and the 

Northern Eastern United States, causing the pH of the 

rain fall to drop to levels of 4.0 and less. European 

scientist have found that rain in northwestern Europe 

shows a trend toward increased acidity. There are 

tenfold differences between each unit. Thus, pH 6 is ten 

times more acid than pH 7, pH 5 is 100 times more acidic 

than pH 7 and so on (Granat 1972; Likens et al., 1972). 

A significant (p<0.01) decrease in seedling growth of 

yellow birch (Betula alleghaniensis Britt.) were 

observed at pH 2.3 and foliar tissue damage was 

observed at pH 3·0 and below (Wood and Bormann 

1974). This trend appears to be linked to mounting levels 

of gaseous pollutants such as sulfur and nitrogen oxides 

which can be converted chemically in the atmosphere to 

strong acids (H2SO4 and HNO3) deposited and 

transported hundreds of kilometers from the original 

source of emission (Reiquam 1970). The potential 

effects of acidic precipitation is considered best in terms 

of the long term critical load of pollutants to the soil 

(Cape, 1993). The reduction in forest productivity, water 

quality, the availability of nutrients due to acid stress 

(Dahl and Skre, 1971; Sheppard et al., 1993; Neal et al., 

2010). 

Acid rain and increase in precipitation acidity 

has become a dominant feature of changes in the 

chemical climate of earth, on trees, leaf growth, 

enzymatic and non-enzymatic antioxidant activities, 

ecosystem may also decrease in the pH and an increase 

in foliar leaching losses (Maklenburg et al. 1966; 

Cowling, 1983; Debnath et al., 2018; Du et al., 2020). 

The significant degradation of natural ecosystem, 

photosynthetic performance, pigment composition, soil 

physiochemical and microbial properties due to 

pollutant stress reported (Yao et al., 2016; Wei et al., 
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2021; Zhang et al., 2021). In a study about the 

comparison of forest susceptibility to acid stress 

estimated a relative growth reduction in forest 

productivity in Sweden and north eastern United States 

(Jonsson and Sundberg, 1972a; Jonsson and Sundberg, 

1972b). The simulated acid rain is a global issue and 

induced high effects of on soil pH, soil microbial 

community, litter decomposition, leaf injury, root, 

sapling and woody tree growth (Zhang  et al., 1996; 

Pietri and Brookes, 2008; Ouyang et al., 2008; Wang et 

al., 2010;  Wang et al., 2014; Liu et al., 2018a; Liu et al., 

2018 b). 

Seeds and seedlings of five hardwood species 

were subjected to a simulated acid rain adjusted to pH 

values of 2.0, 3.5, 5.0, 6.0, and to distilled water (the 

control). Seed germination, foliar damage, decline in 

chlorophyll contents and retardation was remarkably 

inhibited by pH 2.0 treatment for three hardwood 

species while seedling growth was stimulated at pH 

levels between 3.5 and 5.0. The pH 2.0 treatment 

seemed to be a threshold level for inhibition of seed 

germination and seedling growth for all the treated 

hardwood species (Fan and Wang, 2000). Munzuroglu 

et al. (2002) reported that pH levels below 3.1 destroyed 

the pollen tubes and that pollen development stopped 

near pH 3.0 and concluded that both the pH value and 

quantity of the rain was an important factor in the 

development of apples.  

The species selected, Albizia lebbeck (L.) Bth. 

belongs  to family Mimoceaceae found in Swat, 

eastwards ascending to 4000’ and commonly planted in 

Sind, Baluchistan and the Punjab plain (Pakistan). It is 

introduced as perennial tree species and is growing as 

multipurpose tree in the arid regions. A. lebbeck  is well 

adapted in wide  range of acidic, alkaline and saline soil 

condition (Prinsen, 1986). A. lebbeck is vitally important 

tree for firewood, fodder, heavy shade tree, industrial 

raw material and timber and relevant to the arid zone 

(Khoshoo and Subrahmanyam 1985; Habib et al., 2016; 

Mariod et al., 2017). 

However, short-term studies have shown that 

acid mist has affected on the growth of plants. Karachi 

is situated on the coast and therefore sea breezes aid 

pollutant dispersion during summer. Despite this, 

maximum sulfur dioxide concentrations, exceed WHO 

guideline in some areas of Pakistan (UNEP 1992). Air 

pollution studies are a matter of utmost concern. Great 

concern has been expressed, in developed countries, 

about the role of acid rain. The occurrence of incased 

precipitation acidity over wide areas of the city raises 

serious question, as it can effects on growth and vigor of 

trees. Although the effects of acidified rain on trees has 

not intensively studies. A. lebbeck is growing at main 

busy roads of the Karachi, city and is under pressure of 

environmental pollution. The information on impact of 

acid mist on A. lebbeck is scarce. The aim of the present 

experiment was designed with purpose to determine the 

effect of simulate acid mist on the growth of 

multipurpose tree species, A. lebbeck. 

2. Materials and Methods 

The effect of acid mist on seedlings of A. 

lebbeck was investigated by a series of pot trials using a 

garden loam soil substrate with varying amounts of 

added pH. This experiment was designed to examine 

effects of aqueous acid mist at various pH levels on the 

subsequent growth and development of three week old 

A. lebbeck seedlings. Experiment was conducted in the 

Experimental field located at the Department of Botany, 

University of Karachi.  The acid mist was adjusted to 

different pH levels 2.82, 3.45, 4.46 and 5.55 through 

additions of technical grade sulfuric acid. The pots were 

prepared by mixing soil and fertilizer. The pots selected 

were of uniform size. The healthy seeds of A. lebbeck 

were randomly collected from the Karachi University 

Campus and the top end were slightly cut with a clean 

scissor to remove any possible seed coat dormancy. The 

surface of seeds of A. lebbeck were treated with 1% 

dilute solution of Sodium-hypochlorite to prevent any 

fungal contamination and prepared for seedlings. Three 

weeks old seedlings were irrigated with different 

concentrations of acid mist after every four days. Each 

irrigation episode represented 2 ml of rain fall. The 

irrigations solution was sprayed with a sprayer in order 

to moisten the whole plant equally. The seedlings were 

allowed to grow under natural conditions. After 20 days, 

the seedlings were harvested. Root, shoot and total plant 

length were recorded. The seedling dry weight was 

determined by drying the plant materials in an oven at 

80 °C for 24 hours and dry biomass was measured with 

electrical balance. Each treatment had five replicates.   

Statistical analysis 

Statistical analysis was conducted by using 

COSTAT software version 3. The data variance was 

analyzed by using one-way analysis of variance 

(ANOVA). Comparison of the means (mean values ± 

standard error) was analyzed using a Duncan Multiple 

Range Test with a probability level of 5 % error. P < 

0.05 was used to define statistical significance. 

Results and Discussion 

Acid rain is an environmental problem. An 

important factor governing germination is the pH (Hora 

and Baker, 1972). Acid mist toxicity is deleterious to 

plant growth. Normally, rainfall is slightly acid, but its 

pH value must be lower than 5.6 to be considered acid 

rain. It is well known that acidic precipitations are 

harmful for plants, in fact, they can damage the 

photosynthetic machinery, plant physiology, reduce the 

chlorophylls content and increase the production of 

reactive oxygen species, while at agroecosystem levels 

they are responsible for the crop yield losses, above and 
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below ground plant parts (Shu et al., 2019; Shi et al., 

2021; Shu et al., 2023). Inhibition to germination and 

retardation of plant growth are commonly reported 

effects due to acidity. It was observed that all measured 

growth variable of A. lebbeck were responded 

differently to acid treatment (Fig. 1-4; Table 1).  

 

Table 1. Effects of different concentrations of acid mist 

pH (T1-2.82, T2-3.45, T3-4.46, T4-5.55) on root, shoot, 

seedling height and seedling dry weight of Albizia 

lebbeck.    

Treatem

ents 

Root 

length 

(cm) 

Shoot 

length 

(cm) 

Plant 

height 

(cm) 

Seedlin

g dry 

weight 

(g) 

T1 16.00 12.20 28.10 2.856 

T2 20.00 11.70 31.70 2.992 

T3 15.40 11.70 27.10 2.878 

T4 14.10 10.50 24.60 2.308 

L.S.D. 

P<0.05 
9.32 2.28 10.64 1.421 

 

The pH value of a substance determines its 

acidity. The pH value is the concentration of hydrogen 

ions (H1+) in a substance and is measured on a scale of 

0.0 to 14.0. The pH values less than 7.0 are acidic, and 

those more than 7.0 are basic and pure water (H2O) has 

a pH of 7.0, making it neutral (CBEF, 2013). Acid rain 

availability produces harmful impact on herbs, shrub 

and trees. In present study, the variance between pH 

levels 5.55 to 2.82 indicates that seedling growth means 

are not significantly different for shoot, root, and total 

plant height and total plant dry weight of A. lebbeck 

(Table 1).  

 

Fig. 1.  Effects of different concentrations of acid mist 

pH (T1-2.82, T2-3.45, T3-4.46, T4-5.55) on shoot 

length of A. lebbeck.   

 

It was examined that the foliar spray of acid in a small 

amount 2.82-5.55 affected the shoot growth of A. 

lebbeck (Fig. 1). The shoot growth of A. lebbeck at pH 

4.46 was found promotory. A sharp decline in shoot 

growth of A. lebbeck was noticed in pH 5.55 and 3.45 

followed by pH 2.82 and 4.46 treatment, respectively. 

The inhibition of plant growth due to acid rain not only 

affects the aerial parts of plant that are directly exposed 

to acid rain but also degrade the fertility of soil and 

increases the vulnerability of plants to toxic metals (Du 

et al. 2017). The maximum reduction in shoot growth of 

A. lebbeck at 5.5 pH was recorded. The results of the 

present study support the findings of Singh and Agrawal 

(2004) reported that the shoot lengths of both types of 

wheat cultivar declined significantly at or below pH 4.0.   

  

Fig. 2.  Effects of different concentrations of acid mist 

pH (T1-2.82, T2-3.45, T3-4.46, T4-5.55) on root length 

of A. lebbeck.   

 

The deleterious effects of simulated acid rain on 

chlorophyll contents, chlorophyll fluorescence, 

chlorosis, nutrient loss, enzyme activity changes in 

foliage of plant (Ren et al., 2018; Ma et al., 2021). Root 

systems provide mechanical support and helps in 

nutrient uptakes.  The research work of  Ju et al., (2017) 

and Huang et al., (2019) shows that acid rain increases 

the accumulation of reactive oxygen species and inhibits 

roots growth. The results indicated that acid mist also 

differently inhibited root growth of A. lebbeck in all the 

treatments, especially in T4 and T1 followed by T3 and 

T2 (Fig. 2). The decrease in root growth of A. lebbeck at 

5.5 pH was recorded. It has been examined that the foliar 

spray of acid mist in a small amount pH 2.82-5.55 

affected the root growth of A. lebbeck as compared to 

other treatment. Decline was notice in the root length at 

2.85 pH as compared to other treatment. This research 

revealed that all highly acidic (pH = 2.5) significantly 
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inhibited the total root length of A. lebbeck. The present 

experimental results are confirm and in agreement with 

the previous studies published on soybean and rice root 

systems also confirmed the inhibitory effects of highly 

acidic acid rain on root (Sun et al. 2013). 

 

 

Fig. 3.  Effects of different concentrations of acid mist 

pH (T1-2.82, T2-3.45, T3-4.46, T4-5.55) on total 

seedling length of A. lebbeck.   

 

 

The artificial precipitation did not significantly affect 

the growth of A. lebbeck seedling while the pH of the 

misting solution reached values less than 2.82 (Fig. 3). 

Similarly, Pignattelli et al., (2021) found reduction in 

physiology and growth of Lepidium sativum due to acid 

rain stress. It was noticed that T1 treatment produced 

promotery effects on total plant height as compared to 

other treatments. It has been examined that the foliar 

spray of acid mist in a small amount pH 5.55 affected 

the total seedling length of A. lebbeck as compared to 

other treatment. Decline was notice in the seedling 

length at 3.45 pH as compared to other treatment. In a 

short term study the simulated acid rain (pH range 5.6 to 

2.3) affected seedling tissue chemistry, seedling 

productivity growth and nutrient relations of Eastern 

White Pine seedlings (Pinus strobus, L.) grown in a 

sandy loam soil (Wood and Bormann, 1977). 

The effects of simulated acid rain, at varying 

pH levels of 2.82, 3.45, 4.46, and 5.55 on yields of A. 

lebbeck was recorded (Fig. 4). The results of total 

seedling dry weight changes after treated at different 

level of pH. The reduction seedling dry weight in A. 

lebbeck was evidently due to poor growth of shoot and 

root due to acid mist. These data suggests, as dose 

Gordon’s work (1972) with pines, that developing tissue 

may be the most susceptible to injury from acids. The 

reductions in this study was most probably a result of 

foliar tissue damage caused by the mist acidities and 

agrees  with the finding of Wood and Bormann (1977), 

who had found decrease growth reduction in yellow 

birch seedling. Many countries have adopted energy 

conservation measures, mainly on economic grounds, 

and have effectively limited energy consumption and 

demand and also improved generation and distribution 

efficiency (UNEP 1992). An obvious examples is the 

use of low temperature hydrometallurgical techniques 

which reduce the SO2 emissions associated with 

traditional metal smelting methods. More plantation are 

required to overcome the pollution problems.  

The effects of simulated acid rain, at varying 

pH levels of 5.7, 4.0, 3.1, and 2.7 on yields of radish, 

garden beet, kidney bean, and alfalfa recorded. The 

results showed no significant difference in the yields of 

radish, kidney bean, and alfalfa when treated with 

simulated acid rain when compared to the yields of 

garden beet treated with pH 5.7 simulated rain (Evans et 

al., 1982). 

 

Fig. 4.  Effects of different concentrations of acid mist 

pH (T1-2.82, T2-3.45, T3-4.46, and T4-5.55) on 

seedling dry weight of A. lebbeck.   

 

 

Conclusion 

It is concluded that the sulfuric acid mist 

acidity produce toxic effect upon shoot, root, and total 

plant height at pH 2.28. This suggest that reduced 

growth may ultimately occur with longer period of acid 

misting. A. lebbeck tree is a one component of natural 

ecosystem, and in under natural conditions acidity can 

produced synergistic effects on seedling growth. Further 

research into the screening for better acid mist tolerant 

species are also recommended. There is a need of 

coordination in multidisciplinary research and 

development programme leading to utilization of A. 

lebbeck for transplantation at the industrial, urban 

centers and acid mist deposit areas.  
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