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Abstract:  The wet (rain, snow, fog, sleet, dew) and dry (transport of aerosol, particles and gases) deposition of acidic 
substance in environment results due to human, automobile, fossil fuel burning and industrial activities. 
Acid deposition is worldwide environmental degradation problems and in recent years these acidic 
materials are increasing at alarming scale in the environment both in developed and developing countries, 
including Pakistan. Some scientific literature survey reports suggest that plant growth and agriculture yield 
decrease due to consequence of acid rain. In addition, acid rain is found responsible for producing toxic 
effects on the morphological parameters of agricultural crop. The evidence collected from last more than 
fifty years showed the common significant effects of acid rain on seed germination percentage, seedling 
height, root hair and structure, alteration in leaf anatomy, size and area, stomatal structure, size, pollen 
germination, photosynthetic pigments and physiological changes in herbs, shrubs and trees. Still, little is 
known on the impact of acid rain on plant growth. This study was aimed to review the effects of acid mist 
on growth performances of some selected plant species. This review is contributed with the help of 
literature survey, research work published on the impact of acid rain on the plant growth. 
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Introduction 

The rapid growth of economic development, industrial and automobile activities has 
given rise to many common ecological and environmental pollution problems [SANKA & al. 
1995; IQBAL & SHAFIQ, 2006; SHAFIQ & IQBAL, 2012; LIU & al. 2016; QIAO & al. 2018; 
SHAFIQ & al. 2019; IQBAL & al. 2023]. Sources of pollution depends on specific industrial 
activities, anthropogenic emission due to fuel combustion, geographical, geological, 
environmental contamination, coal combustion, climatic and sociological conditions which ones 
alone or in combination influence all parts of the environments. The pollutants likewise sulfur 
and nitrogen oxides are chemically converted in the atmosphere to form strong acids (H2SO4 
and HNO3) and this chemical reaction in the presence of moisture formed acid rain and increase 
of acidity in the environment decrease the level of alkalinity. Therefore, sulfuric and nitric acids 
can form and fall as acid rains [JALALI & NADERI, 2012]. The pH value of a substance 
determines its acidity or alkalinity and is measured on a scale of 0.0 to 14.0. The pH values less 
than 7.0 acidic, more than 7.0 basic, pure water has a pH of 7.0 and making it neutral [CBEF, 
2013]. There are tenfold differences between each unit recorded. The pH 6 is ten times more 
acidic than pH 7, pH 5 is 100 times more acidic than pH 7 [GRANAT, 1972; LIKENS & al. 
1972]. The pH of acid rain usually ranged about 3.0 to 5.5 [REIQUAM, 1970; DAI & al. 2013]. 
The effects of acid rain on soil acidification, calcium nutrition, tree growth, environmental 
disaster, ecological system and forest health also reported [CAP, 1993; SVERDRUP & al. 1994; 
DeHAYES & al. 1999; LARSSEN & al. 2006; XU & al. 2015; GUO & al. 2016; DEBNATH 
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& al. 2018; BARTELS & al. 2019; LIU & al. 2019]. The maximum sulfur dioxide 
concentrations, exceed WHO guideline in some areas of Pakistan [UNEP, 1992]. Acid rain in 
2018 affected an area of 530,000 km2 in China [Ministry of Ecology and Environment of the 
People's Republic of China, 2018]. Acid rain availability produces harmful impact on herbs, 
shrub and trees. In present review the variance between pH levels 6.0 to 2.0 indicates that seed 
germination, seedling growth, root system, plant dry weight, pollen germination and 
photosynthetic activities significantly behaved differently. JU & al. (2017) stated that the 
precipitations with pH values lower than 5.6 as acid rain and contribute to several key 
environmental issues, including acidification of soils and waters, leaf injury and forest decline, 
loss of biodiversity, and damage of buildings and metal materials. In the natural environment, 
soil pH has an enormous influence on soil biogeochemical processes. Soil pH that influences 
myriads of soil biological, chemical, and physical properties and processes that affect plant 
growth and biomass yield. The soil pH interlinked with the biological, geological, and chemical 
aspects of the soil environment as well as how these processes, through anthropogenic 
interventions, induce changes in soil pH [NEINA, 2019]. Acid rain describes any form of 
precipitation that contains high levels of nitric and sulfuric acid. It can occur in the form of 
snow, fog, and tiny bits of dry matter that settled on earth. Normal rain is slightly acidic with 
pH of 5.6 and acid rain generally range between pH 4.2 and 4.4 [NUNEZ, 2019].    

The plants can be considered as the biggest victim of acid rain pollution in terrestrial 
ecosystem [RAMLALL & al. 2015]. It was found that simulated acid rain stress induced 
changes in root system, root morphology, yield and shoot: root ratio of seedlings; climate 
change, invertebrates, microorganism and soil respiration for nutrient uptake in forest 
[ERICSSON, 1995; KUPERMAN & EDWARDS, 1997; KUKI & al. 2008; REIS & al. 2012; 
LIANG & WANG, 2013; EL-MALLAKH & al. 2014; LIANG & al. 2015; LIANG & al. 2018; 
LIANG & al. 2020]. The impact of acid rain on pollen germination in corn, foliar nutrient 
concentrations for sugar maple, foliar injury and on the biogeochemical cycles of red spruce 
ecosystems noted [NEUFELD & al. 1985; LEITH & al. 1989; SHERMAN & FAHEY, 1994; 
HOGAN, 1998]. The disturbances in the chemical climate of earth, enzymatic and non-
enzymatic antioxidant activities, ecosystem may also decrease in the pH and an increase in foliar 
leaching losses [COWLING, 1983; DU & al. 2020]. The possible impact of atmospheric acid 
deposition on leaf litters, tree leaves, root phenotypes and tree growth noted [SOLBERG & al. 
2004; WANG & al. 2010; TOMAŠEVIĆ & al. 2011; SUN & al. 2013; BARTELS & al. 2019]. 
An important factor governing germination is the pH [HORA & BAKER, 1972]. Acid rain 
toxicity is deleterious to plant growth. Normally, rainfall is slightly acid, but its pH value lower 
than 5.6 induced high effects of on soil pH, soil microbial community, leaf injury, root, sapling 
and woody tree growth [ZHANG & al. 1996; OUYANG & al. 2008; PIETRI & BROOKES, 
2008; MEENA, 2013; WANG & al. 2014]. Effects of simulated acid rain on the mineral 
nutrition, foliar pigments, biochemical attributes and photosynthetic rates of sugar maple, white 
spruce and wheat seedlings recorded [DIXON & KUJA, 1995; DOLATABADIAN & al. 2013]. 
Acidic deposition and inputs affected forest in northeastern US [DRISCOLL & al. 2001; 2003]. 

Acid rain pollution studies are a matter of utmost concern. Great concern has been 
expressed, in developed and developing countries about the toxicity role of acid rain on the 
immediate environment. The occurrence of incased precipitation acidity over wide areas of the 
city raises serious question, as it can effects on growth and vigor of plant species. This effort of 
research review work was carried out with the aim to highlight and understand the different 
types of effects of acidified rain on plant growth, soil and environmental with the help of 
available scientific literature covering 1970-2023. The searching was done using large database 
from different web sites, scientific journals, google, google scholar, scientific journals, PubMed, 
Hindawi, Sciencealert.net and Science Direct. 
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Effects of acid mist on seed germination and seedling growth of plant 
The effects of acid rain on seed germination and seedling growth of different plant 

species is provided in Table 1. The interpretation of results showed a wide range of sensitivities 
of seed germination to acidic substrate conditions (pH 4.0, 3.0, 2.4) exists among five tree 
species characteristic (Acer saccharum L. Sapindaceae, Acer rubrum L. Sapindaceae, Betula 
lutea Britton Betulaceae, Tsuga canadensis (L.) Carrière Pinaceae and Pinus strobus L. 
Pinaceae of Adirondack mixed hardwood conifer forests [RAYNAL & al. 1982]. The rate of 
seed germination of Balsam fir and yellow birch showed significantly greater germination at pH 
3 than at pH 4 or 5 [SCHERBATSKOY & al. 1987]. The acid rain treatment of Vicia faba L. 
cv. 'Con Amore', grown either in soil or quartz gravel in eight open top chambers to two levels 
of SO2 (charcoal-filtered air and charcoal filtered air enriched with SO2) and two artificial rain 
treatments (pH 5.6 and pH 3.0/4.0), alone or in combination resulted in a decrease of fresh and 
dry weight of whole plants, leaves, stalks, fruits and roots; number of leaves, stalks, blossoms, 
pods and seeds; leaf area; plant height; sulphur content total fresh and dry weight and fruit 
production of plants grown in soil, while, particularly at the beginning of the rain treatments, 
dry weight of whole potted plants and leaves as well as the number of leaves of plants grown in 
quartz gravel decreased [ADAROS & al. 1988]. 

A variable response of two years old red spruce (Picea rubens Sarg.) seedlings growth 
and foliar injury to varying pH acidity value (2.5-3.5) in concentrations of sulfur and nitrogen 
was observed [JACOBSON & al. 1990]. In a study, seeds and seedlings of five hardwood 
species were subjected to a simulated acid rain 2.0, 3.5, 5.0, 6.0 pH, and to distilled water (the 
control). Seed germination 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 inhibition 
of seed germination and seedling growth for all the treated hardwood species was recorded by 
pH 2.0 treatment [FAN & WANG, 2000]. SINGH & AGRAWAL (2004) reports the effect of 
simulated acid rain of different pH 5.6 (control), 5.0, 4.5, 4.0 and 3.0 on two cultivars of wheat 
(Triticum aestivum, Malviya 213(M213) and Sonalika). Shoot and root lengths significantly 
declined at pH 3.0 in both varieties. Leaf area declined at pH 4.0 and 3.0 in M213 at both ages 
and at 75 days in Sonalika. Total biomass of 75 days plants declined significantly at pH range 
4.5-3.0 in M213 and at pH 4.0 and 3.0 in Sonalika and concluded that acid rain has a significant 
negative effect on wheat plant performance. 

LIU & al. (2011) reported the different effects of calcium on seed germination, seedling 
growth and photosynthesis of six forest tree species under simulated acid rain. The seed 
germination percentage, germination index of rice and wheat was absolutely inhibited with 
simulated acid rain stress at pH 2.0. Furthermore, rice and wheat seeds germinated abnormally at 
pH 2.5. An inhibition index of shoot and root length of rice, wheat and rape seeds decreased with 
increased pH values [ZENG & al. 2005]. Such types of studies are helpful in understanding the 
susceptibility of tree species to acid precipitation. Growth of five weeks old white ash (Fraxinus 
americana) was found the greatest for seedlings treated with pH 4.3 and the least for those treated 
with pH 5.6 or 3.0 simulated rain under controlled environmental conditions. Significant linear 
decreases in root dry weight, and root/shoot ratio occurred with increasing rain acidity 
[CHAPPELKA & CHEVONE, 2011]. Similar types of the effects of simulated acid rain (pH 2.5, 
3.5,4.5 and 5.6) on the seedling growth of Jatropha curcas L. was recorded by [SHU & al. 2019]. 
The effect of varying simulated acid rain solutions treatment, one each at pH 5.6, 4.5, 3.5 and 2.5, 
on the growth of two crop plants, brinjal (Solanum melongena Linn.) and cowpea (Vigna 
unguiculata ssp. cylindrica (L.) Walpers was assessed [ARORA & al. 2022]. This study revealed 
that decrease in pH to 2.5 adversely affected almost all the growth parameters in brinjal. In case 
of cowpea, however, this depression was quite discernible even at pH 3.5.  
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Table 1. Effects of acid mist on seed germination and seedling growth of plant 

Name of plant species pH range 
2.0-6.0 Symptoms Reference 

Betula alleghaniensis Britt. – 
Betulaceae 2.3 Seedling growth decreased WOOD & 

BORMANN, 1974 
Acer rubrum L. – Sapindaceae 
Betula lutea Britton – Betulaceae 
Pinus strobus L. – Pinaceae 

4.0 
3.0 

3.0-2.4 

Inhibition 
Inhibition 
Stimulation  

RAYNAL & al. 
1982 

Balsam fir and yellow birch  3 than at 
pH 4 or 5 

Significantly greater germination 
at pH 3 than at pH 4 or 5 

SCHERBATSKOY 
& al. 1987 

Vicia faba L. cv. 'Con Amore'  5.6 and  
3.0/4.0) 

Decrease of fresh and dry weight, 
stalks, fruits and roots; number of 
leaves, stalks, blossoms, pods and 
seeds; leaf area; plant height; 
sulphur content, fruit production, 
and leaves as well as the number 
of leaves of plants 

ADAROS & al. 
1988 

Pinus taeda L. 5.30, 4.0 - Seedling height and diameter 
growth decrease 

EDWARDS & al. 
1990 

Acer accharum Marsh. 
Picea glauca (Moench) Voss 3.2 Decreased seedling height DIXON & KUJA, 

1995 
Clitorea ternatea L.  
Senna holosericea (Fresen.) Greuter.  
Adenanthera pavonina L.  
Senra incana Cav. 

4.0, 3.0 

Seed germination and early 
seedling growth decreased 
 
Root/shoot inhibited 

SHAUKAT & 
SHAFIQ, 1998 

a=Cinnamomum camphora L. –
Lauraceae 
b=Castanopsis fissa Rehd. et Wils. – 
Fagaceae 
c=Koelreuteria bipinnata Franch. – 
Sapindaceae 

2.0 

a=reduction [51.09%] 
 
b=reduction [76.61%] 
 
c=reduction [56.32%] 
 

MUNZUROGLU 
& WANG, 2000 – 
China 

Cinnamomum camphora L.  
Castanopsis fissa Rehd. et Wils.  
Koelreuteria bipinnata Franch.   
Ligustrum lucidum Ait.  
Melia azedarach L. 

2.0 Seedling growth adversely 
decreased 

FAN & WANG, 
2000 – China 

Two cultivars of wheat (Triticum 
aestivum, 'Malviya' 213(M213) and 
'Sonalika') 

5.6,  5.0, 
4.5, 4.0 and 

3.0 

Shoot and root lengths 
significantly declined at pH 3.0 in 
both varieties.  
Leaf area declined at pH4.0 and 
3.0 in M213. 
Total biomass declined 
significantly at pH range4.5–3.0 
in M213 and at pH 4.0 and 3.0 in 
Sonalika 

SINGH & 
AGRAWAL, 2004 

Rice and wheat  2 Seedling inhibition ZENG & al. 2005 

Tomato   2.5 inhibition of growth  DEBNATH & al. 
2018 

Jatropha curcas L. – Euphorbiaceae 4.50 (+) Seedling growth stimulated  SHU & al. 2019 – 
China 

Two crop plants, brinjal (Solanum 
melongena Linn.) and cowpea (Vigna 
unguiculata ssp. cylindrica (L.) 
Walpers  

5.6, 4.5, 
3.5, 2.5 

 

2.5 adversely affected almost all 
the growth parameters in brinjal.  
In case of cowpea, this depression 
was quite discernible even at pH 
3.5.  

ARORA & al. 2022  
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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 

The shoot growth of Albizia lebbeck (L.) Benth. 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 (Table 2). The maximum reduction in shoot growth of A. 
lebbeck at 5.5 pH was recorded. The acid rain not only affects the aerial parts of plant but also 
degrade the fertility of soil and increases the vulnerability of plants to toxic metals [DU & al. 
2017].  

 
Table 2. Effects of different concentrations of acid mist pH on seedling growth  

and dry weight of Albizia lebbeck 

Treatments Root length (cm) Shoot length 
(cm) 

Plant height 
(cm) 

Seedling 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 
Source: IQBAL & SHAFIQ (2023) – Pakistan 

 
The effects of acid mist on leaf growth, anatomy and stomata of plant species 
The relative sensitivities of foliage of foliage of several clones of Tradescantia sp., 

Pteridium aquilinum, Quercus palustris, and Glycine max to acid rain, and leaf surface and 
anatomical alterations to simulated acid rain at pH 5.7, 3.4, 3.1, 2.9, 2.7, 2.5, and 2.3 levels was 
investigated [EVANS & CURRY, 1979]. Sporophyte leaves of bracken fern (P. aquilinum) 
were most sensitive to simulated acid rain among the species tested. About 10% of the surface 
area of older leaves of P. aquilinum was injured after exposure to 10 rainfalls at pH 2.5 (a single 
20-min rainfall daily). The gall formation that resulted from both cell hypertrophy and 
hyperplasia occurred in lesions of Tradescantia, and Q. Palustris [EVANS & CURRY, 1979]. 
In general, it was concluded that the tested plant species that show cell hyperplasia and 
hypertrophy of leaf tissues after exposure to simulated acid rain. 

Acid rain can negatively impact on micromorphology, leaf function and anatomy of 
plant health [SILVA & al. 2005; SANT'ANNA-SANTOS & al. 2006; TONG & al. 2014; WU 
& LIANG, 2017; MA & al. 2021] and suppresses leaf function and mesophyll cell (Table 3). 
The more acute injury of acid rain to plant foliage includes variation in stomatal conductance 
[DONG & al. 2017]. Acid rain can affect the structure of plant leaves, destroy the cuticle, and 
leaves, cause leaves to lose a large amount of nutrients likewise potassium, calcium, and 
magnesium and cell building [SINGH & AGRAWAL, 2007; HU & al. 2019]. The treatment of 
pH 4.5 (H2SO4) altered the micro morphological changes in youngest leaves, wilting of 
epidermal common cells and stomatal guard cells of Joannesia princeps [ANDRADE & al. 
2020]. The visible leaf damage and anatomical alterations in two urban trees, Liquidambar 
styraciflua L. and Fraxinus uhdei (Wenz.) Lingelsh growing in Mexico City with sulfuric acid 
solutions at pH 2.5 and 3.8 reported [RODRÍGUEZ-SÁNCHEZ & al. 2020].  

As an important edible part of leafy vegetables, the leaf blade is also one of the more 
sensitive plant parts to environmental stresses [XIONG & al. 2016; YANG & al. 2018; GAO & 
al. 2020]. The extent and magnitude of acid rain in Vietnam and other Asian countries have 
become more apparent since over the past decade. In this study, the effect of simulated acid rain 
(pH 5.0, 4.0, and 3.0) and control treatment (pH 6.0) are observed for three species Brassica 
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integrifolia, B. rapa, and B. juncea in Hanoi. In pot experiment results showed that acid rain 
causes direct damage to leaves. Observations also revealed white spots on leaves; leaves getting 
discolored and gradually turning yellow, curling leaf marginal, and turning dark blue, with the 
most severe symptoms being necrotic leaves. Parameters of the shoot and root length, leaf area, 
biomass, and chlorophyll content all decrease as pH drops. In conclusion, B. rapa showed the 
highest resistance capability to acid rain compared with B. integrifolia and B. juncea, especially 
its proline content is the highest at pH 3.0 in three Brassicaceae species [PHAM & al. 2022]. 

 
Table 3. The effects of acid rain on leaf anatomy, damage and stomata of plant species 

Name of Plant species Acid rain pH 2.0 - 6.0, symptoms and reference 
2.0-6.0 Symptoms Reference 

Betula alleghaniensis Britt –
Betulaceae 3.0 Foliar tissue damage WOOD & BORMANN, 

1974 

Pinus jeffreyi Grev. & Balf. –
Pinaceae 
Sequoiadendron giganteum 
(Lindl.) Buchholz – Cupressaceae  

3.4 
 

2.0 
Leaf chemical changes WESTMAN & TEMPLE, 

1989 – U.S.A. 

Picea rubens Sarg. 3.5 Foliar injury JACOBSON & al. 1990 – 
U.S.A. 

Picea abies L. Karst. 
Pinus sylvestris L. 

4.0 
3.0 

Alteration in the size of the 
ultrastructure of needles of 
mesophyll chloroplasts  

BÄCK & HUTTUNEN, 
1992 

Both conifers and broadleaved tree 
seedlings  
 

3.5 Subtle changes in the structural 
characteristics of leaf surfaces  CAPE, 1993 

Shortleaf pine – Pinus echinata 
Mill. 

5.3, 4.3, 
3.3 Leaf area affected SHELBURNE & al. 1993 

Red spruce – Picea rubens Sarg.  3.0 

Impaired stomatal functions, 
including a smaller maximum 
aperture, slower closure and an 
increased lag time between 
stomatal closure. Delayed 
stomatal closure  

BORER & al. 2005 

Liquidambar formosana  
Schima superba  3.0 Leaf necrosis CHEN & al. 2013 

Liquidambar styraciflua L. – 
Altingiaceae 2.5, 3.8 Cuticle alterations  RODRÍGUEZ-SÁNCHEZ & 

al. 2020 – Mexico 
Fraxinus uhdei (Wenz.) Lingelsh. 
– Oleaceae 2.5, 3.8 Visible leaf damage, 

anatomical alterations 
RODRÍGUEZ-SÁNCHEZ & 
al. 2020 – Mexico 

Joannesia princeps Vell – 
Euphorbiaceae 4.5 Wilting epidermal and stomata 

guard cell 
ANDRADE & al. 2020 –
Brazil 

Pak choi (Brassica rapa subsp. 
chinensis) 3.5 Growth retardation and leaf 

yellowing ZHA & al. 2022 

Brassica integrifolia  
Brassica rapa  
Brassica juncea in Hanoi  

3.0 

white spots on leaves; leaves 
getting discolored and 
gradually turning yellow, 
curling leaf marginal, turning 
dark blue, severe symptoms 
being necrotic leaves 

PHAM & al. 2022 
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The effects of acid rain on root system (root phenotypes, growth, mineral content) 
of plant species 

Root systems provide mechanical support and helps in nutrient uptakes and the 
addition of acid rain usually damage the plant root growth (Table 4). The diameter growth of 
white oak were significantly decreased to rains of pH 3.6 [WALKER & McLAUGHLIN, 1991]. 
Acid rain threatens the development of plant roots [HUANG & al. 2000; LIU & al. 2018b]. The 
research work of HUANG & al. (2019) shows that acid rain increases the accumulation of 
reactive oxygen species and inhibits roots growth and root system development of white oak 
(Quercus alba L.) and loblolly pine (Pinus taeda L.) were examined. The effects of topsoil 
heavy metal pollution (3,000 mg kg−1 Zn, 640 mg kg−1 Cu, 90 mg kg−1 Pb and 10 mg kg−1 Cd) 
and (synthetic) acid rain (pH 3.5) on tree growth and water use efficiency of young forest 
ecosystems consisting of Norway spruce (Picea abies), willow (Salix viminalis), poplar 
(Populus tremula) and birch (Betula pendula) trees and a variety of understorey plants was 
investigated. The fine root mass was significantly reduced by heavy metal pollution in P. abies, 
P. tremula and B. pendula. Above and below ground growth was strongly inhibited by acidic 
subsoil in S. viminalis and to a lesser degree also in P. abies [MENON & al. 2007]. 

 
Table 4. The effects of acid rain on root system (root phenotypes, growth, mineral content)  

of plant species 

Name of plant species 
Acid rain pH 2.0 - 6.0, symptoms and reference 

2.0-
6.0 Symptoms Reference 

White oak (Quercus alba L.) 
and  
Loblolly pine (Pinus taeda L.) 

3.6 Growth and  root system development reduced 
WALKER & 
McLAUGHLI, 
1991  

Soybean (Glycine max L.) 3.0 Root phenotype SUN & al. 2013 

Rice Oryza sativa L. 2.5 Root length, surface area, volume and number of 
tips reduced 

ZHANG & al. 
2016 

Rice Oryza sativa L. 2.0 Severe reduction in root growth JU & al. 2017 

Rice Oryza sativa L. 4.5 
3.5 Reduced morphology and growth LIU & al. 2018 

Quercus acutissima and 
Cunninghamia lanceolata  

4.5 
2.5 Damage root length and area LIU & al. 2022 

Pinus massoniana Lamb  4.6 

primary lateral root length, root dry weight and 
number of root tips in seedlings exposed to 
simulated acid rain at pH 4.6 were higher than that 
of the control (pH 6.6). 

ZHOU & al. 
2022 

 
The effects of acid rain on biomass of different plant species 
Some other studies that assessed similar pattern of decrease in biomass production in 

forests and agricultural areas (Table 5). 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 & al. 1982]. However, the combinations of ozone (carbon-filtered 
(control), ambient, 1.7 x ambient, and 2.5 x ambient) and acidic precipitation (pH 5.3, 4.3 and 
3.3) for 16 months (1989 harvest) or 28 months (1990 harvest) showed trend of increased in 
aboveground biomass in seedlings of Shortleaf pine (Pinus echinata Mill.) and concluded that 
because N concentrations in the soils generally increased with decreasing pH [SHELBURNE & 
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al. 1993]. The reduction in forest productivity, water quality, the availability of nutrients due to 
acid stress are very common [DAHL & SKRE, 1971; SHEPPARD & al. 1993; NEAL & al. 
2010]. The toxic impact of simulated acid rain on growth and yield of two cultivars of wheat 
noted SINGH & AGRAWAL (2004). LV & al. (2014) reported the effects of sulfuric, nitric, 
and mixed acid rain on litter decomposition, soil microbial biomass, and enzyme activities in 
subtropical forests of China. It also leads to further decreases in vertical growth, stem 
incremental growth, and in total plant biomass [ZHANG & al. 2016; LIU & al. 2018]. The 
inhibitory effects of acid rain on plant growth in general, aboveground and belowground plant 
parts responded differently. The interactions between acid rain pH and other acid rain 
characteristics and experimental characteristics indicating that there were pH dependent 
interaction patterns [SHI & al. 2021]. 
 

Table 5. The effects of acid rain on biomass of different plant species 
Name of 

Plant species 
Acid rain pH 2.0 - 6.0 

2.0 - 6.0 Symptoms Reference 

Pinus taeda L. 5.3, 4.0 
Biomass accumulation, seedling height and 
diameter growth, biomass accumulation and leaf 
pigment concentrations of loblolly pine 

EDWARDS & al. 
1990 

Pinus echinata Mill. 5.3, 4.3, 3.3 Biomass less SHELBURNE & 
al. 1993 

Vigna sinensis L. 
and Phaseolus 
mungo L. 

4, 2 

Biomass accumulation, leaf chlorophyll, net 
photosynthesis, and photosystem activities. The 
level of chlorophyll on a unit fresh weight basis 
showed progressive reduction upon increasing 
acidity of mists treatment; the reduction was due to 
the loss of Chl a and Chl b. The increased stomatal 
diffusive resistance and reduced photosynthetic 
pigments lowered the net photosynthetic rate.  

MUTHUCHELIAN 
& al. 1994 

Zebrina pendula 

5.6, 3.5 
 

2.5, 
1.5 

Biomass, relative anthocyanin concentration, 
chlorophyll content, nitrate reductase activity, 
proline content, antioxidase activity.  
slightly inhibited antioxidant activity.  
visible injury symptoms on leaves, with a sharp 
decline in ornamental quality. 

ZHANG & al. 2014 

 
Effects of acid rain on pollen development 
Acid rain produce inhospitable environment on pollen tube elongation, germination and 

growth in most of the plants. The information available on the impact of acid rain on pollen 
germination of plants. WERTHEIM & CRAKER (1987) evaluated the properties of an acid rain 
episode that could influence the germination of pollen in corn (Zea mays L.) by treating silks 
with a simulated acid rain and measuring the subsequent germination of pollen on the silks. The 
data indicated that acid rain creates an inhospitable environment for pollen germination on the 
silk surface. Reduced germination appeared directly related to the acidity of the rain. Rinsing 
silks with a pH 5-6 rain after treatment with a pH 2-6 rain did not increase pollen germination 
above that on silks treated only with a pH 2-6 rain. Pollen germination on silks was inhibited 
even when silk tissue was exposed to a simulated rain of pH 2-6 for <1-5 min. The seed yields 
of corn (Zea mays L.) plants were significantly reduced on where the silks had been exposed to 
an episode of simulated acid rain at pH 3.6 as compared with yields on plants with silks exposed 
to simulated rain of pH 5.6. The reduction in yield appeared related to a decrease in pollen 
germination and tube elongation associated with acidic conditions and limited quantities of 
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pollen available for pollination. Germination and tube elongation of pollen were also inhibited 
when grown on an agar medium acidified to pH 4.6 [CRAKER & WALDRON, 1989]. 

In the broad leaved species, pollen germination and pollen tube elongation showed 
sensitivities to detergent and acidity. The presence of 1 to 3 mg 1-1 sodium dodecyl- 
benzensulfonate detergent, or a growth medium pH of 4.0-5.0, inhibited pollen germination and 
pollen tube elongation more in broad leaved trees than in conifers. Pollen germination of most 
broad-leaved species was completely inhibited in the presence of detergent concentrations of 
more than 3-5 mg l-1; the only exceptions were some entomophilous species (Salix caprea L.) 
in which the ability of the pollen to germinate in high pollutant concentrations could be related 
to the presence of tryphyne [PAOLETTI, 1992]. The introduction of genetic material into the 
pollen and the production of transformed plants produced from seed formed after fertilization 
with treated pollen could have a tremendous impact on the improvement of economically 
important crops, tobacco [SMITH & al. 1994]. The effects of simulated acid fog (SAF) and 
temperature on stigmatic receptivity in two birch species were performed [HUGHES & COX, 
1994]. Excised reproductive branches were sampled from representative individuals of 
mountain paper birch (Betula cordifolia Regel.) and paper birch (Betula papyrifera Marsh.) in 
populations adjacent to the Bay of Fundy, New Brunswick, Canada. Since 1979 these trees have 
exhibited branch dieback in association with abnormal foliar browning symptoms. This 
browning has been linked with acidity and nitrate deposited by fog, which is frequent in the 
area. In general, experimental results indicated that pollen germination increased with 
temperature, but pH effects were less obvious. Similarly, pollen tube growth responded 
positively to temperature and was little affected by fog acidity. ANOVA tests indicated a 
significant difference (P< 0.05) between species in their pollen germination response only at 
12 °C, and not at the other three temperatures tested. For pollen tube growth, significant 
differences between species (P< 0.05) were demonstrated at 12 and 22 °C. A significant pH 
effect was demonstrated at 27 °C for germination, while pH effects on tube growth were 
significant at 27 and 12 °C (P< 0.01). A response surface regression analysis indicated that 
acidity significantly affected pollen germination in mountain paper birch (P<0.001) but not in 
paper birch. For pollen tube growth, however, temperature was more important than pH and 
produced highly significant effects in both species (P<0.001). Acidity was also a significant 
factor in pollen tube growth for paper birch. Effects of simulated acid precipitation (pH 5.6, 3.6, 
2.6) on pollination in Oenothera parviflora L. from different populations were examined both 
in vitro and in vivo. The response of pollen in vitro indicated significant inhibitory effects of 
pH, and demonstrated that pH values ≤ 3.6 were inhibitory to both germination and tube growth, 
when compared with the treatment of pH 5.6. Dosages of LD50 for in vitro pollen germination, 
taken as the initial pH of cultures for the different pollens, ranged from pH 3.49 to 3.72. Stigma 
germination and initial tube growth on the stigmatic surface also declined significantly (P<0.01) 
in response to acid rain simulation prior to hand pollinations. Again simulants ≤ pH 3.6 
significantly reduced stigma receptivity compared with the treatment at pH 5.6 [COX, 1984]. 

The effects of acid rain were observed on the development of anther and pollen grain in 
Phaseolus vulgaris L. (Table 6). The plants were irrigated with distilled water (pH 6.8) before 
treatments and considered as the control. Plants were treated by HNO3 solution pH 4.5, 4, 3 and 
2 separately. Plants were treated by mixed solutions of HNO3 and H2SO4 pH 4.5, 4, 3, 2 
separately, applying single spraying treatments. Results showed that number of pollen grains 
and fertile pollen were decreased in plants that treated by acid solutions. Pollen development 
was taking as other dicotyledonous plants. But in plants that were treated by different acidic 
solutions, some abnormalities were seen during pollen development. Tetrads were formed as 
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spherical shape in normal plants but changing of tetrad shape to polygonal form is one of the 
treated effects by acid solutions [CHEHREGANI & al. 2006]. Pollination is a key event for fruit 
set. There has been an increasing interest in acid mist impact on pollen germination. 
Environmental conditions such as temperature, rain and high wind speed negatively affect 
pollination [RAMÍREZ & DAVENPORT, 2013]. A plant biostimulant is any substance or 
microorganism which can be applied to plants to enhance seed germination and plant growth 
development along with its nutritional efficiency. Plant biostimulants collectively influence: 
plant growth development, pollen tube development, flower and fruit set, plant pigments, shoot 
and root development, nutritional efficiency, yield and shelf-life of crops, rhizospheric and soil 
microorganisms, general soil health and plant-environment interactions. Biostimulants are 
derived from natural origins and can help reduce the use of chemical products and also mitigate 
the negative impacts of harmful chemicals in the environment. The impacts on the shelf-life and 
efficiencies of commercial biostimulants, as compared to synthetic chemical products and 
highlights the opportunities and challenges of their market expansion [GUPTA & al. 2021]. 

  
Table 6. Effects of acid rain on pollen germination, growth and development 

Name of 
Plant species 

Acid rain pH 2.0 - 6.0 
2.0 - 6.0 Symptoms Reference 

Corn (Zea mays L.) 2.6 Inhospitable environment reduced germination of 
pollen 

WERTHEIM & 
CRAKER, 1987 

Corn (Zea mays L.)  5.6, 4.6, 
3.6 

The reduction in yield appeared related to a decrease in 
pollen germination and tube elongation associated with 
acidic conditions and limited quantities of pollen 
available for pollination. Germination and tube 
elongation of pollen were also inhibited when grown 
on an agar medium acidified to pH 4.6 

CRAKER & 
WALDRON, 
1989 

Broad leaved trees / 
conifers  
Conifer  

5.0, 4.0 
3.0-2.5 

Inhibition  
Pollen tube elongation  

PAOLETTI & al. 
1992 – Italy 

Malus sylvestris 
Miller Cv. 'Golden' 

3.3, 
3.4 

Decreased by 41.75% 
Pollen tube elongation 24.30% 

MUNZUROGLU 
& al. 2003 – 
Turkey 

Phaseolus vulgaris L. 4.5, 4.0, 
3.0, 2.0 

The number, development of anther and pollen grain 
decreased. Tetrads were formed as spherical shape in 
normal plants but changing of tetrad shape to 
polygonal form is one of the treated effects by acid 
solutions 

CHEHREGANI 
& al. 2006 

 
The effects of acid rain on alterations and changes in photosynthetic pigments 

(chlorophyll a, b) in plant species 
Photosynthesis is the basic metabolic process in plant growth and development, which 

is very sensitive to various abiotic stresses [ZHENG & al. 2009; DONG & al. 2017; LIU & al. 
2022]. Acid rain found responsible for declining photosynthetic abilities [LIU & al. 2007]. 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 below ground plant parts [SHU & al. 2023]. Chlorophyll 
fluorescence characteristics and the growth response of Elaeocarpus glabripetalus to simulated 
acid rain [LIU & al. 2015]. Industrial activity has been threatening the environment for decades 
and this resulted in dramatic damage of forest covers in the south-west part of Poland 
[JABLOŃSKI & al. 2019]. This work investigates the response to simulated acid rain on 



Muhammad SHAFIQ & al. 

159 

photosynthetic organs of 13 deciduous trees and 10 dicotyledonous plants (Table 7). The 
deleterious effects of simulated acid rain on chlorophyll contents, chlorophyll fluorescence, 
chlorosis, nutrient loss, enzyme activity changes in foliage of plant reported [REN & al. 2018]. 
Plants tolerance to stresses requires maintaining the photosynthetic apparatus [MA & al. 2019]. 
The application of simulated acid rains pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5 to green leaves of 13 
deciduous trees and 10 species of dicotyledonous plants revealed that 77% of deciduous species 
represented very low to intermediate photosynthetic recovery meaning that highly acid rain 
impacted trees will be surviving less or none [DIATTA & al. 2021]. Acid rain of pH 3.0 
inhibited plant 13C assimilation and the flow of fixed 13C to the soil. And reduces the 
photosynthesized C sequestration of maize soil system and soil microbial taxa interactions [LIU 
& al. 2023]. CHEN & al. (2013) reported photosynthetic and antioxidant responses of 
Liquidambar formosana and Schima superba seedlings to sulfuric rich and nitric rich simulated 
acid rain. Acer amplum subsp. catalpifolium is a critically endangered, native deciduous broad-
leaved tree species mainly distributed in the rainy zone of west China. ZHANG & al. (2021) 
recorded the effects of acidity levels (pH 2.5, 3.5 and 4.5) on photosynthetic performance and 
stress status of A. amplum subsp. catalpifolium and conclude that simulated acid rain can 
enhance the peak photosynthetic rate and stomatal conductance. The significant degradation of 
natural ecosystem, photosynthetic performance, pigment composition, soil physiochemical and 
microbial properties due to pollutant stress reported [YAO & al. 2016; WEI & 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 & 
SUNDBERG, 1972a; JONSSON & SUNDBERG, 1972b].  

The influence of different acidic mists (pH 5, 4, 2) treatment on height, biomass 
accumulation, leaf chlorophyll, net photosynthesis, and photosystem activities in Vigna sinensis 
L. and Phaseolus mungo L. were investigated [MUTHUCHELIAN & al. 1994]. The level of 
chlorophyll on a unit fresh weight basis showed progressive reduction upon increasing acidity of 
mists treatment; the reduction was due to the loss of Chl a and Chl b. The increased stomatal 
diffusive resistance and reduced photosynthetic pigments lowered the net photosynthetic rate. 
However, when various photosynthetic activities were followed in isolated chloroplast, a decrease 
in the rates was obtained in the seedlings exposed to pH 4 and 2. The impact of soil pH (2-6.4) on 
seed germination rates, plant growth, chlorophyll content, and the accumulation of phenolics on 
invasive weed Phytolacca americana (pokeweed – PaU) growing in industrially contaminated 
(Ulsan) and noncontaminated (Suwon-PaS) sites in South Korea were measured to assess the 
effects of industrial pollution and global warming related stresses on plants. The highest seed 
germination rate and chlorophyll content occurred at pH 2.0 for both PaU and PaS plants. 
Increased pH from 2-5 correlated to increased phenolic compounds and decreased chlorophyll 
content. However, at pH 6.4, a marked decrease in phenolic compounds, was observed and 
chlorophyll content increased. These results suggest that although plants from Ulsan and Suwon 
sites are the same species, they differ in the ability to deal with various stresses [KIM & al. 2008].  

Acid rain is a frequent environmental issue in southern China that causes damage to 
the growth and photosystems of subtropical tree species. Arbuscular mycorrhizal fungi (AMF) 
can improve plant tolerance to acidic conditions [WANG & al. 2021]. In this study, the 
inoculated Zelkova serrata, an important economic tree species in China, with Rhizophagus 
irregularis, and Diversispora versiformis, alone and in combination, under three simulated acid 
rain regimes (pH 2.5, 4.0, and 5.6). The results revealed that acid rain sharply reduced 
photosynthetic ability and total biomass of non-mycorrhizal plants. Moreover, the acid tolerance 
of Z. serrata was positively correlated with net photosynthetic rate. Acid rain has progressively 
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become more problematic due to increasing concentrations of atmospheric pollution, 
particularly in China [LY & al. 2023]. Mirabilis jalapa L. is an important landscaping ground 
cover plant with significant resistance to multiple stressors and its tolerance to acid stress was 
reported. In this study, the effects of acid rain on the growth and numerous physiological indexes 
of M. jalapa at different growth stages such as plant height, leaf growth, chlorophyll content, 
and chlorophyll fluorescence were investigated under increasingly acidic conditions of pH 5.6 
(control), pH 4.0, pH 3.0, and pH 2.0. The plant height, leaf length, and leaf area of M. jalapa 
showed significantly variable results. As the simulated acid rain pH decreased, the plant height, 
leaf length, and leaf area showed the trend of first increasing before decreasing. In the peak at 
pH 4.0 treatment, the plant height, leaf length, leaf area, and chlorophyll content were 
significantly higher than that of the control, pH 3.0 and pH 2.0 (P < 0.05).  
 

Table 7. The effects of acid rain on photosynthetic pigments (chlorophyll a, b) in plant species 
Name of 

Plant species 
Acid rain pH 2.0 - 6.0 

2.0 - 6.0 Symptoms Reference 
Pinus taeda L. 5.3, 4.0 Leaf pigment concentrations EDWARDS & al. 

1990 
Red spruce  
(Picea rubens Sarg.)  3.0 Photosynthetic decline BORER & al. 2005. 

Liquidambar formosana  
Schima superba  3.0 

Inhibited photosynthetic, soluble protein, 
proline content and antioxidant enzymes 
activities 

CHEN & al. 2013 

Tomato seedlings 2.5 Inhibition of photosynthesis, severity of 
oxidative damage were found at pH 2.5 

DEBNATH & al. 
2018 

Tea  
(Camellia sinensis) 3.5, 2.5 Restrict photosynthesis, antioxidant 

defense system, and metabolic disorder 
ZHANG & al. 2020 -
China 

13 deciduous tree and 10 
dicotyledonous plants 

3.0, 3.5 
4.0, 4.5 
5.0, 5.5 

77% of deciduous species represented very 
low to intermediate photosynthetic 
recovery 

DIATTA & al. 2021 

Mirabilis jalapa L. 
 

4.0, 3.0, 
2.0 

There are significant differences in 
chlorophyll fluorescence parameters under 
different treatments (P < 0.05)  

LY & al. 2023 

 
The effects of acid rain on plant physiology (water relation), metabolic disorder, 

mineral nutrients, microbial activities in plant species 
Acid rain alters soil carbon cycling by influencing the soil microbial community 

structure and functions (Table 8). Previous studies have indicated that acid rain both indirectly 
by inducing nutrient leaching and increasing availability of toxic heavy metals [de VRIES & al. 
2015]. The influence of simulated acid rain on photosynthetic pigment, proline, 
malondialdehyde, antioxidant enzyme activity, total nitrogen, caffeine, catechins, and free 
amino acids in seedlings of Tea (Camellia sinensis) showed that increase in acidity increased 
total nitrogen, certain amino acid content (theanine, cysteine), and decreased catechin and 
caffeine contents, resulting in an imbalance of the carbon and nitrogen metabolisms. These 
results further indicated that simulated acid rain at pH 3.5 and pH 2.5 could restrict 
photosynthesis and the antioxidant defense system, causing metabolic disorders and ultimately 
affecting plant development and growth [ZHANG & al. 2020]. The response of soil microbial 
communities to acid rain under acid rain (pH 5.0, pH 4.0, and pH 3.0) in an agricultural soil of 
southern China showed that the pH 3.0 acid rain increased the total, bacterial, gram positive 
bacterial, and actinomycetal [LIU & al. 2021]. 
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At the same time, these effects of acid rain impact the total biomass of microorganisms 
and the structural distribution of different strains [WAKELIN & al. 2008; LIU & al. 2017], 
resulting in changes in microbial respiration. The research results showed acid rain changes soil 
respiration and forest type in China [FENG & al. 2002, 2017]. LIANG & al. (2016) also found 
that different types of forest soil have different responses to simulated acid rain, which may be 
caused by the differences in the acid buffering capacity of different forest stands and the original 
pH value of soil and litter layers [LIANG & al. 2013]. Response of soil microbial community, 
seed production, soil respiration and its components in a mixed coniferous broadleaved forest 
to simulated acid rain in the three gorges reservoir area reported [LI & al. 2011; LI & al. 2019; 
LI & al. 2021]. PIGNATTELLI & al. (2021) found reduction in physiology and growth of 
Lepidium sativum due to acid rain stress. All around the world, Europe, North America and 
Southeast Asia, especially central and southern China are affected by acidic deposition [MENZ 
& SEIP, 2004]. In another study, the effects of simulated acid rain pH 3.5-2.5 on the 
antioxidative system in Cinnamomum philippinense seedlings was recorded [LIU, 2011]. Plants 
ability depends on meteorological conditions and geochemical characteristics [AKSELSSON & 
al. 2013]. In Cina, the pH value of acid rain was below 5.6 is a severe environmental issue and 
affecting ecosystem health since 1970’s [QU & HAN, 2021]. 

The plant water relations control the transport and loss of water evaporation from the 
soil. In a study, the pressure volume curves, day and night transpiration rates, needle drying 
curves, and shoot water potentials were determined for 2 year old red spruce trees by exposing 
for the three months to a range of acid mists (pH 2.5 to pH 5.0) containing equimolar (NH4)2SO4 
and HNO3 [EAMUS & al. 1989]. Simulated acid rain has been reported to cause physiological 
changes in various plant species. SMITH & al. (1990) were conducted studies in 1983, 1984 
and 1985 to determine the effect of acid rain on some physiological parameters in two corn (Zea 
mays L.) hybrids. Simulated rain of pH 3.0, 4.2, and 5.6 was applied throughout the growing 
season onto plots protected from ambient rain and grown on a Flanagan silt loam (fine, 
montmorillonitic, mesic Aquic Argiudoll). Individual plants were evaluated for change in leaf 
CO2 fixation, water potentials, chlorophyll content, and in vitro pollen germination.  

Significant decreases in maximum turgor, the relative water content associated with 
zero turgor, bulk volumetric elastic modulus occurred as the pH of the mist decreased from 5.0 
to 2.5 and in result the shoot water potential was declined with a decrease in pH of the mist 
(Table 8). The effects of simulated acid rain pH 5.1 and 3.0 and ozone (ambient and twice 
ambient) on tissue water relations of mature clones of a fast growing genotype of ponderosa 
pine (Pinus ponderosa Dougl. ex Laws.) was investigated [MOMEN & HELMS, 1995]. The 
treatments showed little effect on the water relations of branches of mature trees. It was 
concluded that twice ambient ozone caused osmotic adjustment in seedlings, and the response 
was magnified by pH 3.0 rain. The low pH 4.5-6.5 reduced the propensity of Acer rubrum (L.) 
and Quercus alba L. to adjust leaf water relations and xylem anatomical traits in response to 
nutrient manipulations [MEDEIROS & al. 2016].  
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Table 8. The effects of acid rain on plant physiology (water relation), metabolic disorder, mineral 
nutrients, microbial activities in plant species 

Name of 
Plant species 

Acid rain pH 2.0 - 6.0 
2.0 - 6.0 Symptoms Reference 

Red spruce 5.0, 2.5 Shoot water potential declined EAMUS & al. 1989 
Ponderosa pine (Pinus 
ponderosa Dougl. ex Laws.) 3.0 Water relation of branches similar 

to drought conditions. MOMEN & HELMS, 1995 

The change in the soil C/N 
ratio would affect the release of 
nutrients during the 
decomposition of organic 
matter by microorganisms  

4.0, 3.25, 
2.5 

Soil organic carbon content 
increased, inhibiting microbial 
respiration. 

HESSEN & al. 2004 

plant growth, litter, fungi 4.0, 3.25 
Increased heavy metal content in 
soil, decomposition of litter by 
fungi increased. 

ROUSK & al. 2009 

Juvenile Japanese red pine tree 
Pinus densiflora Sieb. et Zucc. 3.0-2.0 

The needle gas exchange, 
chlorophyll fluorescence, 
chemical contents and visual and 
physiological damage to needles. 

OGUNTIMEHIN & al. 2013 

Acer rubrum (L.)  
Quercus alba (L.) 4.5 

The leaf nutrient content, water 
relations, leaf level and canopy 
level gas exchange, total biomass 
and allocation decreased. 

MEDEIROS & al. 2016  
 

Tea (Camellia sinensis) 3.5, 2.5 

Proline, malondialdehyde, 
antioxidant enzyme activity, total 
nitrogen, caffeine, catechins, and 
free amino acids increase   
catechin and caffeine contents 
decreased 

ZHANG & al. 2020 

 
Conclusions 

 
Many plant species have shown the harmful effects of acid mist or acid rain on plant 

growth. The published scientific results clearly illustrated that increase in simulated acid rain 
significantly decreased the germination and growth characteristics of plant. In addition, the 
decrease in the pH value of the simulated acid rain produced more negative impact on 
physiological and biochemical parameters in plants. The variable changes in the nutrient 
availability, photosynthetic activities and yield for plants mainly due to the low pH values 
available in the immediate environment. This review also highlighted the effects of acid rain on 
plant growth in the context of acid rain pollution as a key driving ecological indicator. Further 
literature research into the screening for better acid mist tolerant species is recommended. There 
is a need of coordination in multidisciplinary research and development programme leading to 
utilization of acid tolerant species for plantation at the industrial, urban centers and acid mist 
deposit areas. This article reviews recent developments in our knowledge of acid mist impact 
on plants growing in the different parts of the world. 
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