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ABSTRACT
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History of mankind has witnessed transformation in form of industrialization, urbanization and motorized
transport in the past. These all had made the life easier for human but these also led to increase in level
of pollutants in the atmosphere. These pollutants have cascading impact on agriculture. The impact of
some of the major pollutants such as SO,, NOx and ozone is in the form of production of ROS, reduced
photosynthesis and energy metabolism. The aerosol and particulate matter pollution also leads to reduced
transpiration which raises the canopy temperature and also disturbs the water and nutrient uptake by
the crop plants. To date most of the pollution related studies, especially in developing countries, are
restricted to its impact on urban areas and human health. It is needed to extend these studies to impact
of air pollution on agriculture. In this paper we have discussed the various mechanisms through which

the pollutants act on the crop plants and their impact on yield.

Highlights

@ Pollution is emerging as a major abiotic stress for crop plants.
® Lower levels of oxides of sulphur and nitrogen are utilized by plants.
® Major pollutants lead to the production of Reactive Oxygen species (ROS) and reduction of

photosynthesis.

® Combination of pollutants is more toxic to plants than individual concentration.
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Agriculture has seen the transformation in the
past times. There has been increase in the use of
technology and improved agronomic practices
across the globe, thus, it has been able to satisfy
the food demands. Along with these progressive
changes, there has also been increase in the biotic
and abiotic stress in the crops. Air pollution
has emerged as one of the important abiotic
stresses in the crops. It represents a major threat
to the agriculture system as it has both direct and
indirect impacts on the crop. If the substances in
atmosphere are present in concentration greater
than their normal ambient level such that these
causes considerable impact on human, vegetation,
materials and animals, it can be called as state of air
pollution (Mina et al. 2013). However, the majority
of present studies at global and national levels are
restricted to the impact of air pollution on human

health. One such index is Air Quality Index (AQI)
which transforms weighted values of individual air
pollution related parameters into a single number
and report the air quality with respect to human
health (Agarwal and Melkania 2018). There is
paucity of studies on the impact of pollutants on the
agricultural crops. The air pollutants can be divided
into two categories i.e. primary pollutants and
secondary pollutants which are directly released
into the atmosphere mainly SO,, NO,, black carbon
and particulate matter. Secondary pollutants are
those which are formed after the reaction of primary
pollutants in the atmosphere.
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PRIMARY POLLUTANTS

Sulphur dioxide (SO,

Sulphur dioxide is an important primary pollutant.
The natural source of SO, is volcanic eruptions.
The man-made sources of SO, are the burning of
fossil fuels by power plants and industries, mining
activities, extraction of metal from ore, transport
sector, shipping, and locomotives. The largest source
of this pollutant is the combustion of fossil fuels in
power plants and industries (EPA). The problem of
this pollutant is more in the developing countries,
which are undergoing rapid industrialization and
comparatively higher S content in the fuels when
compared to the developed countries (Ahmed,
2015).

Sulphur is among the essential nutrients to plants.
A smaller concentration SO, can be utilized as the
additional source of sulphur by the plants (Kropff,
1991; Agarwal 2003; Muneer et al. 2014). Excess of
SO, causes an increase in respiration and a decrease
in photosynthesis due to irregularity in stomatal
movement; reduced chlorophyll content and WUE;
oxidative damage to the cell membrane and proteins
through the production of Reactive Oxygen Species
(Lee et al. 2017). SO, dissolves in apoplastic water
to sulphite (SO,*) and bisulphate (HSO,) and H*
ions (Agarwal, 2003), which further oxidizes to
sulphate and leads to the formation of Reactive
Oxygen species (Rai et al. 2011). The sulphate ions
are further reduced to sulphide emitted as H,S
gas; however, it constitutes 10 percent of the total
SO, absorbed, and the excess sulphate is stored in
vacuole, which leads to the reduction of organic
anions e.g., malate ions, and ultimately the buffering
capacity of the cell is reduced (Kropff 1991). Reactive
Oxygen Species (ROS) may act as a signal to induce
defense responses to CO, NO,, and SO, gas stress
in strawberries (Muneer et al. 2014). Sulphur
dioxide promotes the opening of the stomata and
thus causes excess loss of water (Varshney et al.
1979). Competition between the CO, and SO,* for
the active site of Rubisco leads to the inhibition of
CO, fixation in photosynthesis (Rai et al. 2011). SO,
toxicity in leaves is manifested in the form of inter-
veinal lesions on both sides of leaves which may
occasionally occur along the margins also. The color
of the necrotic area can be light tan to nearly white
to an orange-red or brown depending on the season
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(Griffiths 2003). Under mild conditions, the wheat
leaves show chlorotic pattern due to the loss of
chlorophyll, whereas under acute conditions, there
is complete breakdown and collapse of leaf cells
(Brisley and Jones 1950). Brown to reddish-brown to
black blotches on both surfaces of the leaf appears
under chronic injury conditions. The root weight of
the SO, treated plants is reduced when compared
to the control (Kasana and Mansfield 1986). A very
high concentration of SO, in the atmosphere may
lead to acid rain, which can damage foliage over a
large area. The effect of excess SO, is presented in
the table 1.

Nitrogen oxides (NO,)

The nitric oxides (NO) and nitrogen dioxide (NO,)
in combination form nitrogen oxides (NO,). Nitric
oxide after oxidation leads to the formation of
nitrogen dioxide. The major sources of nitrogen
oxides are emissions from transport, industries,
and power plants. The major anthropogenic sources
of NO_ emission are fossil fuel combustion (70
percent), of which transport and power sector are
major contributors; biomass burning (20 percent);
industrial process (5 percent), and bio-fuel use
(5 percent) (Olivier et al. 1998). It is also formed
naturally by the oxidation of nitrogen under the
influence of lightning and microbial processes.
The industrial and vehicular emissions constitute
the point source whereas, agriculture constitutes
the non-point source of emission. Global studies
have pointed to similarities in the magnitude of
NO, emissions from fossil fuel combustion and soil,
with the largest soil emissions from regions with
heavy N fertilizer applications (Alamaraz 2018).

A lower amount of NO_ is utilized by the plant
in nitrate assimilation pathway and form organic
nitrogenous compounds (Sheng and Zhu 2019).
It is also observed that plants supplied with good
soil N, have better uptake of nutrients, increase the
rate of photosynthesis, shoot biomass, and total leaf
area under exposure to gaseous NO, (Takahashi and
Morikawa 2014). However, Srivastava and Ormrod,
(1984) reported the inhibitory effect of increasing
NO, levels along with the nutrient nitrates in
beans. Among the two NO,, NO proves to be more
phytotoxic than NO, and also acts more rapidly
on the inhibition of photosynthesis (Air quality
guidelines- II edn). NO_ enters the plant through
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Table 1: Collection of various studies representing effect of SO, pollutant (at different concentrations)
on some agricultural crops

Study site Crop Concentration Effect Reference
Odisha, India Tomato, Var. BT-2 0.25, 0.5 & 1.0 ppm for Leaf number and leaf area injury  |Padhi et al. 2013
different durations 61-95.83 percent and 52-82 percent
at 1.0 ppm compared to control;
Chl. Reduction of 39-65 percent.
Flower injury 43-75 percent and
fruit drop 22-23 percent at 1.0 ppm
Central Rice; Var. M7, M9, 131, 262, 393 or 524 pg m™ |Reduction in total seed weight Kats et al. 1985
California, USA |S201 of M9 and S201 by 22 and 14%,
respectively, and weight per
hundred seed by 11 and 10%,
respectively. (at conc of 524 ug m™).
Tamil Nadu, Rice, Var. ADT-36 Upwind area to air 10-15 percent more grain weight  |Kumaravel et al.
India pollution gradient has per plant for control, 18-20 2010
been designated as percent reduction in a number of
Controlled and downwind |panicles per plant, and 3-5 percent
as uncontrolled (0.63 to reduction in a number of filled
2.37 ug m™ conc.) grains per panicle for uncontrolled
conditions.
Uttarakhand, Wheat Var. PBW-343 |11.75, 1.87, 17.90 and 2.23 |Number of Grains per plant and (Chauhan and Joshi,
India and Mustard pg/m=during winters and |weight of 100/1000 grains shown  |2010)
11.03,1.79,18.56 and 1.91 |significant reduction between site 1
pg/m?during summer at |& site 2 and between site 3 & site 4
Site 1, 2,3 & 4. for both wheat and mustard.
USA Potato cv. Norchip 0,0.15,0.34 & 0.61 ppm Quadratic response with Pell et al. 1988
stimulation followed by decline in
number, percentage of dry matter
and sucrose content of tubers.
Wageningen, Broad bean cv Minica|74 pg/m®and for control is | Total dry matter reduced by 9 Kropff, 1991
The Netherlands 9 ug/m? percent at final harvest.

the stomata as similar to SO, and, after dissolving
in the aqueous phase of apoplast, either reduced
to produce nitrous acid (HNO,) or dissociate to
produce nitrate (NO,) or nitrite (NO,’) (Rai et al.
2011). These nitrate and nitrite are potent for the
production of free radicals, causing the oxidation
of lipids and membranes. A higher concentration of
NO, leads to the reduction of chlorophyll content,
cell acidification, and generation of toxic ROS,
leading to the whole plant chlorosis and even death
(Sheng and Zhu 2019). The NO_ also undergoes
photochemical changes which lead to the formation
of ozone in the troposphere, which is a secondary
pollutant. Very little research has been carried out
on the impact of NO, on crop yields in developing
countries (Ahmed 2015). The studies regarding the
impact of the NO, pollution on the crops are in
table 2.
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Other Primary pollutants

The other major primary air pollutants are particulate
matter, fluorides, and ammonia. Particulate matter
is the broad group of suspended materials in the
atmosphere comprising liquid droplets, soot, dirt,
and smoke. The chemical composition of particulate
matter includes nitrates; ammonium,; sulfates, other
inorganic ions such as ions of K, Na, Ca, Mg and
Cl, organic and elemental carbon; crustal material;
particle-bound water; metals (including Cd, Cu, Nj,
V, and Zn); and polycyclic aromatic hydrocarbons
(PAH) (Noh et al. 2019). These deposit on the leaf
surface and block the stomata on the leaves. The
alkaline particulate matter causes leaf surface injury,
whereas the other takes across the cuticle; further
particulate matter reduces the light interception for
photosynthesis and increases the leaf temperature
(Rahul and Jain 2014). The particulate matter hinders
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Table 2: Collection of various studies representing effect of NOx pollutant (at different concentrations) on some
agricultural crops

Study site |Crop Concentration |Effect Reference
Pakistan  |Rice 20-25 ppb 37-51 percent yield reduction Maggs et al. 1995
Pakistan  |Rice 12 nl/ liter 37 & 42 percent yield reduction in two cultivars Wahid et al. 1995
Pakistan  |Wheat 20-25 ppb 33-46 percent yield reduction Maggs et al. 1995
USA Phaseolus <1.03 mg/m*for |Growth suppression, increase in green color, and Taylor and Eaton
vulgaris & 10-22 days distortion of leaves. 1966
Lycopersicon
esculentum
USA Soybean 0.1 to 0.5 pl/ liter |23 and 50 per cent reduction in Net Photosynthetic rate| Sabaratnam and
after 5 days of exposure of 0.5 pl/ liter and 24 hours ~ |Gupta 1988.
after termination of exposure. 45 and 47 per cent Chl
a reduction compared to total chl, respectively. 47 and
51 per cent reduction of RGR and NAR, respectively at
0.5 pl/ liter exposure.

the entry of CO, through blockage of stomata;
accumulates the heavy metals in edible crops and
thus, disturbing the levels of the food chain (Noh
et al. 2019). Particulate matter leads to the reduction
of total chlorophyll content (Rathore et al. 2018),
net assimilation efficiency, retarded leaf growth in
the long run, abrasive effect in case of high winds
leading to the removal of protective cuticle and thus,
exposing leaf surface to the pest incidence (Ulrichs
et al. 2008). The visible symptoms differ according
to the particulate matter e.g. Cement dust may
cause chlorosis and death of the plant (Griffiths
2003). One of the atmospheric pollutants is fluoride.
It causes an altered pattern of oxygen uptake and
CO, metabolism and appears as marginal chlorosis
followed by necrosis (Weinstein and McCune 1971).

SECONDARY POLLUTANTS

Secondary pollutants are those which are formed
after the transformation of the primary pollutants.
These are not emitted directly into the air but are
formed in the atmosphere by chemical reactions
between atmospheric gases and other pollutants.
The burning of fossil fuels leads to the emission of
CO,, NOx, and volatile organic compounds, which
act as primary precursors for ozone formation
(Mauzerall and Wang 2001). The ozone formation
is promoted in the areas having high light intensity
and temperature and thus, favored in the low
latitude developing countries.

The major physiological effects of ozone uptake
in plants are reduced stomatal conductance and
net photosynthesis (Ainsworth 2016), increased
senescence (Mauzerall and Wang 2001), and
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multiple exposures of ozone to B. campestris had
led to a significant effect on seed abortion (Stewart
et al. 1996). The ozone uptake by plants causes
the formation of ROS, including singlet oxygen in
the apoplast (Ainsworth 2016) which first target
the plasma membrane lipids and amino acids in
plasma membrane proteins (Emberson et al. 2018);
an inhibitory effect on phloem loading and thus,
causes assimilate saturation at source (Rai et al.
2011) and thus, reduces the translocation of fixed
carbon to the edible parts (Wilkinson et al. 2012). The
plants show different defense mechanisms against
ROS ranging from the production of anti-oxidant
compounds like ascorbate, B-carotene, glutathione
to; activity of enzymes such as SOD, ascorbate
peroxidase; production of mon-terpenes to the
increase in the respiratory rates of mitochondria
(Emberson et al. 2018). Ozone toxicity leads to pollen
sterility and pollen abortion; reduces the capability
of the plants to face drought stress or high vapor
pressure deficit (Wilkinson et al. 2012). High ozone
also reduces the concentration Rubisco required
for the dark reaction of photosynthesis (Emberson
et al. 2018). The symptoms of ozone injury appear
as chlorosis and necrosis of leaves, and additional
symptoms appear as flecks, stipples, bronzing, and
reddening. The effect of ozone on some of the crops
is given in table 3.

In addition to the individual effects, it is important
to study the combined effect of all the pollutants as
these are not separated by water-tight compartments,
and sources of the majority of pollutants are
common. Foster et al. (1983) reported significant
O, x SO, interactions where SO, intensified the
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Collection of various studies representing effect of ozone pollutant (at different concentrations)
on some agricultural crops

Study site Crop Concentration Effect Reference
New Delhi, |Wheat var. HD-2967|70 ppb Decrease in LAI by 5.1-12.5 percent; Yadav et al.
India and C-306 photosynthetic rate by 2.8-11.8 percent and |2019
yield by 2.2-14.2 percent over ambient one
(30.7ppb conc.)
North India  |Wheat (T. aestivum |25-33 ppb over non-filtered |15-19 percent yield reduction in T. aestivum |Tomar et al.
var PBW-343 and  |air and 9-13 percent in T. durum. Reduction of |2015
T. durum var. HD- a number of leaves, chlorophyll, rubisco
2936) activity, and leaf area index in both species;
however, T. aestivum was found more
susceptible.
Japan Rice var. 1.0 and 1.5 times the Significant reduction in dry matter in plants | Tatsumi et al.
Koshihikari ambient O, concentration  |under 1.5 x O, than 1.0 x O.. 2019
under standard nitrogen
dose
Yangtze delta, Rice Four treatments of Chacoal |14.3 and 20.2 per cent yield loss under O,", |Chen et al.
China filtered air (CF); Non and O,? respectively. 2008
charcoal filtered air (NF);
0,7, and O, having AOT40s
(accumulated hourly mean
ozone concentration above
40 ppbv) were 0, 0.91,
23.24, and 39.28 ppmv x h,
respectively.
California, Barley var CM-72 |2 times the ambient conc No effect on the growth and yield of both | Temple et al.
USA & Poco (ambient conc was 0.03-0.05 |cultivars 1985
pl litre™)
India Potato 75ppb and 150 ppb for 12 |Maximum reduction in growth parameters |Mina et al. 2010
days @ 2 hours each day at |was observed at 45 DAP. Tubers/plant were
three stages 30, 45 & 60 DAP |reduced 54 and 69 percent, respectively;
the fresh weight of tuber /plant 48 and 68
percent, respectively for 75 ppb & 150 ppb
at 45 DAP.

leaf symptoms of O, treated potato plants, and
there was increased O, induced N-content in tuber
with the presence of SO,. NO, and SO, are found
in combination in the industrial areas, and their
combined effect is underestimated when considered
as separate or the combined effect will be greater
than estimated as separate (Mansfield et al. 1982).

CONCLUSION

Growing pollution is the major concern of
the countries around the world; however, the
developing countries are at more risk owing to the
fewer resources and socio-economic vulnerability.
The critical pollutants i.e. SO,, NOx, and ozone,
have the potential to disrupt the global food
supply. Projecting ozone emissions for 2025, the
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high-risk area expands dramatically, covering the
majority of the cultivated areas of India, China,
Egypt, South Africa, and significant areas in other
countries (Marshall et al.). Developing of an index
for easy measurement of the impact of pollution
for screening crops and cultivars in terms of their
tolerance to air pollution is required. Air Pollution
Tolerance Index (APTI) is one such index where
total chlorophyll, relative water content, ascorbic
acid content, and pH value of leaf extract is
measured for its calculation, and higher value refers
to the tolerance to the pollutant (Rathore et al. 2018).
There is an imbalance in assessment between the
developed and developing world for the losses in
the agriculture production due to the air pollution
being accumulated over decades. There is an urgent
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need to expand the research and assessment to all
the continents as the pollutants are not restricted to
one place and can threaten the global food supply
chain.
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