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Abstract: Acid rain has become a chief concern in recent times due to accretion in atmospheric pollution. Acid
rain is the acidification of rainwater as a result of sulfuric acid and nitric acid which are associated with water
due to the interaction with environmental components which results in their degradation. Vehicular
combustion leads to the release of oxidants as air pollutants and industrial processes result in smog formation
which causes increase in the acidity of rain. Even though natural acid rain isn’t sufficiently acidic to burn the
skin, but the effects of acid rain on plant growth can be alarming. The inhibitory effects of acid rain on
germinating seeds are observed when they are treated with an acidic solution similar to that of acid rain.
Young rootlets, shoots and even leaves are sensitive to acidic pH conditions, it also harms metabolic and
physiological activities of the plant. Acid rain can also alter and affect the composition of soil water which
acts as a main medium of nutrient source to the plants growing and soil microflora habiting in the soil. Acid
rain results in foliar damage and alters the concentrations of chlorophyll in the leaf. Acid rain can cause
leaching of metals that are crucial for growth and development of the plant. This review focuses on how
physiological activities of seeds and plants are affected by acid rain.

Index Terms - Simulated acid rain (SAR), environment, seeds, germination, causes and effects, plant
growth.

Introduction

The environment is enduring pollution of all its components as an undesirable change in its characteristics.
The increasing emission from industries into air and burning of fossil fuel contributes to air pollution. After
the late 1950s, acid rain has become one such problem as a result of extremely swift development in
technology and industry. This results in rapid environmental changes which are harmful to the life existing in
the biosphere. Industries discharge intolerable effluents into the environment in all three, solid, liquid, and
gaseous forms. The gaseous emission reacts with atmospheric gases and results in toxic compounds and
phenomena. These gaseous emissions cause air pollutions and which is a global apprehension as it leads to
the disruption in the regular composition of atmospheric gases.

Acid rain- causes and effects

Industries release gases, effluent smoke, smoke from automobiles, release off CFCs- Chlorofluorocarbons
from refrigerators, halons by industries into the air which causes troubles. Gases like carbon monoxide, carbon
dioxide, sulfur dioxide are potentially toxic to air as they can cause alteration in other gases and components
of sir. Apart from these anthropogenic causes, few natural events fuel up the pollution of air like forest fires,
the release of pollen grains, greenhouse effect, dust storms, lightning, etc. (Nand Lal, 2004).
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Acid rain is the precipitation of water below 4.5 pH. It can be in the wet or dry form of a deposition. It can be
in the form of rain, hail, storm, fog, snow, or even dust. This results as a result of lowering of pH of rainwater,
which is called acidification of rainwater. (Sonwani, 2000). Acid rain was first recorded by Smith in 1872
when he observed acidic rainwater in Manchester (Smith, 1872).Vehicular combustion leads to the release of
oxidants as air pollutants and industrial processes result in smog formation which causes major discomfort
and irritation to the eyes and reduces the visibility of the area. Pollutants like nitrogen oxides and lead are
excluded in the air from the exhaust which gets accrued in the body. Sulfur dioxide is discarded as a result of
the burning of fossil fuels in industries, vehicles, thermal plants, fertilizer producing industries, and as a result
of ore smelting. (Horner, 1991). These chemicals released are considered noxious to plant health and can
deteriorate plant physiological activities.

When petroleum products are burnt, combustion of coal, refineries, and metallurgical operations are carried
out, as a result of the burning of fossil fuels when sulfur dioxide oxidizes into sulfur trioxide SOz which in
combination forms sulfuric acid when reacted with water present in the atmosphere. When sulfur dioxide and
sulfur trioxide counters with water they result in the formation of sulfurous acid and sulfuric acid respectively.
As sulfur is omnipresent in the biosphere and fossil fuels have their elevated concentrations as it has coal and
crude deposits which have approximately 1-2 % of sulfur (Smith, 2011). Apart from sulfur, aerosols which
are used as disinfectants found in the air are chemicals that occur in the form of vapors or fine mist (Lal,2000).
Photochemical oxidants are produced photochemically as a product of reactions between oxides of nitrogen
and hydrocarbons producing secondary pollutants. These pollutants are peroxyacyl nitrates, aldehydes, and
phenols. In the stratosphere: the uppermost layer of the atmosphere, the ozone layer protects living organisms
in the biosphere against ultraviolet rays by absorbing the rays. The smoke and fog become smog which cause
glazing and necrosis of crops.

Acid rain has also been testified in India; a rain 3.5 pH was recorded in Mumbai (Burman, 1985). In
metropolitan cities like Kolkata, Mumbai, and Delhi there is a constant increase in air pollution levels. The
mean pH was reduced to 6.2 from 9.8 from 1963 to 1981 at Delhi (Khemani et. al., 1989).. As a result of
acidification of soil due to acid rain nutrient, cycling and rate of decomposition are brutally affected (Francis
et. al., 1982). It reduces the rate of decomposition of the litter of spruce, pine, birch, and some cellulose-rich
materials (Khemani et. al., 1989). In Scandinavia and North America, there are records of a significant
increase in the amount of aluminum and other such heavy metals like mercury, cadmium, iron, and zinc in
few cases of acidified lakes which is a result of ion leaching from soil and rocks. (Dickson, 1978).
Joshi et. al., 2011 analyzed the acid amount of aerosols in the surrounding air of Taj Mahal, Agra. The discard
of effluents of Mathura refinery has ended up in the dullness and abrasiveness of the Taj and has caused the
deterioration of stone/marble made of calcium carbonate. Due to the wash-off of calcium from the marble of
Taj, the microbes like bacteria, algae, and fungi transform holes in the marble (Joshi et. al., 2011). Soil is also
affected by acid rain, and major three effects of acid rain on soil are:

1. Neutralization of free bases present in the soil like CaCO3z or Na,COz ends up in loss of buffering

capacity of soil because of episodic acidification.
2. Eradication of essential mineral nutrients from the soil which are crucial for plant growth.
3. Leaching aluminum from soil which is necessary for growth and development of flora and fauna.

Acid rain can be extremely toxic to the forest ecosystem. The acidic rainwater that seeps into the ground
causes the dissolution of minerals like magnesium and calcium which are important for plant growth. Acidic
rainwater is also responsible for the removal of aluminum which again causes trouble in the uptake of water.
The trees that are located at a higher altitude that is on the mountains or at an elevated height like fir or spruce
trees face most difficulties as they’re near to acidic clouds or nearest to acidic fog. These acidic clouds and
fog reduce minerals elements from the plant leaf and their needles. This reduction in the nutrients from the
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plant causes easy access to infections to the plants, insect attacks, and weather effects too. It also effects the
phytoplankton lives in the lakes and increases their death threat as a result of the reduction in the pH.

Effects of acid rain on plants:

The effects of acid rain on the cultivar and their yield have been investigated for the last 20 years ago. As
mentioned by Back and Huttenun, 1992, the effects of simulated acid rain on both the glasshouse and on-field
experiments show a significant reduction in the foliage as a result of injuries (Back and Huttenun, 1992). It
can also cause leaching of the all-essential nutrients from the soil and foliage (Reddt et al., 1996). It can cause
hindrance in the reduction of seedling growth and the emergence of the seedling (Fan and Wang, 2000). Acid
rain can cause a significant reduction of yield, growth, and biomass (Singh & Agrawal, 2008). Back et al.
1994 reported that seedling growth in resort pine is reduced by the simulated acid rain that is around pH 3.0.
When the acidity is as a result of sulfuric acid unaccompanied or together with nitric acid, the decrease in
growth occurs. The simulated acid rain also severely damages the cotyledon. It also reduces the leaf area,
shoot height, and root length. It also causes foliar damage to crops grown in forests and fields, leaching of the
micro and macronutrients and other substances from leaves and hindrance in the processes that lead to the
productivity, changes in the rate of the germination depending upon how sensitive or tolerant the seed is
towards the acidity. The agricultural crops that are affected the most are those which are fertilized by sulfate
and nitrogen promoting growth. Potential indirect effects on forests include acidification of forest soils and
accompanying alternations in soil chemistry as well as reduced forest productivity and forest dieback.

Some physiological activities like photosynthesis, stomatal conductance, etc., and few morphological
attributes of plant leaves were severely affected as a result of rain (Singh & Agrawal, 2008). Acid rain can
potentially shrink leaf chlorophyll content by approximately 6.71% per pH unit by causing injuries (Du et al.,
2017). Acid rain either directly or indirectly causes consequences on plants by inhibiting photosynthesis, by
chlorosis of leaves, by upsetting absorption of nutrients and minerals from the soil. (LiuH. et. al. 2015). It
can also cause a significant increase in acidity of soil and with pH < 4.5 there is a decrease in total free amino
acids and protein content in the plant (Sulandjari & Dewi, 2018). Moreover, this acid precipitation causes soil
acidification, improper nutrient supply, etc.

The acidity of the rainwater is measured using a pH scale as low pH can mutilate biological membranes,
electron transport systems, and other crucial phenomena essential for the survival of the plant (Sonwani,
2020). In research, a group of monocotyledons has proven to have lesser tolerance to acidified water than
dicotyledons (Lee et al., 1981; Singh and Agrawal, 2007; Lal, 2016). It is recorded that various physiological
and morphological aspects like rate of photosynthesis, stomatal conductance etc. and leaf area, shoot and root
length, number of leaves are affected by acid rain (Singh & Agrawal, 2008). The effects of Simulated acid
rain (SAR) on the antioxidative enzymes, chlorophyll concentration, and lipid peroxidation were studied on
cucumber plants which suggested that effects of acid rain can lead to oxidative stress in plants along with acid
rain stress (Wyrwicka and Sklodowska, 2006).

The acidic deposition is a significant long-term threat to plant cultivar. It can hinder the growth of germinating
seeds which may lead to the extinction of plant species and also a reduction in yield. The germinating seeds
exposed to acid rain show significant symptoms of stress which are biochemical and allied with acid
precipitation (Ramlal et al., 2015).. The seeds treated with lower pH i.e., 3.0 can display anatomical symptoms
and biochemical symptoms as mentioned by Ramlal et al., 2015 which illuminates the effects of acid rain as
the seeds show oxidative stress at root and leaf level which ultimately causes a reduction in total biomass of
the seed.
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Panam and Tomar, 2003 studied that simulated acid rain reduces germination %, seed vigor %, and mean
germination frequency of Oscimum sanctum. Seedling of Phasoleus vulgaris acceded by SAR with pH 1.1
inhibited germination. (Ramlall et al., 2015).

Baldwin observed that better germination of red spruce under acidic conditions. But Raynal et. al. detected
that seedlings inhibited emergence at lower pH levels in yellow mirch and red maple. Capron and Hutchinson
observed that in groundnut there is a general decrease in length of root and shoot system with the increasing
acidity. Sirohi et.al. observed that seed germination % and seedling growth in Trifolium alexandrium reduced
greatly under the stress of acid rain of pH 2.0 and 3.0. Kloseiko studies the presence of elevated levels of
sulfur content and nitrogen content in the leaves after they are sprayed with HNO3 and H2SO4 mists. The
effects of multiple pollutants are causing more stress and more deleterious effects on the plant than one single
pollutant. (Chhapelka et al., 1985).

To reduce oxidative injury and to scavenge reactive oxygen species — ROS, the antioxidant defense system in
crops was observed to be strengthened by Ren X. In response to moderate acid rain stress. Although the ROS
detoxifying ability declines the extreme stress conditions as a result of changes in the metabolic status or their
biosynthesis. In addition to this, acid rain causes alternation in the differentially expressed genes and
transcriptional factors (Liu. et. al., 2011). It has been studied that different bioactive compounds such as
silicon, glutathione, and melatonin can play a significant role in the improvement in abiotic stress tolerance.
(Ju. et. al, 2020).

There is a conspicuous decrease in the content of chlorophyll a and b at higher pH- 2.5 and compared to lower
pH 3.5 of acid rain in leaves of tomatoes. This decrease in chlorophyll content can lead to potential leaf
senescence which is a clear indicator of acid rain stress as it leads to yellowing of leaves. The author states
that chlorophyll loss is convoyed by the upregulation of chlorophyll degradation genes in leaves. For instance,
SGR1 i.e., Protein STAY-GREEN 1, chloroplastic precursor and PAO- polyamine oxidase activity gene. On
the other hand, the carotenoid in the leaves reduced subsequently under acid rain stress. This reduction is
clearly dependent upon the pH of the acid rainwater. Acid rain stress also mutilates photosynthetic pigments.
(Zhang et. al, 2020).

Similarly, acid rain can reduce the competence of photosystem II in seedlings of maize and amaranth. (Liu.
et. al., 2020). In research done by Zhang, the germination of corn was severely affected by acid rain when
compared to pH 6.0 with pH 1.0. The pH 1.0 had abbreviated significantly in the germination index, root
length, root and shoot dry mass, germination rate, vigor index, germination velocity, shoot length, and the
transformation rate of stored nutritional substances. (Zhang, 2013).

Fan and | in 1999 studied the response of seeds and seedlings of 5 broad leaves species exposed to the pH of
2.0, 3.5, and 6.0. The two lower pH were acidic while the pH 6.0 solution was distilled water. (Fay et al.,
1983). The germination recorded marked the inhibition of emergence from seedlings at acidic pH. At pH 2.0
they studied a substantial amount of foliar damage, reduction in chlorophyll content of the seeds, and
obstruction in the growth of the seedling was observed in all the broad-leaved species. Suneela and Thakre
(2001). analyzed the responses of two species of rice to simulated acid rain and selected chlorophyll content
and net photosynthetic rates, percent phytotoxicity, root and shoot length, and dry matter of root and shoot
and their ratio as biomonitoring indices. For evaluation of relative sensitivity, some good parameters like
chlorophyll content, percent phytotoxicity, and net photosynthetic rates are considered. (Suneela and Thakre,
2001). Singh and Agrawal studied that the Net Assimilation Rate in varieties of wheat and found out a
significant reduction in NAR at pH 3.0. Their study concluded that there were significant negative effects on
the wheat plants. (Singh & Agrawal, 2008).
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Strategies to overcome acid rain:

Acid rain is a global environmental problem which requires a planned approach to overcome it. The strategies
to treat acid rain are divided into two parts: 1. Strategies to control emissions that can cause acid rain from
released acidic gases. In this strategy, the emissions are put under norms and policies which checks the
emissions from industries and automobiles released into the atmosphere. Briefly it includes awareness about
acid rain as global problem with the help of advanced technology. (Abbasi et al., 2013). It includes
implication of policies which will restrict the usage of sulfur, coal, and setting a limit on emission of sulfur in
the atmosphere. (Hao et al., 2007). 2. The strategies of receptor recovery includes recovering sites which are
affected by the deposition of acid rain. For instance, soil liming, lake liming etc. These strategies include
strategies which can remarkably reduce the acidity of soil which will make the soil suitable for the cultivation
of crops or for the growth of flora. There are a few methods by which we can control acid rain which includes
Limb Injected Multistage Burner- LIMB which is a developing technology at cheaper rate to control acid rain
at some extent. Other such process is liming which is making acidic soil basic which is expensive and not
affordable to everyone. Liming can make the soil excessively basic which ends up killing the organisms living
in the soil too. (Fay et al., 1983).

Conclusion:

As a conclusion, acid rain is one such issue which causes adverse impact on the environment globally. The
gases which are responsible on a large scale are sulfur oxides and nitrogen oxides which are emitted from
industries and as a result of burning of fossil fuels and automobile emissions. These gases react with
components present in atmosphere and causes acid rain. Acid rain is main root of impacts on forest, crop,
building, material, and acidification of soil and water in water bodies. It can also be pernicious to human
health as the rain can directly come in contact with human resulting in afflictions of respiratory system,
irritation or displeasure in eyes, and infections of various types in skin. To mitigate the effects of acid rain it
IS necessary to spread awareness among people about its causes and effects. While the government can play
a significant role in the reduction by implicating policies and laws which restrains the pollutants and prevents
the emissions in the atmosphere. In reduction of the deposition of acid in the soil-and other ecological factors,
advanced technologies can play a pivotal role by inventing cost-efficient gears which can control the
emissions of baleful oxides in atmosphere or by lessening the effects of acid rain on the atmosphere.
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