The ever rising nitrogen dioxide (NO2): a pivotal component of environmental pollution and its impact on plants
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Abstract

Nitrogen (N) is a ubiquitous and abundantly (78%) present in the atmosphere as N2 gas. Elemental N2 gas alone does not influence the environmental quality, unavailable for directly uptake and metabolism of plants. However, during the past few decades unprecedent amount of reactive N has been added into terrestrial systems. Nitrogen Dioxide (NO2) is an imperative group of extremely reactive gases that is well known in the world as oxides of nitrogen or nitrogen oxides (NOx) whereas other oxides of nitrogen are nitrous acid (HNO2) and nitric acid (HNO3). Nitrous oxide (N2O) is a greenhouse gas that is contributing (∼ 0.3 ppm) in worldwide abundance owing to significant anthropogenic sources. However, nitrogen dioxide (NO2) and nitric oxide (NO) are an imperative nitrogen oxide produced from combustion sources. The molecular weight of NO2 is 46.01 g/mol with −11.2°C melting point, 21.15°C boiling point with the density of 1.59 (air = 1). Thus, it is concluded from the mini review that spontaneous change in the environment enhances the photosynthetic rate owing to continuous increase in the concentration of NO2 and strengthen the plants. Similarly, healthier plants diminish the pathogenic penetration and infection through activation of plants physiological and biochemical defence system. 
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Significance of Nitrogen
Nitrogen (N) is a ubiquitous and abundantly (78%) present in the atmosphere as N2 gas. Elemental N2 gas alone does not influence the environmental quality, unavailable for directly uptake and metabolism of plants. However, during the past few decades unprecedent amount of reactive N has been added into terrestrial systems (Follett and Hatfield, 2001). Nitrogen Dioxide (NO2) is an imperative group of extremely reactive gases that is well known in the world as oxides of nitrogen or nitrogen oxides (NOx) whereas other oxides of nitrogen are nitrous acid (HNO2) and nitric acid (HNO3) (Sheng and Zhu, 2019). Nitrous oxide (N2O) is a greenhouse gas that is contributing (∼ 0.3 ppm) in worldwide abundance owing to significant anthropogenic sources. However, nitrogen dioxide (NO2) and nitric oxide (NO) are an imperative nitrogen oxide produced from combustion sources. The molecular weight of NO2 is 46.01 g/mol with −11.2°C melting point, 21.15°C boiling point with the density of 1.59 (air = 1) (Jarvis, 2010). 
Nitrogen Emission and Environmental Pollution 

The Nitrogen oxide (NOX = NO + NO2) from troposphere is incipiently emitted as nitrogen monoxide (NO) that is converted into NO2 through oxidation. The process of photolysis again convert this NO2 into NO during photochemical equilibrium in day light or sun light (Werner et al. 2013). The most pivotal sources of NOX in developing countries are inevitable combustion through vehicles, natural lightening, soil emission as well as crop residues, biomass fuel and industrial burning (Richter and Burrows, 2002; Cheng et al. 2012). Moreover, there are numerous other uncertainties in the world (U.S. EPA, 1998; Werner et al. 2013). However, the major source of judicious increase in NOX is the reaction of NO2 with OH that is continuously producing and enhancing secondary pollutants namely HNO3, O3, methane and aldehydes (Kanaya et al. 2007; U.S. CAR, 2010). The variability exits and keenly observed in concentration of tropospheric NO2 owing to seasonal variation, socioeconomic activities, adverse climatic conditions as well as differences in the fuel use patterns (Colbeck et al. 2010; Saud et al. 2011; Zhou et al. 2012). It is obvious from environmental perspectives that developing countries are facing severe problems of deforestation, industrialization and energy crises. These activities are severely increasing NO2 emission and consequently putting more pressure on local and regional environment. In Pakistan, it has been observed that average increase in the value of NO2 is 1.102±0.08×1015 molecules/cm2 with an estimated concentration increasing trend of 3.29% per year (Haq et al. 2014).

Impact of Nitrogen on Plant Health

The noxiously escalating concentration of NO2 in the air is making numerous interpretations regarding its effect on plants growth (Marais et al. 2017). According to one group of scholars, NO2 forms organic nitrogenous compounds because it is metabolized and incorporated as an integral constituent of nitrate assimilation pathway that consequently doses not injure the leaves (Sheng and Zhu, 2019) whereas the others have hypothesized that resistance is stimulated in plants against NO2 as well as low amount of NO2-N is incorporated in total plant nitrogen (Morikawa et al. 2001). Moreover, several physiological responses are activated i.e. metabolic enzyme activity (Vighi et al. 2017), antioxidant enzyme activity (Liu et al. 2015), components of metabolic products and their distribution in plant tissues etc. as a result of plants exposure to NO2 (Rahmat et al. 2013). The nitrates and nitrites are formed when low concentration of NO2 is dissolved in water. These compounds are used in plants during nitrate metabolism processes (Teklemariam and Sparks, 2006). However, huge amount of NO2 in the troposphere elicits different physiological abnormalities and cause sever damages to plants directly such as accumulation of nitrites (NO2¯), generation of reactive oxygen species, cell acidification, inhibition of nitrogen assimilation, acute damage of leaves, chlorosis and death of plant (Takahashi et al. 2005). The emission of these dreadful gasses is playing pivotal role in abrupt climate change (Tans and Keeling, 2016).
However, numerous virulent races/ pathotypes of plant pathogens have been appeared owing to spontaneous fluctuation of dreadful gasses in the environment. These races/ pathotypes disrupt the planting density under favourable growth conditions and consequently decrease the total production and yield. Therefore, NO2 plays an imperative role through stimulating biochemical and physiological process in plants against diseases (Agrios, 2005). The high foliar nitrogen (N) concentration/ availability to plants increases their susceptibility against pathogens (Mitchell et al. 2003) specifically obligate parasites including biotrophic fungal plant pathogens whereas such high concentrations diminish the disease severity for facultative parasites (Dordas, 2008). Similarly, it has also been observed that some obligate parasites like rust fungi enhances the disease severity only when nitrogen (N) availability/ concentration limits the plant growth (Robert et al. 2004; Walters & Bingham, 2007). On the other hand, Huber & Watson (1974) explains that disease severity caused by biotrophic fungal pathogens is dependent or regulated only by type of nitrogen instead of quantity (Huber & Haneklaus, 2007). In addition to biotrophic and hemi biotrophic fungal pathogens, the necrotrophic fungal pathogens also abruptly diminish the disease severity in case of abundant availability of atmospheric nitrogen concentrations (Dordas, 2008). Likewise, Nitrogen and phosphorus (P) performs a pivotal role in the stimulation of disease resistance in plants (Gusewell & Koerselman, 2002). Thus, it is concluded from the mini review that spontaneous change in the environment enhances the photosynthetic rate owing to continuous increase in the concentration of NO2 and strengthen the plants. Similarly, healthier plants diminish the pathogenic penetration and infection through activation of plants physiological and biochemical defence system. 
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